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EXPERT WITNESS REBUTTAL REPORT OF JEFFREY EBY 
 

BACKGROUND/QUALIFICATIONS  
 

I, Jeffrey Eby, served in the United States Marine Corps from June of 1982 through 
November of 2010.  I spent 17 years as an enlisted infantry Marine before receiving a 
Commission to Chief Warrant Officer-2 in February 1999. I retired as a Chief Warrant Officer-5, 
as the senior infantry weapons officer in the Marine Corps, serving under the Deputy 
Commandant for Plans Policies and Operations inside the Pentagon in November 2010. As an 
Infantry Weapons Officer, I served as an expert advisor at the Infantry Battalion level (900 
Marines), Infantry Regimental Combat Team (10,000 Marines), as well as the advisor to the 
Deputy Commandant of Plans, Policies & Operations as the Infantry Advocate for all manning, 
training, and equipping efforts in support of the Marine Corps (175,000 Marines).  During this 
time, I served in 4 combat deployments to Iraq for a total of 27 months.  I was one of 44 infantry 
weapons officers among 175,000 Marines when I was commissioned in 1999, retiring as one of 
the 101 infantry weapons officers among 175,000 marines in November 2010.  The growth of the 
infantry weapons officer program escalated in 2003 from 44 to 101 as operations Iraqi freedom 
and Enduring Freedom in Iraq and Afghanistan continued.  
  

Marine Corps Infantry Weapons Officers, titled Marine Gunners, are considered the 
USMC’s experts on small arms within ground combat.  The job of the Marine Gunner is to train 
Marines on the care, cleaning, and employment of all individual and crew served weapons (2 
rifles1, 3 sniper rifles, 2 grenade launchers, 4 different machine guns, 2 mortar systems, 4 rocket 
systems, 2 anti-tank missile systems, a 25mm bushmaster cannon, tank main gun capabilities, 
artillery capabilities, all associated day and night aiming systems, laser pointers and illuminators, 
as well as all breaching techniques using ballistic, mechanical or explosive methods) within the 
ground combat forces.  Marine Gunners are tasked to develop training programs for weapons, 
both individually and in combination of systems, and then to advise commanders on the best 
selection and employment of various weapons systems that will cause the most effective 
opposition for our enemies. 
 
ASSIGNMENT 

 
I have been asked by the Plaintiffs to respond to the reports from the State’s expert 

witnesses, Phil Andrew and James Yurgealitis, to the extent they opine on the reasons that the 
U.S. Military selected the M-16 for use in military service and the purpose of semiautomatic rifle 
fire in combat. I base my opinions on my experience and background serving in the military 
described above and the documents cited herein that my military experience allows me to 
properly evaluate and interpret.  
 
 

 
1 The US Army Weapon Systems Handbook 2020-2021 Weapon Systems Handbook 

2020-2021 (army.mil) does not use terms such as “service, assault, nor battle” when defining the 
basic issued rifle in the hands of combat units.  The simple term ‘rifle’ is sufficient, as indicated 
within this reference on pages 142, 144, 180, 208, 209, 320, 354, 372, 376, 382, 388, 390. 
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OPINIONS AND ANALYSIS 
 

In paragraph 26 of his report, the State’s expert witness, Mr. Phil Andrew, states that “the 
Army was so impressed with the killing potential of the AR-15 that it shipped 1,000 rifles to 
Vietnam for the South Vietnamese troops and their American special-force trainers in 1961 to 
test during live combat in the Vietnam War.” Mr. Andrew bases his statement on a report from 
the Office of the Secretary of Defense. It is true that said report states that the Army shipped 
1,000 AR-15 rifles to Vietnam; to be clear, the “AR-15” being discussed in that report is select-
fire (not semiautomatic only), what would later be called an “M-16.”   Mr. Andrew, however, 
misstates the rationale for sending the AR-15 (M-16) to Vietnam initially.  

 
It was not because the U.S. Army was so impressed with its supposed “killing potential.” 

To the contrary, the Army resisted adoption of the AR-15 (M-16). From 1957 to 1959, the U.S. 
Air Force sought to replace their aging M1 Garands and M2 Carbines with the (select fire) AR-
15, while the U.S. Army preferred the M14.  The bickering between the two services led the 
Defense Department’s Advanced Research Projects Agency (ARPA) to ask permission to test the 
(select fire) AR-15’s effectiveness in the Republic of Vietnam.  Over the U.S. Army’s objections, 
Secretary of Defense McNamara granted ARPA approval to ship 1,000 (select fire) AR15s to 
Saigon for six months of field tests in the hands of Vietnamese soldiers.2  

 
There is no evidence that the decision to do so was based on the (select fire) AR15's 

“killing potential.”  Rather, as the very report Mr. Andrew relies on in paragraph 26 explains, the 
AR-15 (M-16) was selected over other options, at least in part, because: 

 
a. The problem of selecting the most suitable basic weapon for the Vietnamese soldier is 

complicated by his small stature and light weight.  The average soldier stands five 
feet tall and weighs ninety pounds.  3 
 

b. It is easier to train the Vietnamese troops to use the AR-15 than the M1 Rifle, BAR, 
M1 Carbine, or the Sub-Machine Gun.4 
 

c. The AR-15’s physical characteristics are well suited to the small stature of the 
Vietnamese solder.5 
 

d. In automatic fire, the accuracy of the AR-15 is considered comparable to the 
Browning Automatic Rifle and Superior to the Sub-Machine Gun.6 

 

 
2 See Exhibit 1, MARKSMANSHIP, MCNAMARA AND THE M16 RIFLE: 

OGANIZATIONS, ANALYSIS AND WEAPONS ACQUISITION.  Thomas L. McNaugher, 
March 1979, The Rand Corporation, Santa Monica, CA 90406, page 30 

3 Field Test Report, AR-15 Armalite Rifle dtd 20 Aug 1962 (Entered as Exhibit B by State 
Witness Mr. Phil Andrew), page 2, paragraph 4.a 

4 Ibid, page 4, para  b. 2.a. 
5 Ibid, page 4, para b.2.b. 
6 Ibid, page 4, para b.2.h. 
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In sum, the evidence shows that the U.S. Army resisted adoption of the AR-15 (M-16) 
and that it was sent to Vietnam for testing because it was considered optimal for the average 
small-statured South Vietnamese soldier, being a low-impulse, lightweight rifle that was 
relatively accurate, and to resolve a dispute between military branches over the rifle’s utility in 
combat.   

 
Mr. Andrew’s statement in paragraph 27 about the Army ultimately adopting the AR-15 

(M-16) based on accounts of its performance in the field accurately describes the Office of the 
Secretary of Defense’s report that he relies on, as do the accounts of wounds recorded in the field 
related in paragraphs 28-31 of his report. However, the Office of the Secretary of Defense’s 1962 
report itself is what is unreliable.       

 
Note that the report is the result of “a comprehensive field evaluation under combat 

conditions in Vietnam.” In other words, it was based on anecdotal statements from soldiers’ 
experience in real combat, not a controlled experimental environment. Accurate measurement of 
wound ballistics in this manner is virtually impossible. I personally spent 27 months in war zones 
of Iraq (1991 in Northern Iraq and 2003-2005 from Kuwait to Baghdad initial assault, then 15 
months in the western parts of Iraq, including the November 2004 assault through the urban fight 
of Fallujah). Yet, I have no medical training, nor forensic training that would allow me to look at 
a battlefield casualty and determine the type of bullet, explosive munition, or other projectile that 
caused a wound on human bodies. Nor would the typical infantryman like the ones whose 
observations appear in the 1962 report.  Given the many different types of munitions in use on 
any given engagement (5.56mm, 7.62mm, 300 Winchester Magnum, .338 caliber, 40mm 
explosive grenades, .50 caliber variants of munitions, 30mm high explosive rounds, 60 and 
81mm mortar high explosives, tank main gun rounds, etc.), one would be hard pressed to clearly 
determine the cause of wounds in any human body, even if one were afforded the time and safety 
to conduct a forensic analysis, which is generally not the case in combat. It is important to 
understand that the infantryman rarely sees the individual enemy combatant that he is firing at in 
combat; fire is usually made from a distant covered position. This means what causes a wound 
cannot generally be confirmed nor controlled for in a combat situation. I can say from personal 
experience in combat, that I have seen multiple corpses believed to have been made by U.S. 
infantrymen fire that did not have noticeably large wounds, let alone missing limbs or heads. So 
while I do not question the integrity of the individuals who reported what they saw in the field, I 
do question whether what they believe they saw reflects reality.   

 
Tellingly, despite the U.S. military’s decades of combat experience since issuance of the 

Office of the Secretary of Defense’s 1962 report, in which tens of thousands of enemy 
combatants have been shot by M-16/M-4 fire, its findings concerning wounds resulting from the 
AR-15 (M-16) that Mr. Andrew recounts in paragraphs 28-31 of his report have not been 
replicated by any study that I am aware of. If anything, they have been undermined by years of 
later studies. U.S. military services have used the M855 “green tip” 62 grain bullet in their M-
16s from ~1982 through 2005, based on that bullet’s perceived capabilities described in multiple 
doctrinal publications generated up to that point. Yet, despite those publications’ endorsement, 
the military never fully tested that bullet for terminal effects. That changed shortly after the first 
significant ground fighting began in Iraq in 2003. 
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A draft document from the Marine Corps Systems Command, Program Manager for 
Ammunition, from January 2004, reveals infantry concerns with the perceived ineffectiveness of 
the M16 series family of rifles, or at least the bullets they fire, for incapacitating the enemy. 7 In 
response to constant complaints by infantrymen from 2003-2005 that the 5.56 mm ammunition 
that the M-16 uses was inadequate in terms of penetration, lethality, and terminal performance, 
the US Army commenced studies to consider replacing the M855 “green tip” 62 grain projectile. 
The findings of those studies conducted between 2005-2010 were that the M855 bullet 
underperformed in incapacitating enemy combatants and should be replaced. And, it was in fact 
replaced, as the US Army explained in a report.8 Its replacement, the M855A1 Enhanced 
Performance Round, is a larger, more powerful round.9 In other words, the military concluded, 
after studying the issue, that 5.556 x 45 cartridges with M855 projectiles fired from an AR-15 
(M-16) were insufficient for modern military combat and needed to be replaced with rifles firing 
higher powered cartridges with larger bullets.  

     
In paragraph 34 of his report, Mr. Andrew claims that “it was the semi-automatic 

capabilities, not the automatic capabilities, that made [the M-16] such a valuable weapon for 
deadly combat.” The only supposed support he provides for his claim is a quote from a US Army 
publication, FM 3-22.9, dated August of 2008, that semi-automatic fire is the “most important 
firing technique during fast-moving, modern combat,” and that “[i]t is surprising how 
devastatingly accurate rapid semi-automatic fire can be.” One of Illinois’s other experts, James 
Yurgealitis, relies on the same quotes from the same report for essentially the same premise, i.e., 
that “the most effective use of the M4 and M16 at ranges beyond 25 yards is rapid semi-
automatic fire, not full-automatic fire.” (Yurgealitis at ¶ 51). Their reliance on that publication is 
misplaced.  

 
First, that 2008 publication was updated in May of 2016, TC 3-22.910. Significantly, this 

updated version does not include the referenced quotations that Messrs. Andrew and Yurgealitis 
rely on. 

 
Additionally, Messrs. Andrew and Yurgealitis improperly rely on the 2008 FM 3-22.9 

publication to draw conclusions about combat operations. That publication concerns 
marksmanship skills, not combat skills. Marksmanship publications in the military are intended 
to capture the best practices for developing initial skills with single weapon systems and focus on 
accuracy of each shot fired and accounting for all shots fired during the development of 
individual skills with a rifle or pistol.  Marksmanship publications are not designed nor intended 
to teach tactical combat applications. They do not consider stress and exhaustion of the friendly 
fighters, obscurity of enemy positions (in combat, we seldom clearly see the opponents we are 

 
7 See Exhibit 2, 5.56mm AMMUNITION COMPARISION TEST REPORT, PHASE I, 

Draft January 2004, Marine Corps Systems Command, Program Manager for Ammunition 
8 See Exhibit 3, M855A1 Enhanced Performance Round (EPR) by LTC Jeffrey K. 

Woods, Product Manager, Small Caliber Ammunition 
9 Product Manager Small Caliber Ammunition, M855A1 Enhanced Performance Round 

(EPR) ATTN: SFAE-AMO-MAS-SETI, Picatinny, NJ 07806-5000 
10 See Exhibit 4, TC 3-22.9 Rifle and Carbine dtd May 2016.  This publication 

supersedes FM 3-22.9 dtd 12 Aug 2008.  Headquarters, Department of the Army. 
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trying to defeat), or the overall complexity of many different weapons platforms firing 
simultaneously with an opponent returning fire.  The military does not teach automatic fire skills 
in marksmanship facilities.  Automatic, or burst, firing skills are taught during tactical scenarios 
in field training environments using different publications than the marksmanship ones to guide 
these best practices. By relying on the 2008 FM 3-22.9 publication, Messrs. Andrew and 
Yurgealitis thus conflate marksmanship practice guides with combat practice guides, which 
should be ignored.     

 
Finally, it is my belief that the author of the 2008 FM 3-22.9 publication included those 

statements based on his opinion, rather than on training or studies. I base my assessment on the 
training that I personally received in the USMC, which emphasized automatic fire as the most 
important combat function of a rifle. That training was based on decades of experiments and 
studies concluding the exact opposite of the FM 3-22.9 of August 2008 author’s claim, i.e., that 
automatic rifle fire is the most critical element to gain fire superiority and to suppress enemy 
combatants into non-firing submission. Specifically, those studies have indicated the physical 
and psychological importance of automatic fires as they relate to suppression of enemy positions 
during high intensity combat. The following are quotes from several examples of these historical 
studies: 

 
The automatic rifle has significantly greater psychological effect than the semi-automatic 
rifle.  This conclusion is supported by results from both the comparative judgments 
method and the absolute judgments method and is consistent with results of prior 
studies.11 
 
The degree of psychological effectiveness of both weapons is a function of the volume of 
fire, the nearness of the fire, and the combat experience of the infantrymen.12 
 
Maximum psychological effect can be achieved at a minimal ammunition expense by 
firing repeated short bursts.  Thus, weapons should be capable of firing such bursts and 
training doctrine should emphasize it.13 
 
A random pattern of fire produces as much psychological effect as a systematic pattern 
and kills more targets.  Firers should be trained not to maintain a systematic pattern of 
fire but to place fire on target areas in a random manner.  By firing in this manner, the 
enemy cannot diagnose a systematic pattern of fire and use it to his advantage.14 
 

 
11 Research Study Report III, page 5, para D. 1.  Referred to as the Whittenburg study, 

dated June 1957. Attached as Exhibit 5. 
12 Ibid, page 5, para D.2. 
13 Research Study Report VI, Psychological Effect of Patterns of Small Arms Fire dtd 

July 1957, page 14, para G.1. Attached as Exhibit 6. 
14 Ibid.  Page 14, para G.2. 
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Rifle squads equipped only with Colt automatic rifles appear superior to all other squads 
evaluated in overall effectiveness.15   
 
For aimed fire on visible point targets during daylight, semiautomatic fire is superior to 
automatic fire.  This is true for all rifles, both low and high muzzle impulse.  This does 
not imply, however, that automatic fire may not be superior in suppression effects and hits 
on adjacent concealed targets.16 
 
Dispersion of rounds from salvos or burst controlled so as to form a pattern such that 
aiming errors up to 300 yd will be partly compensated, and hit effectiveness thereby 
increased for these ranges.17 

 
No study that I have ever read or am aware of indicates that “semi-automatic fire is the 

‘most important firing technique during fast-moving, modern combat.’”  Tellingly, neither the 
author of the 2008 FM 3-22.9 publication nor Messrs. Andrew or Yurgealitis cite any report or 
other source, military or otherwise, to support that quote. This is further reason for my belief that 
the author of the obsolete 2008 FM 3-22.9 publication included that quoted statement based on 
his own unsubstantiated opinion and not any study; at least not one provided by the military.   

 
COMPENSATION 

 
Jeffrey Eby is being compensated at the rate of $180.00 per hour. 
 

 
Dated: June 10, 2024     s/Jeffrey Eby      
       Jeffrey Eby 

 
15 Small Arms Weapons Systems Study, Part one, dated Sep 12 1966 by US Army 

Combat Developments Command, Experimentation Command.  Page 9-1, para 4. Attached as 
Exhibit 7. 

16 Ibid, Page 9-1, para 19. 
17 Operational Requirements for an Infantry Hand Weapon by Norman Hitchman, 1952 

Operations Research Office, The Johns Hopkins University operating under contract with the 
Department of the Army. Attached as Exhibit 8. 
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5.56mm AMMUNITION COMPARISON  
TEST REPORT 

  Phase I 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date 
 
 
 
 

 
 
 

 

DRAFT 
 
 
 

January 2004 
 
 
 
 

Marine Corps Systems Command 
Program Manager For Ammunition 

(MARCORSYSCOM(AM)) 
QUANTICO, VA 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 77 of 804   Page ID #10563



Page 2 of 20 

5.56mm AMMUNITION COMPARISON  
TEST REPORT 

Phase I 
 
 
 

CONCURRENCE: 
 
 
 
 

Mr. Scott Allred                                     (Signature)       (Date) 
Staff Engineer 
MARCORSYSCOM(AM) 
 
 
 

 
Capt. Jeffrey Young                                 (Signature)       (Date) 
HD IWAT 
MARCORSYSCOM (AM) 
 
 
 

APPROVAL: 
 
 
 
 
 

Col Michael Brogan                               (Signature)                                                   (Date) 
Program Director, Infantry Weapons Systems 
MARCORSYSCOM(IWS) 
 
 
 
 

 
Mr. Jerry Mazza                                     (Signature)                                                    (Date) 
Program Manager for Ammunition 
MARCORSYSCOM(AM) 
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EXECUTIVE SUMMARY 
 
I. PURPOSE STATEMENT 
 

 This test report compares and evaluates three types of 5.56mm cartridges the Marine Corps 

will use with the M16/M4 series of combat rifles.  A great deal of anecdotal evidence has been 

generated discussing the various shortcomings of the A053 (M855) 5.56 mm cartridge.  This 

discussion has been in regards to both the accuracy and the terminal effects of the ammunition.  

Both the Army and Navy, documenting the results of testing that were performed to verify, or 

refute, the claims regarding the terminal effects, have published reports.  In both instances, while 

demonstrating that the claims might be true, a realistic evaluation could not be made because of 

shortcomings in the testing or reporting of the information.  The test performed by the Naval 

Surface Warfare Center, Crane, Indiana was limited in the number of rounds of ammunition tested, 

only one round of each type and the Army report did not document any of the procedures used to 

generate the data. 

 

II. RESULTS 

 

 The 77-grain Black Hills Nosler w/cannelure (BLH2) demonstrated superior overall 

performance with respect to both accuracy and terminal effects.  The increased performance was 

observed in both the M4A1 and the M16A2 throughout all scenarios of engagement range and 

temperature extremes. 

 

III. RECOMENDATION 

 

Recommend that an assessment to determine what level, if any, the BLH2 cartridge should 

be integrated into the Marine Corps small arms inventory.  This assessment should include cost 

differential between each cartridge compared to the increase in cartridge performance.  
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SELECTED BALLISTIC PHOTOGRAPHS 

 
1.  M4A1 (14.5” barrel; 1:7 twist) 

a. Cartridge (A059), Range (10m) 
b. Cartridge (AA48), Range (10m) 
c. Cartridge (BLH2), Range (10m) 
d. Cartridge (A059), Range (50m) 
e. Cartridge (AA48), Range (50m) 
f. Cartridge (BLH2), Range (50m) 
g. Cartridge (A059), Range (100m) 
h. Cartridge (AA48), Range (100m) 
i. Cartridge (BLH2), Range (100m) 
j. Cartridge (A059), Range (300m) 
k. Cartridge (AA48), Range (300m) 
l. Cartridge (BLH2), Range (300m) 

 
2.  M16A2 (20.0” barrel; 1.7 twist) 

a. Cartridge (A059), Range (10m) 
b. Cartridge (AA48), Range (10m) 
c. Cartridge (BLH2), Range (10m) 
d. Cartridge (A059), Range (50m) 
e. Cartridge (AA48), Range (50m) 
f. Cartridge (BLH2), Range (50m) 
g. Cartridge (A059), Range (100m) 
h. Cartridge (AA48), Range (100m) 
i. Cartridge (BLH2), Range (100m) 
j. Cartridge (A059), Range (300m) 
k. Cartridge (AA48), Range (300m) 
l. Cartridge (BLH2), Range (300m) 

 
 
NOTE:  Photos selected represent similar visual characteristics of each shot group. 
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1.0 INTRODUCTION 
   

1.1 SCOPE 
 

The Marine Corps Systems Command initiated the terminal ballistic assessment to 
address highlighted concerns from deployed units, support previous 5.56mm evaluations, 
and determine if a more terminally effective 5.56mm cartridge is currently available.  Recent 
combat operations highlighted terminal performance problems.  These problems were 
generally perceived as failures to: 1) Rapidly incapacitate opponents at ranges beyond 150-
200 meters, as well as close ranges up to 50 meters, and 2) occurring when Standard M855 
Ball and M855 62gr “Green Tip” Full Metal Jacket (FMJ) cartridges are fired from 5.56mm 
rifles and carbines.  

  
Both the Navy (Naval Surface Warfare Center (NSWC) – Crane Division) and the Army 

(U.S. Army Armament Research, Development, and Engineering Center (ARDEC)) 
published reports documenting 5.56mm cartridge test results to verify or refute the claims 
regarding the terminal effectiveness on several types of 5.56mm cartridges.  Both test results 
validated the claims but a realistic evaluation could not be made due to variations in test 
methods, statistical sample firings, target composition, data produced, and test conclusions.  
The tests performed by NSWC, Crane were limited to testing only one round of each type.  
The ARDEC report did not document any of the procedures used to generate the data.  Due 
to these discrepancies, the Program Managers for both Ammunition and Infantry Weapons 
Systems performed, managed, and tested the 5.56mm cartridges.  This additional 
independent evaluation is critical to supporting future Marine Corps 5.56mm acquisition 
strategy. 

    
1.2 PURPOSE  
 

The purpose of this evaluation is assess selected and available 5.56mm cartridges.  This 
will determine which four 5.56mm rounds of ammunition is optimal for use by the Marine 
Corps in the M16/M4 families of combat rifles.  This evaluation will yield the optimum 
combinations of ammunition type and combat rifle at specific engagement ranges.  The 
engagement ranges were selected to evaluate the tactical scenarios of Close Quarters Battle 
(CQB), Military Operations in Urban Terrain (MOUT), Closed Terrain, and Open Terrain.  
In addition, if possible, it will provide the single best normalized combinations of 
ammunition and combat rifle. 

   
Each cartridge was evaluated to document performance, accuracy and terminal 

effectiveness.  However, of the five cartridges evaluated, only the results from the A059, 
AA48 and BLH2 are presented in this report.  The results of the remaining two cartridges, 
AA53 and BLH1, were only evaluated for informational purposes.  It was determined that 
these cartridges are unsuitable for general combat use due to lack of cannelure and moly 
coating, respectively.  A description of each type of cartridge evaluated is provided in 
section 2.2. 
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1.3 TEST OBJECTIVES 
 
  The objective of this test is to validate and compare the inherent accuracy of the subject 

ammunition when fired from the M4A1 carbine and M16A2 rifle.  In addition, the test will 
evaluate & compare the terminal effects of the ammunition fired from both weapons when 
fired into 10% ballistic gelatin blocks.  The blocks are composed of 250A ballistic gelatin, 
mixed with approximately 10% water.  In addition, the weight of the blocks are 
approximately 40lbs. with dimensions of 18”(length), 9”(width), and 8”(height). 

 

2.0 DESCRIPTION OF TEST ASSETS 
  
 2.1  TEST WEAPONS 
 

2.1.1 Test barrel (20.0” barrel; 1:7 twist); 1 each– Mounted on FBI Model 700 Receiver 
2.1.2 Test barrel (14.5” barrel; 1:7 twist); 1 each– Mounted on FBI Model 700 Receiver 
2.1.3 M4A1 (14.5” barrel; 1:7 twist); 3 each (new weapons) 
2.1.4 M16A2 (20.0” barrel; 1:7 twist); 3 each (new weapons) 

   
 2.2  AMMUNITION VARIANTS TESTED 
 
  2.2.1 M855, A059:  62gr Ball (Baseline) 

2.2.2 M855, AA48:  62gr Ball Environmentally Safe 
2.2.3 Sierra Match King, AA53: 77gr. (Black Hills, SOPMOD SPR) –Pending Type 

Classification (non-Cannelure) 
  2.2.4 Nosler (Black Hills) 77gr w/Cannelure; Non-Moly Coated 
  2.2.5 Nosler (Black Hills) 77gr w/Cannelure; Moly Coated 
 
3.0 TEST PROCEDURES 
  

3.1 Accuracy Test Procedure 
 

Accuracy tests were performed by the Weapons Training Battalion, The Basic School 
(TBS), Marine Corps Base, Quantico, VA using the following procedure: 

 
NOTES: 1.  No testing was performed in head winds exceeding 10 mph or crosswinds in excess of 5 mph 

2. Test Weapons: 3 each (new) M4A1 and M16A2. 
3. To avoid barrel creep due to the change in temperature of the barrel, the test weapon is fired to raise the 
barrel temperature. 

 
1. Secure test weapon in a suitable firing fixture.  Record, if available, weapon type, 

serial number and rounds count. 
 
2. Measure and record muzzle velocity using velocity screens. 
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3. Place and secure accuracy target at 300m.  Mark target with weapon type, 
ammunition type, date and time. 

 
4. Sight weapon on target so that a center mass impact shall occur.  Use an optical 

(scope) or laser sighting device to ensure accuracy and repeatability of aim point. 
 
5. Load specified ammunition into weapon. (Temperature of ammunition shall be at 

Range Ambient.  Record temperature.) 
 
6. Fire ten (10) single shots into the accuracy target without disturbing the lay of the 

weapon.  Verify aim point between each shot to assure that lay of the weapon has not 
changed.  In the event the aim point has shifted, test shall be scored as a “No-Test” 
and repeated.  At the end of the ten shot-firing group, projectile impacts shall be 
marked to identify group and target shall be replaced. 

 
7. Repeat above process until three (3) 10 round shot groups have been obtained. 

 
8. Repeat process for each type of ammunition. 

 
9. Repeat process for each weapon type. 

 
10. Repeat process with ammunition temperature condition at -25oF. 

 
11. Repeat process with ammunition temperature condition at 120oF. 
 
12. Required Data: 

 a. Weapon type/serial number 
b. Cartridge type 
c. Average muzzle velocity of 10 shot group 
d. Accuracy information: 

ii. Each 10 round target: X, Y, X-Average, Y-Average, X 

Standard Deviation (SD), Y SD, X-Y range 

iii. Three: 10 Round Target Pooled Data: Average X SD, Average 

Y SD 

e. Noted malfunctions, anomalies and/or remarks 
f. Range Ambient Temperature of each shot 

 
3.2 Terminal Ballistics Test Procedure (General) 
 

Terminal ballistics testing was performed by the FBI Academy.   Testing was performed 
according to the following procedure: 
 
 NOTE: 1. All Tests Performed at Range Ambient Temperature. 
  2. Nosler 77gr w/Cannelure BLH1; Moly Coated shall not be fired for terminal ballistic evaluation. 
  3. Test Weapons; M4A1 (14.5” barrel; 1:7 twist), M16A2 (20.0” barrel; 1:7 twist) 

 
1. Secure test weapon in a suitable firing fixture.  Record, if available, weapon serial 

number and rounds count. 
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2. Measure and record muzzle velocity using velocity screens. 
 
3. Set up the Paper/Cardboard target at the specified range (as required).  Erect velocity 

screens to obtain impact velocity data. 
 
4. Sight weapon on a paper/cardboard target (as required). 
 
5. Fire weapon on the paper/cardboard target until a three-round shot group lies within 

the useable area of the target (as required). 
 
6. Remove the paper/cardboard target and replace with the 10% ballistic gelatin target 

once the weapon is sighted and impact velocity instrumentation operational.  Range 
personnel shall ensure that the gelatin target is properly aligned with the previously 
established impact point. 

  
7. Verify prior to firing the ballistic gelatin block calibrations. 
 
8. Clear range to fire one round into the ballistic target. 

 
9. Ballistic Gelatin Recalibration:  If the FBI Ballistic Research Facility participants 

question the state of the ballistic gelatin, the calibration shot will be repeated after 
shot impact. 

 
10. If shot is scored as a valid impact the following ballistic target data will be evaluated: 

 
a. Depth to the initial indication of projectile yaw 
b. Volumetric evaluation of temporary cavity (height, width, depth) 

i. Multiple measurements shall be made to adequately 

characterize produced cavity.  

  c.   Photographs of ballistic gelatin block 
i. Gelatin block shall be rotated and photographed from an angle 

that best depicts both the permanent and temporary cavities 
generated (multiple photographs).  Each photograph shall 
contain a ruler placed on the gelatin block for scale. 

  

11. If the shot is scored as an invalid impact, evaluate the ballistic target for useful 
information.   If no useable information can be gained, no further evaluation shall 
take place.  An invalid impact shot will be scored as a “No-Test” and the target shall 
be discarded.  Any data recorded shall be for informational purposes only and not 
used in the final evaluation. Additional cartridges shall be fired until a valid impact is 
obtained. A “No-Test” is defined as a target that offers no measurable value (for 
example, inaccurate round placement on target). 

 
12. Repeat test series until five valid test shots are obtained for each test cartridge. 
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13. Repeat test iteration for each cartridge type at each range in each type of test 
weapon. 

 
14. Data Collected: 

a. Test weapon type and serial number 
b. Cartridge type 
c. Muzzle velocity 
d. Impact velocity 
e. Initial projectile yaw depth 
f. Gelatin cavity measurements (height, width, and depth (viscosity of gelatin)); 

multiple measurements 
g. Photographs as noted in test procedure.  Photographs shall be marked with 

test weapon type, ammunition type, date, and time 
h. Pre and post firing ballistic gelatin block calibration verification (as required) 
i. Noted malfunctions, anomalies, and remarks 

 
4.0 DATA ANALYSIS 
 

4.1 Accuracy Tests 
 

Three M4A1 carbines and three M16A2 rifles were used.  For each individual weapon, 
three ten-shot groups of each type of ammunition were fired at three different temperatures 
(3 groups x 10 rounds x 3 temperatures), providing 90 data points, per individual weapon, 
per ammunition type.  Although five different rounds were fired during the accuracy portion 
of this test, only three were analyzed.  Two of the cartridges were determined to be 
ineffective for field use.  Therefore, analyses of AA53 and BLH1 cartridges are not included 
in this report. 
 
For each of the targets (see Figure 1): 
 

a) A reference grid was drawn and the position of each hit point measured (to within 
+/- 0.05 inch).   
b) The ten hit points for each group were averaged to find the mean hit point.   
c) Distance from each hit point to the mean, and the associated standard deviation, 
were calculated.   

  
Once this was completed for all of the targets, the data was tabulated.  The resulting data 
points were compared by superimposing the targets and using the mean hit point as a 
reference.  The data for each weapon & type of ammunition was then compiled and 
analyzed according to: 
 

a) The individual group (1 target). 
b) All groups at a common temperature (3 targets). 
c) All groups from the individual weapon (9 targets). 
d) All groups at the same temperature, from the same weapon type (9 targets). 
e) All groups from the same weapon type (27 targets). 

 
Accuracy data is provided in Appendix (Ia, Ib and II). 
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 4.2 Terminal Effects Test 
 

Terminal effectiveness data was collected by firing five shots each, of the three different 
ammunition types, from both weapons fixed a stationary platform, at ranges of 10, 50, 100, 
and 300 meters.  All rounds were fired into gelatin blocks, per the Test Plan.  Although the 
effects of a given bullet on the gelatin block cannot be directly compared to that of human 
tissue, due to the many variations found in the body (bones, cartilage, etc), the gelatin 
approximates the density of soft human tissue and provides a homogeneous medium for 
comparison.  Measurement taken by the test personnel included: 

 
 a) Muzzle velocity 
 b) Impact velocity 
 c) Depth to first yaw 
 d) Length of temporary cavity 
 e) Maximum temporary cavity height 
 f) Maximum temporary cavity width 
 g) Depth to maximum temporary cavity dimension (see e and f, above) 

 
The temporary cavity is defined as the portion of the gelatin block having visual damage 
caused by the bullet and the associated pressure/shock wave. Depth to first yaw is defined as 
the point where the temporary cavity begins. A target block is shown in Figure 1. 
 

 
Figure 1 
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The most important two factors in determining terminal effects are depth to first yaw and 
volume of the temporary cavity.  The total temporary cavity volume is an indicator of the 
effect the bullet would have on human tissue.  A given projectile might consistently leave a 
very large temporary cavity, but if it occurs deep in the block, corresponding to a large depth 
to first yaw, most of the volume could have occurred after the bullet had exited out the back 
of a target.  The amount of the temporary cavity that would occur inside an individual target 
is referred to as the relative cavity.  Therefore, in order to compare temporary cavities, the 
depth of the target must be defined.  For this test, two depths of the target were defined: 7.3 
inches to correspond to a malnourished individual, and 9.0 inches to correspond to the 
healthy individual.  This corresponds to the evaluated body thicknesses specified in the U.S. 
Army (ARDEC) evaluation.  Wound cavity data is shown in Appendix III. 
 
Determining the exact cavity volume would have required slicing the block and recording 
multiple measurements.  This was determined to be outside the scope of this test.  Based 
upon a review of several gel block targets, it was determined the volume can be 
approximated by back-to-back elliptical cones (see Figure 1).   

 
When evaluated, the point of maximum height and width are elliptical, in most cases, and 
the general shape of the temporary cavity, from that point to either end, approximates a 
cone. 
To determine the approximate effect on each of the two potential targets, for each temporary 
cavity that was calculated, the portion of the cavity volume that occurred past the depth of 
the defined targets was subtracted from the total volume.  This was done for both target 
depths.  The calculations used to determine the volume of the relative cavity are shown in 
section 5.2.1. 

 
5.0  TEST RESULTS 
 
 5.1 Accuracy Test Results 

 
Data was compiled to provide the 3-sigma (, SD) radius for each cartridge, fired from each 
weapon, for the three temperatures.  Data indicator: 
 
 a) Mean radius summed with three standard deviations (MR + 3) for the following: 
   

i) Each individual weapon and cartridge for each temperature 
  ii) Each individual weapon and cartridge for all temperatures 
  iii) Each weapon type and cartridge for each temperature 
  iv) Each weapon type and cartridge for all temperatures 
   

b) Average maximum range for situation iv, above 
  (Defined as the distance between the two most distant hits on each target) 
  

c) Greatest maximum range for situation iv, above 
  

d) Smallest maximum range for situation iv, above 
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5.2 Terminal Effects Test Result 
 

Data was compiled to demonstrate the depth to first yaw for each weapon firing each 
type of ammunition.  Rankings were tabulated in two ways: the first based upon the size of 
the relative temporary cavity, and the second based upon depth to first yaw.  A Terminal 
Ballistic Comparison chart is shown in Appendix IV. 

 
5.2.1 Relative Temporary Cavity Volume 
 

 To rank each ammunition type, three different methods of scoring were used.  Two 
methods used the standard deviation from the mean relative volume.  Standard deviation 
was used solely as a means of determining ranges for scoring. 
  

a) The first method simply ranked the four cartridges from largest to smallest 
relative cavity.  After ranking each cartridge for each range, the rankings were totaled 
and the cartridges were ranked, again, based upon these totals, the cartridge with the 
smallest total being ranked best. 

 
Simple ranking, from 1 to 4 (lowest is best) 
 

Ballistic Comparison Relative Cavity 
WPN DODIC Th=7.3  Th=9.0  

  10 50 100 300 Tot 10 50 100 300 Tot 
Carbine            

 A059 3 3 3 4 13 2 3 3 4 12 
 AA48 4 4 4 3 15 4 4 4 3 15 
 BLH-2 1 1 2 1 5 1 1 2 2 6 

Rifle            
 A059 3 3 3 3 12 4 1 3 3 11 
 AA48 4 4 4 4 16 3 2 4 4 13 
 BLH-2 2 1 2 1 6 2 3 2 1 8 

Fig. 2 
 
b) Due to limited deviations in the relative volumes (Vr), the possibility exists 

that the data may be different if the cartridges were scored based upon volume, then 
totaled and ranked by the total score.  The first method was based upon a 4-point scale: 

 i) Vr < (Average – 1 standard deviation (SD))  =  4 
 ii) (Average – 1 SD) < Vr < Average   =  3 
 iii) Average < Vr < (Average + 1 SD)   = 2 
 iv) (Average + SD) < Vr     = 1 

 
After scoring, results for all four ranges were added together, and the cartridge ranked 
based upon total score, the smallest being ranked as best. 

 
Relative ranking on a 4-point scale, (lowest is best) 
  Below (Average - SD) =   4 
  (Average - SD) to Average =   3 
  Average to (Average + SD) =   2 
  Above (Average + SD) =   1 
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Ballistic Comparison Total Score 
WPN DODIC Th=7.3  Th=9.0  

  10 50 100 300 Tot 10 50 100 300 Tot 
Carbine            

 A059 2 3 3 3 11 2 2 3 3 10 
 AA48 4 4 3 3 14 4 4 4 3 15 
 BLH-2 2 2 2 1 7 2 2 2 2 8 

Rifle            
 A059 3 3 3 3 12 3 1 3 3 10 
 AA48 4 4 3 3 14 3 2 3 3 11 
 BLH-2 2 2 2 1 7 3 3 2 2 10 

 

Fig. 3 
  

c) The second method further separates the data by having the relative volumes 
(Vr) score on a six-point scale, then adding an extra range based upon 1/2 standard 
deviation from the mean. 

i) Vr < (Average – 1 standard deviation (SD))   =  6 
ii) (Average – 1 SD) < Vr < (Average  - .5 SD)   =  5 

 ii) (Average – .5 SD) < Vr < Average    = 4 
 iii) Average < Vr < (Average + .5 SD)    = 3 

vi) (Average + .5 SD) < Vr < (Average + 1 SD)  =  2 
 iv) (Average + 1 SD) < Vr      = 1 

 
Scores were added similarly, as shown in (b) above, then the cartridges ranked.  Results of 
the evaluation are provided below.  Relative ranking on a 6-point scale,  (lowest is best) 

  Below (Average - SD)        =  6 
  (Average - SD) to (Average - .5 SD)       =  5 
  (Average - .5 SD) to Average              =  4 
  Average to (Average + .5 SD)      =  3 
  (Average + .5 SD) to (Average + SD)     =  2 
  Above (Average + SD)       =  1 

 

 

Fig. 4 

Ballistic Comparison Relative Volume 
WPN DODIC Th = 7.3  Th = 9.0  

  10 50 100 300 Tot 10 50 100 300 Tot 
Carbine            

 A059 3 4 5 5 17 2 3 4 5 14 
 AA48 6 6 5 5 22 6 6 6 5 23 
 BLH-2 2 2 2 1 7 2 2 3 3 10 

Rifle            
 A059 5 4 5 5 19 5 1 5 5 16 
 AA48 6 6 5 5 22 4 3 5 5 17 
 BLH-2 2 2 2 1 7 4 4 2 2 12 
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5.2.2 Depth to First Yaw 
 

To validate the scoring based on relative volume, the cartridges were ranked based 
upon depth to first yaw.  The average values for all shots of a particular cartridge were 
calculated and ranked from 1 to 4, the least average depth to first yaw ranked best. 

  
Rank based upon Depth to Initial Yaw (lowest is best) 

WPN DODIC 10 50 100 300 Tot 
Carbine       

 A059 3 3 3 3 12 
 AA48 4 4 4 4 16 
 BLH-2 1 1 2 1 5 

Rifle       
 A059 3 3 3 3 12 
 AA48 4 3 4 4 15 
 BLH-2 1 1 1 1 4 

 

Fig. 5 
 
Photos representative of yaw are enclosed in Appendix (1a thru L). 

 
6.0  CONCLUSIONS & RECOMMENDATIONS 
 
The 77-grain Black Hills Nosler w/cannelure (BLH2) demonstrated superior overall performance 
with respect to both accuracy and terminal effects.  The increased performance was observed in 
both the M4A1 and the M16A2 throughout all scenarios of engagement range and temperature 
extremes. 
 
The BLH2 cartridge showed increased performance over the M855.  However, the accuracy and 
terminal ballistic data obtained during this evaluation for both the A059 and AA48 demonstrated 
that these cartridges performed as expected.   
 
Recommend that an assessment to determine what level, if any, the BLH2 cartridge should be 
integrated into the Marine Corps small arms inventory.  This assessment should include cost 
differential between each cartridge compared to the increase in cartridge performance.  This 
assessment should also take into account a more diverse spectrum of targets, such as ballistic 
protective vests, where the M855 and BLH2 performance may be closely matched. 
 
Compiled Results 

WPN DODIC Target = 7.3 Target = 9.0  
 Scoring Rank I II III I II III IV 

Carbine         
 A059 3 3 3 3 3 3 3 
 AA48 4 4 4 4 4 4 4 
 BLH-2 1 1 1 1 2 2 1 

Rifle         
 A059 3 3 3 3 2 3 3 
 AA48 4 4 4 4 4 4 4 
 BLH-2 1 1 1 1 2 2 1 

 

Fig. 6
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APPENDIX A 
 
I.a.  ACCURACY COMPARISON for M4A1 & M16A2 

                                  
                                  

  M4A1/A059                               
      MR Average         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  W325745 3.76 3.77 3.58 3.69  5.23 5.35 6.69 5.76  1.74 1.78 2.23 1.92   
  W325935 3.51 3.51 3.83 3.83  5.75 5.24 5.77 5.54  1.92 1.75 1.92 1.85   
  W326152 2.87 3.58 2.95 3.13  4.14 5.24 4.10 4.57  1.38 1.75 1.37 1.52   
                     
  All Wpns 3.38 3.62 3.45 3.55   5.04 5.23 5.68 5.33   1.68 1.74 1.89 1.78   
                                  
                                  

  M4A1/AA48                               
      MR Average         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  W325745 3.00 3.52 3.34 3.28  5.62 4.60 5.62 5.09  1.87 1.53 1.87 1.70   
  W325935 4.20 2.69 3.48 3.48  7.10 5.58 5.04 6.19  2.37 1.86 1.68 2.06   
  W326152 3.26 2.67 3.56 3.11  5.19 4.30 6.68 5.35  1.73 1.43 2.23 1.78   
                     
  All Wpns 3.48 2.96 3.46 3.29   6.22 4.95 5.63 5.63   2.07 1.65 1.88 1.88   
                                  
                                  

  M4A1-BLH2                               
      MR Average         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  W325745 2.12 2.03 2.51 2.24  3.11 3.05 3.31 3.26  1.04 1.02 1.10 1.09   
  W325935 1.96 2.48 2.21 2.21  2.74 3.50 3.86 3.42  0.91 1.17 1.29 1.14   
  W326152 2.30 1.80 2.36 2.15  4.15 3.70 4.00 3.98  1.38 1.23 1.33 1.33   
                     
  All Wpns 2.13 2.11 2.36 2.20   3.37 3.89 3.75 3.71   1.12 1.30 1.25 1.24   
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I.b.  ACCURACY COMPARISON for M4A1 & M16A2 (con’t) 
                                  
                                  

  M16A2/A059                               
      Average MR         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  7305875 3.15 3.14 4.26 3.52  5.23 4.91 6.43 5.57  1.74 1.64 2.14 1.86   
  7306186 3.37 3.45 4.41 3.75  6.01 4.71 6.41 5.86  2.00 1.57 2.14 1.95   
  7152905 3.34 3.96 3.59 3.63  4.45 6.37 7.13 6.14  1.48 2.12 2.38 2.05   
                     
  All Wpns 3.29 3.52 4.09 3.63   5.04 5.42 6.76 5.84   1.68 1.81 2.25 1.95   
                                  
                                  

  M16A2/AA48                               
      Average MR         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  7305875 3.51 3.48 3.40 3.47  5.34 5.56 5.82 5.39  1.78 1.85 1.94 1.80   
  7306186 4.31 4.36 4.03 4.23  8.18 5.72 5.85 6.63  2.73 1.91 1.95 2.21   
  7152905 3.04 3.36 3.66 3.36  6.07 5.85 4.50 5.48  2.02 1.95 1.50 1.83   
                     
  All Wpns 3.62 3.73 3.70 3.69   6.77 5.81 5.42 5.99   2.26 1.94 1.81 2.00   
                                  
                                  

  M16A2/BLH2                               
      Average MR         3 Sigma         1 Sigma       
  Weapon S/N Ambient -25 120 All Temps  Ambient -25 120 All Temps  Ambient -25 120 All Temps   
  7305875 2.16 2.83 2.84 2.61  2.69 4.73 5.29 4.49  0.90 1.58 1.76 1.50   
  7306186 3.24 2.35 3.12 2.90  3.08 3.47 4.86 4.02  1.03 1.16 1.62 1.34   
  7152905 2.44 2.37 3.58 2.79  3.55 3.86 5.14 4.50  1.18 1.29 1.71 1.50   
                     
  All Wpns 2.62 2.51 3.18 2.77   3.37 4.15 5.16 4.35   1.12 1.38 1.72 1.45   
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II.  Accuracy Test Summary 
 

 
 

               

  5.56MM ACCURACY EVALUATION*   
  M4A1             

  
Ctg 

Type 
Mean Radius 

(MR) 
Standard Deviation 

(SD) 
MR + 3SD Mean Maximum Spread (MMS) Maximum Spread 

(MS)   
  A059 3.55 1.78 8.89 13.78 14.46   
  AA48 3.29 1.88 8.93 15.96 16.53   
  BLH2 2.20 1.24 5.91 9.46 10.03   
               
  M16A2             

  
Ctg 

Type 
Mean Radius 

(MR) 
Standard Deviation 

(SD) 
MR + 3SD Mean Maximum Spread (MMS) Maximum Spread 

(MS)   
  A059 3.63 1.95 9.48 17.92 19.17   
  AA48 3.69 2.00 9.69 15.00 16.81   
  BLH2 2.77 1.45 7.12 12.72 14.11   
               
 *All Values in Inches      
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III.  Wound Cavity Data 

 

Cartridge Weapon Range Muzzle 
Velocity 

Impact 
Velocity 

Depth to 
Yaw 

Temp   
Cavity 
Length 

Max Cavity 
Height 

Max Cavity 
Width 

Depth to 
Max Height 

Total 
Cavity 
Volume 

Relative 
Volume  
Th = 7.3 

Relative 
Volume  
Th = 9.0 

A059 Carbine 10M 2878 2865 2.75 10.25 5.65 4.00 5.35 60.6 41.9 54.2 
AA48  10M 2960 2947 3.40 12.85 5.20 4.05 7.25 70.8 22.0 44.9 
BLH-2   10M 2711 2698 1.45 9.05 4.95 4.85 5.45 56.9 48.8 56.0 
A059 Rifle 10M 3108 3092 3.05 9.80 5.65 4.40 6.35 63.8 37.4 55.0 
AA48  10M 3125 3109 3.30 10.45 5.20 5.25 7.25 74.6 29.3 56.5 
BLH-2   10M 2848 2833 0.95 8.30 5.15 5.10 4.80 57.0 54.5 57.0 
A059 Carbine 50M 2893 2761 2.55 8.70 4.00 4.50 7.50 41.0 22.4 37.2 
AA48  50M 2920 2783 4.15 13.05 4.70 3.60 8.95 57.8 6.0 21.9 
BLH-2   50M 2668 2545 1.50 7.70 4.50 4.50 5.90 40.8 37.5 40.8 
A059 Rifle 50M 3155 3016 3.10 8.30 5.60 4.85 7.35 59.0 29.9 53.0 
AA48  50M 3171 3020 3.10 10.77 5.80 4.70 8.15 76.9 20.7 51.6 
BLH-2   50M 2828 2710 1.15 7.85 4.90 4.95 5.40 49.8 47.4 49.8 
A059 Carbine 100M 2869 2569 4.10 10.45 4.20 3.90 8.85 44.8 6.2 22.2 
AA48  100M 2853 2556 4.45 13.05 3.90 3.60 9.30 47.9 3.6 14.7 
BLH-2   100M 2638 2377 1.95 7.95 4.05 3.40 5.15 28.6 25.8 28.5 
A059 Rifle 100M 3093 2799 5.05 8.90 4.60 4.95 9.70 53.0 3.1 17.0 
AA48  100M 3072 2764 5.50 12.45 4.75 3.10 8.90 48.0 1.9 14.2 
BLH-2   100M 2833 2544 1.55 7.70 4.05 4.15 5.35 33.9 31.7 33.9 
A059 Carbine 300M 2856 1949 3.90 11.45 2.80 2.30 10.80 19.3 1.4 4.7 
AA48  300M 2855 1927 4.65 11.80 3.30 2.55 9.90 26.0 1.5 6.6 
BLH-2   300M 2650 1859 2.65 6.60 3.05 3.00 5.50 15.8 14.5 15.8 
A059 Rifle 300M 3078 2155 5.45 11.00 3.15 2.40 9.85 21.8 0.6 4.6 
AA48  300M 3085 2139 5.70 11.45 3.10 2.10 11.85 19.5 0.2 1.6 
BLH-2   300M 2831 2039 1.50 8.60 3.55 3.00 5.25 24.0 21.4 23.8 
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IV.  Terminal Effects 
 
                          

  5.56MM TERMINAL BALLISTIC COMPARISON   

                          
  10M           100M           
    M4A1 M16A2     M4A2 M16A2   
  Depth to Yaw in. %* in. %*   Depth to Yaw in. %* in. %*   
  A059 2.75 0.0 3.05 0.0   A059 4.10 0.0 5.05 0.0   
  AA48 3.40 23.6 3.30 8.2   AA48 4.45 8.5 5.50 8.9   
  BLH2 1.45 -47.3 0.95 -68.9   BLH2 1.95 -52.4 1.55 -69.3   
                        
  Relative Volume (7.3) Cu. In. %* Cu. In. %*   Relative Volume (7.3) Cu. In. %* Cu. In. %*   
  A059 41.9 0.0 37.4 0.0   A059 6.2 0.0 3.1 0.0   
  AA48 22.0 -47.5 29.3 -30.1   AA48 3.6 -41.9 1.9 -38.7   
  BLH2 48.8 16.5 54.5 30.1   BLH2 25.8 316.1 31.7 922.6   
                        
  Relative Volume (9.0) Cu. In. %* Cu. In. %*   Relative Volume (9.0) Cu. In. %* Cu. In. %*   
  A059 54.2 0.0 55.0 0.0   A059 22.2 0.0 17.0 0.0   
  AA48 44.9 -17.2 56.5 2.7   AA48 14.7 -33.8 14.2 -16.5   
  BLH2 56.0 3.3 57.0 3.6   BLH2 28.5 28.4 33.9 99.4   
                          
  50M           300M           
    M4A1 M16A2     M4A1 M16A2   
  Depth to Yaw in. %* in. %*   Depth to Yaw in. %* in. %*   
  A059 2.55 0.0 3.10 0.0   A059 3.90 0.0 5.45 0.0   
  AA48 4.15 62.7 3.10 0.0   AA48 4.65 19.2 5.70 4.6   
  BLH2 1.50 -41.2 1.15 -62.9   BLH2 2.65 -32.1 1.15 -78.9   
                        
  Relative Volume (7.3) Cu. In. %* Cu. In. %*   Relative Volume (7.3) Cu. In. %* Cu. In. %*   
  A059 22.4 0.0 29.9 0.0   A059 1.4 0.0 0.6 0.0   
  AA48 6.0 -73.2 20.7 -30.8   AA48 1.5 7.1 0.2 -66.7   
  BLH2 37.5 67.4 47.4 58.5   BLH2 14.5 935.7 21.4 3466.7   
                        
  Relative Volume (9.0) Cu. In. %* Cu. In. %*   Relative Volume (9.0) Cu. In. %* Cu. In. %*   
  A059 37.2 0.0 53.0 0.0   A059 4.7 0.0 4.6 0.0   
  AA48 21.9 -41.1 51.6 -2.6   AA48 6.6 40.4 1.6 -65.2   
  BLH2 40.8 9.7 49.8 -6.0   BLH2 15.8 236.2 23.4 408.7   
                          
 *Percentages normalized to A059 values         
 BOLD numbers indicate best value for series        
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Distribution Statement A:
Approved for Public Release; Distribution is 
unlimited.  Other requests shall be referred to the 
Office of the Project Manager for Maneuver 
Ammunition Systems, ATTN: SFAE-AMO-MAS-SETI, 
Picatinny, NJ 07806-5000

M855A1 
Enhanced Performance Round (EPR)

LTC Jeffrey K. Woods
Product Manager

Small Caliber Ammunition
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

M855A1 EPR Benefits

–2

Performance Benefits
- Dramatically improves hard target performance
- Provides improved, consistent effects against 

soft targets and CQB performance
- Significantly increases range of consistent effects 

against soft targets
- ―Match‖ like accuracy – VERY ACCURATE
- No weight increase, improved propellant, reduced flash
- Trajectory Match—no Soldier training transfer difference
- Significant performance improvements in a 5.56mm

- Surpassed 7.62mm ball against soft targets
- Hard target performance (steel) far better than 7.62mm ball

- Extremely effective against ALL target sets ( a  true, general 
purpose round)

- Lead free projectile

M855A1 EPR
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

• Precision
• Wind Sensitivity/Ranging 

Error
• Match with Tracer Ammunition

Army Requirements for 
General Purpose Ammunition

Unprotected 
Soft Targets

Protected 
Targets/Urban 

Structures

Vehicle

• Consistency
• Effectiveness

Performance Measures

• Gelatin 
• Special Targets 

• Body Armor Fabrics
• Array of Battle field Type 

Barriers (trees, walls, to items 
on the uniform)

• Body Armor
• Walls/Doors

• Car door/windows
• Truck door/windows
• Expediently Armored light 

Vehicles

• 24 Layers of Kevlar
• 3/8‖ Mild Steel
• Concrete Masonry Unit

• FB I Car Window Target
• FBI Car Door Target
• 3/8‖ Mild Steel

Accuracy
• Aero. Coefs./Radar
• Retardation
• Dispersion

Must be able to engage a wide array of targets

–3
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release–4

Comparison of Changes

M855A1
Characteristic M855 EPR 

Cartridge Length 2.248 in No Change

Bullet  Weight 62gr No Change

Tip ID Green Bronze from Corrosion 
Protection

Slug Lead Copper

Cup/Jacket Copper No Change

Penetrator Steel Steel Arrow Head

Corrosion Resistance None Yes 

Propellant WC-844 SMP-842

Flash Suppressant No Yes

De-Coppering Agent No Yes

Velocity 3113 ft/s Increased 

Chamber Pressure M855 Spec Increased 

Penetration 3/8‖ Mild Steel @ 160m 3/8‖ Mild Steel @ 350m

Soft Target Not  Specified Improved Consistency and 
Range

Steel Penetrator 

Copper Slug

Same Jacket Material 
but Reverse Drawn

Different 
Propellant

Same Case

Same Primer but 
w/ 4 Prong Stake

Steel Penetrator 

Lead Slug

Copper Jacket (FMJ) 

Propellant

Brass Case

No. 41 Primer 
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

Improved Consistent Effects

–5

Yaw and pitch change with 
range, often providing 
inconsistent effects for 
previous ammunition

– The M855A1 is NOT yaw dependant

– Regardless of angle of yaw or pitch, the 
M855A1 provides the same consistent 
performance against soft targets

– This performance remains consistent 
for the Soldier, whether firing in close 
quarters or long range engagements

– The M855A1 greatly increases the 
maximum range at which a Soldier armed 
with the M4 or M16 can generate these 
consistent effects

– Army Research Lab live fire test results 
against soft targets showed that on 
average, the EPR surpassed the 7.62mm 
ball round

M855A1 Provides Consistent Performance, Every Time!

The M855A1 does 
NOT rely on yaw for 

its effects
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

Comparison of M855A1 and M855

–6

M855

M855A1 Enhanced 
Performance Round

Chart colors are for 
comparison only, 

both rounds meet their 
respective requirements.

So
ft 

Ta
rg

et

Consistent Effects G R

B
ar

rie
rs

Car Window G G
Car Door G G
3/8‖ Steel G Y
Concrete Masonry Unit Y R

Soft Body Armor (24 layer Kevlar) G G

Ac
cu

ra
cy

Wind Drift G G
Ranging Error G G
MOA G Y
Dispersion G G
Trajectory Match with M856 (Trace) G G

Pr
op

el
la

nt Velocity G Y
Temperature Coefficient Y Y

Flash Suppression G R

M855A1

M855 remains a 
VERY capable, all 

purpose round!
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

M855 and M855A1 Trajectories

Sight Line

Trajectory Match to the M855
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Distribution unlimited-Approved 
for Public Release

M855A1 Intermediate Barrier Performance

M855A1 Hits the Target Behind Windshields with the Steel Penetrator 
and/or Copper Slug, Increasing Probability of a Hit

Car Door

Windshield

M855A1

Penetrator

Cu Slug

M855A1

–8

Provides Desired Effects Against Targets Behind Intermediate Barriers
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

– M80, 7.62mm
can’t penetrate
at these ranges

M855A1

3/8‖ Mild Steel

Kevlar Fabric

M855A1 was tested out to 
1000m and was never stopped.M855A1

Shot with the M4

M855A1 Penetration 

–9

350m

M855A1 WILL Penetrate Some Types of Body Armor Designed to Stop 
7.62mm  Ball
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

M855A1 Hard Target Performance

Battle Barrier 
Surrogate (3/8” steel)

Concrete Masonry
Unit

(M855 won’t 
penetrate)

Results are for M4

(meters) 0                        150                       300                       450                       

M855
M855A1

M855
M855A1

Battle Barrier 
Surrogate (3/8” steel)

Results are for M16

(meters) 0                        150                       300                       450                      

M855
M855A1

M855
M855A1

M855A1 has Significantly Improved Hard Target Performance

–10

Concrete Masonry
Unit

(M855 won’t 
penetrate)
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Distribution unlimited-Approved 
for Public Release

EPR Accuracy

–11

Shot Placement is still the most important factor!

– Accuracy testing* shows that 
on average, 95% of rounds will 
hit within a eight by eight inch 
target at a range of 600 yards

– While ammunition accuracy is 
important, nothing replaces 

good marksmanship training.

8‖
600 Yards

8‖

* Accuracy Barrels
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

M855A1 Enhanced Performance Round

–12

What all Soldiers need to know when using this round
– Dramatically improves hard target performance

– Provides dependable, consistent effects against soft 
targets and CQB performance

– Significantly improves performance at extended ranges

– ―Match‖ like accuracy – VERY ACCURATE

– No weight increase, flash reduced, increased velocity

– Extremely effective against a wide variety of targets 
(a true all purpose small caliber round)

– Not yet approved for use with the GREM or the M249

– A noticeable gap below the penetrator or ―spinning‖ 

tips are normal and do not impede performance in any way

Bronze Colored Tip

Noticeable Gap 
Beneath 

Penetrator

–M855A1 EPR
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DISTRIBUTION STATEMENT A:
Distribution unlimited-Approved 
for Public Release

Take-a-ways

M855A1 Enhanced Performance Round (EPR)
– Represents a significant performance improvement in a 5.56mm bullet

• Hard target performance (steel) far better than 7.62mm ball
• Surpassed 7.62mm ball against soft targets

– A true general purpose round optimized to a wide array of targets
– Significantly improved hard target performance at longer distances
– Provides consistent performance against soft targets (Yaw sensitivity)
– Significantly increases range of consistent effects against soft targets
– Lead free projectile
– Planned to replace M855 for the Army
– Fielding in summer 2010

–13

Continuing to Provide Improved Capabilities for our Warfighters!

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 110 of 804   Page ID
#10596



 
 
 
 
 
 
 
 
 
 
 

EXHIBIT 4 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 111 of 804   Page ID
#10597



TC 3-22.9 

Rifle and Carbine 

MAY 2016 

Distribution Restriction: Approved for public release; 
distribution is unlimited. 
*This publication supersedes FM 3-22.9, 12 August 2008.

Headquarters, Department of the Army 
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This publication is available at the Army Publishing Directorate site 
(http://www.apd.army.mil), and the Central Army Registry site 

(https://atiam.train.army.mil/catalog/dashboard). 
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TC 3-22.9, C3 

Change 3 Headquarters 
Department of the Army

Washington, DC, 20 November 2019

Rifle and Carbine 

1. Change TC 3-22.9, 13 May 2016, as follows:

Remove old pages: 
iii through x 
1-1 through 1-9
F-1 through F-22
References-1 through References-2 
Index-1

Insert new pages: 
iii through ix
1-1 through 1-13
F-1 through F-10
References-1 through References-2 
Index-1

2. A triangle (    ) marks new or changed material. 

3. File this transmittal sheet in front of the publication.

DISTRIBUTION RESTRICTION: Approved for public release; distribution is 
unlimited. 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 114 of 804   Page ID
#10600



PIN: 106419-003 

TC 3-22.9
20 November 2019

By Order of the Secretary of the Army: 

JAMES C. MCCONVILLE   
  

Official: 

DISTRIBUTION:
Active Army, Army National Guard, and United States Army Reserve: To  be  distributed in 
accordance with the initial distrubution number (IDN) 110187, requirements for TC 3-22.9.

KATHLEEN S. MILLER 

1931911
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TC 3-22.9, C2 

Change 2 Headquarters 
Department of the Army 

Washington, DC, 31 August 2017 

Rifle and Carbine 

1. Change TC 3-22.9, 13 May 2016, as follows:

Remove old pages: Insert new pages: 
cover cover 
i through x i through x 
3-7 through 3-8 3-7 through 3-8
3-15 through 3-16 3-15 through 3-16
8-11 through 8-12 8-11 through 8-12
E-5 through E-6
F-11 through F-12

Glossary-3 
 References-1 to References-2 

E-5 through E-6
F-11 through F-12
G-1 through G-10
Glossary-3
H-References-1 to References-2

2. A star (  ) marks new or changed material. 

3. File this transmittal sheet in front of the publication.

DISTRIBUTION RESTRICTION: Approved for public release, distribution is 
unlimited. 
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PIN: 106419-002 

TC 3-22.9, C2 
31 August 2017 

By Order of the Secretary of the Army: 

MARK A. MILLEY 
General, United States Army 

Chief of Staff 

Official: 

GERALD B. O’KEEFE 
Administrative Assistant to the 

Secretary of the Army 
1723501 

DISTRIBUTION: 
Active Army, Army National Guard, and U.S. Army Reserve. To be distributed in 
accordance with the initial distribution number (IDN) 110187, requirements for 
TC 3-22.9.  
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TC 3-22.9, C1 

Change 1 Headquarters 
Department of the Army 

Washington, DC, 10 January 2017 

Rifle and Carbine 

1. Change TC 3-22.9, 13 May 2016, as follows:

Remove old pages: Insert new pages: 
iii through viii iii through viii 
3-13 through 3-14 3-13 through 3-14
3-15 through 3-16 3-15 through 3-16
7-7 through 7-20 7-7 through 7-20
8-1 through 8-2 8-1 through 8-2
A-9 through A-10 A-9 through A-10

F-1 through F-22
References-2 to References-3 References-2 to References-3
Index-1 to Index-2 Index-1 to Index-2

2. A bar () marks new or changed material.

3. File this transmittal sheet in front of the publication.

DISTRIBUTION RESTRICTION A: Approved for public release; distribution is 
unlimited. 

DESTRUCTION NOTICE: Destroy by any method that will prevent disclosure of 
contents or reconstruction of the document. 
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106419-001 

TC 3-22.9, C1 
10 January 2017 

By Order of the Secretary of the Army: 

MARK A. MILLEY 
General, United States Army 
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Preface 

Training Circular (TC) 3-22.9 provides Soldiers with the critical information for their rifle 
or carbine and how it functions, its capabilities, the capabilities of the optics and ammunition, 
and the application of the functional elements of the shot process. 

TC 3-22.9 uses joint terms where applicable. Selected joint and Army terms and definitions 
appear in both the glossary and the text. Terms for which TC 3-22.9 is the proponent 
publication (the authority) are italicized in the text and are marked with an asterisk (*) in the 
glossary. Terms and definitions for which TC 3-22.9 is the proponent publication are 
boldfaced in the text. For other definitions shown in the text, the term is italicized and the 
number of the proponent publication follows the definition. 

The principal audience for TC 3-22.9 is all members of the profession of arms. Commanders 
and staffs of Army headquarters serving as joint task force or multinational headquarters 
should also refer to applicable joint or multinational doctrine concerning the range of military 
operations and joint or multinational forces. Trainers and educators throughout the Army 
will also use this publication. 

Commanders, staffs, and subordinates ensure that their decisions and actions comply with 
applicable United States, international, and in some cases host-nation laws and regulations. 
Commanders at all levels ensure that their Soldiers operate in accordance with the law of 
war and the rules of engagement. (See FM 6-27/MCTP 11-10C.) 

This publication applies to the active Army, the Army National Guard (ARNG)/Army 
National Guard of the United States (ARNGUS), and the United States Army Reserve 
(USAR). Unless otherwise stated in this publication, masculine nouns and pronouns do not 
refer exclusively to men. 

Uniforms depicted in this manual were drawn without camouflage for clarity of the 
illustration.  

The proponent of this publication is United States (U.S.) Army Maneuver Center of 
Excellence (MCoE). The preparing agency is the MCoE, Fort Benning, Georgia. You may 
submit comments and recommended changes in any of several ways—U.S. mail, e-mail, fax, 
or telephone—as long as you use or follow the format of DA Form 2028, (Recommended 
Changes to Publications and Blank Forms). Contact information is as follows: 

E-mail: usarmy.benning.mcoe.mbx.doctrine@mail.mil 
Phone: COM 706-545-7114 or DSN 835-7114 
Fax: COM 706-545-8511 or DSN 835-8511 
U.S. mail: Commander, MCoE 

Directorate of Training and Doctrine (DOTD) 
Doctrine and Collective Training Division 
ATTN: ATZB-TDD 
Fort Benning, GA 31905-5410 
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Introduction 

This manual is comprised of nine chapters and five appendices, and is specifically tailored 
to the individual Soldier’s use of the M4- or M16-series weapon. This TC provides specific 
information about the weapon, aiming devices, attachments, followed by sequential chapters 
on the tactical employment of the weapon system.  

The training circular itself is purposely organized in a progressive manner, each chapter or 
appendix building on the information from the previous section. This organization provides 
a logical sequence of information which directly supports the Army’s training strategy for 
the weapon at the individual level.  

Chapters 1 through 4 describe the weapon, aiming devices, mountable weapons, and 
accessories associated with the rifle and carbine. General information is provided in the 
chapters of the manual, with more advanced information placed in appendix A, Ammunition, 
and appendix B, Ballistics. 

Chapters 5 through 9 provide the employment, stability, aiming, control and movement 
information. This portion focuses on the Solider skills needed to produce well aimed shots. 
Advanced engagement concepts are provided in appendix C of this publication. Appendix D 
of this publication provides common tactical drills that are used in training and combat that 
directly support tactical engagements. Finally, appendix E of this publication, is provided at 
a common location in this and future weapons publications to provide a common location 
for reference. 

This manual does not cover the specific rifle or carbine training strategy, ammunition 
requirements for the training strategy, or range operations. These areas will be covered in 
separate training circulars. 

Conclusion 

TC 3-22.9 applies to all Soldiers, regardless of experience or position. This publication is 
designed specifically for the Soldier’s use on the range during training, and as a reference 
while deployed. 
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Chapter 1 

Overview 
This TC is designed to provide Soldiers the critical information on 
their rifle or carbine to properly and effectively engage and destroy 
threats in a direct fire engagement. It relies on the Soldier’s 
understanding of the weapon, how it functions, its capabilities, the 
capabilities of the optics and ammunition, and how to properly 
employ those capabilities to achieve mastery through the 
application of the functional elements of the shot process. 

This chapter describes the principles of proper weapons handling, 
tactical applications and control measures for handling the 
weapons, and an overview of the concepts of overmatch as it 
pertains to a Soldier’s individual weapon.  

1-1. Each Soldier is responsible for placing accurate and effective fires on threat
targets with their individual weapon. This manual defines the functional elements of the
shot process, the principles of operation of the weapon, the characteristics and
description of ballistics and ammunition, and the various engagement techniques that
are essential to build Soldier proficiency with their weapon. It includes standard drills
and techniques that assist the Soldier to build, improve, and sustain their skills to achieve
accurate and precise shots consistently during combat operations (see figure 1-1).

Figure 1-1. Employment skills 
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SAFE WEAPONS HANDLING 
1-2. Safe weapons handling procedures are a consistent and standardized way for
Soldiers to handle, operate, and employ the weapon safely and effectively. Weapons
handling is built on three components; the Soldier, the weapon, and the environment:

 The Soldier must maintain situational understanding of friendly forces, the
status of the weapon, and the ability to evaluate the environment to properly
handle any weapon. The smart, adaptive, and disciplined Soldier is the
primary safety mechanism for all weapons under his control.

 The weapon is the primary tool of the Soldier to defeat threats in combat.
The Soldier must know of and how to operate the mechanical safeties built
into the weapons they employ, as well as the principles of operation for those
weapons.

 The environment is the Soldier’s surroundings. The Soldier must be aware
of muzzle discipline, the nature of the target, and what is behind it.

1-3. To safely and effectively handle weapons, Soldiers must be cognitively aware of
three distinct weapons handling measures:

 The rules of firearms safety.
 Weapons safety status.
 Weapons control status.

1-4. These measures directly support the components of safe weapons handling. They
are designed to provide redundant safety measures when handling any weapon or
weapon system, not just rifles and carbines.

1-5. This redundancy allows for multiple fail-safe measures to provide the maximum
level of safety in both training and operational environments. A Soldier would have to
violate two of the rules of firearms safety or violate a weapon safety status in order to
have a negligent discharge.

Note. Unit standard operating procedures (SOPs), range SOPs, or the 
operational environment may dictate additional safety protocols; however, 
the rules of firearms safety are always applied. If a unit requires Soldiers to 
violate these safety rules for any reason, such as for the use of blank rounds 
or other similar training munitions during training, the unit commander must 
take appropriate risk mitigation actions. 

RULES OF FIREARMS SAFETY 
1-6. The Rules of Firearms Safety are standardized for any weapon a Soldier may
employ. Soldiers must adhere to these precepts during training and combat operations,
regardless of the type of ammunition employed, except as noted above.
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Rule 1: Treat Every Weapon as if it is Loaded 
1-7. Any weapon handled by a Soldier must be treated as if it is loaded and prepared
to fire. Whether or not a weapon is loaded should not affect how a Soldier handles the
weapon in any instance.

1-8. Soldiers must take the appropriate actions to ensure the proper weapon status is
applied during operations, whether in combat or training.

Rule 2: Never Point the Weapon at Anything You Do Not Intend to Destroy 
1-9. Soldiers must be aware of the orientation of their weapon’s muzzle and what is
in the path of the projectile if the weapon fires. Soldiers must ensure the path between
the muzzle and target is clear of friendly forces, noncombatants, or anything the Soldier
does not want to strike.

1-10. When this is unavoidable, the Soldier must minimize the amount of time the
muzzle is oriented toward people or objects they do not intend to shoot, while
simultaneously applying the other three rules of fire arms safety.

Rule 3: Keep Finger Straight and Off the Trigger Until Ready to Fire 
1-11. Soldiers must not place their finger on the trigger unless they intend to fire the
weapon. The Soldier is the most important safety feature on any weapon. Mechanical
safety devices are not available on all types of weapons. When mechanical safeties are
present, Soldiers must not solely rely upon them for safe operation knowing that
mechanical measures may fail.

1-12. Whenever possible, Soldiers should move the weapon to mechanical safe when a
target is not present. If the weapon does not have a traditional mechanical safe, the
trigger finger acts as the primary safety.

Rule 4: Ensure Positive Identification of the Target and its Surroundings 
1-13. The disciplined Soldier can positively identify the target and knows what is in
front of and what is beyond it. The Soldier is responsible for all bullets fired from their
weapon, including the projectile’s final destination.

1-14. Application of this rule minimizes the possibility of fratricide, collateral damage,
or damage to infrastructure or equipment. It also prepares the Soldier for any follow-on
shots that may be required.
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WEAPON SAFETY STATUS 
1-15. The readiness of a Soldier’s weapon is termed as its weapon safety status (WSS).
It is a standard code that uses common colors (green, amber, red, and black) to represent
the level of readiness for a given weapon.

1-16. Each color represents a specific series of actions that are applied to a weapon.
They are used in training and combat to place or maintain a level of safety relevant to
the current task or action of a Soldier, small unit, or group.

1-17. The WSS ratings are evaluated by the level of safety measures applied to the
weapon itself. Table 1-1 describes the general safe condition of the weapon for each
WSS, based on the standard color scheme found in ADP 1-02.

Note. If the component, assembly, or part described is unclear, refer to the 
weapon’s technical manual (TM) or chapter 2 of this publication. 

Table 1-1. General safe condition of the weapon for each weapon safety 
status 

1-18. All firers and leaders must be fluent in the general meaning of each WSS, how it
pertains to the weapon being employed, and the responsibilities of the firer to own each
shot or burst. The following are the basic definitions for each WSS:

 Green, “Fully Safe” – the weapon is clear, no ammunition is present the
chamber is empty, and the fire selector switch is set to SAFE.

 Amber, “Substantially Safe” – a leader must clear and verify that the
weapon’s bolt is forward, the chamber is empty, and ammunition is
introduced to the weapon. This is an administrative or preparatory WSS.
Leaders use amber primarily for mounted operations and during combat
operations when directed to maintain a substantially safe weapon with the
ability to rapidly transition and escalate to red or black, based on the situation.

Note. WSS amber is not used in the live-fire events described in this 
publication. 
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 Red, “Marginally Safe” – the fire selector switch is set to SAFE, the magazine
is locked in the magazine well, a round is in the chamber, and the bolt is
locked in the forward position.

 Black, “Not Safe” – Indicates when the weapon is fully prepared to fire, the
firer has positively identified the target, the fire selector switch is set to FIRE,
and the firer’s finger is on the trigger, and the fire is in the process of engaging
the target.

Note. WSS black is used to describe the actions of the firer when in a red 
status and entering an engagement sequence. WSS black describes the 
distinct difference between red and actively and deliberately engaging a 
threat. 

1-19. Figures 1-2 through 1-5 on pages 1-6 through 1-9 describe the standard color code
for the M4-series/M16-series rifle and carbine. The Soldier performs actions described
in figures 1-2 through 1-5 to move from one color code to the next.
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Figure 1-2. M4-/M16-series weapons, green weapon safety status 
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Figure 1-3. M4-/M16-series weapons, amber weapon safety status 
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Figure 1-4. M4-/M16-series weapons, red weapon safety status 
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Figure 1-5. M4-/M16-series weapons, black weapons safety status 
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WEAPONS CONTROL STATUS 
1-20. A weapons control status (WCS) is a tactical method of fire control given by a
leader that incorporates the tactical situation, rules of engagement for the area of
operations, and expected or anticipated enemy contact. The WCS outlines the target
identification conditions under which friendly elements may engage a perceived threat
with direct fire.

1-21. Table 1-2 provides a description of the standard WCS used during tactical
operations, both in training and combat. They describe when the firer is authorized to
engage a threat target once the threat conditions have been met.

Table 1-2. Weapons Control Status 

WEAPONS 
CONTROL STATUS DESCRIPTION 

WEAPONS HOLD Engage only if engaged or ordered to engage. 

WEAPONS TIGHT Engage only if target is positively identified as enemy. 

WEAPONS FREE Engage targets not positively identified as friendly. 

1-22. A weapon control status and a weapons safety status are both implemented and
available to leaders to prevent fratricide and limit collateral damage. These postures or
statuses are typically suited to the area of operation or type of mission and should always
be clearly outlined to all Soldiers, typically in the operations order (OPORD), warning
order (WARNORD), or fragmentary order (FRAGORD).

OVERMATCH 
1-23. Overmatch is the Soldier applying their learned skills, employing their
equipment, leveraging technology, and applying the proper force to create an unfair fight
in favor of the Soldier. To achieve and maintain overmatch against any threat, this
publication focuses on providing information that develops the Soldier’s direct fire
engagement skills using the following attributes:

 Smart – the ability to routinely generate understanding through changing
conditions.

 Fast – the ability to physically and cognitively outmaneuver adversaries.
 Lethal – deadly in the application of force.
 Precise – consistently accurate in the application of power to ensure deliver

of the right effects in time, space, and purpose.

1-24. This requires the Soldier to understand the key elements that build the unfair
advantage and exploit them at every opportunity during tactical operations. The
components of overmatch are:
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 Target detection, acquisition, and identification – the ability of the Soldier
to detect and positively identify any suspected target as hostile at greater
distances than their adversary. This relies upon Soldier training and their
ability to leverage the capabilities of their optics, thermals, and sensors.

 Engagement range – provide the Soldier with weapons, aiming devices, and
ammunition capable of striking and defeating a threat at a greater range than
the adversary can detect or engage the friendly force with effective fires.

 Limited visibility – provide the Soldier to make operations during limited
visibility an advantage through technology and techniques, and compound
their adversary’s disadvantages during those conditions.

 Precision – provide a weapon and ammunition package that enhances the
Soldier’s consistent application of shots with a level of precision greater than
the adversary’s.

 Speed – the weapon, aiming devices, and accessories a Soldier employs must
seamlessly work in unison, be intuitive to use, and leverage natural motion
and manipulations to facilitate rapid initial and subsequent shots during an
engagement at close quarters, mid-, and extended ranges.

 Terminal performance – ensures that precise shots delivered at extended
ranges provide the highest probability to defeat the threat through
exceptional ballistic performance.

1-25. Although not a component of overmatch, exceptional training is critical to create
smart, fast, lethal, and precise Soldiers. Training builds proficiency in a progressive,
logical, and structured manner and provides Soldiers the skills necessary to achieve
overmatch against any adversary. This requires the training program to provide
experience to the Soldier in all the components of overmatch to their fullest extent
possible in the shortest amount of time.

TARGET DETECTION, ACQUISITION, AND IDENTIFICATION 
1-26. The first component of overmatch at the Soldier level is the ability to detect
targets as far away as possible during limited and low visibility conditions. This manual
describes the aiming devices for the service rifle that enhance the Soldier’s target
detection and acquisition skills. The Soldier must be able to detect, acquire, and identify
targets at ranges beyond the maximum effective range of their weapon and ammunition.

1-27. This publication also provides key recognition information to build the Soldier’s
skills in correctly identifying potential targets as friend, foe, or noncombatant (neutral)
once detected.

ENGAGEMENT RANGE 
1-28. To ensure small unit success, the Soldier requires weapon systems that can
effectively engage threats at ranges greater than those of their adversaries. This creates
a standoff distance advantage that allows friendly forces to destroy the target outside the
threat’s maximum effective range.
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1-29. Range overmatch provides a tactical engagement buffer that accommodates the
Soldier’s time to engage with precision fires. For example, a Soldier that has the
capability to effectively engage personnel targets at a range of 500 meters will have
range overmatch of 10 to 20 percent over a threat rifleman. That 10 to 20 percent range
difference is equivalent to a distance of 40 to 80 meters, which is approximately the
distance a maneuvering threat can traverse in 15 to 40 seconds.

1-30. Figure 1-6 portrays the battlefield from the Soldier’s perspective. With mobile,
maneuvering threats, the target acquisition capabilities must compliment the
engagement of those threats at the maximum effective range of the weapon, optic, and
ammunition.

Figure 1-6. Small unit range overmatch 

LIMITED VISIBILITY 
1-31. Soldiers must be able to detect, acquire, identify, and engage threats in all light
conditions, regardless of the tactical situation. To provide that capability, aiming devices
are provided that minimize the effects of limited visibility, but not completely.

1-32. Image intensifiers and thermal optics provide a significant overmatch capability,
but they also have limitations and disadvantages. A general discussion of their
capabilities, particularly what those systems can view within the spectrum of light is
provided. Soldiers must understand what can be “seen” or viewed and what cannot when
using their assigned equipment. Understanding the advantages and limitations of their
equipment has a direct impact on force protection, fratricide and collateral damage
prevention, and maintaining overmatch during tactical operations.

PRECISION 
1-33. The Army standard service rifle is designed with a specific level of accuracy out
to its maximum effective range. This level of accuracy is more consistent and reliable
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through the use of magnified aiming devices and superior ammunition. The Soldier must 
build the skills to use them effectively to deliver precision fires during tactical 
engagements.  

SPEED 
1-34. The close fight requires rapid manipulations, a balance of speed and accuracy,
and very little environmental concerns. Soldiers must move quickly and efficiently
through their manipulations of the fire control to maintain the maximum amount of
muzzle orientation on the threat through the shot process. This second-nature efficiency
of movement only comes from regular practice, drills, and repetition.

1-35. The foundation of speed of action is built through understanding the weapon,
ammunition, ballistics, and principles of operation of the associated aiming devices. It
is reinforced during drills (appendix D), and the training program of the unit.

1-36. The goal of training to overmatch is to increase the speed at which the Soldier
detects a threat, identifies it as hostile, and executes the shot process with the desired
target effect. This manual is constructed to provide the requisite information in a
progressive manner to build and reinforce Soldier understanding, confidence, and ability
to execute tactical operations with speed and smooth fluidity of motion.

TERMINAL BALLISTIC PERFORMANCE 
1-37. Terminal ballistic performance is the actions of a projectile from the time it strikes
an object downrange until it comes to rest. The ammunition used with the service rifle
performs exceptionally well out to its maximum effective range and beyond. This
manual provides information on the various munition types available for training and
combat, their capabilities and purpose, and the service (combat) round’s terminal
ballistic performance (see appendix A, Ammunition, and appendix B, Ballistics).

1-38. Soldiers must understand the capabilities of their ammunition, whether designed
for training or combat use. That understanding creates a respect for the weapon and
ammunition, reinforces the precepts of safe weapons handling, and an understanding of
the appropriate skills necessary to deliver lethal fires.

1-39. Soldiers that understand the “how” and “why” of their weapon system, aiming
devices, ammunition, and procedures work or function develops a more comprehensive
understanding. That level of understanding, coupled with a rigorous training program
that builds and strengthens their skills create more proficient Soldiers. The proficiencies
and skills displayed during training translate into smart, fast, lethal and precise Soldiers
for the small unit during decisive action combat operations.
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Chapter 2 

Rifle and Carbine Principles of Operation 
This chapter provides the general characteristics, description, 
available components, and principles of operation for the M4- and 
M16-series weapons. It provides a general overview of the 
mechanics and theory of how weapons operate, key terms and 
definitions related to their functioning, and the physical relationship 
between the Soldier, the weapon, and the optics/equipment attached 
to the weapon. 

ARMY STANDARD SERVICE RIFLE 
2-1. The Army standard service rifle is either the M16-series rifle or M4-series
carbine. These weapons are described as a lightweight, 5.56-mm, magazine-fed, gas-
operated, air-cooled, shoulder-fired rifle or carbine. They fire in semiautomatic (single-
shot), three-round burst, or in automatic mode using a selector lever, depending on the
variant. The weapon system has a standardized mounting surface for various optics,
pointers, illuminators, and equipment, to secure those items with common mounting and
adjustment hardware.

2-2. Each service rifle weapon system consists of components, assemblies,
subassemblies, and individual parts. Soldiers must be familiar with these items and how
they interact during operation.

 Components are uniquely identifiable group of fitted parts, pieces,
assemblies or subassemblies that are required and necessary to perform a
distinctive function in the operation of the weapon. Components are usually
removable in one piece and are considered indivisible for a particular
purpose or use.

 Assemblies are a group of subassemblies and parts that are fitted to perform
specific set of functions during operation, and cannot be used independently
for any other purpose.

 Subassemblies are a group of parts that are fitted to perform a specific set of
functions during operation. Subassemblies are compartmentalized to
complete a single specific task. They may be grouped with other assemblies,
subassemblies and parts to create a component.

 Parts are the individual items that perform a function when attached to a
subassembly, assembly, or component that serves a specific purpose.

2-3. Each weapon consists of two major components: the upper receiver and the lower
receiver. These components are described below including their associated assemblies,
subassemblies, and parts.

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 146 of 804   Page ID
#10632



Chapter 2 

2-2 TC 3-22.9 13 May 2016 

UPPER RECEIVER 
2-4. An aluminum receiver helps reduce the overall weight of the rifle/carbine and
allows for mounting of equipment and accessories. The upper receiver consists of the
following (see figure 2-1):

 Barrel assembly.
 Barrel. The bore and chamber of the barrel are chrome-plated to reduce

wear and fouling over the life of the weapon.
 Flash hider or compensator. Located at the end of the barrel, is

provided to reduce the signature of the weapon during firing and reduce
barrel movement off target during firing.

 Sling swivel. The attachment hardware for the sling system used to
properly carry the weapon.

 Front sight assembly. Includes an adjustable front sight post that
facilitates zeroing the weapon, serves as the forward portion of the iron
sight or back up iron sight, and assists with range determination.

 Adapter rail system (ARS). Provided in varying lengths, depending on
the variant applied. Used to attach common aiming devices or
accessories.

 Slip ring. Provides a spring loaded locking mechanism for the weapon’s
hand guards.

 Ejection port. Provides an opening in the upper receiver to allow
ammunition or spent casing ejection from the weapon.

 Ejection port cover. Provides a dust cover for the ejection port,
protecting the upper receiver and bolt assembly from foreign objects.

 Forward assist assembly. Provides a Soldier applied mechanical assist
to the bolt assembly during operations.

Figure 2-1. Upper receiver 
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LOWER RECEIVER 
2-5. The lower receiver shown in figure 2-2, on page 2-3, consists of the following
components, assemblies, and parts:

 Trigger assembly. Provides the trigger, pins, springs, and other mechanical
components necessary to fire the weapon.

 Bolt catch. A mechanical lever that can be applied to lock the bolt to the rear
by the Soldier, or automatically during the cycle of function when the
magazine is empty (see page 2-4).

 Rifle grip. An ambidextrous pistol-type handle that assists in recoil
absorption during firing.

 Magazine catch assembly. Provides a simple, spring-loaded locking
mechanism to secure the magazine within the magazine well. Provides the
operator an easy to manipulate, push-to-release textured button to release the
magazine from the magazine well during operation.

 Buttstock assembly. Contains the components necessary for proper
shoulder placement of the weapon during all firing positions, returning the
bolt assembly to battery, and managing the forces of recoil during operation.
 The M4-/M4A1-series carbine has a four position collapsible buttstock

assembly: Closed, ½ open, ¾ open, and fully-open.
 M16-series rifles have a fixed buttstock with cleaning kit compartment

or an applied modified work order (MWO) collapsible buttstock.
 Action spring. Provides the stored energy to return the bolt carrier assembly

back into battery during operation.
 Lower receiver extension. Provides space for the action spring and buffer

assembly during operation.

Figure 2-2. Lower receiver 
2-6. Additional information on the characteristics and components of the M4-/M4A1-
/M16-series weapons can be found in technical manual (TM) 9-1005-319-10. Soldiers
will use the technical manual for preventative maintenance checks and services (PMCS),
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and operation under normal conditions, as well as more detailed information on the 
principles of operation. 

2-7. Each variant of the rifle and carbine have subtle capabilities differences. The 
primary differences are shown in table 2-1, and are specific to the weapon’s selector 
switch, buttstock, and barrel length. 

Table 2-1. Model Version Firing Methods Comparison 

Weapon Selector Switch Position Buttstock 
Barrel 
Length 

M16A2 SAFE SEMI BURST Full 20 inches 
M16A3 SAFE SEMI AUTO Full 20 inches 
M16A4 SAFE SEMI BURST Full 20 inches 

M4 SAFE SEMI BURST Collapsible 14.5 inches 
M4A1 SAFE SEMI AUTO Collapsible 14.5 inches 

Legend: 
SEMI: semi-automatic firing selection 
AUTO: fully automatic firing selection 
BURST: three-round burst firing selection 

CYCLE OF FUNCTION 
2-8. The cycle of function is the mechanical process a weapon follows during 
operation. The information provided below is specific to the cycle of function as it 
pertains specifically to the M4- and M16-series weapons. 

2-9. The cycle starts when the rifle is ready with the bolt locked to the rear, the 
chamber is clear, and a magazine inserted into the magazine well with at least one 
cartridge. From this state, the cycle executes the sequential phases of the cycle of 
functioning to fire a round and prepare the weapon for the next round. The phases of the 
cycle of function in order are— 

 Feeding. 
 Chambering. 
 Locking. 
 Firing. 
 Unlocking. 
 Extracting. 
 Ejecting. 
 Cocking. 

2-10. For the weapon to operate correctly, semiautomatic and automatic weapons 
require a system of operation to complete the cycle of functioning. The M4- and 
M16-series weapons use a direct impingement gas operating system. This system uses 
a portion of the high pressure gas from the cartridge being fired to physically move the 
assemblies and subassemblies in order to complete the cycle of function. 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 149 of 804   Page ID
#10635



Rifle and Carbine Principles of Operation 

13 May 2016 TC 3-22.9 2-5

FEEDING 
2-11. Feeding is the process of mechanically providing a cartridge of ammunition to the
entrance of the chamber (see figure 2-3).

Figure 2-3. Feeding example 
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CHAMBERING 
2-12. Chambering is the continuing action of the feeding round into the chamber of the 
weapon (see figure 2-4).  

 

Figure 2-4. Chambering example 
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LOCKING 
2-13. Locking is the process of creating a mechanical grip between the bolt assembly
and chamber with the appropriate amount of headspace (clearance) for safe firing (see
figure 2-5). With the M4- and M16-series weapons, locking takes place simultaneously
with the final actions of chambering.

Figure 2-5. Locking example 
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FIRING 
2-14. Firing is the finite process of initiating the primer detonation of the cartridge and 
continues through shot-exit of the projectile from the muzzle (see figure 2-6). 

Figure 2-6. Firing example 
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UNLOCKING 
2-15. Unlocking is the process of releasing the locking lugs on the bolt face from the
corresponding recesses on the barrel extension surrounding the chamber area (see
figure 2-7).

Figure 2-7. Unlocking example 
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EXTRACTING 
2-16. Extracting is the removal of the expended cartridge case from the chamber by
means of the extractor (see figure 2-8).

Figure 2-8. Extraction example 
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EJECTING 
2-17. Ejecting is the removal of the spent cartridge case from the weapon itself (see 
figure 2-9.)

Figure 2-9. Ejection example 
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COCKING 
2-18. Cocking is the process of mechanically positioning the trigger assembly’s parts for 
firing (see figure 2-10). The cocking phase completes the full cycle of functioning.  

Figure 2-10. Cocking example 
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COOLING 
2-19. Cooling is the process of dissipating heat from the weapon during firing.
Although not part of the cycle of functioning, cooling the weapon during firing is critical
to ensure the weapon continues to operate efficiently. Firing a round generates heat and
pressure within the chamber and bore, which radiates outward through the metal of the
barrel.

2-20. The temperature generated by the burning of propellant powders is over one
thousand degrees Fahrenheit. Some of the heat produced during firing is retained in the
chamber, bore, and barrel during firing and poses a significant hazard to the firer.

2-21. How this heat is absorbed by the weapon and dissipated or removed, is a function
of engineering and design. Lightweight weapons like the M4 and M16 do not have
sufficient mass to withstand thermal stress efficiently. The weapon system must have a
means to radiate the heat outward, away from the barrel to allow continuous firing.

2-22. There are three methods to reduce the thermal stress on a weapon. The M4- and
M16-series of weapons use all three of these methods to varying degrees to cool the
chamber, bore, and barrel to facilitate continuous operation. These methods of cooling
are—

 Radiational cooling – allows for the dissipation of heat into the surrounding
cooler air. This is the least efficient means of cooling, but is common to most
small arms weapons, including the rifle and carbine.

 Conduction cooling – occurs when a heated object is in direct physical
contact with a cooler object. Conduction cooling on a weapon usually results
from high chamber operating temperatures being transferred into
surrounding surfaces such as the barrel and receiver of the weapon. The
transfer from the chamber to the cooler metals has the net effect of cooling
the chamber. Thermal energy is then carried away by other means, such as
radiant cooling, from these newly heated surfaces.

 Convection cooling – requires the presence of a moving air current. The
moving air has greater potential to carry away heat. The hand guards and
ARS of the rifle and carbine are designed to facilitate air movement. The
heat shield reflects heat energy away from the hand guard and back towards
the barrel. The net effect is an updraft that brings the cooler air in from the
bottom. This process establishes a convection cycle as heated air is
continually replaced by cooler air.

2-23. Soldiers should be aware of the principles of the weapon’s cooling methods’
direct effects on their line of sight when viewing a target through an aiming device.
Dissipating heat along the length of the barrel can create a mirage effect within the line
of sight which can cause a significant error to the true point of aim when using magnified
optics.
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Chapter 3 

Aiming Devices 
Every weapon has a method of aiming, that is either fixed or 
attached to operate the weapon effectively. Soldiers must be 
familiar with the various aiming devices, how they operate, and how 
to employ them correctly to maximize their effectiveness. This 
chapter provides the principles of operation of the most widely 
available aiming devices, and provides general information 
concerning their capabilities, function and use. 

3-1. An aiming device is used to align the Soldier, the weapon, and the target to make
an accurate and precise shot. Each aiming device functions in a different manner. To
employ the weapon system to its fullest capability, the Soldier must understand how
their aiming devices function.

3-2. The following aiming devices are described within this chapter:
 Iron. Iron represent the various types of mechanical sighting systems

available on the weapon. They are available in two distinct types:
 Iron sights (rear aperture and front sight post).
 Back up iron sights (BUIS).

 Optics. These are optics predominantly for day firing, with limited night
capability. The optics found within this manual come in two types:
 Close Combat Optic (CCO).
 Rifle Combat Optic (RCO, previously referred to as the Advanced

Combat Optic Gunsight or ACOG).
 Thermal. These are electronic sighting systems that provide a view of the

field of view (FOV) based on temperature variations. There are numerous
variants of thermal optics, but are grouped into one type:

Thermal Weapon Sight (TWS). 
 Pointer/Illuminator/Laser. These aiming devices use either a laser beam,

flood light, or other light to aim the weapon at the target. There are three
types of pointers, illuminators, and lasers used by the service rifle:
 Advanced Target Pointer Illuminator Aiming Light (ATPIAL).
 Dual Beam Aiming Laser–Advanced (DBAL-A2).
 Illuminator, Integrated, Small Arms (STORM).
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UNITS OF ANGULAR MEASUREMENT 
3-3. There are two major units of angular measurement the Army uses: mils and 
minutes of angle (MOA). These two different units are commonly used terms to describe 
a measurement of accuracy when firing a weapon, system, or munition. They typically 
include the accuracy of a specific weapon, the performance of ammunition, and the 
ability of a shooter as it relates to firing the weapon. 

MINUTE OF ANGLE 
3-4. A minute of angle (MOA) is an angular unit of measurement equal to 1/60th of a 
degree (see figure 3-1). The most common use of MOA is when describing the distance 
of change required when zeroing a weapon.  

3-5. One MOA equals 1.047 inches per 100 yards. For most applications, a Soldier 
can round this to 1 inch at 100 yards or 1.1 inches at 100 meters to simplify their 
arithmetic.  

 

Figure 3-1. Minute of angle example 
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MILS 

3-6. The mil is a common unit of angular measurement that is used in direct fire and
indirect fire applications. (see figure 3-2)

Figure 3-2. Mil example 
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3-7. This mil to degree relationship is used when describing military reticles, ballistic 
relationships, aiming devices, and on a larger scale, map reading and for indirect fire.  

RETICLE 
3-8. A reticle is a series of fine lines in the eyepiece of an optic, such as a CCO, TWS, 
or RCO (see figure 3-3) used as a measuring scale with included aiming or alignment 
points. Reticles use either mils or minute of angle for their unit of measurement. 

 

 

Figure 3-3. Close combat optic / Rifle combat optic reticle / Thermal reticle 
examples 
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STADIA RETICLE (STADIAMETRIC RETICLE) 
3-9. Commonly used in the thermal weapon sight, a stadia reticle provides a means of
rapidly determining the approximate range to target of a viewed threat, based on its
standard dimensions. The stadia reticle (sometimes referred to as “stadiametric” or
“choke sight”) can provide approximate range to target information using width or
height of a viewed dismounted target using standard threat dimensions (see figure 3-4).

Figure 3-4. Stadia reticle example 
3-10. There are two stadia reticles found on the rifle / carbine reticle within the thermal
weapons sight; vertical and horizontal.

 Vertical stadia. At the lower left of the sight picture, Soldiers can evaluate
the range to target of a standing dismounted threat.

 Horizontal stadia. In the upper right portion of the sight picture, Soldiers
can evaluate the range to target of an exposed dismounted threat based on the
width of the target.
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ELECTROMAGNETIC SPECTRUM 
3-11. A major concern for the planning and use of thermal and other optics to aid in the 
detection process is understanding how they function, but more appropriately, what they 
can “see”. Each device develops a digital representation of the scene or view it is 
observing based on what frequencies or wavelengths it can detect within the 
electromagnetic spectrum. (Note: Thermal devices see differences in heat.) 

 Thermal optics. This equipment operates in the mid- and far-wavelength of 
the infrared band, which is the farthest of the infrared wavelengths from 
visible light. Thermal optics cannot translate (“see”) visible light. Thermal 
optics cannot “see” infrared equipment such as infrared (IR) strobe lights, IR 
chemical lights, illuminators, or laser pointers. They can only identify 
emitted radiation in the form of heat (see figure 3-5 on page 3-7).  

 Image intensifiers (I2). This equipment, such as night vision devices, use 
the near area of the infrared spectrum closest to the frequencies of visible 
light, as well as visible light to create a digital picture of the scene. These 
systems cannot “see” or detect heat or heat sources. 

3-12. These sights generally operate on the principles of convection, conduction, and 
radiation (mentioned in chapter 2 of this publication). The sight “picks up” or translates 
the IR wavelength (or light) that is emitted from a target scene through one of those 
three methods.  

3-13. Things to be aware of (planning considerations) with these optics are that they 
have difficulty imaging through the following: 

 Rain – absorbs the IR emitted by the target, makes it difficult to see. 
 Water – acts as a mirror and generally reflects IR, providing a false thermal 

scene. 
 Glass – acts similar to water, interfering with the sensor’s ability to 

accurately detect emitted radiation behind the glass. 

3-14. Situations where IR can see better are the following:  
 Smoke – will not obscure a target unless the chemical obscurant is extremely 

hot and dense, or if the target is sitting on top of the smoke source. 
 Dust – may interfere with the accurate detection of the emitted thermal 

signature due to dust and debris density between the sensor and the target 
scene. Dust typically does not obscure the IR signature unless its temperature 
is similar to the target's. 

3-15. Figure 3-5 depicts the areas of the electromagnetic spectrum. It details the various 
wavelengths within the spectrum where the aiming devices, night vision devices, and 
equipment operate. It illustrates where these items can and cannot “see” the others, 
respectively, within their operating range. 
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Figure 3-5. Electromagnetic spectrum 
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OPTICS 
3-16. Optics are sighting aids for rifles and carbines that provide enhanced aim point 
reticles, and may include magnified fields of view. Optics are specific to day operations, 
although may be used during limited visibility or night operations. They do not have any 
method of enhancing low light conditions. 

3-17. Optics enhance the Soldier’s ability to engage targets accurately and at extended 
ranges (see figure 3-6 on page 3-9). The available optics for mounting on the M4- and 
M16-series modular weapon system are: 

 Iron Sight. 
 Back Up Iron Sight (BUIS). 
 CCO, M68. 
 RCO, M150. 

IRON SIGHT 
3-18. Some versions of the M4 and M16 come with a carrying handle with an integrated 
rear aperture. The carrying handle may or may not be removable, depending on the 
version of the service rifle.  

3-19. The integrated rear aperture includes adjustments for both azimuth (wind) and 
elevation. Specific instructions for zeroing these aiming devices are found in the 
respective weapon’s technical manual. 

3-20. The carrying handle has two selectable apertures for the engagement situation: 
 Small aperture. Used for zeroing procedures and for mid- and extended-range 

engagements. 
 Large aperture. Used during limited visibility, close quarters, and for moving 

targets at close or mid-range. 

3-21. The iron sight uses the fixed front sight post to create the proper aim. Soldiers use 
the front sight post centered in the rear aperture. The following information is extracted 
from the weapon’s technical manual. 
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Figure 3-6. Carrying handle with iron sight example 
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BACK UP IRON SIGHT 
3-22. The BUIS is a semi-permanent flip-up sight equipped with a rail-grabbing base. 
The BUIS provides a backup capability effective out to 600 meters and can be installed 
on M16A4 rifles and M4-series carbines. (See figure 3-7.) 

3-23. The BUIS on the first notch of the integrated rail, nearest to the charging 
handle. The BUIS remains on the modular weapon system (MWS) unless the carrying 
handle/sight is installed. The following information is extracted from the weapon’s 
technical manual. 

 

Figure 3-7. Back up iron sight 
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CLOSE COMBAT OPTIC, M68 
3-24. The close combat optic (CCO), M68 is a non-telescopic (unmagnified) reflex
sight that is designed for the “eyes-open” method of sighting (see figure 3-8). It provides
Soldiers the ability to fire with one or two eyes open, as needed for the engagement
sequence in the shot process.

3-25. The CCO provides a red-dot aiming point using a 2 or 4 MOA diameter reticle,
depending on the variant. The red dot aiming point follows the horizontal and vertical
movement of the firer’s eye, allowing the firer to remain fixed on the target. No centering
or focusing on the front sight post is required. There are three versions of the CCO
available in the force.

Note. Re-tighten the torque-limiting knob after firing the first three to five 
rounds to fully seat the M68.  

3-26. The CCO is zeroed to the weapon. It must remain matched with the same weapon,
attached at the same slot in the attached rail system or be re-zeroed. If the CCO must be
removed for storage, Soldiers must record the serial number and the rail slot to retain
zero.

Note. The weapon must be re-zeroed if the CCO is not returned to the same 
rail slot on the adaptive rail system. 

Advantages 
3-27. The CCO offers a distinct speed advantage over iron sights in most if not all
engagements. The adjustments on brightness allow the Soldier to have the desired
brightness from full daylight to blackout conditions.

3-28. The CCO is the preferred optic for close quarter’s engagements.

Disadvantages 
3-29. The CCO lacks a bullet drop compensator or other means to determine accurate
range to target beyond 200m.

3-30. The following information is an extract from the equipment’s technical manual
for Soldier reference.
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Figure 3-8. CCO Reticle, Comp M2 examples 
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RIFLE COMBAT OPTIC 
3-31. The RCO (see figure 3-9) is designed to provide enhanced target identification
and hit probability for the M4-/M4A1- or M16-series weapon.

3-32. There are several versions of the RCO available for use across the force. Soldiers
must be familiar with their specific version of their assigned RCO, and be
knowledgeable on the specific procedures for alignment and operation (see figure 3-9
for RCO azimuth and elevation adjustments).

3-33. The reticle pattern provides quick target acquisition at close combat ranges to 800
meters using the bullet drop compensator (BDC) (see figure 3-10 on page 3-15). It is
designed with dual illuminated technology, using fiber optics for daytime employment
and tritium for nighttime and low-light use.

3-34. The RCO is a lightweight, rugged, fast, and accurate 4x power optic scope
specifically designed to allow the Soldier to keep both eyes open while engaging targets
and maintain maximum situational awareness.

Advantages 
3-35. The bullet drop compensator (BDC) is accurate for extended range engagements
using either M855 or M855A1 ball ammunition. The ballistic difference between the
two rounds is negligible under 400 meters and requires no hold determinations.

3-36. This is a widely fielded optic that is rugged, durable, and operates in limited light
conditions. The self-illuminating reticle allows for continuous operations through end
evening nautical twilight (EENT).

Disadvantages 
3-37. This optic’s ocular view is limited when engaging targets in close quarters
engagements. This requires additional training to master the close quarter’s skills while
employing the RCO to achieve overmatch against the threat.

3-38. The RCO reticle does not include stadia lines. Windage must be applied by the
shooter from a determined estimate. The RCO has a specific eye relief of 70-mm
(millimeter) or 1.5 inches. If the eye relief is not correct, the image size will be reduced.

3-39. The fiber optic illuminator element can provide excessive light to the reticle
during certain conditions that produce a glare. The RCO does not have a mechanical or
built in method to reduce the effects of the glare created. The increased lighting may
interfere with the shooter’s point of aim and hold determinations. Soldiers may use
alternate methods to reduce the glare by reducing the amount of fiber optic exposed to
direct sunlight during operating conditions.

3-40. The following information is an extract from the equipment’s technical manual
for Soldier reference.
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Figure 3-9. RCO reticle example
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THERMAL SIGHTS 
3-41. Thermal sights are target acquisition and aiming sensors that digitally replicate
the field of view based on an estimation of the temperature. They use advanced forward-
looking infrared technology that identify the infrared emitted radiation (heat) of a field
of view, and translate those temperatures into a gray- or color-scaled image. The TWS
is capable of target acquisition under conditions of limited visibility, such as darkness,
smoke, fog, dust, and haze, and operates effectively during the day and night.

3-42. The TWS is composed of five functional groups:  (See figure 3-10.)
 Objective lens – receives IR light emitting from an object and its

surroundings. The objective lens magnifies and projects the IR light.
 Detector assembly – senses the IR light and coverts it to a video signal.
 Sensor assembly – the sensor electronics processes the video for display on

the liquid crystal display (LCD) array in the field of view.
 LCD array/eyepiece – the LCD array provides the IR image along with the

reticle selected. The light from the LCD array is at the eyepiece.
 User controls – the control electronics allows the user to interface with the

device to adjust contrast, thermal gain, sensitivity, reticle display, and
magnification.

Figure 3-10. Thermal weapon sight example 
3-43. A small detector used in thermal sensors or optics to identify IR radiation with
wavelengths between 3 and 30 μm (micrometer). The thermal optic calculates and
processes the thermal scene into a correlating video image signal based on the
temperature identified. These optics can differentiate thermal variations of 1 degree
Celsius of the viewable scene. These variations generate a corresponding contrasting
gradient that develops a thermal representation on the LCD screen in the eyepiece.
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AN/PAS-13 SERIES OF WEAPON THERMAL SIGHTS 
3-44. There are several versions of weapons thermal sights (WTS) available for use
across the force. Soldiers must be familiar with their specific model and version of their
assigned weapon thermal sight, and be knowledgeable on the specific procedures for
alignment and operation. The various models and versions are identified in their official
model nomenclature:

 Version 1 (v1) – Light Weapons Thermal Sight (LWTS).
 Version 2 (v2) – Medium Weapons Thermal Sight (MWTS).
 Version 3 (v3) – Heavy Weapons Thermal Sight (HWTS).

3-45. Weapons thermal sights are silent, lightweight, and compact, and have durable
battery-powered IR imaging sensors that operate with low battery consumption. (See
figure 3-11.)

Advantages 
3-46. Military grade weapon thermal weapon sights are designed with the following
advantages:

 Small and lightweight.
 Real-time imagery. Devices provide real-time video of the thermal scene

immediately after power on.
 Long-lasting battery life. Low power consumption over time.
 Reliable. Long mean time between failures (MTBF).
 Quiet. The lack of a cooling element allows for a very low operating noise

level.
 One optic fits on multiple weapons. The use of the ARS rail mounting bracket

allows for the same optic to be used on other weapons.
 The F- and G-models attach in front of other aiming devices to improve their

capabilities and eliminate the zeroing procedures for the device.

Disadvantages 
3-47. These devices have limitations that Soldiers should take into consideration,
particularly during combat operations. The primary disadvantages are:

 Cannot interpret (“see”) multispectral infrared. These systems view a specific
wavelength for emitted radiation (heat variations), and do not allow viewing
of all aiming and marking devices at night.

 Reliance on rechargeable batteries and charging stations. Although the
batteries are common and have a relatively long battery life, additional
equipment is required to charge them. If common nonrechargeable (alkaline)
batteries are used, a separate battery adapter is typically required.

 Cannot interpret thermal signatures behind glass or water effectively.
 Thermal systems cannot always detect friendly marking systems worn by

dismounts.
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Figure 3-11. Weapon thermal sights by version 
3-48. Thermal sight has a wide field of view and a narrow field of view (see
figures 3-12 and 3-13).
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Figure 3-12. Thermal weapons sight, narrow field of view reticle example 

 

Figure 3-13. Thermal weapons sight, wide field of view reticle example 
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POINTERS / ILLUMINATORS / LASERS 
3-49. Pointers, illuminators, and laser devices for small arms weapons emit a 
collimated beam of IR light for precise aiming and a separate IR beam for illumination. 
These devices operate in one single mode at a time, as selected by the user. The laser is 
activated by a selector switch on the device or by a remote mechanism installed on the 
weapon. The basic two modes or functions are: 

 Pointer. When used as a pointer or aiming device, a small, pin-point beam 
is emitted from the device. The IR beam provides an infrared visible point 
when it strikes an object or target. The IR beam operates in the 400 to 800 
nanometer wavelength and can only be seen by I2 optics, such as the 
AN-PVS-7 or -14 night vision devices. 

 Illuminator. Typically used to illuminate a close quarters area as an infrared 
flood light. The illuminator provides a flood-light effect for the Soldier when 
used in conjunction with I2 night vision devices. 

Note. Laser is an acronym for light amplified stimulated emitted radiation, 
but is predominantly used as a proper noun. 

3-50. The following devices (see table 3-1) are the most common laser pointing devices 
available for use on the M4- and M16-weapons. 

Table 3-1. Laser Aiming Devices for the M4 and M16 

Laser 
Aiming 
Device 

Device Name Reference 

AN/PEQ-2 Target Pointer/Illuminator/ 
Aiming Light (TPIAL) 

TM 9-5855-1915-13&P 

AN/PEQ-15 Advanced Target Pointer/ 
Illuminator/Aiming Light 
(ATPIAL) 

TM 9-5855-1914-13&P 

AN/PEQ-15A Dual Beam Aiming Laser – 
Advanced2 (DBAL-A2) 

TM 9-5855-1912-13&P 

AN/PSQ-23 Illuminator, Integrated, Small 
Arms (STORM) 

TM 9-5855-1913-13&P 

Note. The ATPIAL, DBAL-A2, and STORM have collocated IR and visible 
aiming lasers. A single set of adjusters move both aiming beams. Although 
the aiming lasers are collocated, Soldiers should zero the laser they intend to 
use as their primary pointer to ensure accuracy and consistency during 
operation. 
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AN/PEQ-2 TARGET POINTER/ILLUMINATOR AIMING LIGHT (TPIAL) 
3-51. AN/PEQ-2 aiming devices are Class IIIb laser devices that emit a collimated
beam of IR light for precise aiming and a separate IR beam for illumination of the target
or target area (see figure 3-14 on page 3-21). Both beams can be independently zeroed
to the weapon and to each other. The beams can be operated individually or in
combination in both high and low power settings.

Note. The IR illuminator is equipped with an adjustable bezel to vary the size 
of the illumination beam based on the size and distance of the target. 

3-52. The aiming devices are used with night observation devices (NODs) and can be
used as handheld illuminators/pointers or mounted on the weapon with the included
brackets and accessory mounts. In the weapon-mounted mode, the aiming devices can
be used to direct fire and to illuminate and designate targets.

3-53. The aiming light is activated by pressing on either the ON/OFF switch lever, or
the button on the optional cable switch. Either switch connects power from two AA
batteries to an internal electronic circuit which produces the infrared laser. Internal
lenses focus the infrared light into a narrow beam. The direction of the beam is
controlled by rotating the mechanical Adjusters with click detents. These adjusters are
used to zero the aiming light to the weapon.

3-54. Once zeroed to the weapon, the aiming light projects the beam along the line of
fire of the weapon. The optical baffle prevents off-axis viewing of the aiming light beam
by the enemy.

CAUTION 

A safety block is provided for training purposes to 
limit the operator from selecting high power modes of 
operation. 

3-55. The following information is an extract from the equipment’s technical manual
for Soldier reference.
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Figure 3-14. AN/PEQ-2 
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AN/PEQ-15 ADVANCED TARGET POINTER/ILLUMINATOR/AIMING LIGHT  
3-56. The AN/PEQ-15 ATPIAL is a multifunctional laser that emits both a visible and 
IR light for precise weapon aiming and target/area illumination. This ruggedized system 
can be used as a handheld illuminator/pointer or can be mounted to weapons equipped 
with an M4- or M5-ARS (Military Standard [MIL STD] 1913).  

 Visible light – can be used to boresight the device to a weapon without the 
need of night vision goggles. A visible red-dot aiming laser can also be 
selected to provide precise aiming of a weapon during daylight or night 
operations. 

 Infrared laser – emit a highly collimated beam of IR light for precise 
weapon aiming. A separate IR-illuminating laser can be adjusted from a 
flood light mode to a single point spot-divergence mode.  

3-57. The lasers can be used as handheld illuminator pointers, or can be weapon-
mounted with included hardware. The co-aligned visible and IR aiming lasers emit 
through laser ports in the front of the housing. These highly capable aiming lasers allow 
for accurate nighttime aiming and system boresighting. 

3-58. The AN/PEQ-15 has an integrated rail grabber molded into the body to reduce 
weight and additional mounting hardware. (Refer to TM 9-5855-1914-13&P for more 
information.) 

CAUTION 

The AN/PEQ-15 can be used during force-on-force 
training in the low power modes only. High power 
modes can be used on live-fire ranges exceeding 
220 meters only. 

3-59. The AN/PEQ-15, ATPIAL's (see figure 3-15 on page 3-23) visible aiming laser 
provides for active target acquisition in low light conditions and close-quarters combat 
situations, and allows users to zero using the borelight without using NOD. When used 
in conjunction with NODs, its IR aiming and illumination lasers provide for active, 
covert target acquisition in low light or complete darkness. 

3-60. The ATPIAL visible and IR aiming lasers are co-aligned. A single set of adjusters 
moves both aiming beams, and the user can boresight/zero using either aiming laser. 
The following information is an extract from the equipment’s technical manual for 
Soldier reference. 
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Figure 3-15. AN/PEQ-15, ATPIAL 
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AN/PEQ-15A, DUAL BEAM AIMING LASER – ADVANCED2  
3-61. The AN/PEQ-15A DBAL-A2 is a multifunctional laser device that emits IR 
pointing and illumination light, as well as a visible laser for precise weapon aiming and 
target/area illumination. The visible and IR aiming lasers are co-aligned enabling the 
visible laser to be used to boresight both aiming lasers to a weapon without the need for 
night vision devices. This ruggedized system can be used as a handheld 
illuminator/pointer or can be mounted to weapons equipped with an M4 or M5 adapter 
rail system (MIL-STD-1913).  

 Visible light – can be used to boresight the device to a weapon without the 
need of night vision goggles. A visible red-dot aiming laser can also be 
selected to provide precise aiming of a weapon during daylight or night 
operations. 

 Infrared laser – emits a tightly focused beam of IR light for precise aiming 
of the weapon. A separate IR illumination provides supplemental IR 
illumination of the target or target area. The IR illuminator is equipped with 
an adjustable bezel to vary the size of the illumination beam on the size and 
distance to the target (flood to point divergence).  

3-62. The lasers can be used as hand-held illuminator pointers, or can be weapon-
mounted with included hardware. These highly capable aiming lasers allow for accurate 
nighttime aiming and system boresighting. 

3-63. The AN/PEQ-15A, DBAL-A2 (see figure 3-16 on page 3-25) visible aiming laser 
provides for active target acquisition in low light conditions and close quarters combat 
situations, and allows users to zero using the borelight without using NODs. When used 
in conjunction with NODs, its IR aiming and illumination lasers provide for active, 
covert target acquisition in low light or complete darkness. 

3-64. The DBAL-A2 visible and IR aiming lasers are co-aligned. A single set of 
adjusters moves both aiming beams, and the user can boresight/zero using either aiming 
laser. The following information is an extract from the equipment’s technical manual 
for Soldier reference. 
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Figure 3-16. AN/PEQ-15A, DBAL-A2 
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AN/PSQ-23, ILLUMINATOR, INTEGRATED, SMALL ARMS  
3-65. The AN/PSQ-23 is a battery operated laser range finder (LRF) and digital 
magnetic compass (DMC) with integrated multifunctional lasers. The illuminator, 
integrated, small arms device is commonly referred to as the STORM laser. The visible 
and IR aiming lasers are co-aligned enabling the visible laser to be used to boresight 
both aiming lasers to a weapon without the need for night vision devices. This 
ruggedized system can be used as a handheld illuminator/pointer or can be mounted to 
weapons equipped with an M4 or M5 adapter rail system (MIL-STD-1913).  

 Laser range finder – provides range to target information from 20 meters 
to 10,000 meters with an accuracy of +/- 1.5 meters. 

 Digital magnetic compass – provides azimuth information and limited 
elevation information to the operator. The azimuth accuracy is +/- 0.5 
degrees to +/- 1.5 degrees. The elevation accuracy is +/- 0.2 degrees. The 
DMC can identify bank or slopes up to 45 degrees with an accuracy of +/- 
0.2 degrees. 

 Visible light – provides for active target acquisition in low light and close 
quarters combat situations without the need for night vision devices. It can 
be used to boresight the device to a weapon without the need of night vision 
devices. A visible red-dot aiming laser can also be selected to provide precise 
aiming of a weapon during daylight or night operations. 

 Infrared laser – emits a tightly focused beam of IR light for precise aiming 
of the weapon. A separate IR illumination provides supplemental IR 
illumination of the target or target area. The IR illuminator is equipped with 
an adjustable bezel to vary the size of the illumination beam on the size and 
distance to the target (flood to point divergence). 

 Infrared illuminator – the STORM features a separately adjustable IR 
illuminator with adjustable divergence. It is fixed in the device housing and 
is set parallel to the rail mount. 

Note. The STORM’s LRF and DMC may be used in combination to obtain 
accurate positioning information for targeting purposes and other tactical 
applications. 

3-66. The integrated visible aim laser (VAL) and illumination lasers provide for active, 
covert target acquisition in low light or complete darkness when used in conjunction 
with night vision devices. The STORM is also equipped with a tactical engagement 
simulation (TES) laser allowing it to be used in a laser-based training environment. 

3-67. The AN/PEQ-15A, DBAL-A2 visible aiming laser provides for active target 
acquisition in low light conditions and close-quarters combat situations, and allows users 
to zero using the borelight without using NODs. When used in conjunction with NODs, 
its IR aiming and illumination lasers provide for active, covert target acquisition in low 
light or complete darkness. The following information is an extract from the 
equipment’s technical manual for Soldier reference (see figure 3-17 on page 3-27). 
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Figure 3-17. AN/PSQ-23, STORM 
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Chapter 4 

Mountable Equipment 
Both the M4- and M16-series of weapons have a wide variety of 
attachments to increase Soldier lethality, situational awareness, and 
overmatch. The attachments can be applied in various locations on 
the weapon system. Soldiers must understand what the attachments 
are, how they are correctly positioned, how to align them with the 
weapon system, and how to integrate them into use to maximize the 
system’s capabilities.  

This chapter explains how the ARS is used to mount the various 
attachments. It describes the weapons, aiming devices, and 
accessories available for mounting, and includes general 
information on the proper mounting location as well as their basic 
capabilities.  

ADAPTIVE RAIL SYSTEM 
4-1. The ARS and rail grabbers are designed for M16- and M4-/M4A1-series weapons
to mount:

 Weapons.
 Aiming devices.
 Accessories.

4-2. The ARS provides a secure mounting point for various accessories that may be
mounted on the weapon's top, bottom, left, and right. Each rail groove has an incremental
number identifying the slot location, starting from the rear of the weapon.

4-3. Soldiers should record the attachment or equipment’s serial number (if
applicable), the location of the attachment (for example, markings between lugs), and
any boresight or alignment settings specific to the equipment at that location.

4-4. Once complete, the Soldier should mark the mounting bracket to identify the
tightened position with a permanent marker. Marking the mounting bracket allows for
rapid identification of loosening hardware during firing. Soldiers must periodically
verify the mounting hardware does not loosen during operation. During zeroing or zero
confirmation operations, Soldiers should retighten the mounting hardware after the first
five rounds.

4-5. Soldiers must ensure the equipment is firmly affixed to the ARS before tie down
is complete. If the attachments are loose, their accuracy and effectiveness will be
degraded.
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MOUNTABLE WEAPONS 
4-6. There are two types of weapons that can be physically attached to the M16-/M4-
series rifles; grenade launchers and shotguns. These weapons are standard components 
of the unit’s organizational equipment and serve specific purposes during combat 
operations. 

4-7. These weapons are mounted under the barrel of the service rifle at specific 
locations. They may be removed by a qualified armorer only.  

GRENADE LAUNCHERS 
4-8. The M320/M320A1 grenade launcher is a lightweight grenade launcher that can 
operate in a stand-alone or attached configuration. The M320/M320A1 grenade launcher 
uses an integrated double-action-only trigger system. The M320 series is the 
replacement weapon for the M203. (See figure 4-1.) 

 
Figure 4-1. M320 attached to M4 series carbine example 

4-9. The M203 is a breach loaded attachable grenade launcher that is affixed to the 
bottom of the barrel of the M16-/M4-series rifle. The M203 cannot be used in a stand-
alone configuration. (See figure 4-2) 

 
Figure 4-2. M203 grenade launcher example 
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4-10. Each mountable 40mm grenade launcher provides the following capabilities to 
the small unit (see the appropriate TM for authorized use): 

 Pyrotechnic signal and spotting rounds: 
 Star cluster, white. 
 Star parachute, white. 
 Star parachute, green. 
 Star parachute, red. 
 Smoke, yellow. 
 Smoke, green. 
 Smoke, red. 
 Illumination, infrared. 

 High explosive (HE). 
 High explosive, dual purpose (HEDP). 
 Nonlethal. 
 Training practice (TP). 

SHOTGUN SYSTEM 
4-11. The M26 Modular Accessory Shotgun System (MASS) is an under-barrel 
shotgun attachment for the M16/M4/M4A1. The M26 uses a 3- or 5-round detachable 
box magazine and provides Soldiers with additional tactical capabilities. (Refer to 
TC 3-22.12 for more information). (See figure 4-3.) 

 

Figure 4-3. M26 shotgun example 
4-12. The M26 provides specific tactical capabilities to the Soldier using the following 
ammunition: 

 Slug. Door breaching. 
 Shot range, 00 buckshot. 
 Nonlethal, rubber slug, buckshot, and riot control. 
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MOUNTABLE AIMING DEVICES 
4-13. Aiming devices mounted to the weapon system should be placed in a specific 
location on the weapon to maximize their capabilities. Table 4-1 provides the preferred 
mounting locations of the most common attachments. 

Table 4-1. Attachment Related Technical Manuals and Mounting 

Attachment Technical Manual M4/M4A1,
M16A4 M4/M4A1 M16A2/A3 

BUIS  UR UR  
CCO, M68 TM 9-1240-413-13&P UR* UR* MT 
RCO, M150 TM 9-1240-416-13&P UR UR MT 
AN/PVS-14 TM 11-5855-306-10 UR***   

AN/PEQ-15A TM 9-5855-1912-13&P RG** BA BA 
AN/PEQ-15 TM 9-5855-1914-13&P RG** BA BA 
AN/PAS-13B(V1), LWTS TM 11-5855-312-10 UR UR MT 
AN/PAS-13B(V3), HWTS TM 11-5855-312-10 UR UR MT 
AN/PAS-13C(V1), LWTS TM 11-5855-316-10 UR UR MT 
AN/PAS-13C(V3), HWTS TM 11-5855-316-10 UR UR MT 
AN/PAS-13D(V)1 LWTS TM 11-5855-324-10 UR UR MT 
AN/PAS-13D(V2), MWTS TM 11-5855-317-10 UR UR MT 
AN/PAS-13D(V3), HWTS TM 11-5855-317-10 UR UR MT 
AN/PSQ-23 TM 9-5855-1913-13&P RG** BA BA 
Legend:  
BA – Bracket Assembly 
BUIS – Back up Irion Sight 
CCO – Close Combat Optic 
HTWS – Heavy Thermal Weapons Sight 
LTWS – Light Thermal Sight 
MWTS – Medium Thermal Sight 
MT – M16 Mount 
RCO – Rifle Combat Optic 
RG – Rail Grabber 
UR – Upper Receiver 
* With a half-moon spacer installed. 
** Picatinny or Insight rail grabbers may be used.  
*** If used in conjunction with the CCO, the CCO will mount on the top rail of the ARS.  
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MOUNTABLE ACCESSORIES 
4-14. Mountable accessories are items that may be attached to a weapon but are not 
required for operation. They provide assistance stabilizing the weapon or provide white-
light illumination for specific tactical operations. 

4-15. These devices are authorized as needed by the small unit. Some mountable 
accessories are aftermarket (commercial-off-the-shelf, or COTS) items that use the ARS 
for semipermanent attachment. 

BIPOD 
4-16. Bipods are highly adjustable that enhance stability within the battle space 
environment. They are secured by the front sling swivel or the advanced rail system on 
the foregrip of the weapon. They can be used in combination with a sand sock or other 
buttstock support to provide an extremely stable firing platform. (See figure 4-4.) 

4-17. The bipod is an additional means to stabilize the weapon in various shooting 
positions. Despite primarily being used in prone position, bipods can be used for 
additional support in alternate shooting positions while using barricade supports. The 
bipod provides additional support which facilitates acquisition of muscle relaxation and 
natural point of aim. The use of bipods in barricade shooting can increase the Soldier's 
efficiency and probability of a first round hit while engaging targets. 

 
Figure 4-4. Bipod example 
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VERTICAL FOREGRIP 
4-18. Vertical foregrips (VFGs) assist in transitioning from target to target in close 
quarter combat. (See figure 4-5.) 

4-19. The further out the Soldier mounts the VFG, the smoother and quicker his 
transitions between multiple targets will be, however he should not mount it so far 
forward that using the VFG is uncomfortable. 

 
Figure 4-5. Vertical foregrip example 

FOREGRIP WITH INTEGRATED BIPODS 
4-20. VFGs with integrated bipods are acceptable for common use. They combine the 
VFG capability with a small, limited adjustment bipod. They typically lack the full 
adjustment capabilities of full bipods, but provide a compact stable extrusion for the 
firer.  

MOUNTED LIGHTS 
4-21. The weapon-mounted lights are commonly issued throughout the Army. The 
purpose of the weapon mounted lights is to provide illumination and assist in target 
acquisition and identification during limited visibility operations. 

4-22. Most weapon mounted lights provide selection between white light and infrared 
capabilities. Employment of the weapon mounted light is based upon mission, enemy, 
terrain and weather, troops and support available, time available, civil considerations 
(METT-TC) and unit SOP. The weapon mounted lights should be mounted in such a 
manner that the Soldier can activate and deactivate them efficiently and their placement 
does not hinder the use of any other attachment or accessory. They must be attached in 
such a manner as to prevent negligent or unintentional discharge of white light 
illumination during movement or climbing. 
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Chapter 5 

EMPLOYMENT 
The rifleman’s primary role is to engage the enemy with well-aimed 
shots. (Refer to ATP 3-21.8 for more information.) In this capacity, 
the rate of fire for the M4 rifle is not based on how fast the Soldier 
can pull the trigger. Rather, it is based on how fast the Soldier can 
consistently acquire and engage the enemy with accuracy and 
precision. 

Consistently hitting a target with precision is a complex interaction 
of factors immediately before, during, and after the round fires. 
These interactions include maintaining postural steadiness, 
establishing and maintaining the proper aim on the target, 
stabilization of the weapon while pressing the trigger, and adjusting 
for environmental and battlefield conditions.  

5-1. Every Soldier must adapt to the firing situation, integrate the rules of firearms 
safety, manipulate the fire control, and instinctively know when, how, and where to 
shoot. It is directly influenced by the Soldier’s ability to hit the target under conditions 
of extreme stress: 

 Accurately interpret and act upon perceptual cues related to the target, front 
and rear sights, rifle movement, and body movement. 

 Execute minute movements of the hands, elbows, legs, feet, and cheek. 
 Coordinate gross-motor control of their body positioning with fine-motor 

control of the trigger finger. 

5-2. Regardless of the weapon system, the goal of shooting remains constant: well-
aimed shots. To achieve this end state there are two truths. Soldier’s must—  

 Properly point the weapon (sight alignment and sight picture). 
 Fire the weapon without disturbing the aim. 

5-3. To accomplish this, Soldiers must master sight alignment, sight picture, and 
trigger control. 

 Sight alignment – sight alignment is the relationship between the aiming 
device and the firer’s eye. To achieve proper and effective aim, the focus of 
the firer’s eye needs to be on the front sight post or reticle. The Soldier must 
maintain sight alignment throughout the aiming process. 

 Sight picture – the sight picture is the placement of the aligned sights on the 
target. 

 Trigger control – the skillful manipulation of the trigger that causes the rifle 
to fire without disturbing the aim.  
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SHOT PROCESS 
5-4. The shot process is the basic outline of an individual engagement sequence all 
firers consider during an engagement, regardless of the weapon employed. The shot 
process formulates all decisions, calculations, and actions that lead to taking the shot. 
The shot process may be interrupted at any point before the sear disengaging and firing 
the weapon should the situation change. 

5-5. The shot process has three distinct phases:  
 Pre-shot. 
 Shot. 
 Post-shot.  

5-6. To achieve consistent, accurate, well-aimed shots, Soldiers must understand and 
correctly apply the shot process. The sequence of the shot process does not change, 
however, the application of each element vary based on the conditions of the 
engagement.  

5-7. Every shot that the Soldier takes has a complete shot process. Grouping, for 
example, is simply moving through the shot process several times in rapid succession.  

5-8. The shot process allows the Soldier to focus on one cognitive task at a time. The 
Soldier must maintain the ability to mentally organize the shot process’s tasks and 
actions into a disciplined mental checklist, and focus their attention on activities which 
produce the desired outcome; a well-aimed shot.  

5-9. The level of attention allocated to each element during the shot process is 
proportional to the conditions of each individual shot. Table 5-1 provides an example of 
a shot process.  

Table 5-1. Shot Process example 

Pre-shot 

Position 
Natural Point of Aim 
Sight Alignment / Picture 
Hold 

Shot 
Refine Aim 
Breathing Control 
Trigger Control 

Post-shot 

Follow-through 
Recoil management 
Call the Shot 
Evaluate 
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FUNCTIONAL ELEMENTS OF THE SHOT PROCESS 
5-10. Functional elements of the shot process are the linkage between the Soldier, the 
weapon system, the environment, and the target that directly impact the shot process and 
ultimately the consistency, accuracy, and precision of the shot. When used 
appropriately, they build a greater understanding of any engagement.  

5-11. The functional elements are interdependent. A accurate shot, regardless of 
weapon system, requires the Soldier to establish, maintain, and sustain—  

 Stability – the Soldier stabilizes the weapon to provide a consistent base to 
fire from and maintain through the shot process until the recoil pulse has 
ceased. This process includes how the Soldier holds the weapon, uses 
structures or objects to provide stability, and the Soldier’s posture on the 
ground during an engagement. 

 Aim – the continuous process of orienting the weapon correctly, aligning the 
sights, aligning on the target, and the appropriate lead and elevation (hold) 
during a target engagement. 

 Control – all the conscious actions of the Soldier before, during, and after 
the shot process that the Soldier specifically is in control of. The first of 
which is trigger control. This includes whether, when, and how to engage. It 
incorporates the Soldier as a function of safety, as well as the ultimate 
responsibility of firing the weapon. 

 Movement – the process of the Soldier moving during the engagement 
process. It includes the Soldier’s ability to move laterally, forward, 
diagonally, and in a retrograde manner while maintaining stabilization, 
appropriate aim, and control of the weapon.  

5-12. These elements define the tactical engagement that require the Soldier to make 
adjustments to determine appropriate actions, and compensate for external influences on 
their shot process. When all elements are applied to the fullest extent, Soldiers will be 
able to rapidly engage targets with the highest level of precision.  

5-13. Time, target size, target distance, and the Soldier’s skills and capabilities 
determine the amount of effort required of each of the functional elements to minimize 
induced errors of the shot.  

5-14. Each weapon, tactical situation, and sight system will have preferred techniques 
for each step in the shot process and within the functional elements to produce precision 
and accuracy in a timely manner. How fast or slow the shooter progresses through the 
process is based on target size, target distance, and shooter capability.  

5-15. The most complex form of shooting is under combat conditions when the Soldier 
is moving, the enemy is moving, under limited visibility conditions. Soldiers and leaders 
must continue to refine skills and move training from the simplest shot to the most 
complex. Applying the functional elements during the shot process builds a firer’s speed 
while maintaining consistency, accuracy, and precision during complex engagements. 

5-16. Each of the functional elements and the Soldier actions to consider during the 
shot process are described later in this manual.  
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TARGET ACQUISITION 
5-17. Target acquisition is the ability of a Soldier to rapidly recognize threats to the 
friendly unit or formation. It is a critical Soldier function before any shot process begins. 
It includes the Soldier’s ability to use all available optics, sensors, and information to 
detect potential threats as quickly as possible. 

5-18. Target acquisition requires the Soldier to apply an acute attention to detail in a 
continuous process based on the tactical situation. The target acquisition process 
includes all the actions a Soldier must execute rapidly: 

 Detect potential threats (target detection). 
 Identify the threat as friend, foe, or noncombatant (target identification). 
 Prioritize the threat(s) based on the level of danger they present (target 

prioritization). 

TARGET DETECTION 
5-19. Effective target detection requires a series of skills that Soldiers must master. 
Detection is an active process during combat operations with or without a clear or known 
threat presence. All engagements are enabled by the Soldier’s detection skills, and are 
built upon three skill sets: 

 Scan and search – a rapid sequence of various techniques to identify 
potential threats. Soldier scanning skills determine potential areas where 
threats are most likely to appear. 

 Acquire – a refinement of the initial scan and search, based on irregularities 
in the environment. 

 Locate – the ability to determine the general location of a threat to engage 
with accuracy or inform the small unit leader of contact with a potential 
threat. 

Scan and Search 
5-20. Scanning and searching is the art of observing an assigned sector. The goal of the 
scan and search is a deliberate detection of potential threats based on irregularities in the 
surrounding environment. This includes irregular shapes, colors, heat sources, 
movement, or actions the Soldier perceives as being “out of place,” as compared to the 
surrounding area.  

5-21. Soldiers use five basic search and scan techniques to detect potential threats in 
combat situations: 

 Rapid scan – used to detect obvious signs of threat activity quickly. It is 
usually the first method used, whether on the offense or fighting in the 
defense. 

 Slow scan – if no threats are detected during the rapid scan, Soldiers conduct 
the more deliberate scan using various optics, aiming devices, or sensors. The 
slow scan is best conducted in the defense or during slow movement or 
tactical halts. 
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 Horizontal scan – are used when operating in restricted or urban terrain. It 
is a horizontal sweeping scan that focuses on key areas where potential threats 
may be over watching their movement or position. 

 Vertical scan – an up and down scan in restricted or urban environments to 
identify potential threats that may be observing the unit from an elevated 
position. 

 Detailed search – used when no threats are detected using other scanning 
methods. The detailed search uses aiming devices, thermal weapon systems, 
magnified optics, or other sensors to slowly and methodically review 
locations of interest where the Soldier would be positioned if they were the 
threat (where would I be if I were them?) 

Acquire 
5-22. Target acquisition is the discovery of any object in the operational environment 
such as personnel, vehicles, equipment, or objects of potential military significance. 
Target acquisition occurs during target scan and search as a direct result of observation 
and the detection process. 

5-23. During the scan and search, Soldiers are looking for “target signatures,” which 
are signs or evidence of a threat. Tactically, Soldiers will be looking for threat personnel, 
obstacles or mines (including possible improvised explosive devices [IEDs]), vehicles, 
or anti-tank missile systems. These target signatures can be identified with sight, sound, 
or smell.  

Detection Best Practices 
5-24. Threat detection is a critical skill that requires thoughtful application of the 
sensors, optics, and systems at the Soldier’s disposal. Finding potential threats as quickly 
and effectively as possible provides the maximum amount of time to defeat the threat. 
Soldiers should be familiar with the following best practices to increase target detection: 

 Scan with the unaided eye first, then with a magnified optic. 
 Practice using I2 and thermal optics in tandem during limited visibility. 
 Understand the difference between I2 and thermal optics; what they can 

“see” and what they can’t. (See chapter 4 of this publication.) 
 Thermal optics are the preferred sight for target acquisition and engagement, 

day or night. 
 Don’t search in the same area as others in the small unit. Overlap, but do not 

focus on the same sector. 
 Practice extreme light discipline during limited visibility including IR light 

discipline. 
 Think as the threat. Search in areas that would be most advantageous from 

their perspective. 
 Detecting threats is exponentially more difficult when operating in a 

chemical, biological, radiological, nuclear (CBRN) environment. Practice 
detection skills with personal protective equipment (PPE)/individual 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 198 of 804   Page ID
#10684



Chapter 5 

5-6 TC 3-22.9 13 May 2016 

protective equipment (IPE) and understand the increased constraints and 
limitations, day and night. 

Locate 
5-25. Target location is the determination of where a target is in your operational 
environment in relation to the shooter, small unit, or element. Locating a target or series 
of targets occurs as a result of the search and acquisition actions of each Soldier in the 
small unit. 

5-26. Once a target is located, the threat location can be rapidly and efficiently 
communicated to the rest of the unit. Methods used to announce a located target depend 
on the individual’s specific position, graphic control measures for the operation, unit 
SOP, and time available. 

TARGET IDENTIFICATION 
5-27. Identifying (or discriminating) a target as friend, foe, or noncombatant (neutral) 
is the second step in the target acquisition process. The Soldier must be able to positively 
identify the threat into one of three classifications: 

 Friend. Any force, U.S. or allied, that is jointly engaged in combat 
operations with an enemy in a theater of operation. 

 Foe (enemy combatant). Any individual who has engaged acts against the 
U.S. or its coalition partners in violation of the laws and customs of war 
during an armed conflict. 

 Noncombatants. Personnel, organizations, or agencies that are not taking a 
direct part in hostilities. This includes individuals such as medical personnel, 
chaplains, United Nations observers, or media representatives or those out of 
combat such as the wounded or sick. Organizations like the Red Cross or 
Red Crescent can be classified as noncombatants.  

5-28. The identification process is complicated by the increasing likelihood of having 
to discriminate between friend/foe and combatant/noncombatant in urban settings or 
restricted terrain. To mitigate fratricide and unnecessary collateral damage, Soldiers use 
all of the situational understanding tools available and develop tactics, techniques, and 
procedures for performing target discrimination. 

Fratricide Prevention 
5-29. Units have other means of designating friendly vehicles from the enemy. 
Typically, these marking systems are derived from the unit tactical standard operating 
procedure (TACSOP) or other standardization publications, and applied to the 
personnel, small units, or vehicles as required: 

 Markings. Unit markings are defined within the unit SOP. They distinctly 
identify a vehicle as friendly in a standardized manner.  

 Panels. VS-17 panels provide a bright recognition feature that allows 
Soldiers to identify friendly vehicles through the day sight during unlimited 
visibility. Panels do not provide a thermal signature. 
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 Lighting. Chemical or light emitting diode lights provide a means of 
marking vehicles at night. However, chemical lights are not visible through 
a thermal sight. An IR variant is available for use with night vision devices. 
Lighting systems do not provide for thermal identification during day or 
limited visibility operations. 

 Beacons and Strobes. Beacons and strobes are unit-procured, small-scale, 
compact, battery-operated flashing devices that operate in the near infrared 
wavelength. They are clearly visibly through night vision optics, but cannot 
be viewed through thermal optics.  

Note. Beacons and strobes generate illumination signals that can 
only be viewed by I2 optics. The signal cannot be viewed by thermal 
optics. Leaders and Soldiers are required to be aware of which optic 
can effectively view these systems when developing their SOPs and 
when using them in training or combat. 

Beacons and strobes have the potential to be viewed by enemy 
elements with night vision capabilities. Units should tailor use of the 
beacon based on METT-TC. 

 Symbols. Unit symbols may be used to mark friendly vehicles. An inverted 
V, for example, painted on the flanks, rear, and fronts of a vehicle, aid in 
identifying a target as friendly. These are typically applied in an area of 
operations and not during training. Symbol marking systems do not provide 
for thermal identification during day or limited visibility operations. 

TARGET PRIORITIZATION 
5-30. When faced with multiple targets, the Soldier must prioritize each target and 
carefully plan his shots to ensure successful target engagement. Mental preparedness 
and the ability to make split-second decisions are the keys to a successful engagement 
of multiple targets. The proper mindset will allow the Soldier to react instinctively and 
control the pace of the battle, rather than reacting to the adversary threat. 

5-31. Targets are prioritized into three threat levels— 
 Most dangerous. A threat that has the capability to defeat the friendly force 

and is preparing to do so. These targets must be defeated immediately. 
 Dangerous. A threat that has the capability to defeat the friendly force, but 

is not prepared to do so. These targets are defeated after all most dangerous 
targets are eliminated. 

 Least dangerous. Any threat that does not have the ability to defeat the 
friendly force, but has the ability to coordinate with other threats that are 
more prepared. These targets are defeated after all threats of a higher threat 
level are defeated. 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 200 of 804   Page ID
#10686



Chapter 5 

5-8 TC 3-22.9 13 May 2016 

5-32. When multiple targets of the same threat level are encountered, the targets are 
prioritized according to the threat they represent. The standard prioritization of targets 
establishes the order of engagement. Firers engage similar threats by the following 
guide: 

 Near before far. 
 Frontal before flank. 
 Stationary before moving. 

5-33. The prioritization of targets provides a control mechanism for the shooter, and 
facilitates maintaining overmatch over the presented threats. Firers should be prepared 
deviate from the prioritization guide based on the situation, collective fire command, or 
changes to the target’s activities. 
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Chapter 6 

Stability 
Stability is the ability of the Soldier to create a stable firing platform 
for the engagement. The Soldier stabilizes the weapon to provide a 
consistent base from which to fire from and maintain through the 
shot process until the recoil impulse has ceased. This process 
includes how the Soldier holds the weapon, uses structures or 
objects to provide stability, and the Soldier’s posture on the ground 
during an engagement. A stable firing platform is essential during 
the shot process, whether the Soldier is stationary or moving. 

This chapter provides the principles of developing a stable firing 
platform, describes the interaction between the Soldier, weapon, the 
surroundings, and the methods to achieve the greatest amount of 
stability in various positions. It explains how the stability functional 
element supports the shot process and interacts and integrates the 
other three elements. Stability provides a window of opportunity to 
maintain sight alignment and sight picture for the most accurate 
shot. 

SUPPORT 
6-1. Stability is provided through four functions: support, muscle relaxation, natural 
point of aim, and recoil management. These functions provide the Soldier the means to 
best stabilize their weapon system during the engagement process. 

6-2. The placement or arrangement of sandbags, equipment, or structures that directly 
provide support to the upper receiver of the weapon to provide increased stability. This 
includes the use of a bipod or vertical foregrip, bone and muscle support provided by 
the shooter to stabilize the rifle. 

6-3. Support can be natural or artificial or a combination of both. Natural support 
comes from a combination of the shooter’s bones and muscles. Artificial support comes 
from objects outside the shooter’s body. The more support a particular position provides, 
the more stable the weapon. 

 Leg Position. The position of the legs varies greatly depending on the firing 
position used. The position may require the legs to support the weight of the 
Soldier’s body, support the firing elbow, or to meet other requirements for 
the firing position. When standing unsupported, the body is upright with the 
legs staggered and knees slightly bent. In the prone, the firer’s legs may be 
spread apart flat on the ground or bent at the knee. In the sitting position, the 
legs may also serve an intricate part of the firing position. 
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 Stance/Center of Gravity. The physical position of a Soldier before, during, 
and after the shot that relates to the firer’s balance and posture. The 
position/center of gravity does not apply when firing from the prone position. 
The position/center of gravity specifically relates to the Soldier’s ability to 
maintain the stable firing platform during firing, absorbing the recoil 
impulses, and the ability to aggressively lean toward the target area during 
the shot process. 

 Firing Elbow. The placement of the firing elbow during the shot process. 
Proper elbow placement provides consistent firing hand grip while standing, 
sitting, or kneeling, and provides support stability in the prone position. 

 Nonfiring Elbow. The Soldier’s placement of the nonfiring elbow during 
the shot process supports the rifle in the all positions. 

 Firing Hand. Proper placement of the firing hand will aid in trigger control. 
Place the pistol grip in the ‘V’ formed between the thumb and index finger. 
The pressure applied is similar to a firm handshake grip. Different Soldiers 
have different size hands and lengths of fingers, so there is no set position of 
the finger on the trigger. To grip the weapon, the Soldier places the back 
strap of the weapon’s pistol grip high in the web of his firing side hand 
between his thumb and index (trigger) finger. The Soldier’s trigger finger is 
indexed on the lower receiver, well outside the trigger guard and off the 
magazine release to prevent inadvertent release of the magazine. The firing 
hand thumb (or trigger finger for left-handed firers) is indexed on top of the 
safety selector switch. The Soldier grasps the pistol grip with his remaining 
three fingers ensuring there is no gap between his middle finger and the 
trigger guard. 

 Nonfiring Hand. Proper placement of the non-firing hand is based on the 
firing position and placement of the non-firing elbow to provide the stability 
of the weapon. Placement is adjusted during supported and unsupported 
firing to maximize stability. The non-firing hand is placed as far forward as 
comfortable without compromising the other elements of the position or 
inducing extreme shooter-gun angle. 
 The nonfiring hand supports the weight of the rifle by grasping the fore 

arm. It should be a firm but relaxed grip. In all positions it should be as 
close to the handguard as naturally possible to aid in recoil management. 

 If possible, the firer should strive to have the thumb of the nonfiring 
hand provide downward force on the handguard. The pressure will 
provide the necessary force to assist in the management of the muzzle 
rise from recoil. 

 In all positions it should be as close to the end of the handguard as 
naturally possible to aid in recoil management. 

 Due to limited space on current MWS rails the above may not be 
possible but consideration should be given while mounting lasers to 
achieve an extended grip. 

 Butt Stock. Correct placement of the butt stock in the firing shoulder will 
aid in achieving a solid stock weld. Side to side placement will vary 
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depending on equipment worn while firing. The butt stock is placed high 
enough in the shoulder to allow for an upright head position.  
 The vertical placement of the butt stock will vary from firing position to 

firing position. A general guideline to follow is: the higher the position 
from the ground, the higher the butt stock will be in the shoulder. 

 The term “butt stock” refers to both the butt stock (M16-series) and 
collapsible butt stock (M4-series) for clarity.  

 Stock Weld. Stock weld is the placement of the firer’s head on the stock of 
the weapon. Correct stock weld is critical to sight alignment. The firer rests 
the full weight of the head on the stock. The head position is as upright as 
possible to give the best vision through the aiming device. It allows for 
scanning additional targets not seen through the aiming device.  
 When establishing the stock weld, bring the rifle up to your head, not 

your head down to the rifle. The firer’s head will remain in the same 
location on the stock while firing, but the location may change when 
positions are changed. The bony portion of the cheek placed on the stock 
is the basic starting point. Soldiers adapt to their facial structure to find 
the optimal placement that allows for both sight alignment and repetitive 
placement.  

 Figure 6-1 shows the differences in head placement, which effects sight 
alignment. The firer on the right is NOT resting the full weight of their 
head on the stock. The picture on the left shows the skin of the firer’s 
head being pushed down by the full weight of their head. This technique 
can be quickly observed and corrected by a peer coach.  

Note. Soldiers’ bodies vary with the amount of flesh and the bone structure 
of the face. Firers who apply downward force simply to achieve the 
appearance in the correct (left) image in figure 6-1, on page 6-4, will not have 
relaxation and will not have a repeatable placement. The goal is to have 
alignment with consistent placement. 
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Figure 6-1. Stock weld 

MUSCLE RELAXATION 
6-4. Muscle relaxation is the ability of the Soldier to maintain orientation of the 
weapon appropriately during the shot process while keeping the major muscle groups 
from straining to maintain the weapon system’s position. Relaxed muscles contribute to 
stability provided by support.  

 Strained or fatigued muscles detract from stability. 
 As a rule, the more support from the shooter’s bones the less he requires from 

his muscles.  
 The more skeletal support, the more stable the position, as bones do not 

fatigue or strain. 
 As a rule, the less muscle support required, the longer the shooter can stay in 

position.  

NATURAL POINT OF AIM  
6-5. The natural point of aim is the point where the barrel naturally orients when the 
shooter’s muscles are relaxed and support is achieved. The natural point of aim is built 
upon the following principles:  

 The closer the natural point of aim is to the target, the less muscle support 
required.  

 The more stable the position, the more resistant to recoil it is.  
 More of the shooter’s body on the ground equals a more stable position.  
 More of the shooter’s body on the ground equals less mobility for the shooter.  

6-6. When a Soldier aims at a target, the lack of stability creates a wobble area, where 
the sights oscillate slightly around and through the point of aim. If the wobble area is 
larger than the target, the Soldier requires a steadier position or a refinement to their 
position to decrease the size of his wobble area before trigger squeeze.  
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Note. The steadier the position, the smaller the wobble area. The smaller the 
wobble area, the more precise the shot. 

6-7. To check a shooter’s natural point of aim, the Soldier should assume a good 
steady position and get to the natural pause. Close their eyes, go through one cycle, and 
then open their eyes on the natural pause. Where the sights are laying at this time, is the 
natural point of aim for that position. If it is not on their point of aim for their target, 
they should make small adjustments to their position to get the reticle or front sight post 
back on their point of aim. The Soldier will repeat this process until the natural point of 
aim is on the point of aim on their target.  

RECOIL MANAGEMENT 
6-8. Recoil management is the result of a Soldier assuming and maintaining a stable 
firing position which mitigates the disturbance of one's sight picture during the cycle of 
function of the weapon.  

6-9. The Soldier’s firing position manages recoil using support of the weapon system, 
the weight of their body, and the placement of the weapon during the shot process. 
Proper recoil management allows the sights to rapidly return to the target and allows for 
faster follow up shots.  

SHOOTER–GUN ANGLE 
6-10. The shooter gun-angle is the relationship between the shooters upper body and 
the direction of the weapon. This angle is typically different from firing position to firing 
position, and directly relates to the Soldier’s ability to control recoil. Significant changes 
in the shooter-gun angle can result in eye relief and stock weld changes. 

Note. Units with a mix of left and right handed shooters can take advantage 
of each Soldiers' natural carry positions, and place left-handed shooters on 
the right flanks, and right-handed shooters on the left flanks, as their natural 
carry alignment places the muzzle away from the core element, and outward 
toward potential threats, and reduces the challenges of firing when moving 
laterally. 

FIELD OF VIEW 
6-11. The field of view is the extent that the human eye can see at any given moment. 
The field of view is based on the Soldier’s view without using magnification, optics, or 
thermal devices. The field of view is what the Soldier sees, and includes the areas where 
the Soldier can detect potential threats. 
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CARRY POSITIONS 
6-12. There are six primary carry positions. These positions may be directed by the 
leader, or assumed by the Soldier based on the tactical situation. The primary positions 
are— 

 Hang. 
 Safe hang. 
 Collapsed low ready. 
 Low ready. 
 High ready. 
 Ready (or ready-up). 
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HANG 
6-13. Soldiers use the hang when they need their hands for other tasks and no threat is 
present or likely (see figure 6-2). The weapon is slung and the safety is engaged. The 
hang carry should not be used when the weapon control status is RED. The reduced 
security of the weapon may cause the mechanical safety select lever to unintentionally 
move to SEMI or BURST/AUTO. 

 

 

Figure 6-2. Hang carry example 
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SAFE HANG 
6-14. The safe hang is used when no immediate threat is present and the hands are not 
necessary (see figure 6-3). In the safe hang carry, the weapon is slung, the safety is 
engaged, and the Soldier has gripped the rifle’s pistol grip. The Soldier sustains Rule 3, 
keeping the finger off the trigger until ready to engage when transitioning to the ready 
or ready up position. 

6-15. In this position, the Soldier can move in any direction while simultaneously 
maintaining his muzzle oriented at the ground by using his firing hand. This carry 
provides control of the weapon, flexibility in movement, and positive control of the 
weapon’s fire controls. 

 

 

Figure 6-3. Safe hang example 
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COLLAPSED LOW READY 
6-16. The collapsed low ready is used when a greater degree of muzzle control and 
readiness to respond to threats or weapon retention is necessary (such as crowded 
environments). In the collapsed low ready, the firing hand is secure on the weapon’s 
pistol grip. The non-firing hand is placed on the hand guards or vertical foregrip (see 
figure 6-4). 

6-17. This carry allows a Soldier to navigate crowded or restrictive environments while 
simultaneously minimizing or eliminating his muzzle covering (flagging) by 
maintaining positive control of the muzzle orientation. 

 

 

Figure 6-4. Collapsed low ready example 
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LOW READY 
6-18. The low ready provides the highest level of readiness and with the maximum 
amount of observable area for target acquisition purposes 

6-19. In the low ready position, the weapon is slung, the butt stock is in the Soldier’s 
shoulder, and the muzzle is angled down at a 30- to 45-degree angle and oriented 
towards the Soldier’s sector of fire.  

6-20. Firing hand is positioned on the pistol grip with the index finger straight and out 
of the trigger guard. The thumb is placed on the selector lever with the lever placed on 
safe. From this carry, the Soldier is ready to engage threats within a very short amount 
of time with minimal movement. (See figure 6-5). 

6-21. Observation is maintained to the sector of fire. The Soldier looks over the top of 
his optics or sights to maintain situation awareness of his sector. The Soldier’s head 
remains upright. 

 

 

Figure 6-5. Low ready position 
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HIGH READY 
6-22. The high ready is used when the Soldier’s sector of fire includes areas overhead or 
when an elevated muzzle orientation is appropriate for safety (see figure 6-6). The high 
ready carry is used when contact is likely.  

6-23. In the high ready, the weapon is slung, butt stock is in the armpit, the muzzle 
angled up to at least a 45-degree angle and oriented toward the Soldier’s sector of fire—
ensuring no other Soldiers are flagged.  

6-24. The firing hand remains in the same position as the low ready. The non-firing 
side hand can be free as the weapon is supported by the firing side hand and armpit.  

6-25. This position is not as effective as the low ready for several reasons: it impedes 
the field of view, flags friendlies above the sector of fire, and typically takes longer to 
acquire the target. 

 

 

Figure 6-6. High ready position 
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READY OR READY-UP 
6-26. The ready is used when enemy contact is imminent (see figure 6-7). This carry is 
used when the Soldier is preparing or prepared to engage a threat. 

6-27. In the ready, the weapon is slung, the toe of the butt stock is in the Soldier’s 
shoulder, and muzzle is oriented toward a threat or most likely direction of enemy 
contact. The Soldier is looking through his optics or sights. His non-firing side hand 
remains on the hand guards or the vertical foregrip.  

6-28. The firing hand remains on the pistol grip with the firing finger off the trigger 
until the decision to engage a target is made. 

 

 

Figure 6-7. Ready position or up position 
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STABILIZED FIRING 
6-29. The Soldier must stabilize their weapon, whether firing from a stationary position 
or while on the move. To create a stabilized platform, Soldiers must understand the 
physical relationship between the weapon system, the shooter’s body, the ground, and 
any other objects touching the weapon or shooter’s body. The more contact the shooter 
has to the ground will determine how stable and effective the position is. The situation 
and tactics will determine the actual position used. 

6-30. When a shooter assumes a stable firing position, movement from muscle tension, 
breathing, and other natural activities within the body will be transferred to the weapon 
and must be compensated for by the shooter.  

6-31. Failing to create an effective platform to fire from is termed a stabilization 
failure. A stabilization failure occurs when a Soldier fails to: 

 Control the movement of the barrel during the arc of movement 
 Adequately support the weapon system 
 Achieve their natural point of aim.  

6-32. These failures compound the firing occasion’s errors, which directly correlate to 
the accuracy of the shot taken. To maximize the Soldier’s stability during the shot 
process, they correctly assume various firing positions when stationary, or offset the 
induced errors with other firing skills during tactical movement. 

6-33. As a rule, positions that are lower to the ground provide a higher level of stability. 
When the center of gravity elevates the level of stability decreases as shown in 
figure°6-8.  
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Figure 6-8. Firing position stability example 
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FIRING POSITIONS 
6-34. The nature of combat will not always allow time for a Soldier to get into a 
particular position. Soldiers need to practice firing in a variety of positions, including 
appropriate variations. There are 12 firing positions with variations that are common to 
all Soldiers.  The positions are listed highest to lowest. The primary position is listed in 
bold, with the position variations in italics: 

 Standing –  
 Standing, unsupported. 
 Standing, supported. 

 Squatting – This position allows for rapid engagement of targets when an 
obstruction blocks the firer from using standard positions. It provides the 
firer a fairly well supported position by simply squatting down to engage, 
then returning to a standing position once the engagement is complete. The 
squatting position is generally unsupported. 

 Kneeling – The kneeling position is very common and useful in most combat 
situations. The kneeling position can be supported or unsupported. 
 Kneeling, unsupported. 
 Kneeling, supported. 

 Sitting – There are three types of sitting positions: crossed-ankle, crossed-
leg, and open-leg. All positions are easy to assume, present a medium 
silhouette, provide some body contact with the ground, and form a stable 
firing position. These positions allow easy access to the sights for zeroing.  
 Sitting, crossed ankle. 
 Sitting, crossed leg. 
 Sitting, open leg. 

 Prone – The prone position is the most stable firing position due to the 
amount of the Soldier’s body is in contact with the ground. The majority of 
the firer’s frame is behind the rifle to assist with recoil management.  
 Prone, unsupported. 
 Prone, supported. 
 Prone, roll-over. 
 Prone, reverse roll-over. 

6-35. Soldiers must practice the positions dry frequently to establish their natural point 
of aim for each position, and develop an understanding of the restrictive nature of their 
equipment during execution. With each dry repetition, the Soldier’s ability to change 
positions rapidly and correctly are developed, translating into efficient movement and 
consistent stable firing positions. 

6-36. Each of these firing positions is described using in a standard format using the 
terms defined earlier.  
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STANDING, UNSUPPORTED 
6-37. This position should be used for closer targets or when time is not available to 
assume a steadier position such as short range employment. The upper body should be 
leaned slightly forward to aid in recoil management. The key focus areas for the standing 
supported position are applied as described in figure 6-9 below: 

 

 

Figure 6-9. Standing, unsupported example 
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STANDING, SUPPORTED 
6-38. Soldier should ensure it is the handguard of the weapon NOT the barrel that is in 
contact with the artificial support. Barrels being in direct contact with artificial support 
will result in erratic shots. The standing supported position uses artificial support to 
steady the position (see figure 6-10.) Forward pressure should be applied by the rear leg 
and upper body to aid in recoil management. The key focus area for the standing 
supported position are applied in the following ways: 

Nonfiring hand. The nonfiring hand will hold the hand guards firmly and push 
against the artificial support. Hand positioning will vary depending on the type 
of support used. 

 

 

Figure 6-10. Standing, supported example 
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SQUATTING 
6-39. This position allows for rapid engagement of targets when an obstruction blocks 
the firer from using standard positions. It allows the firer a fairly stable position by 
simply squatting down to engage, then returning to a standing position after completing 
the engagement (see figure 6-11.) 

6-40. Perform the following to assume a good squatting firing position:  
 Face the target.  
 Place the feet shoulder-width apart. 
 Squat down as far as possible. 
 Place the back of triceps on the knees ensuring there is no bone on bone 

contact.  
 Place the firing hand on the pistol grip and the nonfiring hand on the upper 

hand guards.  
 Place the weapon's butt stock high in the firer’s shoulder pocket. 

Note. The firer may opt to use pressure from firing hand to rotate weapon to 
place the magazine against the opposite forearm to aid in stabilization. 

 

 

Figure 6-11. Squatting position 
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KNEELING, UNSUPPORTED 
6-41. The kneeling unsupported position does not use artificial support. Figure 6-12 
shows the optimum unsupported kneeling position. The firer should be leaning slightly 
forward into the position to allow for recoil management and quicker follow-up shots. 
The primary goal of this firing position is to establish the smallest wobble area possible. 
Key focus areas for kneeling, unsupported are: 

 Nonfiring elbow. Place the non-firing elbow directly underneath the rifle as 
much as possible. The elbow should be placed either in front of or behind the 
kneecap. Placing the elbow directly on the kneecap will cause it to roll and 
increases the wobble area. 

 Leg position. The non-firing leg should be bent approximately 90 degrees at 
the knee and be directly under the rifle. The firing-side leg should be 
perpendicular to the nonfiring leg. The firer may rest their body weight on 
the heel. Some firers lack the flexibility to do this and may have a gap 
between their buttocks and the heel. 

 Aggressive (stretch) kneeling. All weight on non-firing foot, thigh to calf, 
upper body leaning forward, nonfiring triceps on non-firing knee, firing leg 
stretched behind for support. Highly effective for rapid fire and movement. 

 

 

Figure 6-12. Kneeling, unsupported example 
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KNEELING, SUPPORTED 
6-42. The kneeling supported position uses artificial support to steady the position (see 
figure 6-13). Contact by the nonfiring hand and elbow with the artificial support is the 
primary difference between the kneeling supported and unsupported positions since it 
assists in the stability of the weapon. Body contact is good, but the barrel of the rifle 
must not touch the artificial support. Forward pressure is applied to aid in recoil 
management. The key focus areas for the kneeling supported position are applied in the 
following ways: 

 Nonfiring hand. The nonfiring hand will hold the hand guards firmly and 
will also be pushed against the artificial support. Hand positioning will vary 
depending on the type of support used.  

 Nonfiring elbow. The nonfiring elbow and forearm may be used to assist 
with the weapon’s stability by pushing against the artificial support. The 
contact of the nonfiring elbow and forearm with the structure will vary 
depending on the support used and the angle to the target.  

 

 

Figure 6-13. Kneeling, supported example 
  

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 221 of 804   Page ID
#10707



Stability 

13 May 2016 TC 3-22.9 6-21 

SITTING, CROSSED-ANKLE 
6-43. The sitting, crossed-ankle position provides a broad base of support and places 
most of the body weight behind the weapon (see figure 6-14). This allows quick shot 
recovery and recoil impulse absorption. Perform the following to assume a good 
crossed-ankle position:  

 Face the target at a 10- to 30-degree angle. 
 Place the nonfiring hand under the hand guard.  
 Bend at knees and break fall with the firing hand. 
 Push backward with feet to extend legs and place the buttocks to ground. 
 Cross the non-firing ankle over the firing ankle. 
 Bend forward at the waist. 
 Place the non-firing elbow on the nonfiring leg below knee. 
 Grasp the rifle butt with the firing hand and place into the firing shoulder 

pocket. 
 Grasp the pistol grip with the firing hand.  
 Lower the firing elbow to the inside of the firing knee. 
 Place the cheek firmly against the stock to obtain a firm stock weld. 
 Move the nonfiring hand to a location under the hand guard that provides the 

maximum bone support and stability for the weapon. 
 

 

Figure 6-14. Sitting position—crossed ankle 
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SITTING, CROSSED-LEG  
6-44. The crossed-leg sitting position provides a base of support and places most of the 
body weight behind the weapon for quick shot recovery (see figure 6-15). Soldiers may 
experience a strong pulse beat in this position due to restricted blood flow in the legs 
and abdomen. An increased pulse causes a larger wobble area. 

6-45. Perform the following to assume a good crossed-leg position: 
 Place the nonfiring hand under the hand guard. 
 Cross the nonfiring leg over the firing leg. 
 Bend at the knees and break the fall with the firing hand.  
 Place the buttocks to the ground close to the crossed legs. 
 Bend forward at the waist. 
 Place the nonfiring elbow on the nonfiring leg at the bend of the knee. 
 Establish solid butt stock position in the firing shoulder pocket. 
 Grasp the pistol grip with the firing hand. 
 Lower the firing elbow to the inside of the firing knee. 
 Place the cheek firmly against the stock to obtain a firm stock weld. 
 Place the non-firing hand under the hand guard to provide support. 

 

 

Figure 6-15. Sitting position—crossed-leg 
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SITTING, OPEN-LEG 
6-46. The open-leg sitting position is the preferred sitting position when shooting with 
combat equipment (see figure 6-16). It places less of the body weight behind the weapon 
than the other sitting positions. Perform the following to assume a good open-leg 
position: 

 Face the target at a 10 to 30 degree angle to the firing of the line of fire. 
 Place the feet approximately shoulder width apart.  
 Place the nonfiring hand under the hand guard. 
 Bend at the knees while breaking the fall with the firing hand. Push backward 

with the feet to extend the legs and place the buttocks on ground. 
 Place the both the firing and non-firing elbow inside the knees. 
 Grasp the rifle butt with the firing hand and place into the firing shoulder 

pocket. 
 Grasp the pistol grip with the firing hand. 
 Lower the firing elbow to the inside of the firing knee. 
 Place the cheek firmly against the stock to obtain a firm stock weld. 
 Move nonfiring hand to a location under the hand guard that provides 

maximum bone support and stability for the weapon. 

 

 

Figure 6-16. Sitting position—open leg 
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PRONE, UNSUPPORTED 
6-47. The prone unsupported position is not as stable as the prone supported position 
(see figure 6-17). Soldiers must build a stable, consistent position that focuses on the 
following key areas: 

 Firing hand. The firer should have a firm handshake grip on the pistol grip 
and place their finger on the trigger where it naturally falls. 

 Nonfiring hand. The nonfiring hand is placed to control the weapon and is 
comfortable.  

 Leg position. The firer’s legs may be either spread with heels as flat as 
possible on ground or the firing side leg may be bent at the knee to relieve 
pressure on the stomach. 

 

 

Figure 6-17. Prone, unsupported example 

Note. The magazine can be rested on the ground while using the prone 
unsupported position. Firing with the magazine on the ground will NOT 
induce a malfunction. 
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PRONE, SUPPORTED 
6-48. The prone supported position allows for the use of support, such as sandbags (see 
figure 6-18). Soldiers must build a stable, consistent position that focuses on the 
following key areas: 

 Firing hand. The firer should have a firm handshake grip on the pistol grip 
and place their finger on the trigger where it naturally falls. 

 Nonfiring hand. The nonfiring hand is placed to maximize control the 
weapon and where it is comfortable on the artificial support.  

 Leg position. The firer’s legs may be either spread with heels as flat as 
possible on ground or the firing side leg may be bent at the knee to relieve 
pressure on the stomach. 

 Artificial support. The artificial support should be at a height that allows 
for stability without interfering with the other elements of the position. 

 

 

Figure 6-18. Prone, supported example 
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PRONE, ROLL-OVER 
6-49. This position allows the firer to shoot under obstacles or cover that would not 
normally be attainable from the standard conventional prone position (see figure 6-19). 
With this position, the bullet trajectory will be off compared to the line of sight and 
increase with distance from the firer.  

For example, in the figure below the sights are rotated to the right. The 
trajectory of the bullet will be lower than and to the right of point of aim. This 
error will increase with range. 

 

 

Figure 6-19. Prone, roll-over example 
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PRONE, REVERSE ROLL-OVER 
6-50. This position is primarily used when the firer needs to keep behind cover that is 
too low to use while in a traditional prone position (see figure 6-20). The bullet’s 
trajectory will be off considerably at long distances while in this position.  

6-51. This position is the most effective way to support the weapon when the traditional 
prone is too low to be effective and where a kneeling position is too high to gain cover 
or a solid base for support.  

 

 

Figure 6-20. Reverse roll-over prone firing position 
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Chapter 7 

Aim 
The functional element aim of the shot process is the continuous 
process of orienting the weapon correctly, aligning the sights, 
aligning on the target, and the application of the appropriate lead 
and elevation during a target engagement. Aiming is a continuous 
process conducted through pre-shot, shot, and post-shot, to 
effectively apply lethal fires in a responsible manner with accuracy 
and precision. 

Aiming is the application of perfectly aligned sights on a specific 
part of a target. Sight alignment is the first and most important part 
of this process. 

COMMON ENGAGEMENTS 
7-1. The aiming process for engaging stationary targets consist of the following 
Soldier actions, regardless of the optic, sight, or magnification used by the aiming 
device: 

 Weapon orientation – the direction of the weapon as it is held in a stabilized 
manner. 

 Sight alignment – the physical alignment of the aiming device: 
 Iron sight/back-up iron sight and the front sight post. 
 Optic reticle. 
 Ballistic reticle (day or thermal). 

 Sight picture – the target as viewed through the line of sight. 
 Point of aim (POA) – the specific location where the line of sight intersects 

the target. 
 Desired point of impact (POI)–the desired location of the strike of the 

round to achieve the desired outcome (incapacitation or lethal strike). 

7-2. The aim of the weapon is typically applied to the largest, most lethal area of any 
target presented. Sights can be placed on target by using battlesight zero (BZ), center of 
visible mass (CoVM). The center of visible mass is the initial point of aim on a target of 
what can be seen by the Soldier. It does not include what the target size is expected or 
anticipated to be. For example, a target located behind a car exposes its head. The center 
of visible mass is in the center of the head, not the estimated location of the center of the 
overall target behind the car. 
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WEAPON ORIENTATION 
7-3. The Soldier orients the weapon in the direction of the detected threat. Weapon 
orientation includes both the horizontal plane (azimuth) and the vertical plane 
(elevation). Weapon orientation is complete once the sight and threat are in the Soldier’s 
field of view.  

 Horizontal weapons orientation covers the frontal arc of the Soldier, 
spanning the area from the left shoulder, across the Soldier’s front, to the 
area across the right shoulder (see figure 7-1). 

 

Figure 7-1. Horizontal weapon orientation example 
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 Vertical weapons orientation includes all the aspects of orienting the 
weapon at a potential or confirmed threat in elevation. This is most 
commonly applied in restricted, mountainous, or urban terrain where threats 
present themselves in elevated or depressed firing positions (see figure 7-2). 

 

Figure 7-2. Vertical weapons orientation example 

SIGHT ALIGNMENT 
7-4. Sight alignment is the relationship between the aiming device and the firer’s eye. 
The process used by a Soldier depends on the aiming device employed with the weapon.  

 Iron sight – the relationship between the front sight post, rear sight aperture, 
and the firer’s eye. The firer aligns the tip of the front sight post in the center 
of the rear aperture and his/or her eye. The firer will maintain focus on the 
front sight post, simultaneously centering it in the rear aperture. 

 Optics – the relationship between the reticle and the firer’s eye and includes 
the appropriate eye relief, or distance of the Soldier’s eye from the optic 
itself. Ensure the red dot is visible in the CCO, or a full centered field of view 
is achieved with no shadow on magnified optics 

 Thermal – the relationship between the firer’s eye, the eyepiece, and the 
reticle. 

 Pointers / Illuminators / Lasers – the relationship between the firer’s eye, 
the night vision device placement and focus, and the laser aiming point on 
the target. 
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Note. Small changes matter - 1/1000 of an inch deviation at the weapon can 
result in up to an 18 inch deviation at 300 meters.  

7-5. The human eye can only focus clearly on one object at a time. To achieve proper 
and effective aim, the focus of the firer’s eye needs to be on the front sight post or reticle 
(see figure 7-3). This provides the most accurate sight alignment for the shot process. 

 

Figure 7-3. Front sight post/reticle aim focus 
7-6. Firers achieve consistent sight alignment by resting the full weight of their head 
on the stock in a manner that allows their dominant eye to look through the center of the 
aiming or sighting device. If the firer’s head placement is subjected to change during the 
firing process or between shots, the Soldier will experience difficultly achieving 
accurate shot groups. 
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SIGHT PICTURE 
7-7. The sight picture is the placement of the aligned sights on the target itself. The 
Soldier must maintain sight alignment throughout the positioning of the sights. This is 
not the same as sight alignment. 

7-8. There are two sight pictures used during the shot process; pre-shot and post-shot. 
Soldiers must remember the sight pictures of the shot to complete the overall shot 
process. 

 Pre-shot sight picture – encompasses the original point of aim, sight picture, 
and any holds for target or environmental conditions.  

 Post-shot sight picture – is what the Soldier must use as the point of reference 
for any sight adjustments for any subsequent shot. 

POINT OF AIM 
7-9. The point on the target that is the continuation of the line created by sight 
alignment. The point of aim is a point of reference used to calculate any hold the Soldier 
deems necessary to achieve the desired results of the round’s impact. 

7-10. For engagements against stationary targets, under 300 meters, with negligible 
wind, and a weapon that has a 200 meter or 300 meter confirmed zero, the point of aim 
should be the center of visible mass of the target. The point of aim does not include 
ANY hold-off or lead changes necessary.  

DESIRED POINT OF IMPACT 
7-11. The desired point of impact is the location where the Soldier wants the projectile 
to strike the target. Typically, this is the center of visible mass. At any range different 
from the weapon’s zero distance, the Soldier’s desired point of impact and their point of 
aim will not align. This requires the Soldier to determine the necessary hold-off to 
achieve the desired point of impact. 

COMMON AIMING ERRORS 
7-12. Orienting and aiming a weapon correctly is a practiced skill. Through drills and 
repetitions, Soldiers build the ability to repeat proper weapons orientation, sight 
alignment, and sight picture as a function of muscle memory. 

7-13. The most common aiming errors include: 
 Non-dominant eye use – The Soldier gets the greatest amount of visual input 

from their dominant eye. Eye dominance varies Soldier to Soldier. Some 
Soldier’s dominant eye will be the opposite of the dominant hand. For 
example, a Soldier who writes with his right hand and learns to shoot rifles 
right handed might learn that his dominant eye is the left eye. This is called 
cross-dominant. Soldiers with strong cross-dominant eyes should consider 
firing using their dominant eye side while firing from their non-dominant 
hand side. Soldiers can be trained to fire from either side of the weapon, but 
may not be able to shoot effectively using their nondominant eye. 
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 Incorrect zero – regardless of how well a Soldier aims, if the zero is 
incorrect, the round will not travel to the desired point of impact without 
adjustment with subsequent rounds (see appendix C of this publication). 

 Light conditions – limited visibility conditions contribute to errors aligning 
the sight, selecting the correct point of aim, or determining the appropriate 
hold. Soldiers may offset the effects of low light engagements with image 
intensifier (I2) optics, use of thermal optics, or the use of laser pointing 
devices with I2 optics. 

 Battlefield obscurants – smoke, debris, and haze are common conditions on 
the battlefield that will disrupt the Soldier’s ability to correctly align their 
sights, select the proper point of aim, or determine the correct hold for a 
specific target. 

 Incorrect sight alignment – Soldiers may experience this error when failing 
to focus on the front sight post or reticle. 

 Incorrect sight picture – occurs typically when the threat is in a concealed 
location, is moving, or sufficient winds between the shooter and target exist 
that are not accounted for during the hold determination process. This failure 
directly impacts the Soldier’s ability to create and sustain the proper sight 
picture during the shot process. 

 Improper range determination – will result in an improper hold at ranges 
greater than the zeroed range for the weapon.  

COMPLEX ENGAGEMENTS 
7-14. A complex engagement includes any shot that cannot use the CoVM as the point 
of aim to ensure a target hit. Complex engagements require a Soldier to apply various 
points of aim to successfully defeat the threat.  

7-15. These engagements have an increased level of difficulty due to environmental, 
target, or shooter conditions that create a need for the firer to rapidly determine a ballistic 
solution and apply that solution to the point of aim. Increased engagement difficulty is 
typically characterized by one or more of the following conditions: 

 Target conditions: 
 Range to target. 
 Moving targets. 
 Oblique targets. 
 Evasive targets. 
 Limited exposure targets. 

 Environmental conditions: 
 Wind. 
 Angled firing. 
 Limited visibility. 

 Shooter conditions: 
 Moving firing position.
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 Canted weapon engagements. 
 CBRN operations engagements. 

7-16. Each of these firing conditions may require the Soldier to determine an 
appropriate aim point that is not the CoVM. This Soldier calculated aim point is called 
the hold. During any complex engagement, the Soldier serves as the ballistic computer 
during the shot process. The hold represents a refinement or alteration of the center of 
visible mass point of aim at the target to counteract certain conditions during a complex 
engagement for— 

 Range to target. 
 Lead for targets based on their direction and speed of movement.  
 Counter-rotation lead required when the Soldier is moving in the opposite 

direction of the moving target. 
 Wind speed, direction, and duration between the shooter and the target at 

ranges greater than 300 meters. 
 Greatest lethal zone presented by the target to provide the most probable 

point of impact to achieve immediate incapacitation. 

7-17. The Soldier will apply the appropriate aim (hold) based on the firing instances 
presented. Hold determinations will be discussed in two formats; immediate and 
deliberate. 

7-18. All Soldiers must be familiar with the immediate hold determination methods. 
They should be naturally applied when the engagement conditions require. These 
determinations are provided in “target form” measurements, based on a standard E-type 
silhouette dimension, approximately 20 inches wide by 40 inches tall. 

IMMEDIATE HOLD DETERMINATION 
7-19. Immediate holds are based on the values of a “target form,” where the increments 
shown are sufficient for rapid target hits without ballistic computations. The immediate 
hold determinations are not as accurate as the deliberate method, and are used for 
complex target engagements at less than 300 meters. 

7-20. Immediate hold locations for azimuth (wind or lead): (See figure 7-4.) 
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Figure 7-4. Immediate hold locations for windage and lead example 

 

7-21. Immediate hold locations for elevation (range to target): (See figure 7-5.) 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 237 of 804   Page ID
#10723



Aim 

13 May 2016 TC 3-22.9 7-9 

 

Figure 7-5. Immediate hold locations for elevation (range) example 

DELIBERATE HOLD DETERMINATION  
7-22. Deliberate hold points of aim are derived from applying the appropriate ballistic 
math computation. Deliberate hold determinations are required for precise shots beyond 
300 meters for wind, extended range, moving, oblique, or evasive targets. 

7-23. Deliberate holds for complex engagements are discussed in detail in appendix C, 
Complex Engagements. The deliberate math calculations are for advanced shooters 
within the formation and are not discussed within this chapter. 
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TARGET CONDITIONS 
7-24. Soldiers must consider several aspects of the target to apply the proper point of 
aim on the target. The target’s posture, or how it is presenting itself to the shooter, 
consists of— 

 Range to target. 
 Nature of the target. 
 Nature of the terrain (surrounding the target). 

RANGE TO TARGET 
7-25. Rapidly determining an accurate range to target is critical to the success of the 
Soldier at mid and extended ranges. There are several range determination methods 
shooters should be confident in applying to determine the proper hold-off for pending 
engagements. There are two types of range determination methods, immediate and 
deliberate.  

Immediate Range Determination 
7-26. Immediate methods of range determination afford the shooter the most reliable 
means of determining the most accurate range to a given target. The immediate methods 
include— 

 Close quarters engagements. 
 Laser range finder. 
 Front sight post method. 
 Recognition method. 
 100-meter unit-of-measure method. 

Close Quarters Engagements 

7-27. Short-range engagements are probable in close terrain (such as urban or jungle) 
with engagement ranges typically less than 50 meters. Soldiers must be confident in 
their equipment, zero, and capabilities to defeat the threats encountered.  

7-28. Employment skills include swift presentation and application of the shot process 
(such as quick acquisition of sight picture) to maintain overmatch. At close ranges, 
perfect sight alignment is not as critical to the accurate engagement of targets. The 
weapon is presented rapidly and the shot is fired with the front sight post placed roughly 
center mass on the desired target area. The front sight post must be in the rear sight 
aperture. 

Note. If using iron sights when this type of engagement is anticipated, the 
large rear sight aperture (0-2) should be used to provide a wider field of view 
and detection of targets. 
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Laser Range Finder 

7-29. Equipment like the AN/PSQ-23, STORM have an on-board laser range finder 
that is accurate to within +/- 5 meters. Soldiers with the STORM attached can rapidly 
determine the most accurate range to target and apply the necessary hold-offs to ensure 
the highest probability of incapacitation, particularly at extended ranges. 

Front Sight Post Method 

7-30. The area of the target that is covered by the front sight post of the rifle can be 
used to estimate range to the target. By comparing the appearance of the rifle front sight 
post on a target at known distances, your shooters can establish a mental reference point 
for determining range at unknown distances. Because the apparent size of the target 
changes as the distance to the target changes, the amount of the target that is covered by 
the front sight post will vary depending upon its range. In addition, your shooter’s eye 
relief and perception of the front sight post will also affect the amount of the target that 
is visible (see figure 7-6). 

 Less Than 300 Meters. If the target is wider than the front sight post, you can 
assume that the target is less than 300 meters and can be engaged point of 
aim/point of impact using your battle sight zero (BZO). 

 Greater Than 300 Meters. The service rifle front sight post covers the width 
of a man's chest or body at approximately 300 meters. If the target is less 
than the width of the front sight post, you should assume the target is in 
excess of 300 meters. Therefore, your BZO cannot be used effectively. 

 

Figure 7-6. Front sight post method example 
Recognition Method 

7-31. When observing a target, the amount of detail seen at various ranges gives the 
shooter a solid indication of the range to target. Shooters should study and remember 
the appearance of a person when they are standing at 100 meters increments. During 
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training, Soldiers should note the details of size and the characteristics of uniform and 
equipment for targets at those increments.  

7-32. Once Soldiers are familiar and memorize the characteristics of standing threats at 
100 meter increments out to 500 meters, they should study the targets in a kneeling and 
then in the prone position. By comparing the appearance of these positions at known 
ranges from 100 meters to 500 meters, shooters can establish a series of mental images 
that will help determine range on unfamiliar terrain. They should also study the 
appearance of other familiar objects such as weapons and vehicles.  

 100 meters – the target can be clearly observed in detail, and facial features 
can be distinguished. 

 200 meters – the target can be clearly observed, although there is a loss of 
facial detail. The color of the skin and equipment is still identifiable. 

 300 meters – the target has a clear body outline, face color usually remains 
accurate, but remaining details are blurred. 

 400 meters – the body outline is clear, but remaining detail is blurred. 
 500 meters – the body shape begins to taper at the ends. The head becomes 

indistinct from the shoulders. 

100-meter Unit-of-Measure Method 

7-33. To determine the total distance to the target using the 100 meter unit of measure 
method, shooters must visualize a distance of 100 meters (generally visualizing the 
length of a football field) on the ground. Soldiers then estimate how many of these units 
can fit between the shooter and the target. 

7-34. The greatest limitation of the unit of measure method is that its accuracy is 
directly related to how much of the terrain is visible. This is particularly true at greater 
ranges. If a target appears at a range of 500 meters or more and only a portion of the 
ground between your shooter and the target can be seen, it becomes difficult to use the 
unit of measure method of range estimation with accuracy. 

7-35. Proficiency in the unit of measure method requires constant practice. Throughout 
training, comparisons should be continually made between the range estimated by your 
shooter and the actual range as determined by pacing or other, more accurate 
measurement. 

Immediate hold for Range to Target 

7-36. Immediate range determination holds are based on the zero applied to the weapon. 
The 300 meter zero is the Army standard and works in all tactical situations, including 
close quarters combat. Figure 7-7, on page 7-13, shows the appropriate immediate holds 
for range to target based on the weapon’s respective zero: 
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Figure 7-7. Immediate holds for range to target 
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MOVING TARGETS 
7-37. Moving targets are those threats that appear to have a consistent pace and 
direction. Targets on any battlefield will not remain stationary for long periods of time, 
particularly once a firefight begins. Soldiers must have the ability to deliver lethal fires 
at a variety of moving target types and be comfortable and confident in the engagement 
techniques. There are two methods for defeating moving targets; tracking and trapping. 

Immediate hold for moving targets. 
7-38. The immediate hold for moving targets includes an estimation of the speed of the 
moving target and an estimation of the range to that target. The immediate holds for all 
moving targets are shown below. (See figure 7-8.) 

 

Figure 7-8. Immediate holds for moving targets example 
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OBLIQUE TARGETS 
7-39. Threats that are moving diagonally toward or away from the shooter are called 
oblique targets. They offer a unique problem set to shooters where the target may be 
moving at a steady pace and direction; however, their oblique direction of travel makes 
them appear to move slower.  

7-40. Soldiers should adjust their hold based on the angle of the target’s movement from 
the gun-target line. The following guide will help Soldiers determine the appropriate 
change to the moving target hold to apply to engage the moving oblique threats (see 
figure 7-9). 

 

Figure 7-9. Oblique target example 
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ENVIRONMENTAL CONDITIONS 
7-41. The environment can complicate the shooter’s actions during the shot process 
with excessive wind or requiring angled firing limited visibility conditions. Soldiers 
must understand the methods to offset or compensate for these firing occasions, and be 
prepared to apply these skills to the shot process. This includes when multiple complex 
conditions compound the ballistic solution during the firing occasion.  

WIND 
7-42. Wind is the most common variable and has the greatest effect on ballistic 
trajectories, where it physically pushes the projectile during flight off the desired 
trajectory (see appendix B of this publication). The effects of wind can be compensated 
for by the shooter provided they understand how wind effects the projectile and the 
terminal point of impact. The elements of wind effects are— 

 The time the projectile is exposed to the wind (range). 
 The direction from which the wind is blowing. 
 The velocity of the wind on the projectile during flight. 

Wind Direction and Value 
7-43. Winds from the left blow the projectile to the right, and winds from the right blow 
the projectile to the left. The amount of the effect depends on the time of (projectile’s 
exposure) the wind speed and direction. To compensate for the wind, the firer must first 
determine the wind’s direction and value.  

7-44. The clock system can be used to determine the direction and value of the wind 
(See figure 7-10 on page 7-17). Picture a clock with the firer oriented downrange 
towards 12 o’clock.  

7-45. Once the direction is determined, the value of the wind is next. The value of the 
wind is how much effect the wind will have on the projectile. Winds from certain 
directions have less effect on projectiles. The chart below shows that winds from 2 to 
4°o’clock and 8 to 10 o’clock are considered full-value winds and will have the most 
effect on the projectile. Winds from 1, 5, 7, and 11 o’clock are considered half-value 
winds and will have roughly half the effect of a full-value wind. Winds from 6 and 
12°o’clock are considered no-value winds and little or no effect on the projectile.  

EXAMPLE 
A 10-mph (miles per hour) wind blowing from the 1 o’clock direction would 
be a half-value wind and has the same effect as a 5 mph, full-value wind 
on the projectile. 
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Figure 7-10. Wind value 
7-46. The wind will push the projectile in the direction the wind is blowing (see 
figure 7-11). The amount of effects on the projectile will depend on the time of exposure, 
direction of the wind, and speed of the wind. To compensate for wind the Soldier uses a 
hold in the direction of the wind (into the wind). 
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Figure 7-11. Wind effects 

Wind Speed 
7-47. Wind speeds can vary from the firing line to the target. Wind speed can be 
determined by taking an average of the winds blowing on the range. The firer’s focus 
should be on the winds between the midrange point and the target. The wind at the one 
half to two thirds mark will have the most effect on the projectile since that is the point 
where most projectiles have lost a large portion of their velocity and are beginning to 
destabilize. 

7-48. The Soldier can observe the movement of items in the environment downrange 
to determine the speed. Each environment will have different vegetation that reacts 
differently.  

7-49. Downrange wind indicators include the following: 
 0 to 3 mph = Hardly felt, but smoke drifts. 
 3 to 5 mph = Felt lightly on the face. 
 5 to 8 mph = Keeps leaves in constant movement.
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 8 to 12 mph = Raises dust and loose paper. 
 12 to 15 mph = Causes small trees to sway. 

7-50. The wind blowing at the Soldiers location may not be the same as the wind 
blowing on the way to the target.  

Wind Estimation 
7-51. Soldiers must be comfortable and confident in their ability to judge the effects of 
the wind to consistently make accurate and precise shots. Soldiers will use wind 
indicators between the Soldier and the target that provide windage information to 
develop the proper compensation or hold-off.  

7-52. To estimate the effects of the wind on the shot, Soldiers need to determine three 
windage factors: 

 Velocity (speed). 
 Direction. 
 Value.  

Immediate Wind Hold 
7-53. Using a hold involves changing the point of aim to compensate for the wind drift. 
For example, if wind causes the bullet to drift 1/2 form to the left, the aiming point must 
be moved 1/2 form to the right. (See figure 7-12, page 7-20.) 

 

Figure 7-12. Wind hold example
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7-54. Firers must adjust their points of aim into the wind to compensate for its effects.
If they miss a distant target and wind is blowing from the right, they should aim to the
right for the next shot. A guide for the initial adjustment is to split the front sight post
on the edge of the target facing the wind.

7-55. Newly assigned Soldiers should aim at the target's center of visible mass for the
first shot, and then adjust for wind when they are confident that wind caused the miss.
Experienced firers should apply the appropriate hold for the first shot, but should follow
the basic rule—when in doubt, aim at the center of mass.

LIMITED VISIBILITY 
7-56. Soldiers must be lethal at night and in limited visibility conditions, as well as
during the day. That lethality depends largely on whether Soldier can fire effectively
with today’s technology: night vision devices (NVDs), IR aiming devices, and TWSs.

7-57. Limited visibility conditions may limit the viewable size of a threat, or cause
targets to be lost after acquisition. In these situations, Soldiers may choose to apply a
hold for where a target is expected to be rather than wait for the target to present itself
for a more refined reticle lay or sight picture.

7-58. Soldiers may switch between optics, thermals, and pointers to refine their point
of aim. To rapidly switch between aiming devices during operations in limited visibility,
the Soldier must ensure accurate alignment, boresighting, and zeroing of all associated
equipment. Confidence in the equipment is achieved through drills related to changing
the aiming device during engagements, executing repetitions with multiple pieces of
equipment, and practicing nonstandard engagement techniques using multiple aiming
devices in tandem (IR pointer with NVDs, for example).
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Chapter 8 

Control 
The control element of employment considers all the conscious 
actions of the Soldier before, during, and after the shot process that 
the Soldier’s specifically in control of. It incorporates the Soldier as 
a function of safety, as well as the ultimate responsibility of firing 
the weapon. 

Proper trigger control, without disturbing the sights, is the most 
important aspect of control and the most difficult to master. 

Combat is the ultimate test of a Soldier's ability to apply the 
functional elements of the shot process and firing skills. Soldiers 
must apply the employment skills mastered during training to all 
combat situations (for example, attack, assault, ambush, or urban 
operations). Although these tactical situations present problems, the 
application of the functional elements of the shot process require 
two additions: changes to the rate of fire and alterations in 
weapon/target alignment. This chapter discusses the engagement 
techniques Soldiers must adapt to the continuously changing 
combat engagements. 

8-1. When firing individual weapons, the Soldier is the weapon’s fire control system, 
ballistic computer, stabilization system, and means of mobility. Control refers to the 
Soldier’s ability to regulate these functions and maintain the discipline to execute the 
shot process at the appropriate time. 

8-2. Regardless of how well trained or physically strong a Soldier is, a wobble area 
(or arc of movement) is present, even when sufficient physical support of the weapon is 
provided. The arc of movement (AM) may be observed as the sights moving in a W 
shape, vertical (up and down) pulses, circular, or horizontal arcs depending on the 
individual Soldier, regardless of their proficiency in applying the functional elements. 
The wobble area or arc of movement is the extent of lateral horizontal and front-to-back 
variance in the movement that occurs in the sight picture (see figure 8-1). 

 
  

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 250 of 804   Page ID
#10736



Chapter 8 

8-2 TC 3-22.9, C1 10 January 2017 

 

 

Figure 8-1. Arc of movement example 
8-3. The control element consists of several supporting Soldier functions, and include 
all the actions to minimize the Soldier’s induced arc of movement. Executed correctly, 
it provides for the best engagement window of opportunity to the firer. The Soldier 
physically maintains positive control of the shot process by managing— 

 Trigger control.  
 Breathing control.  
 Workspace.  
 Calling the shot (firing or shot execution). 
 Follow-through.  

TRIGGER CONTROL 
8-4. Trigger control is the act of firing the weapon while maintaining proper aim and 
adequate stabilization until the bullet leaves the muzzle. Trigger control and the 
shooter’s position work together to allow the sights to stay on the target long enough for 
the shooter to fire the weapon and bullet to exit the barrel.  

8-5. Stability and trigger control complement each other and are integrated during the 
shot process. A stable position assists in aiming and reduces unwanted movements 
during trigger squeeze without inducing unnecessary movement or disturbing the sight 
picture. A smooth, consistent trigger squeeze, regardless of speed, allows the shot to fire 
at the Soldier’s moment of choosing. When both a solid position and a good trigger 
squeeze are achieved, any induced shooting errors can be attributed to the aiming 
process for refinement.  

8-6. Smooth trigger control is facilitated by placing the finger where it naturally lays 
on the trigger. Natural placement of the finger on the trigger will allow for the best 
mechanical advantage when applying rearward pressure to the trigger. 
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 Trigger finger placement – the trigger finger will lay naturally across the 
trigger after achieving proper grip (see figure 8-2). There is no specified point 
on the trigger finger that must be used. It will not be the same for all Soldiers 
due to different size hands. This allows the Soldier to engage the trigger in 
the most effective manner 

 Trigger squeeze – The Soldier pulls the trigger in a smooth consistent 
manner adding pressure until the weapon fires. Regardless of the speed at 
which the Soldier is firing the trigger control will always be smooth. 

 Trigger reset – It is important the Soldier retains focus on the sights while 
resetting the trigger. 

 

Figure 8-2. Natural trigger finger placement 
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BREATHING CONTROL 
8-7. During the shot process, the shooter controls their breathing to reduce the amount 
of movement of the weapon. During training, the Soldier will learn a method of 
breathing control that best suits their shooting style and preference. Breathing control is 
the relationship of the respiratory process (free or under stress) and the decision to 
execute the shot with trigger squeeze.  

8-8. Breathing induces unavoidable body movement that contribute to wobble or the 
arc of movement (AM) during the shot process. Soldiers cannot completely eliminate 
all motion during the shot process, but they can significantly reduce its effects through 
practice and technique. Firing on the natural pause is a common technique used during 
grouping and zeroing.  

8-9. Vertical dispersion during grouping is most likely not caused by breathing but by 
failure to maintain proper aiming and trigger control. Refer to appendix E of this 
publication for proper target analysis techniques. 

WORKSPACE MANAGEMENT 
8-10. The workspace is a spherical area, 12 to 18 inches in diameter centered on the 
Soldier’s chin and approximately 12 inches in front of their chin. The workspace is 
where the majority of weapons manipulations take place. (See figure 8-3 on page 8-5.) 

8-11. Conducting manipulations in the workspace allows the Soldier to keep his eyes 
oriented towards a threat or his individual sector of fire while conducting critical 
weapons tasks that require hand and eye coordination. Use of the workspace creates 
efficiency of motion by minimizing the distance the weapon has to move between the 
firing position to the workspace and return to the firing position.  

8-12. Location of the workspace will change slightly in different firing positions. There 
are various techniques to use the workspace. Some examples are leaving the butt stock 
in the shoulder, tucking the butt stock under the armpit for added control of the weapon, 
or placing the butt stock in the crook of the elbow. 

8-13. Workspace management includes the Soldier’s ability to perform the following 
functions: 

 Selector lever – to change the weapon’s status from safe to semiautomatic, 
to burst/automatic from any position. 

Note. Some models will have ambidextrous selectors.  

 Charging handle – to smoothly use the charging handle during operation. 
This includes any corrective actions to overcome malfunctions, loading, 
unloading, or clearing procedures. 

 Bolt catch – to operate the bolt catch mechanism on the weapon during 
operations. 

 Ejection port – closing the ejection port cover to protect the bolt carrier 
assembly, ammunition, and chamber from external debris upon completion 
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of an engagement. This includes observation of the ejection port area during 
malfunctions and clearing procedures. 

 Magazine catch – the smooth functioning of the magazine catch during 
reloading procedures, clearing procedures, or malfunction corrective actions. 

 Chamber check – the sequence used to verify the status of the weapon’s 
chamber. 

 Forward assist – the routine use of the forward assist assembly of the 
weapon during loading procedures or when correcting malfunctions. 

 
Figure 8-3. Workspace example 

CALLING THE SHOT 
8-14. Knowing precisely where the sights are when the weapon discharges is critical 
for shot analysis. Errors such as flinching or jerking of the trigger can be seen in the 
sights before discharge. 

8-15. Calling a shot refers to a firer stating exactly where he thinks a single shot strikes 
by recalling the sights relationship to the target when the weapon fired. This is normally 
expressed in clock direction and inches from the desired point of aim.  

8-16. The shooter is responsible for the point of impact of every round fired from their 
weapon. This requires the Soldier to ensure the target area is clear of friendly and neutral 
actors, in front of and behind the target. Soldiers must also be aware of the environment 
the target is positioned in, particularly in urban settings—friendly or neutral actors may 
be present in other areas of a structure that the projectile can pass through. 
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RATE OF FIRE 
8-17. The shooter must determine how to engage the threat with the weapon, on the 
current shot as well as subsequent shots. Following the direction of the team leader, the 
Soldier controls the rate of fire to deliver consistent, lethal, and precise fires against the 
threat. 

SLOW SEMIAUTOMATIC FIRE 
8-18. Slow semiautomatic fire is moderately paced at the discretion of the Soldier, 
typically used in a training environment or a secure defensive position at approximately 
12 to 15 rounds per minute. All Soldiers learn the techniques of slow semiautomatic fire 
during their introduction to the service rifle during initial entry training. This type of 
firing provides the Soldier the most time to focus on the functional elements in the shot 
process and reinforces all previous training.  

RAPID SEMIAUTOMATIC FIRE 
8-19. Rapid semiautomatic fire is approximately 45 rounds per minute and is typically 
used for multiple targets or combat scenarios where the Soldier does not have overmatch 
of the threat. Soldiers should be well-trained in all aspects of slow semiautomatic firing 
before attempting any rapid semiautomatic fire training.  

8-20. Those who display a lack of knowledge of employment skills should not advance 
to rapid semiautomatic fire training until these skills are learned and mastered.  

AUTOMATIC OR BURST FIRE 
8-21. Automatic or burst fire is when the Soldier is required to provide suppressive fires 
with accuracy, and the need for precise fires, although desired, is not as important. 
Automatic or burst fires drastically decrease the probability of hit due to the rapid 
succession of recoil impulses and the inability of the Soldier to maintain proper sight 
alignment and sight picture on the target. 

8-22. Soldiers should be well-trained in all aspects of slow semiautomatic firing before 
attempting any automatic training.  
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FOLLOW-THROUGH 
8-23. Follow-through is the continued mental and physical application of the functional 
elements of the shot process after the shot has been fired. The firer’s head stays in contact 
with the stock, the firing eye remains open, the trigger finger holds the trigger back 
through recoil and then lets off enough to reset the trigger, and the body position and 
breathing remain steady. 

8-24. Follow-through consists of all actions controlled by the shooter after the bullet 
leaves the muzzle. It is required to complete the shot process. These actions are executed 
in a general sequence: 

 Recoil management. This includes the bolt carrier group recoiling 
completely and returning to battery.  

 Recoil recovery. Returning to the same pre-shot position and reacquiring the 
sight picture. The shooter should have a good sight picture before and after 
the shot.  

 Trigger/Sear reset. Once the ejection phase of the cycle of function is 
complete, the weapon initiates and completes the cocking phase. As part of 
the cocking phase, all mechanical components associated with the trigger, 
disconnect, and sear are reset. Any failures in the cocking phase indicate a 
weapon malfunction and require the shooter to take the appropriate action. 
The shooter maintains trigger finger placement and releases pressure on the 
trigger until the sear is reset, demonstrated by a metallic click. At this point 
the sear is reset and the trigger pre-staged for a subsequent or supplemental 
engagement if needed. 

 Sight picture adjustment. Counteracting the physical changes in the sight 
picture caused by recoil impulses and returning the sight picture onto the 
target aiming point. 

 Engagement assessment. Once the sight picture returns to the original point 
of aim, the firer confirms the strike of the round, assesses the target’s state, 
and immediately selects one of the following courses of action: 
 Subsequent engagement. The target requires additional (subsequent) 

rounds to achieve the desired target effect. The shooter starts the pre-
shot process. 

 Supplemental engagement. The shooter determines the desired target 
effect is achieved and another target may require servicing. The shooter 
starts the pre-shot process. 

 Sector check. All threats have been adequately serviced to the desired 
effect. The shooter then checks his sector of responsibility for additional 
threats as the tactical situation dictates. The unit’s SOP will dictate any 
vocal announcements required during the post-shot sequence. 

 Correct Malfunction. If the firer determines during the follow-through 
that the weapon failed during one of the phases of the cycle of function, 
they make the appropriate announcement to their team and immediately 
execute corrective action. 
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MALFUNCTIONS 
8-25. When any weapon fails to complete any phase of the cycle of function correctly, 
a malfunction has occurred. When a malfunction occurs, the Soldier’s priority remains 
to defeat the target as quickly as possible. The malfunction, Soldier capability, and 
secondary weapon capability determine if, when, and how to transition to a secondary 
weapon system.  

8-26. The Soldier controls which actions must be taken to ensure the target is defeated 
as quickly as possible based on secondary weapon availability and capability, and the 
level of threat presented by the range to target and its capability: 

 Secondary weapon can defeat the threat. Soldier transitions to secondary 
weapon for the engagement. If no secondary weapon is available, announce 
their status to the small team, and move to a covered position to correct the 
malfunction. 

 Secondary weapon cannot defeat the threat. Soldiers quickly move to a 
covered position, announce their status to the small team, and execute 
corrective action. 

 No secondary weapon. Soldiers quickly move to a covered position, 
announce their status to the small team, and execute corrective action. 

8-27. The end state of any of corrective action is a properly functioning weapon. 
Typically, the phase where the malfunction occurred within the cycle of function 
identifies the general problem that must be corrected. From a practical, combat 
perspective, malfunctions are recognized by their symptoms. Although some symptoms 
do not specifically identify a single point of failure, they provide the best indication on 
which corrective action to apply. 

8-28. To overcome the malfunction, the Soldier must first avoid over analyzing the 
issue. The Soldier must train to execute corrective actions immediately without 
hesitation or investigation during combat conditions.  

8-29. There are two general types of corrective action: 
 Immediate action – simple, rapid actions or motions taken by the Soldier to 

correct basic disruptions in the cycle of function of the weapon. Immediate 
action is taken when a malfunction occurs such that the trigger is squeeze and 
the hammer falls with an audible “click.” 

 Remedial action – a skilled, technique that must be applied to a specific 
problem or issue with the weapon that will not be corrected by taking 
immediate action. Remedial action is taken when the cycle of function is 
interrupted where the trigger is squeezed and either has little resistance during 
the squeeze (“mush”) or the trigger cannot be squeezed. 

8-30. No single corrective action solution will resolve all or every malfunction. Soldiers 
need to understand what failed to occur, as well as any specific sounds or actions of the 
weapon in order to apply the appropriate correction measures. 
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8-31. Immediate action can correct rudimentary failures during the cycle of function: 
 Failure to fire – is when a round is locked into the chamber, the weapon is 

ready to fire, the select switch is placed on SEMI or BURST / AUTO, and 
the trigger is squeezed, the hammer falls (audible click), and the weapon does 
not fire. 

 Failure to feed – is when the bolt carrier assembly is expected to move return 
back into battery but is prevented from moving all the way forward. A clear 
gap can be seen between the bolt carrier assembly and the forward edge of 
the ejection port. This failure may cause a stove pipe or a double feed (see 
below). 

 Failure to chamber – when the round is being fed into the chamber, but the 
bolt carrier assembly does not fully seat forward, failing to chamber the round 
and lock the bolt locking lugs with the barrel extension’s corresponding lugs. 

 Failure to extract – when either automatically or manually, the extractor 
loses its grip on the cartridge case or the bolt seizes movement rearward 
during extraction that leaves the cartridge case partially removed or fully 
seated. 

 Failure to eject – occurs when, either automatically or manually, a cartridge 
case is extracted from the chamber fully, but does not leave the upper receiver 
through the ejection port. 

8-32. Remedial action requires the Soldier to quickly identify one of four issues and 
apply a specific technique to correct the malfunction. Remedial action is required to 
correct the following types of malfunctions or symptoms: 

 Immediate action fails to correct symptom – when a malfunction occurred 
that initiated the Soldier to execute immediate action and multiple attempts 
failed to correct the malfunction. A minimum of two cycles of immediate 
action should have been completed; first, without a magazine change, and the 
second with a magazine change. 

 Stove pipe – can occur when either a feeding cartridge or an expended 
cartridge case is pushed sideways during the cycle of function causing that 
casing to stop the forward movement of the bolt carrier assembly and lodge 
itself between the face of the bolt and the ejection port.  

 Double feed – occurs when a round is chambered and not fired and a 
subsequent round is being fed without the chamber being clear. 

 Bolt override – is when the bolt fails to push a new cartridge out of the 
magazine during feeding or chambering, causing the bolt to ride on top of the 
cartridge. 

 Charging handle impingement – when a round becomes stuck between the 
bolt assembly and the charging handle where the charging handle is not in 
the forward, locked position.  

8-33. Although there are other types of malfunctions or disruptions to the cycle of 
function, those listed above are the most common. Any other malfunction will require 
additional time to determine the true point of failure and an appropriate remedy. 
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Note. When malfunctions occur in combat, the Soldier must announce 
STOPPAGE or another similar term to their small unit, quickly move to a 
covered location, and correct the malfunction as rapidly as possible. If the 
threat is too close to the Soldier or friendly forces, and the Soldier has a 
secondary weapon, the Soldier should immediately transition to secondary to 
defeat the target prior to correcting the malfunction. 

RULES FOR CORRECTING A MALFUNCTION 
8-34. To clear a malfunction, the Soldier must—

 Apply Rule #1. Soldiers must remain coherent of their weapon and continue
to treat their weapon as if it is loaded when correcting malfunctions.

 Apply Rule #2. Soldiers must ensure the weapon’s orientation is appropriate
for the tactical situation and not flag other friendly forces when correcting
malfunctions.

 Apply Rule #3. Take the trigger finger off the trigger, keep it straight along
the lower receiver placed outside of the trigger guard.

 Do not attempt to place the weapon on SAFE (unless otherwise noted).
Most stoppages will not allow the weapon to be placed on safe because the
sear has been released or the weapon is out of battery. Attempting to place
the weapon on SAFE will waste time and potentially damage the weapon.

 Treat the symptom. Each problem will have its own specific symptoms. By
reacting to what the weapon is “telling” the Soldier, they will be able to
quickly correct the malfunction.

 Maintain focus on the threat. The Soldier must keep their head and eyes
looking downrange at the threat, not at the weapon. If the initial corrective
action fails to correct the malfunction, the Soldier must be able to quickly
move to the next most probable corrective action.

 Look last. Do not look and analyze the weapon to determine the cause of the
malfunction. Execute the drill that has the highest probability of correcting
the malfunction.

 Check the weapon. Once the malfunction is clear and the threat is
eliminated, deliberately check the weapon when in a covered location for any
potential issues or contributing factors that caused the malfunction and
correct them.
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Perform Immediate Action 
8-35. To perform immediate action, the Soldier instinctively: 

 Hears the hammer fall with an audible “click.” 
 Taps the bottom of the magazine firmly. 
 Rapidly pulls the charging handle and releases to extract / eject the previous 

cartridge and feed, chamber, and lock a new round. 
 Reassess by continuing the shot process. 

Note. If a malfunction continues to occur with the same symptoms, the 
Soldier will remove the magazine and insert a new loaded magazine, then 
repeat the steps above. 

Perform Remedial Action 
8-36. To perform remedial action, the Soldier must have a clear understanding of where 
the weapon failed during the cycle of function. Remedial action executed when one of 
the following conditions exist: 

 Immediate action does not work after two attempts. 
 The trigger refuses to be squeezed. 
 The trigger feels like “mush” when squeezed. 

8-37. When one of these three symptoms exist, the Soldier looks into the chamber area 
through the ejection port to quickly assess the type of malfunction. Once identified, the 
Soldier executes actions to “reduce” the symptom by removing the magazine and 
attempting to clear the weapon. Once complete, visually inspect the chamber area, bolt 
face, and charging handle. Then, complete the actions for the identified symptom: 

 Stove pipe – Grasp case and attempt to remove, cycle weapon and attempt to 
fire. If this fails, pull charging handle to the rear while holding case. 

 Double-feed - the Soldier must remove the magazine, clear the weapon, 
confirm the chamber area is clear, secure a new loaded magazine into the 
magazine well, and chamber and lock a round. 

 Bolt override – Remove magazine. Pull charging handle as far rearward as 
possible. Strike charging handle forward. If this fails, pull charging handle to 
the rear a second time, use tool or finger to hold the bolt to the rear, sharply 
send charging handle forward. 
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CORRECTING MALFUNCTIONS 
8-38. Figure 8-4 below provides a simple mental flow chart to rapidly overcome 
malfunctions experienced during the shot process. 

  

Figure 8-4. Malfunction corrective action flow chart 
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COOK-OFF 
8-39. Rapid and continuous firing of several magazines in sequence without cooling, 
will severely elevate chamber temperatures. While unlikely this elevated temperature 
may cause a malfunction known as a "cook-off". A “cook-off” may occur while the 
round is locked in the chamber, due to excessive heating of the ammunition. Or the rapid 
exposure to the cooler air outside of the chamber, due in part to the change in pressure.  

8-40. If the Soldier determines that he has a potential “cook-off” situation he should 
leave the weapon directed at the target, or in a known safe direction, and follow proper 
weapons handling procedures, until the barrel of the weapon has had time to cool. If the 
chambered round has not been locked in the chamber for 10 seconds, it should be ejected 
as quickly as possible. If the length of time is questionable or known to be longer than 
10 seconds and it is tactically sound, the Soldier should follow the above procedures 
until the weapon is cooled. If it is necessary to remove the round before the weapon has 
time to cool, the Soldier should do so with care as the ejected round may detonate due 
to rapid cooling in open air. 

WARNING 
Ammunition “cook-off” is not likely in well 
maintained weapons used within normal training 
and combat parameters.  

Soldiers and unit leadership need to consider the 
dangers of keeping rounds chambered in 
weapons that have elevated temperatures due to 
excessive firing. Or clearing ammunition that has 
the potential to cook-off when exposed to the 
cooler air outside of the chamber.  

Exposure to the colder air outside of the chamber 
has the potential to cause the “cook-off” of 
ammunition. Keeping ammunition chambered in 
severely elevated temperatures also has the 
potential to cause the “cook-off” of ammunition.  

Note. For more information about troubleshooting malfunctions and 
replacing components, see organizational and direct support maintenance 
publications and manuals. 
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TRANSITION TO SECONDARY WEAPON 
8-41. A secondary weapon, such as a pistol, is the most efficient way to engage a target 
at close quarters when the primary weapon has malfunctioned. The Soldier controls 
which actions must be taken to ensure the target is defeated as quickly as possible based 
on the threat presented. 

8-42. The firer transitions by taking the secondary weapon from the HANG or 
HOLSTERED position to the READY UP position, reacquiring the target, and resuming 
the shot process as appropriate. 

8-43. Refer to the appropriate secondary weapon’s training publications for the specific 
procedures to complete the transition process. 
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Chapter 9 

Movement 
The movement functional element is the process of the Soldier 
moving tactically during the engagement process. It includes the 
Soldier’s ability to move laterally, forward, diagonally, and in a 
retrograde manner while maintaining stabilization, appropriate aim, 
and control of the weapon. 

Proper application of the shot process during movement is vital to 
combat operations. The most complex engagements involve 
movement of both Soldier and the adversary. The importance of 
sight alignment and trigger control are at their highest during 
movement. The movement of the Solider degrades stability, the 
ability to aim, and creates challenges to proper trigger control. 

MOVEMENT TECHNIQUES 
9-1. Tactical movement of the Soldier is classified in two ways: vertical and 
horizontal. Each require specific considerations to maintain and adequately apply the 
other functional elements during the shot process. 

9-2. Vertical movements are those actions taken to change their firing posture or 
negotiate terrain or obstacles while actively seeking, orienting on, or engaging threats. 
Vertical movements include actions taken to— 

 Change between any of the primary firing positions; standing, crouched, 
kneeling, sitting, or prone. 

 Negotiate stairwells in urban environments. 
 Travel across inclined or descending surfaces, obstacles, or terrain. 

9-3. Horizontal movements are actions taken to negotiate the battlefield while 
actively seeking, orienting on, or engaging threats. There are eight horizontal movement 
techniques while maintaining weapon orientation on the threat— 

 Forward – movement in a direction directly toward the adversary. 
 Retrograde – movement rearward, in a direction away from the threat while 

maintaining weapon orientation on the threat. 
 Lateral right/left – lateral, diagonal, forward, or retrograde movement to 

the right or left. 
 Turning left/right/about – actions taken by the Soldier to change the 

weapon orientation left/right or to the rear, followed by the Soldier’s 
direction of travel turning to the same orientation. 
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FORWARD MOVEMENT 
9-4. Forward movement is continued progress in a direction toward the adversary or 
route of march. This is the most basic form of movement during an engagement. 

TECHNIQUE 
9-5. During forward movement,— 

 Roll the foot heel to toe to best provide a stable firing platform. 
 Shooting while moving should be very close to the natural walking gait and 

come directly from the position obtained while stationary. 
 Keep the weapon at the ready position. Always maintain awareness of the 

surroundings, both to your left and right, at all times during movement. 
 Maintain an aggressive position. 
 The feet should almost fall in line during movement. This straight-line 

movement will reduce the arc of movement and visible “bouncing” of the 
sight picture.  

 Keep the muzzle of the weapon facing down range toward the expected or 
detected threat. 

 Keep the hips as stationary as possible. Use the upper body as a turret, 
twisting at the waist, maintaining proper platform with the upper body. 

RETROGRADE MOVEMENT 
9-6. Retrograde movement is where the orientation of the weapon remains to the 
Soldier’s front while the Soldier methodically moves rearward. 

TECHNIQUE 
9-7. During retrograde movement, the Soldier should— 

 Take only one or two steps that will open the distance or reposition the feet. 
 Place the feet in a toe to heel manner and drop the center body mass by 

consciously bending the knees, using a reverse combat glide. 
 Maintain situational awareness of team members, debris, and terrain. 
 Use the knees as a shock absorber to steady the body movement to maintain 

the stability of the upper body, stabilizing the rifle sight(s) on the target.  
 Ensure all movement is smooth and steady to maintain stability. 
 Bend forward at the waist to put as much mass as possible behind the weapon 

for recoil management. 
 Keep the muzzle oriented downrange toward the expected or detected threat. 
 Keep the hips as stationary as possible. Use the upper body as a turret, 

twisting at the waist, maintaining proper platform with the upper body. 
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LATERAL MOVEMENT 
9-8. Lateral movement is where the Soldier maintains weapon orientation downrange 
at the expected or detected threat while moving to the left or right. In the most extreme 
cases, the target will be offset 90 degrees or more from the direction of movement. 

TECHNIQUE 
9-9. During lateral movement, Soldiers should— 

 Place their feet heel to toe and drop their center mass by consciously bending 
the knees. 

 Use the knees as a shock absorber to steady the body movement to maintain 
the stability of the upper body, stabilizing the rifle sight(s) on the target.  

 Ensure all movement is smooth and steady to maintain stability. 
 Bend forward at the waist to put as much mass as possible behind the weapon 

for recoil management. 
 Roll the foot, heel to toe, as you place the foot on the ground and lift it up 

again to provide for the smoothest motion possible. 
 Keep the weapon at the alert or ready carry. Do not aim in on the target until 

ready to engage.  
 Maintain awareness of the surroundings, both to the left and right, at all times 

during movement. 
 Trigger control when moving is based on the wobble area. The Soldier shoots 

when the sights are most stable, not based on foot position.  
 Keep the muzzle of the weapon facing down range toward the threat. 
 When moving, the placement of the feet should be heel to toe. 
 Do not overstep or cross the feet, because this can decrease the Soldier’s 

balance and center of gravity. 
 Keep the hips as stationary as possible. Use the upper body as a turret, 

twisting at the waist, maintaining proper platform with the upper body. 

Note. It is more difficult to engage adversaries to the firing side while moving 
laterally. The twist required to achieve a full 90-degree offset requires proper 
repetitive training. The basic concept of movement must be maintained, from 
foot placement to platform. 

Twisting at the waist will not allow the weapon to be brought to a full 
90 degrees off the direction of travel, especially with nonadjustable butt 
stocks. The Soldier will need to drop the non-firing shoulder and roll the 
upper body toward the nonfiring side. This will cause the weapon and upper 
body to cant at approximately a 45-degree angle, relieving some tension in 
the abdominal region, allowing the Soldier to gain a few more degrees of 
offset. 
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TURNING MOVEMENT 
9-10. Turning movement are used to engage widely dispersed targets in the oblique and 
on the flanks. Turning skills are just as valuable in a rapidly changing combat 
environment as firing on the move (such as lateral movement) skills are and should only 
be used with the alert carry.  

9-11. It does not matter which direction the Soldier is turning or which side is the 
Soldier’s strong side. The Soldier must maintain the weapon at an exaggerated low-alert 
carry for the duration of the turn. 

9-12. Muzzle awareness must be maintained at all times. Ensure that the muzzle does 
not begin to come up on target the body is completely turned toward the threat. 

9-13. When executing a turn to either side, the Soldier will— 
 Look first. Turn head to the direction of the turn first.  
 Weapon follows the eyes. The Soldier moves the weapon smoothly to where 

the eyes go. 
 Follow with the body. The body will begin movement with the movement 

of the weapon. Soldiers finish the body movement smoothly to maintain the 
best possible stability for the weapon.  

 Maintain situational awareness. The Soldier must be completely aware of 
the surrounding terrain, particularly for tripping hazards. When necessary, 
Soldiers should visually check their surroundings during the turning action 
and return their vision to the target area as quickly as possible. 
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Appendix A 

Ammunition 
Appendix A discusses the characteristics and capabilities of the 
different ammunition available for the M4- and M16-series 
weapons. It also includes general ammunition information such as 
packaging, standard and North Atlantic Treaty Organization 
(NATO) marking conventions, the components of ammunition, and 
general principles of operation. The information within this 
appendix is 5.56mm for the M4- and M16-series weapons only. 

SMALL ARMS AMMUNITION CARTRIDGES 
A-1. Ammunition for use in rifles and carbines is described as a cartridge. A small 
arms cartridge (see figure A-1) is an assembly consisting of a cartridge case, a primer, a 
quantity of propellant, and a bullet. The following terminology describe the general 
components of all small arms ammunition (SAA) cartridges: 

 Cartridge case. The cartridge case is a brass, rimless, center-fire case that 
provides a means to hold the other components of the cartridge. 

 Propellant. The propellant (or powder) provides the energy to propel the 
projectile through the barrel and downrange towards a target through 
combustion. 

 Primer. The primer is a small explosive charge that provides an ignition 
source for the propellant. 

 Bullet. The bullet or projectile is the only component that travels to the target. 

Note. Dummy cartridges are composed of a cartridge case and bullet, with no 
primer or propellant. Some dummy cartridges contain inert granular materials 
to simulate the weight and balance of live cartridges. 

 

 

Figure A-1. Small arms ammunition cartridges 
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A-2. There are multiple types of bullets used for various purposes. These include ball, 
tracer, armor-piercing, blank, special ball long range (LR), dummy, and short range 
training. 

A-3. The cartridge case is made of steel, aluminum, or a brass combination (70 percent 
copper and 30 percent zinc) for military use. The M4- and M16-series weapons is a 
rimless cartridge case that provides an extraction groove (shown in figure A-2). These 
cartridge cases are designed to support center-fire operation. 

A-4. Center-fire cases have a centrally located primer well/pocket in the base of the 
case, which separates the primer from the propellant in the cartridge case. These cases 
are designed to withstand pressures generated during firing and are used for most small 
arms. 

A-5. All 5.56mm ammunition uses the rimless cartridge case. A rimless cartridge is 
where the rim diameter is the same as the case body, and uses an extractor groove to 
facilitate the cycle of functioning. This design allows for the stacking of multiple 
cartridges in a magazine. 

A-6. When the round is fired, the cartridge case assists in containing the burning 
propellant by expanding the cartridge case tightly to the chamber walls to provide rear 
obturation. 

 
Figure A-2. Cartridge case 
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PROPELLANT 
A-7. Cartridges are loaded with various propellant weights that impart sufficient 
velocity, within safe pressure, to obtain the required ballistic projectile performance. 
The propellants are either a single-base (nitrocellulose) or double-base (nitrocellulose 
and nitroglycerine) composition.  

A-8. The propellant (see figure A-3) may be a single-cylindrical or multiple-
perforation, a ball, or a flake design to facilitate rapid burning. Most propellants are 
coated to assist the control of the combustion rate. A final graphite coating facilitates 
propellant flow and eliminates static electricity in loading the cartridge. 

 
Figure A-3. Propellant 
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PRIMER 
A-9. Center-fire small arms cartridges contain a percussion primer assembly. The 
assembly consists of a brass or gilding metal cup (see figure A-4). The cup contains a 
pellet of sensitive explosive material secured by a paper disk and a brass anvil.  

A-10. The weapon firing pin striking the center of the primer cup base compresses the 
primer composition between the cup and the anvil. This causes the composition to 
explode. Holes or vents located in the anvil or closure cup allow the flame to pass 
through the primer vent, igniting the propellant. 

 
Figure A-4. 5.56mm primer detail 
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BULLET 
A-11. The bullet is a cylindrically shaped lead or alloy projectile that engages with the 
rifling of the barrel. Newer projectiles consist of a copper slug with exposed steel 
penetrator, as with the M855A1. The bullets used today are either lead (lead alloy), or 
assemblies of a jacket and a lead or steel core penetrator. The lead used in lead-alloy 
bullets is combined with tin, antimony or both for bullet hardness. The alloying reduces 
barrel leading and helps prevent the bullet from striping (jumping) the rifling during 
firing.  

A-12. Jacketed bullets (see figure A-5) are used to obtain high velocities and are better 
suited for semiautomatic and automatic weapons. A bullet jacket may be either gilding 
metal, gilding metal-clad steel, or copper plated steel. In addition to a lead or steel core, 
they may contain other components or chemicals that provide a terminal ballistic 
characteristic for the bullet type.  

A-13. Some projectiles may be manufactured from plastic, wax, or plastic binder and 
metal powder, two or more metal powders, or various combinations based on the 
cartridge’s use. 

 

Figure A-5. Bullet example, Armor-piercing cartridge 
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SMALL ARMS AMMUNITION TYPES 
A-14. There are seven types of SAA for the M4- and M16-series weapons that are used
for training and combat. Each of these ammunition types provides a different capability
and have specific characteristics. The following are the most common types of
ammunition for the rifle and carbine:

BALL 
A-15. The ball cartridge (see figure A-6) is intended for use in rifles and carbines against
personnel and unarmored targets. The bullet, as designed for general purpose combat
and training requirements, normally consists of a metal jacket and a lead slug.

Figure A-6. Ball cartridge 

TRACER (TCR OR T) 
A-16. A tracer round contains a pyrotechnic composition in the base of the bullet to
permit visible observation of the bullet’s in-flight path or trajectory and point of impact.
(See figure A-7) The pyrotechnic composition is ignited by the propellant when the
round is fired, emitting a bright flame visible by the firer. Tracer rounds may also be
used to pinpoint enemy targets to ignite flammable materials and for signaling purposes.

Figure A-7. Ball with tracer cartridge 
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ARMOR PIERCING (AP) 
A-17. The armor-piercing cartridge (see figure A-8) is intended for use against 
personnel and light armored and unarmored targets, concrete shelters, and similar bullet-
resistant targets. The bullet consists of a metal jacket and a hardened steel-alloy core. In 
addition, it may have a lead base filler and/or a lead point filler. 

 

Figure A-8. Armor-piercing cartridge 

SHORT RANGE TRAINING AMMUNITION 
A-18. The short range training ammunition (SRTA) (see figure A-9) cartridges are 
designed for target practice where the maximum range is reduced for training purposes. 
This cartridge ballistically matches the ball cartridge out to 300 meters, and rapidly 
drops in velocity and accuracy. This allows for installations with restricted training 
range facilities to continue to operate with accurate munitions. This cartridge is also a 
preferred round when conducting training in a close quarters environment, like a shoot 
house or other enclosed training facility. 

 

Figure A-9. Short range training ammunition cartridge 
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BLANK (BLK) 
A-19. The blank cartridge (see figure A-10) is distinguished by the absence of a bullet 
or projectile. It is used for simulated fire, in training maneuvers, and for ceremonial 
purposes. These rounds consist of a roll crimp (knurl) or cannelure on the body of the 
case, which holds a paper wad in place instead of a projectile. Newer cartridges have 
rosette crimp (7 petals) and an identification knurl on the cartridge case. 

 

Figure A-10. Blank cartridge 

CLOSE COMBAT MISSION CAPABILITY KIT 
A-20. The close combat mission capability kit (CCMCK) cartridge (see figure A-11) is 
used for training purposes only.  

A-21. The M4 carbine/M16 rifle conversion adapter kit provides utmost safety, in-
service reliability and maintainability. The kit is easy to install with a simple exchange 
of the bolt. It adapts the host weapon to fire unlinked 5.56mm M1042 man-marking 
ammunition with the feel and function of live ammunition. The kit includes fail-safe 
measures to prevent the discharge of a standard “live” round. 

 

Figure A-11. Close combat mission capability kit cartridge 
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DUMMY 
A-22. The dummy cartridge (see figure A-12) is used for practice in loading weapons 
and simulated firing to detect errors in employment skills when firing weapons. This 
round is completely inert and consists only of an empty cartridge case and ball bullet. 
Cartridge identification is by means of holes through the side of the case or longitudinal 
corrugations in the case and by the empty primer pocket. 

 
Figure A-12. Dummy cartridge 

COLORS, MARKINGS, AND SYMBOLS 
A-23. Small arms ammunition is identifiable by color coding specification per type and 
intended use. Table A-1 describes the general color codes for all types of 5.56mm small 
arms ammunition. Table A-2 identifies the color code specifications that are applied to 
the tip of 5.56mm ammunition. 

A-24. Markings stenciled or stamped on munitions or their containers include all 
information needed for complete identification.  

A-25. Packaging and containers for small arms ammunition are clearly marked with 
standard NATO symbols identifying the contents of the package by type of ammunition, 
primary use, and packaging information. The most common NATO symbols are 
described according to Standardization Agreement (STANAG) (see table A-2 on page 
A-11). 

A-26. Small arms ammunition (less than 20mm) is not color-coded under 
MIL-STD-709D. Marking standards for small arms ammunition are outlined in— 

 TM 9-1305-201-20&P. 
 TM 9-1300-200. 

A-27. These publications describe the color coding system for small arms projectiles. 
The bullet tips are painted a distinctive color as a ready means of identification for the 
user. (Refer to TM 9-1300-200 for more information.) 
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Table A-1. Small Arms Color Coding and Packaging Markings 

 

5.56-MM AMMUNITION 
A-28. The following tables A-2 through A-10 on pages A-10 through A-18, will provide 
a brief description of the ten different types of commonly used 5.56mm ammunition for 
training and combat. Some types of 5.56mm ammunition will have more than one 
applicable Department of Defense Identification Code (DODIC); those DODICs are 
provided for the clarity and ease of the unit’s ammunition resource manager. 
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Table A-2. 5-56mm, M855, Ball 
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Table A-3. 5.56mm, M855A1, Enhanced Performance Round (EPR), Ball 
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Table A-4. 5.56mm, M856A1, Tracer 
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Table A-5. 5.56mm, Mk301, MOD 0, DIM Tracer 
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Table A-6. 5.56mm, M995, Armor Piercing 
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Table A-7. 5.56mm, M862, Short Range Training Ammunition 
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Table A-8. 5.56mm, M1037, Short Range Training Ammunition 
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Table A-9. 5.56mm, M1042 Close Combat Mission Capability Kit 
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Table A-10. 5.56mm, M200, Blank 
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Appendix B 

Ballistics 
Ballistics is the science of the processes that occur from the time a 
firearm is fired to the time when the bullet impacts its target. 
Soldiers must be familiar with the principles of ballistics as they are 
critical in understanding how the projectiles function, perform 
during flight, and the actions of the bullet when it strikes the 
intended target. The profession of arms requires Soldiers to 
understand their weapons, how they operate, their functioning, and 
their employment.  

B-1. The flight path of a bullet includes three stages: the travel down the barrel, the
path through the air to the target, and the actions the bullet takes upon impact with the
target. These stages are defined in separate categories of ballistics; internal, external,
and terminal ballistics.

INTERNAL BALLISTICS 
B-2. Internal ballistics – is the study of the propulsion of a projectile. Internal
ballistics begin from the time the firing pin strikes the primer to the time the bullet leaves
the muzzle. Once the primer is struck the priming charge ignites the propellant. The
expanding gases caused by the burning propellant create pressures which push the bullet
down the barrel. The bullet engages the lands and grooves (rifling) imparting a spin on
the bullet that facilitates stabilization of the projectile during flight. Internal ballistics
ends at shot exit, where the bullet leaves the muzzle. (See figure B-1.)
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Figure B-1. Internal ballistic terms 
B-3. Several key terms are used when discussing the physical actions of internal 
ballistics — 

 Bore – the interior portion of the barrel forward of the chamber. 
 Chamber – the part of the barrel that accepts the ammunition for firing. 
 Grain (gr) – a unit of measurement of either a bullet or a projectile. There 

are 7000 grains in a pound, or 437.5 grains per ounce. 
 Pressure – the force developed by the expanding gasses generated by the 

combustion (burning) of the propellant. Pressure is measure in pounds per 
square inch (psi). 

 Shoulder – the area of the chamber that contains the shoulder, forcing the 
cartridge and projectile into the entrance of the bore at the throat of the barrel. 

 Muzzle – the end of the barrel.  
 Throat – the entrance to the barrel from the chamber. Where the projectile 

is introduced to the lands and grooves within the barrel. 
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EXTERNAL BALLISTICS 
B-4. External ballistics is the study of the physical actions and effects of gravity, drag, 
and wind along the projectile’s flight to the target. It includes only those general physical 
actions that cause the greatest change to the flight of a projectile. (See figure B-2.) 
External ballistics begins at shot exit and continues through the moment the projectile 
strikes the target. 

 

Figure B-2. External ballistic terms 
B-5. The following terms and definitions are used to describe the actions or reactions 
of the projectile during flight. This terminology is standard when dealing with any 
weapon or weapon system, regardless of caliber. (See figure B-3.)  

 Axis of the bore (Line of Bore) – the line passing through the center of the 
bore or barrel. 

 Line of sight (LOS) or gun target line (GTL) – a straight line between the 
sights or optics and the target. This is never the same as the axis of the bore. 
The LOS is what the Soldier sees through the sights and can be illustrated by 
drawing an imaginary line from the firer’s eye through the rear and front 
sights out to infinity. The LOS is synonymous with the GTL when viewing 
the relationship of the sights to a target. 

 Line of elevation (LE) – the angle represented from the ground to the axis 
of the bore. 

 Ballistic trajectory – the path of a projectile when influenced only by 
external forces, such as gravity and atmospheric friction. 

 Maximum ordinate – the maximum height the projectile will travel above 
the line of sight on its path to the point of impact. 

 Time of flight – the time taken for a specific projectile to reach a given 
distance after firing. 
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Figure B-3. Trajectory 
 Jump – vertical jump in an upward and rearward direction caused by recoil. 

Typically, it is the angle, measured in mils, between the line of departure and 
the line of elevation. 

 Line of departure (LD) – the line the projectile is on at shot exit. 
 Muzzle – the end of the barrel. 
 Muzzle velocity or velocity – the velocity of the projectile measured at shot 

exit. Muzzle velocity decreases over time due to air resistance. For small 
arms ammunition, velocity (V) is represented in feet per second (f/s). 

 Twist rate – the rotation of the projectile within the barrel of a rifled weapon 
based on the distance to complete one revolution. The twist rate relates to the 
ability to gyroscopically spin-stabilize a projectile on rifled barrels, 
improving its aerodynamic stability and accuracy. The twist rate of the M4- 
or M16-series weapon is a right hand, one revolution in every seven inches 
of barrel length (or R 1:7 inches). 

 Shot exit – the moment the projectile clears the muzzle of the barrel, where 
the bullet is not supported by the barrel. 

 Oscillation – the movement of the projectile in a circular pattern around its 
axis during flight. 

 Drift – the lateral movement of a projectile during its flight caused by its 
rotation or spin. 

 Yaw – a deviation from stable flight by oscillation. This can be caused by 
cross wind or destabilization when the projectile enters or exits a transonic 
stage. 

 Grain (gr) – a unit of measurement of either a bullet or a propellant charge. 
There are 7000 grains in a pound, or 437.5 grains per ounce. 

 Pressure – the force developed by the expanding gases generated by the 
combustion (burning) of the propellant. For small arms, pressure is measured 
in pounds per square inch (psi). 

 Gravity – the constant pressure of the earth on a projectile at a rate of about 
9.8 meters per second squared, regardless of the projectile’s weight, shape or 
velocity. Commonly referred to as bullet drop, gravity causes the projectile 
to drop from the line of departure. Soldiers must understand the effects of 
gravity on the projectile when zeroing as well as how it applies to 
determining the appropriate hold-off at ranges beyond the zero distance. 
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 Drag (air resistance) – the friction that slows the projectile down while 
moving through the air. Drag begins immediately upon the projectile exiting 
the barrel (shot exit). It slows the projectile’s velocity over time, and is most 
pronounced at extended ranges. Each round has a ballistic coefficient (BC) 
that is a measurement of the projectile’s ability to minimize the effects of air 
resistance (drag) during flight. 

 Trajectory – the path of flight that the projectile takes upon shot exit over 
time. For the purposes of this manual, the trajectory ends at the point of 
impact. 

 Wind – has the greatest variable effect on ballistic trajectories. The effects 
of wind on a projectile are most noticeable in three key areas between half 
and two-thirds the distance to the target: 
 Time (T) – the amount of time the projectile is exposed to the wind 

along the trajectory. The greater the range to target, the greater time the 
projectile is exposed to the wind’s effects.  

 Direction – the direction of the wind in relation to the axis of the bore. 
This determines the direction of drift of the projectile that should be 
compensated. 

 Velocity (V) – the speed of the wind during the projectile’s trajectory to 
the target. Variables in the overall wind velocity affecting a change to 
the ballistic trajectory include sustained rate of the wind and gust spikes 
in velocity. 

TERMINAL BALLISTICS 
B-6. Terminal ballistics is the science of the actions of a projectile from the time it 
strikes an object until it comes to rest (called terminal rest). This includes the terminal 
effects that take place against the target. 

 Kinetic Energy (EK) – a unit of measurement of the delivered force of a 
projectile. Kinetic energy is the delivered energy that a projectile possesses 
due to its mass and velocity at the time of impact. Kinetic energy is directly 
related to the penetration capability of a projectile against the target.  

 Penetration – the ability or act of a projectile to enter a target’s mass based 
on its delivered kinetic energy. When a projectile strikes a target, the level of 
penetration into the target is termed the impact depth. The impact depth is the 
distance from the point of impact to the moment the projectile stops at its 
terminal resting place. Ultimately, the projectile stops when it has transferred 
its momentum to an equal mass of the medium (or arresting medium).  

B-7. Against any target, penetration is the most important terminal ballistic 
consideration. Soldiers must be aware of the penetration capabilities of their ammunition 
against their target, and the most probable results of the terminal ballistics.  

B-8. The 5.56mm projectile’s purpose is to focus the largest amount of momentum 
(energy) on the smallest possible area of the target to achieve the greatest penetration. 
They are designed to resist deformation on impact to enter the target’s mass. The steel 
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tip of the penetrator allows for reduced deformation through light skin armor or body 
armor, and the heavier steel penetrator allows for increased soft tissue damage. 

ACTIONS AFTER THE TRIGGER SQUEEZE 
B-9. Once the trigger is squeezed, the ballistic actions begin. Although not all 
ammunition and weapons operate in the same manner, the following list describes the 
general events that occur on the M4- and M16-series weapons when the trigger is 
squeezed. 

 The hammer strikes the rear of the firing pin.  
 The firing pin is pushed forward, striking the cartridge percussion primer 

assembly. 
 The primer is crushed, pushing the primer composition through the paper 

disk, and on to the anvil, detonating the primer composition. 
 The burning primer composition is focused evenly through the primer cup 

vent hole, igniting the propellant. 
 The propellant burns evenly within the cartridge case. 
 The cartridge case wall expand from the pressure of the burning propellant, 

firmly locking the case to the chamber walls.  
 The expanded cartridge case, held firmly in place by the chamber walls and 

the face of the bolt provide rear obturation, keeping the burning propellant 
and created expanding gasses in front of the cartridge case. 

 The projectile is forced by the expanding gasses firmly into the lands and 
grooves at the throat of the bore, causing engraving.  

 Engraving causes the scoring of the softer outer jacket of the projectile with 
the lands and grooves of the bore. This allows the projectile to spin at the 
twist rate of the lands and grooves, and provides a forward obturation seal. 
The forward obturation keeps the expanding gasses behind the projectile in 
order to push it down the length of the barrel. 

 As the propellant continues to burn, the gasses created continue to seek the 
path of least resistance. As the cartridge case is firmly seated and the 
projectile is moveable, the gas continues to exert its force on the projectile. 

 Once the projectile passes the gas port on the top of the barrel, a small amount 
of gas is permitted to escape from propelling the projectile. This escaping gas 
is directed up through the gas port and rearward through the gas tube, 
following the path of least resistance. The diameter of the gas port limits the 
amount of gas allowed to escape. 

 As the end of the projectile leaves the muzzle, it is no longer supported by 
the barrel itself. Shot exit occurs. 

 Upon shot exit, most of the expanding and burning gasses move outward and 
around the projectile, causing the muzzle flash. 

 At shot exit, the projectile achieves its maximum muzzle velocity. From shot 
exit until the projectile impacts an object, the projectile loses velocity at a 
steady rate due to air resistance. 
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 As the round travels along its trajectory, the bullet drops consistently by the 
effects of gravity. 

 As the actual line of departure is an elevated angle from the line of sight, the 
projectile appears to rise and then descend. This rise and fall of the projectile 
is the trajectory. 

 The round achieves the highest point of its trajectory typically over half way 
to the target, depending on the range to target. The high point is called the 
round’s maximum ordinate or max ord. 

 From the max ord, the projectile descends into the target. 
 The round strikes the target at the point of impact, which, depending on the 

firing event, may or may not be the desired point of impact, and is seldom the 
point of aim. 

Note. The point of aim and point of impact only occur twice during the 
bullet’s path to the target at distance; once when the trajectory crosses the 
line of sight approximately 25 meters from the muzzle, and again at the zero 
distance (300 meters for the Army standard zero). 

 Once the projectile strikes a target or object, it delivers its kinetic energy 
(force) at the point of impact. 

 Terminal ballistics begin. 

B-10. Once terminal ballistics begin, no bullets follow the same path or function. 
Generally speaking, the projectile will penetrate objects where the delivered energy 
(mass times velocity squared, divided by 2) is greater than the mass, density, and area 
of the target at the point of the delivered force. There are other contributing factors, such 
as the angle of attack, yaw, oscillation, and other physical considerations that are not 
included in this ballistic discussion. 

STRUCTURE PENETRATION 
B-11. The following common barriers in built-up areas can prevent penetration by a 
5.56-mm round fired at less than 50 meters (M855) including: 

 Single row sandbags. 
 A 2-inch thick concrete wall (not reinforced with rebar or similar item). 
 A 55-gallon drum filled with water or sand. 
 A metal ammunition can filled with sand. 
 A cinder block filled with sand (the block may shatter). 
 A plate glass windowpane at a 45-degree angle (glass fragments will be 

thrown behind the glass). 
 A brick veneer. 

Note. The M855A1 enhanced performance round (EPR) has increased 
capabilities for barrier penetration compared with M855 as shown above.  
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B-12. Although most structural materials repel single 5.56-mm rounds, continued and 
concentrated firing can breach (penetrate through) some typical urban structures. 

B-13. The best method for breaching a masonry wall is by firing short bursts in a 
U-shaped pattern. The distance from the firer to the wall should be minimized for best 
results—ranges as close as 25 meters are relatively safe from ricochet.  

B-14. Ball ammunition and armor-piercing rounds produce almost the same results, but 
are more likely to ricochet to the sides and rearward back at the firer (called spit-back).  

Note. Soldiers must ensure the appropriate level of personal protective 
equipment is worn when conducting tactical and collective tasks, particularly 
at ranges less than 50 meters.  

B-15. The 5.56-mm round can be used to create either a loophole (about 7 inches in 
diameter) or a breach hole (large enough for a man to enter). When used against 
reinforced concrete, the M16 rifle and M249 cannot cut the reinforcing bars. 

SOFT TISSUE PENETRATION 
B-16. A gunshot wound, or ballistic trauma, is a form of physical damage sustained 
from the entry of a projectile. The degree of tissue disruption caused by a projectile is 
related to the size of the cavities created by the projectile as it passes through the target’s 
tissue. When striking a personnel target, there are two types of cavities created by the 
projectile; permanent and temporary wound cavities. 

Permanent Wound Cavity 
B-17. The permanent cavity refers specifically to the physical hole left in the tissues of 
soft targets by the pass-through of a projectile. It is the total volume of tissue crushed or 
destroyed along the path of the projectile within the soft target. 

B-18. Depending on the soft tissue composition and density, the tissues are either elastic 
or rigid. Elastic organs stretch when penetrated, leaving a smaller wound cavity. Organs 
that contain dense tissue, water, or blood are rigid, and can shatter from the force of the 
projectile. When a rigid organ shatters from a penetrating bullet, it causes massive blood 
loss within a larger permanent wound cavity. Although typically fatal, striking these 
organs may not immediately incapacitate the target.  

Temporary Wound Cavity 
B-19. The temporary wound cavity is an area that surrounds the permanent wound 
cavity. It is created by soft, elastic tissues as the projectile passes through the tissue at 
greater than 2000 feet per second. The tissue around the permanent cavity is propelled 
outward (stretched) in an almost explosive manner from the path of the bullet. This 
forms a temporary recess or cavity 10 to 12 times the bullet’s diameter.  

B-20. Tissue such as muscle, some organs, and blood vessels are very elastic and can 
be stretched by the temporary cavity with little or no damage and have a tendency to 
absorb the projectile’s energy. The temporary cavity created will slowly reduce in size 
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over time, although typically not returning completely to the original position or 
location.  

Note. Projectiles that do not exceed 2000 feet per second velocity on impact 
do not provide sufficient force to cause a temporary cavity capable of 
incapacitating a threat. 

B-21. The extent of the cavitation (the bullet’s creation of the permanent and temporary 
cavities) is related to the characteristics of the projectile: 

 Kinetic energy (EK) – the delivered mass at a given velocity. Higher 
delivered kinetic energy produces greater penetration and tissue damage. 

 Yaw – any yaw at the point of impact increases the projectiles surface area 
that strikes the target, decreasing kinetic energy, but increasing the 
penetration and cavity size. 

 Deformation – the physical changes of the projectile’s original shape and 
design due to the impact of the target. This increases the projectile’s surface 
area and the size of the cavity created after penetration. 

 Fragmentation – the fracturing of a projectile into multiple pieces or sub-
projectiles. The multiple paths of the fragmented sub-projectiles are 
unpredictable in size, velocity, and direction. The bullet jacket, and for some 
types of projectiles, the lead core, fracture creating small, jagged, sharp 
edged pieces that are propelled outward with the temporary cavity. 
Fragments can sever tissue, causing large, seemingly explosive-type. Bone 
fragments caused by the bullet’s strike can have the same effect. 

 Tumbling – the inadvertent end-over-end rotation of the projectile. As a 
projectile tumbles as it strikes the target, the bullet travels through the tissues 
with a larger diameter. This causes a more severe permanent cavity as it 
passes through the soft tissue. A tumbling projectile can change direction 
erratically within the body due to its velocity and tendency to strike dense 
material with a larger surface area.  

B-22. Once inside the target, the projectile’s purpose is to destroy soft tissues with 
fragmentation. The ball ammunition is designed to not flatten or expand on impact, 
which would decrease velocity and delivered energy. For the M855-series cartridge, the 
penetrator tends to bend at the steel-core junction, fracture the weaker jacketed layer, 
and fragment into pieces when striking an object.  
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Incapacitation 
B-23. Incapacitation with direct fire is the act of ballistically depriving a target of the 
ability, strength, or capability to continue its tactical mission. To assist in achieving the 
highest probability of incapacitation with a single shot, the projectile is designed with 
the ability to tumble, ricochet, or fragment after impact.  

B-24. The projectile or its fragments then must hit a vital, blood-bearing organ or the 
central nervous system to effectively incapacitate the threat. The projectile’s limited 
fragmentation potential after entry maximizes the soft tissue damage and increases the 
potential for rapid incapacitation. 

Lethal Zones 
B-25. The Soldier’s primary point of aim at any target by default is center of visible 
mass. This allows for a tolerance that includes the greatest margin of error with the 
highest probability of a first round hit. The combat conditions may require more precise 
fires at partially exposed targets or targets that require immediate incapacitation.  

B-26. Ideally, the point of aim is anywhere within a primary switch area. This point will 
maximize the possibility of striking major organs and vessels, rendering a clean, one-
shot kill (see figure B-4.) 
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Figure B-4. Lethal zone example 
B-27. Shots to the head should be weighed with caution. The head is the most frequently 
moved body part and are the most difficult to hit with precision. Shots to other exposed 
body parts, such as the pelvic area, should be considered for the shot.  

B-28. Shots to the pelvic area are used when the target is not completely visible or when 
the target is wearing body armor that prevents the Soldier from engaging the primary 
zone. This area is rich in large blood vessels and a shot here has a good possibility of 
impeding enemy movement by destroying the pelvic or hitting the lower spine. 

 Circuitry shots (switches).  
 Hydraulic shots (timers).  
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Circuitry Shots (Switches) 
B-29. Circuitry shots, or “switches,” are strikes to a target that deliver its immediate 
incapacitation. Immediate incapacitation is the sudden physical or mental inability to 
initiate or complete any physical task. To accomplish this, the central nervous system 
must be destroyed by hitting the brain or spinal column. All bodily functions and 
voluntary actions cease when the brain is destroyed and if the spinal column is broken, 
all functions cease below the break. 

Hydraulic Shots (Timer) 
B-30. Hydraulic shots, or “timers,” are impacts on a target where immediate 
incapacitation is not guaranteed. These types of ballistic trauma are termed “timers” as 
that after the strike of the bullet, the damage caused requires time for the threat to have 
sufficient blood loss to render it incapacitated. Hydraulic shots, although ultimately 
lethal, allow for the threat to function in a reduced capacity for a period of time.  

B-31. For hydraulic shots to eliminate the threat, they must cause a 40 percent loss of 
blood within the circulatory system. If the shots do not disrupt that flow at a rapid pace, 
the target will be able to continue its mission. Once two (2) liters of blood are lost, the 
target will transition into hypovolemic shock and become incapacitated. 
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Appendix C 

Complex Engagements 
This appendix provides detailed information on the calculations for 
determining deliberate holds for complex engagements and various 
engagement techniques. It is designed for the advanced shooter; 
however, all Soldiers should be familiar with the contents of the 
appendix in order to build their mastery and proficiency with their 
individual weapon. 

C-1. A complex engagement includes any shot that cannot use the CoVM as the point 
of aim to ensure a target hit. Complex engagements require a Soldier to apply various 
points of aim (called hold, hold-off, or holds) to successfully defeat the threat.  

C-2. This appendix builds upon the concepts discussed in Chapter 7, Aim, and only 
include topics specific to deliberate hold determinations. These topics are:  

 Target conditions: 
 Range to target. 
 Moving targets. 
 Oblique targets. 

 Environmental conditions: 
 Wind. 
 Angled firing. 

 Compound conditions: 

C-3. Each of these firing conditions may require the Soldier to determine an 
appropriate aim point that is not the CoVM. During any complex engagement, the 
Soldier serves as the ballistic computer during the shot process. The hold represents a 
refinement or alteration of the center of visible mass point of aim at the target to 
counteract certain conditions during a complex engagement for— 

 Range to target. 
 Lead for targets based on their direction and speed of movement.  
 Counter-rotation lead required when the Soldier is moving in the opposite 

direction of the moving target. 
 Wind speed, direction, and duration between the shooter and the target at 

ranges greater than 300 meters. 
 Greatest lethal zone presented by the target to provide the most probable point 

of impact to achieve immediate incapacitation. 

C-4. The Soldier will apply the appropriate aim (hold) based on the firing instances 
presented. Hold determinations will be discussed in two formats; immediate and 
deliberate. 
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TARGET CONDITIONS 
C-5. Soldiers must consider several aspects of the target to apply the proper point of 
aim on the target. The target’s posture, or how it is presenting itself to the shooter, 
consists of— 

 Range to target. 
 Nature of the target. 
 Nature of the terrain (surrounding the target). 

RANGE TO TARGET 
C-6. Rapidly determining an accurate range to target is critical to the success of the 
Soldier at mid and extended ranges. There are several range determination methods 
shooters should be confident in applying to determine the proper hold-off for pending 
engagements.  

Deliberate Range Determination 
C-7. The deliberate methods afford the shooter a reliable means of determining the 
range to a given target; however, these methods require additional time. (See 
figure C-1.) With practice and experience, the time to determine the range with these 
methods is reduced significantly. The various methods of deliberate range determination 
are: 

 Reticle relationship (mil or MOA). 
 Recognition method. 
 Bracketing method. 
 Halving method. 

 
Figure C-1. Mil Relation Formula example 
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Reticle Relationship Method  

C-8. With this method, shooters use their aiming device’s reticle to determine the range 
to target based on standard target information. To use the appearance of objects method 
based on how they align to an aiming device’s reticle, shooters must be familiar with 
the sizes and details of personnel and equipment at known distances as shown in 
figure C-2. 

 
Figure C-2. Standard dismount threat dimensions example 
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C-9. Knowing the standard dimensions to potential targets allows for the Soldier to 
assess those dimensions using the aiming device’s reticle. The Soldier will apply the mil 
or MOA relationship as they pertain to the aiming device and the target. Figure C-3 and 
figure C-4 on page C-5, show various reticle relationship examples. 

 

Figure C-3. RCO range determination using the bullet drop 
compensator reticle 
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Figure C-4. Reticle relationship using a stadiametric reticle example 
C-10. Anything that limits the visibility (such as weather, smoke, or darkness) will also 
limit the effectiveness of this method. To become proficient in using the appearance of 
objects method with accuracy, shooters must be familiar with the characteristic details 
of objects as they appear at various ranges. 
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MOVING TARGETS 
C-11. Moving targets are those threats that appear to have a consistent pace and 
direction. Targets on any battlefield will not remain stationary for long periods of time, 
particularly once a firefight begins. Soldiers must have the ability to deliver lethal fires 
at a variety of moving target types and be comfortable and confident in the engagement 
techniques. There are two methods for defeating moving targets; tracking and trapping. 

Tracking Method 
C-12. The tracking method is used for a moving target that is progressing at a steady 
pace over a well-determined route. If a Soldier uses the tracking method, he tracks the 
target with the rifle’s sight while maintaining sight alignment and a point of aim on or 
ahead of (leading) the target until the shot is fired.  

C-13. When establishing a lead on a moving target, the rifle sights will not be centered 
on the target and instead will be held on a lead in front of the target. The basic lead 
formula for moving targets that are generally perpendicular to the shooter (moving 
across the sector of observation), is— 

 
𝟏

𝟏𝟎𝟎
𝑹(𝟕) = 𝑳  

𝒐𝒓  
𝟏

𝟏𝟎𝟎
𝑹𝒂𝒏𝒈𝒆 𝒕𝒐 𝑻𝒂𝒓𝒈𝒆𝒕 𝒙 𝟕 = 𝑳𝒆𝒂𝒅 𝒊𝒏 𝑰𝒏𝒄𝒉𝒆𝒔 

 

C-14. This formula is used to determine the baseline lead in the direction of travel of 
the target when its pace is approximately 3 mph or 4.5 feet per second (fps). Figure°C-5, 
on page C-7, shows the application of this formula at a notional moving target: 
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Figure C-5. Deliberate lead formula example 
C-15. To execute the tracking method, a Soldier performs the following steps:  

 Swing the muzzle of the rifle through the target (from the rear of the target to 
the front) to the desired lead (point of aim). The point of aim may be on the 
target or some point in front of the target depending upon the target's range, 
speed, and angle of movement. 

 Track and maintain focus on the rifle’s sight while acquiring the desired sight 
picture. It may be necessary to shift the focus between the rifle’s sight and 
the target while acquiring the sight picture, but the focus must be on the rifle’s 
sight when the shot is fired. Engage the target once the sight picture is 
acquired. While maintaining the proper lead,— 
 Follow-through so the lead is maintained as the bullet exits the muzzle. 
 Continue to track in case a second shot needs to be fired on the target. 

Trapping Method 
C-16. The trapping method (see figure C-6) is used when it is difficult to track the target 
with the aiming device, as in the prone or sitting position. The lead required to 
effectively engage the target determines the engagement point and the appropriate hold-
off.  
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C-17. With the sights settled, the target moves into the predetermined engagement point 
and creates the desired sight picture. The trigger is pulled simultaneously with the 
establishment of sight picture. To execute the trapping method, a Soldier performs the 
following steps: 

 Select an aiming point ahead of the target – where to set the trap. 
 Obtain sight alignment on the aiming point. 
 Hold sight alignment until the target moves into vision and the desired sight 

picture is established. 
 Engage the target once sight picture is acquired. 
 Follow-through so the rifle sights are not disturbed as the bullet exits the 

muzzle. 

 

Figure C-6. Deliberate trapping method example 
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OBLIQUE TARGETS 
C-18. Threats that are moving diagonally toward or away from the shooter are oblique 
targets. They offer a unique problem set to shooters where the target may be moving at 
a steady pace and direction; however, their oblique posture makes them appear to move 
slower.  

C-19. Soldiers should adjust their hold-off based on the angle of the target’s movement 
from the gun-target line. The following guide (see figure C-7) will help Soldiers 
determine the appropriate percentage of hold-off to apply to engage the oblique threats 
as they move. 

 

Figure C-7. Oblique target example 
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ENVIRONMENTAL CONDITIONS 
C-20. The environment can complicate the shooter’s actions during the shot process
with excessive wind or requiring angled firing limited visibility conditions. Soldiers
must understand the methods to offset or compensate for these firing occasions, and be
prepared to apply these skills to the shot process. This includes when multiple complex
conditions compound the ballistic solution during the firing occasion.

WIND 
C-21. Wind deflection is the most influential element in exterior ballistics. Wind does
not push the projectile causing the actual deflection. The bullet’s tip is influenced in the
direction of the wind slightly, resulting in a gradual drift of the bullet in the direction of
the wind. The effects of wind can be compensated for by the shooter provided they
understand how wind effects the projectile and the terminal point of impact. The
elements of wind effects are—

 The time the projectile is exposed to the wind (range).
 The direction from which the wind is blowing.
 The velocity of the wind on the projectile during flight.

Wind Direction and Value 
C-22. Winds from the left cause an effect on the projectile to drift to the right, and winds
from the right cause an effect on the projectile to drift to the left. The amount of the
effect depends on the time of (projectile’s exposure) the wind speed and direction. To
compensate for the wind, the firer must first determine the wind’s direction and value.
(See figure C-8 on page C-11.)

C-23. The clock system can be used to determine the direction and value of the wind.
Picture a clock with the firer oriented downrange towards 12 o’clock.

C-24. Once the direction is determined, the value of the wind is next. The value of the
wind is how much effect the wind will have on the projectile. Winds from certain
directions have less effect on projectiles. The chart below shows that winds from 2 to
4°o’clock and 8 to 10 o’clock are considered full-value winds and will have the most
effect on the projectile. Winds from 1, 5, 7, and 11 o’clock are considered half-value
winds and will have roughly half the effect of a full-value wind. Winds from 6 and
12°o’clock are considered no-value winds and little or no effect on the projectile.
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Figure C-8. Wind value 
C-25. The wind will push the projectile in the direction the wind is blowing (see 
figure C-9). The amount of effects on the projectile will depend on the time of exposure, 
direction of the wind, and speed of the wind. To compensate for wind the Soldier uses a 
hold in the direction of the wind. 
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Figure C-9. Wind effects 
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Wind Speed 
C-26. Wind speeds can vary from the firing line to the target. Wind speed can be 
determined by taking an average of the winds blowing on the range. The firer’s focus 
should be on the winds between the firer and the target. The front 1/3 of the trajectory 
plays the most significant role in determining the bullet’s wind drift deflection, but with 
increasing range, the firer must consider the wind speed at midpoint and the target area 
to make the best overall assessment. 

C-27. The Soldier can observe the movement of items in the environment downrange 
to determine the speed. Each environment will have different vegetation that reacts 
differently.  

C-28. Downrange wind indicators include the following: 
 0 to 3 mph = Hardly felt, but smoke drifts. 
 3 to 5 mph = Felt lightly on the face. 
 5 to 8 mph = Keeps leaves in constant movement. 
 8 to 12 mph = Raises dust and loose paper. 
 12 to 15 mph = Causes small trees to sway. 

C-29. The wind blowing at the Soldiers location may not be the same as the wind 
blowing on the way to the target.  

Wind Estimation 
C-30. Soldiers must be comfortable and confident in their ability to judge the effects of 
the wind to consistently make accurate and precise shots. Soldiers will use wind 
indicators between the Soldier and the target that provide windage information to 
develop the proper compensation or hold-off.  

C-31. To estimate the effects of the wind on the shot, Soldiers need to determine three 
windage factors: 

 Velocity (speed). 
 Direction. 
 Value.  

Determining Wind Drift 
C-32. Once wind velocity, direction, and value have been determined, Soldiers 
determine how to compensate for the effects of wind. For the Soldier, there are three 
methods of determining the appropriate hold-off to adjust for excessive wind; using the 
wind formula, wind estimation, or referencing a generalized ballistic windage chart. 

C-33. Once the range to target and wind speed are known, the formula below is used to 
determine drift. The output from the formula is in MOA. The final answer is rounded 
off to make the calculation quicker to perform. This formula (see figure C-10) will allow 
the Soldier to adjust for the distance that the wind displaces his projectile.  
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Figure C-10. Wind formula and ballistics chart example 
C-34. The ballistics chart shows the wind drift in inches at ranges from 100 meters –
300 meters and wind speeds up to 20 mph. The data from the 100-m (meter) line shows
that even in a 20-mph wind there is very little deflection of the round. At 300 meters, it
can be seen that the same 20-mph wind will blow the bullet 26 inches. This illustrates
the fact that the bullet is effected more by the wind the further it starts out from the
target.

Windage Hold 

C-35. Using a hold involves changing the point of aim to compensate for the wind drift.
For example, if wind causes the bullet to drift 12 inches to the left, the aiming point must
be moved 12 inches to the right. (See figure C-11 on page C-15.)
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Figure C-11. Hold-off example 

Note. The aiming point is center mass of the visual target, allowing for the 
greatest possibility of impacting the target. The hold off is based on the 
distance from center mass. Soldiers apply the hold-off creating the new point 
of aim.  

C-36. Firers must adjust their points of aim into the wind to compensate for its effects. 
If they miss a distant target and wind is blowing from the right, they should aim to the 
right for the next shot. A guide for the initial adjustment is to split the front sight post 
on the edge of the target facing the wind. 

C-37. Newly assigned Soldiers should aim at the target's center of visible mass for the 
first shot, and then adjust for wind when they are confident that wind caused the miss. 
Experienced firers should apply the appropriate hold-off for the first shot, but should 
follow the basic rule—when in doubt, aim at the center of visible mass. 
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ANGLED FIRE 
C-38. Firing uphill or downhill at angles greater than 30 degrees, the firer must account 
for the change in the strike of the round from a horizontal trajectory. Rounds fired at 
excessive angles at extended ranges beyond the weapon’s zero distance strike high on 
the target. To compensate for this, firers can rapidly determine a correct firing solution 
using the Quick High Angle Formula. 

C-39. The first step is to determine the appropriate hold for the range to target beyond 
zero distance. Table C-1 provides the approximate holds for M855A1, 5.56mm, Ball, 
Enhanced Performance Round (EPR) at ranges beyond the Army standard 300 meter 
zero— 

Table C-1. Standard holds beyond zero distance example 

Range 
(meters) 

Drop from Point 
of Aim  

(inches) 
MOA Hold Mil Hold 

400 -11.9 2.6 0.7 

500 -31.4 5.5 1.6 

600 -59.7 8.7 2.5 

C-40. Next, the firer estimates the angle of fire to either 30, 45, or 60 degrees. The firer 
then applies that information to the Quick High Angle Formula to determine the 
approximate high angle hold. This formula is built to create a rapid hold adjustment that 
will get the shot on target. 

C-41. Figure C-12 shows the quick high angle formula with an example in both MOA 
and mils. The example is based on a target at 500 meters, and provides effective 
solutions for the three angle categories; 30, 45, and 60 degrees. 
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Figure C-12. Quick high angle formula example 
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COMPOUND CONDITIONS 
C-42. When combining difficult target firing occasion information, Soldiers can apply 
the rules specific to the situation together to determine the appropriate amount of hold-
off to apply.  

C-43. The example below shows the application of different moving target directions 
with varying speed directions. This is a general example to provide the concept of 
applying multiple hold-off information to determine complex ballistic solutions for an 
engagement. (See figure C-13.) 

 

Figure C-13. Compound wind and lead determination example 
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Appendix D 

Drills 
This appendix describes the various drills for the rifle and carbine, 
and their purpose. The drill structure is standardized for all 
individual and crew served weapons in order to reinforce the most 
common actions all Soldiers need to routinely execute with their 
assigned equipment during training and combat.  

These drills are used during Table III of the integrated weapons 
training strategy, as well as during routine maintenance, concurrent 
training, and during deployments. The drills found within this 
appendix are used to build and maintain skills needed to achieve 
proficiency and mastery of the weapon, and are to be ingrained into 
daily use with the weapon. 

D-1. Each drill is designed to develop confidence in the equipment and Soldier actions 
during training and combat operations. As they are reinforced through repetition, they 
become second nature to the Soldier, providing smooth, consistent employment during 
normal and unusual conditions.  

D-2. The drills provided are designed to build the Soldier’s proficiency with the 
following principles: 

 Mindset – the Soldier’s ability to perform tasks quickly and effectively under 
stress. 

 Efficiency – ensure the drills require the least amount of movement or steps 
to complete correctly. Make every step count. 

 Individual tactics – ensure the drills are directly linked to employment in 
combat.  

 Flexibility – provide drills that are not rigid in execution. Units may alter the 
procedural steps depending on their equipment, configuration, or tactical 
need.  

MINDSET 
D-3. Continuous combat is inherently stressful. It exhausts Soldiers and causes 
physiological changes that reduce their ability to perform tasks as quickly or effectively 
as necessary. The Soldier’s ability to function under stress is the key to winning battles, 
since, without the Soldier, weapons and tactics are useless. Individual and unit military 
effectiveness depend on the Soldier’s ability to think clearly, accurately, quickly, all 
with initiative, motivation, physical strength, and endurance. 
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D-4. The impact of physiological changes caused by the stress of combat escalates or 
de-escalates based on the degree of stimulation, causing Soldiers to attain different 
levels of awareness as events occur in the continually transitioning operational area 
around them. Maintaining a tactical mindset involves understanding one’s level of 
awareness and transitioning between the levels of awareness as the situation requires 
escalation or de-escalation. 

Note. Stress can be countered using the principles associated with Soldier 
resilience and performance enhancement. The Comprehensive Soldier and 
Family Fitness (CSF2) is designed to increase a Soldier’s ability and 
willingness to perform an assigned task or mission and enhance his 
performance by assessing and training mental resilience, physical resilience, 
and performance enhancement techniques and skills. This initiative 
introduces many resources used to train Soldiers on skills to counter stress. 
For more information about CSF2, see http://csf2.army.mil/. 

EFFICIENCY 
D-5. Efficiency is defined as the minimization of time or resources to produce a desired 
outcome. Efficient movements are naturally faster than movements that contain 
excessive or wasteful actions.  

D-6. By reducing the amount of effort, mental, and/or physical, the movement 
becomes repeatable and the effect becomes predictable. This allows the Soldier to focus 
on the tactics while still maintaining the ability to produce accurate and precise fires. 

INDIVIDUAL TACTICS 
D-7. Individual tactics are actions independent of unit standard operating procedures 
(SOPs) or situations that maximize the Soldier’s chance of survival and victory in a 
small arms, direct fire battle.  

D-8. Examples of individual tactics include use of cover and standoff, or the 
manipulation of time and space between a Soldier and his enemy. 

FLEXIBILITY 
D-9. The techniques presented in this publication are not meant to be prescriptive, as 
multiple techniques can be used to achieve the same goal. In fact, there is no singular 
“one size fits all” solution to rifle fire; different types of enemies and scenarios require 
the use of different techniques.  

D-10. However, the techniques presented are efficient and proven techniques for 
conducting various rifle-related tasks. Should other techniques be selected, they should 
meet the following criteria: 
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RELIABLE UNDER CONDITIONS OF STRESS 
D-11. Techniques should be designed for reliability when it counts; during combat. The 
technique should produce the intended results without fail, under any conditions and 
while wearing mission-essential equipment. 

D-12. It should also be tested under as high stress conditions as allowed in training. 

REPEATABLE UNDER CONDITIONS OF STRESS 
D-13. As combat is a stressor, a Soldier’s body responds much as it does to any other 
stressful stimulus; physiological changes begin to occur, igniting a variable scale of 
controllable and uncontrollable responses based on the degree of stimulation.  

D-14. The technique should support or exploit the body’s natural reaction to life-
threatening stress.  

EFFICIENCY IN MOTION 
D-15. The technique should be designed to create the greatest degree of efficiency of 
motion. It should contain only necessary movement. Excessive or unnecessary 
movement in a fighting technique costs time to execute. In a violent encounter, time can 
mean the difference between life and death. 

D-16. Consider the speed at which violent encounters occur; An unarmed person can 
cover a distance of 20 feet in approximately 1 second. Efficiency decreases the time 
necessary to complete a task, which enhances the Soldier’s safety. 

DEVELOP NATURAL RESPONSES THROUGH REPETITION 
D-17. When practiced correctly and in sufficient volume, the technique should build 
reflexive reactions that a Soldier applies in response to a set of conditions. Only with 
correct practice will a Soldier create the muscle memory necessary to serve him under 
conditions of dire stress. The goal is to create automaticity, the ability to perform an 
action without thinking through the steps associated with the action. 

LEVERAGE OVERMATCH CAPABILITIES 
D-18. Engagements can occur from 0 to 600 meters and any variance in between. Fast 
and efficient presentation of the rifle allows more time to stabilize the weapon, refine 
the aim, and control the shot required to deliver precise fires. This rapidly moves the 
unit toward the goal of fire superiority and gains/maintains the initiative. Speed should 
be developed throughout the training cycle and maintained during operations. 

D-19. As distance between the Soldier and a threat decreases, so does the time to engage 
with well-place lethal fires. As distance increase, the Soldier gains time to refine his aim 
and conduct manipulations.  
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DRILLS 
D-20. To build the skills necessary to master the functional elements of the shot process, 
certain tasks are integrated into drills. These drills are designed specifically to capture 
the routine, critical tasks or actions Soldiers must perform fluently and as a second 
nature to achieve a high level of proficiency.  

D-21. Drills focus on the Soldier’s ability to apply specific weapons manipulation 
techniques to engage a threat correctly, overcome malfunctions of the weapon or system, 
and execute common tasks smoothly and confidently.  

DRILL A – WEAPON CHECK 
D-22. The weapon check is a visual inspection of the weapon by the Soldier. A weapon 
check includes at a minimum verifying: 

 Weapon is clear. 
 Weapon serial number. 
 Aiming device(s) serial number. 
 Attachment points of all aiming devices, equipment, and accessories. 
 Functions check. 
 Proper location of all attachments on the adaptive rail system. 
 Zero information. 
 Serviceability of all magazines. 

D-23. The weapon check is initiated when first receiving the weapon from the arms 
room or storage facility. This includes when recovering the weapon when they are 
stacked or secured at a grounded location.  

D-24. Units may add tasks to Drill A as necessary. Units may direct Soldiers to 
execute Drill A at any time to support the unit’s mission.  

DRILL B – SLING/UNSLING OR DRAW/HOLSTER 
D-25. This drill exercises the Soldier’s ability to change the location of the weapon on 
demand. It reinforces their ability to maintain situational and muzzle awareness during 
rapid changes of the weapon’s sling posture. If also provides a fitment check between 
the weapon, the Soldier’s load bearing equipment, and the Soldier’s ability to move 
between positions while maintaining effective use of the weapon. 

D-26. When conducting this drill, Soldiers should: 
 Verify the proper adjustment to the sling. 
 Rotate the torso left and right to ensure the sling does not hang up on any 

equipment. 
 Ensure the weapon does not interfere with tactical movement. 

DRILL C – EQUIPMENT CHECK 
D-27. This drill is a Pre-Combat Check (PCC) that ensures the Soldier’s aiming devices, 
equipment, and accessories are prepared –  
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 Batteries. 
 Secured correctly. 
 Equipment does not interfere with tactical movement. 
 Basic load of magazines are stowed properly.  

DRILL D – LOAD 
D-28. This is predominantly an administrative loading function. This allows the Soldier 
to develop reliable loading techniques. 

DRILL E – CARRY (FIVE/THREE) 
D-29. This is a series of five specific methods of carrying the weapon by a Soldier. 
These five methods are closely linked with range operations in the training environment, 
but are specifically tailored to combat operations. This drill demonstrates the Soldier’s 
proficiency moving between: 

 Hang. 
 Safe hang. 
 Collapsed low ready. 
 Low ready. 
 High ready (or ready up).  

D-30. A leader will announce the appropriate carry term to initiate the drill. Each carry 
method should be executed in a random order a minimum of three times. 

DRILL F – FIGHT DOWN 
D-31. The Fight Down drill builds the Soldier’s understanding of how to move 
effectively and efficiently between firing postures. This drill starts at a standing position, 
and, on command, the Soldier executes the next lower position or the announced 
position by the leader. The Fight Down drill exercises the following positions in 
sequence: 

 Standing. 
 Kneeling. 
 Sitting. 
 Prone. 

D-32. Each position should be executed a minimum of three times. Leaders will use 
Drill F in conjunction with Drill G. 

DRILL G – FIGHT UP 
D-33. The Fight Up drill builds the Soldier’s timing and speed while moving from 
various positions during operations. This drill starts in the prone position, and, on 
command, the Soldier executes the next higher position or the announced position by 
the leader. The Fight Up drill exercises the following positions in sequence: 

 Prone. 
 Sitting. 
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 Kneeling.
 Standing.

D-34. Each position should be executed a minimum of three times. Leaders will use
Drill F, Fight Down, in conjunction with Drill G, Fight Up.

D-35. Leaders may increase the tempo of the drill, increasing the speed the Soldier needs
to assume the next directed position. After the minimum three iterations are completed
(Drill F, Drill G, Drill F, Drill G, etc.), the leader may switch between Drill F and G at
any time, at varying tempo.

DRILL H – GO-TO-PRONE 
D-36. The Go-To-Prone drill develops the Soldier’s agility when rapidly transitioning
from a standing or crouched position to a prone firing position. Standard time should be
below 2 seconds.

D-37. Leaders announce the starting position for the Soldier to assume. Once the Soldier
has correctly executed the start position to standard, the leader will announce GO TO
PRONE. This drill should be conducted a minimum of five times stationary and five
times while walking.

D-38. Leaders should not provide preparatory commands to the drill, and should direct
the Soldier to go to prone when it is unexpected or at irregular intervals. Leaders may
choose to include a tactical rush with the execution of Drill H.

DRILL I – RELOAD

D-39. The Tactical Reload drill is executed when the Soldier is wearing complete load
bearing equipment. It provides exercises to assure fast reliable reloading through
repetition at all firing positions or postures.

D-40. The Soldier should perform Drill I from each of the following positions a
minimum of seven times each:

 Standing.
 Squatting.
 Kneeling.
 Prone.

D-41. Leaders may include other drills while directing Drill I to the Soldier to reinforce
the training as necessary.

DRILL J – CLEAR MALFUNCTION 
D-42. This drill includes the three methods to clear the most common malfunctions on
a rifle or carbine in a rapid manner, while maintaining muzzle and situational awareness.
Soldiers should perform all three variations of clearing a malfunction based on the
commands from their leader.
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D-43. Each of the three variations of Drill J should be executed five times. Once 
complete, leaders should incorporate Drill J with other drills to ensure the Soldier can 
execute the tasks at all positions fluently. 

DRILL K – UNLOAD / SHOW CLEAR 
D-44. This is predominantly an administrative unloading function, and allows the 
Soldier to develop reliable clearing techniques. This drill should be executed in tandem 
with Drill D, Load. It should be executed a minimum of seven times in order to rotate 
through the Soldier’s magazine pouch capacity, and reinforce the use of a “dump pouch” 
or pocket, to retain expended magazines during operations. 

D-45. This drill can be executed without ammunition in the weapon. Leaders may opt 
to use dummy ammunition or spent cartridge cases as desired. In garrison environments, 
Leaders should use Drill K on demand, particularly prior to entering buildings or 
vehicles to reinforce the Soldier’s skills and attention to detail. 
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Appendix E 

Zeroing 
Zeroing a weapon is not a training exercise, nor is it combat skills 
event. Zeroing is a maintenance procedure that is accomplished to 
place the weapon in operation, based on the Soldier’s skill, 
capabilities, tactical scenario, aiming device, and ammunition. Its 
purpose is to achieve the desired relationship between the line of 
sight and the trajectory of the round at a known distance. The 
zeroing process ensures the Soldier, weapon, aiming device, and 
ammunition are performing as expected at a specific range to target 
with the least amount of induced errors.  

For Soldiers to achieve a high level of accuracy and precision, it is 
critical they zero their aiming device to their weapon correctly. The 
Soldier must first achieve a consistent grouping of a series of shots, 
then align the mean point of impact of that grouping to the 
appropriate point of aim. Soldiers use the process described in this 
appendix with their weapon and equipment’s technical manuals to 
complete the zeroing task. 

BATTLESIGHT ZERO 
E-1. The term battlesight zero means the combination of sight settings and trajectory
that greatly reduces or eliminates the need for precise range estimation, further
eliminating sight adjustment, holdover or hold-under for the most likely engagements.
The battlesight zero is the default sight setting for a weapon, ammunition, and aiming
device combination.

E-2. An appropriate battlesight zero allows the firer to accurately engage targets out
to a set distance without an adjusted aiming point. For aiming devices that are not
designed to be adjusted in combat, or do not have a bullet drop compensator, such as the
M68, the selection of the appropriate battlesight zero distance is critical.

ZEROING PROCESS 
E-3. A specific process should be followed when zeroing. The process is designed to
be time-efficient and will produce the most accurate zero possible.

E-4. The zero process includes mechanical zero, laser borelight, 25-m grouping and
zeroing, and zero confirmation out to 300 meters.
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Note. Although wind and gravity have the greatest effect on the projectile’s 
trajectory, air density and elevation must also be taken into consideration.  

LASER BORELIGHT 
E-5. The borelight is an eye-safe laser that is used to boresight optics, iron sights, and 
aiming lasers. The borelight assists the first shot group hitting the 25-m zeroing target 
when zeroing the weapon. Using the borelight will save range time and require less 
rounds for the zeroing process. Borelighting is done with a borelight, which is centered 
in the bore of the weapon, and with an offset target placed 10 meters from the muzzle 
of the weapon.  

25-M GROUPING AND ZEROING 
E-6. After successfully boresighting the weapon, the next step is to perform grouping 
and zeroing exercises. Grouping and zeroing is done at 25 meters on a 25-m zero target 
or at known distance range.  

25-M GROUPING 
E-7. The goal of the grouping exercise is for the shooter to fire tight shot groups and 
consistently place those groups in the same location. Tight, consistently placed shot 
groups show that the firer is applying proper aiming and smooth trigger control before 
starting the zeroing process. The firer should not start the zeroing process until they have 
demonstrated their ability to group well. 

25-M ZEROING 
E-8. Once the firer has shown their ability to accurately group, they should begin 
adjusting the aiming device to move the groups to the center of the target. During the 
zeroing process, the firer should attempt to center their groups as much as possible. 
Depending on the aiming device used, there may be a zero offset that needs to be used 
at 25 meters. During the zeroing process it is important that the firer adjusts their groups 
as close to the offset mark as possible. 

ZERO CONFIRMATION OUT TO 300 METERS 
E-9. The most important step in the zeroing process is zero confirmation out to 300 
meters. Having a 25 m zero does not guarantee a center hit at 300 meters. The only way 
to rely on a 300-m hit, is to confirm a 300-m zero.  

E-10. Confirmation can be done on any range where Soldiers can see the impacts of 
their rounds. Groups should be fired and aiming devices should be adjusted. At a 
minimum, the confirmation should be done at 300 meters. If rounds are available, groups 
can be fired at various ranges to show the firers where their impact will be.  

E-11. When confirming zero at ranges past 100 meters, the effects of the wind needs to 
be considered and acted upon, if necessary. If a zero is confirmed at 300 meters on a 
windy day, and then the weapon is fired at a later date in different wind conditions or no 
wind at all, the impact will change. (See figure E-1 on page E-3.) 
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Figure E-1. Wind effects on zero at 300 meters 

DOWNRANGE FEEDBACK 
E-12. Feedback must be included in all live-fire training. Soldiers must have precise 
knowledge of a bullet strike; feedback is not adequate when bullets from previous firings 
cannot be identified. To provide accurate feedback, trainers ensure that Soldiers 
triangulate and clearly mark previous shot groups on a zeroing target or receive a hard 
copy from the tower on an automated range. 

E-13. After zeroing, downrange feedback should be conducted. If modified field fire or 
known distance ranges are not available, a series of scaled silhouette targets can be used 
for training on the 25-m range. 

E-14. With the M4- and M16-series of weapons, this range is 25 to 300 meters. This 
means, that with a properly zeroed rifle, the firer can aim center mass of a target between 
25 meters and 300 meters and effectively engage it. A properly trained rifleman should 
be able to engage targets out to 600 meters in the right circumstances.  
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Note. A common misconception is that wearing combat gear will cause the 
zero to change. Adding combat gear to the Soldier's body does not cause the 
sights or the reticle to move. The straight line between the center of the rear 
sight aperture and the tip of the front sight post either intersects with the 
trajectory at the desired point, or it does not. Soldiers should be aware of their 
own performance, to include a tendency to pull their shots in a certain 
direction, across various positions, and with or without combat gear. A shift 
in point of impact in one shooting position may not correspond to a shift in 
the point of impact from a different shooting position.  

E-15. Figure E-2, on page E-5, shows the zeroing target for use for the M16A2/M16A4.
Figure E-3, on page E-6, M4-/M16-series weapons.
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Figure E-2. M16A2 / M16A4 weapons 25m zero target 
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Figure E-3. M4-/M16-series weapons 25m zero short range and pistol 
marksmanship target 
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E-16. A good zero is necessary to be able to engage targets accurately. Whenever the 
Soldier deploys or does training in a new location, they should confirm the zero on their 
rifle if possible, as elevation, barometric pressure, and other factors will affect the 
trajectory of a round. There are multitudes of factors that can affect a zero, and the only 
sure way to know where the rounds are going, is to fire the rifle to confirm. 

E-17. The zero on each assigned rifle WILL NOT transfer to another rifle. For example, 
if the windage zero on the Soldier’s iron sights was three minutes (3MOA) left of center, 
putting that same setting on another rifle does not make it zeroed. This is due to the 
manufacturing difference between the weapons. 

E-18. It is recommended that Soldiers setup their equipment and dry practice in position 
with gear on before coming to the range.  

E-19. Standard in Training Commission (STRAC) Department of the Army Pamphlet 
(DA PAM) 350-38 allocates ammunition to conduct zeroing procedures using three-shot 
groups. The preferred method is to use a five-shot grouping, allowing the firer to more 
accurately analyze their shot group. Figure E-4 shows similar three-shot and five-shot 
groups with one shot on the right edge of the group. If all the shots were taken into 
account in the three-shot group, the firer would probably adjust their zero from the right 
edge of the four-cm circle. It is possible that the shot on the right was a poor shot and 
should not be counted in the group. The five-shot group on right is in the same place as 
the one on the left with the exception of the one shot out to the right. With four out of 
five shots in a tight group, the wide shot can be discounted and little or no change to the 
windage is necessary. 

E-20. Part of the grouping and zeroing process is the marking and analysis of shot 
groups. 

 

Figure E-4. Grouping 
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MARKING THE SHOT GROUP 
E-21. If possible, shot groups should be marked using different colored markers so the 
firer can track their progress. Figure E-5 shows a technique for marking shot groups on 
a zero target. This technique allows the firer and coach to track their progress throughout 
the grouping and zeroing phase.  

E-22. All sight adjustments are from the center of the group, called the mean point of 
impact (MPI), and not from the location of a single shot. When using five-shot group, a 
single shot that is outside of the rest of the group should not be counted in the group for 
sight adjustment purposes.  

Note. This figure depicts the color variations in shades of gray. 

 

Figure E-5. Marking shot groups 
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E-23. The firer shoots and marks their first shot group with a colored marker. The color 
of the first group is noted by placing a line with that marker next to the 1 on the right 
side of the zero target. Groups are fired and marked until they are consistently in the 
same location. 

E-24. Each sight adjustment is annotated in the same color as the group that was just 
fired.  

COACHING 
E-25. Coaching is the process of having another Soldier observe the firer during the 
firing process to look for shooting errors that the firer themselves may not consciously 
know they are making. 

TYPES OF COACHES 
E-26. Firing a rifle properly requires the consistent and proper application of the 
elements of employment. It is about doing the right thing, the same way, every shot. The 
small arms trainer is also the validation point for any questions during employment 
training. In most cases, once group training is completed, it will be the firer’s 
responsibility to realize and correct his own firing errors but this process can be made 
easier through the use of a coach. 

E-27. Two types of coaches exist, the experienced coach and the peer coach. Although 
each should execute coaching the same way, experienced coaches have a more thorough 
understanding of employment and should have more knowledge and practice in firing 
than the Soldiers they are coaching. Knowledge and skill does not necessarily come with 
rank therefore Soldiers serving as experienced coaches should be carefully selected for 
their demonstrated firing ability and their ability to convey information to firers of 
varying experience levels. 

EXPERIENCED COACHES 
E-28. Experienced coaches are generally in shorter supply throughout the Army and are 
generally outnumbered by less skilled firers. This lack of experienced coaches usually 
leads to one experienced coach watching multiple firers dependent upon the table or 
period of employment being fired. It often helps the experienced coach to make notes of 
errors they observe in shooters and discuss them after firing that group. It is often 
difficult for the coach to remember the errors that they observe in each and every firer.  

PEER COACHES 
E-29. Using a peer coach, although generally not as effective as using an experienced 
coach, is still a very useful technique. The advantage of using a peer coach is two-fold: 
a peer coach may use their limited knowledge of employment to observe the firer when 
an experienced coach is not available or is occupied with another firer and can either 
talk the firer through the shooting errors that they have observed or bring any observed 
shooting errors to the attention of the experienced coach. The other advantage of using 
a peer coach is that the peer coach themselves, through the act of coaching, may be able 
to observe mistakes made by the firer and learn from them before making the mistakes 
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themselves. Many people grasp instruction more deeply when they are coaching others 
than when they are simply told to do something. 

Note. Peer coaches can be limited by their level of training. 

E-30. Except for aiming, the coach can observe most of the important aspects of the
elements of employment. To determine the unobservable errors of shooting the coach
and the firer must have an open dialog and there must be a relaxed environment for
learning. The firer cannot be hesitant to ask questions of the coach and the coach must
not become a stressor during firing. The coach must have the ability to safely move
around the firer to properly observe. There is no one ideal coaching position. The
following section will discuss the elements of shooting and how best to observe them as
a coach.

STABILIZE 
E-31. For the coach to observe how stable the shooter is, they may have to move to
different sides of the shooter. To observe the shooter’s non-firing elbow (to ensure it
makes contact with the ground), the coach will need to be on the shooter’s non-firing
side. To observe the cant of the weapon (the sights on the weapon should be pointing
towards 12 o’clock position, not 11 or 1 o’clock positions), the coach will need to watch
the relationship of the front sight to the barrel from behind the shooter. The coach should
look for all the other aspects of good positions as outlined in chapter 6 of this publication.
The coach should also observe the total amount of weapon movement on recoil. A good
stable position will have minimal movement under recoil.

AIMING 
E-32. Determining the aspects of the firer’s aiming (sight picture, sight alignment, point
of focus) requires dialogue between the firer and the coach. Often, a shooter will not
realize his aiming errors until he discovers them on his own. The only method a coach
has to observe aiming errors is to use of an M16 sighting device (A2, left and right,
DVC-T 7-84), but this device can only be used on rifles with carrying handle sights.
Without the use of a sighting device, the coach must rely on drawings, discussions, or
the use of an M15A1 aiming card (DVC-T 07-26) to determine where the firer is aiming
on the target, his focus point during firing (which should be the front sight), and where
his front sight was at the moment of firing in relation to the rear sight aperture and the
point of aim on the target. The technique of having the firer call his shots should also be
used. This technique involves calling the point on the target where the sights were
located at the moment of firing and matching the point called with the impact locations
on the target. Calling the shot helps the firer learn to focus on the front sight during the
entire firing process.

E-33. When optics are being used, the shooter can tell the coach where he was holding.
This is of particular importance with the RCO. Coaches must insure the 300m aim point
is used when zeroing at 25-m.
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CONTROL 
E-34. The ideal position to observe trigger squeeze is from the non-firing side because 
the coach will have a better view of the speed of pull, finger position on the trigger, and 
release or pressure on the trigger after firing. The coach can look from behind the shooter 
to observe the barrel for lateral movement caused by slapping the trigger during firing.  

COACHING FACTORS 
E-35. All firing happens at the weapon. This means that the coach should be focused 
solely on the shooter during firing and not on what is happening down range. 

E-36. There is no way for a coach to observe only the bullets impact on target and know 
what errors the firer made. The coach must watch the shooter during firing to determine 
errors and use the impacts to confirm their assumptions.  

E-37. For a coach to properly observe all aspects of firing they must be able to observe 
the shooter, safely, from both sides and the back. There is no prescribed coaching 
position. 

E-38. Coaching requires a relaxed atmosphere with open communication between the 
firer and the coach. 

SHOT GROUP ANALYSIS 
E-39. Shot group analysis involves the firer correlating the shots on paper with the 
mental image of how the shots looked when fired. An accurate analysis of the shot group 
cannot be made by merely looking at the holes in the paper. It is more important to 
observe the firer than to try and analyze the target. All firing takes place at the weapon, 
and the holes in the paper are only an indicator of where the barrel was pointed when 
the rifle was fired. When coaches are analyzing groups, they must question the firer 
about the group to make a determination of what caused the placement of the shots.  

E-40. For example, if the firer has a tight group – minus one shot that is well outside of 
the group, the firer should have observed the outlying shot while firing. The firer would 
discount this shot when marking their group. (See figure E-6a and figure E-6b.) If a 
coach is analyzing the group, the firer would tell them that they performed poorly on the 
one shot that is out of the group.  
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Figure E-6a. Horizontal diagnostic shots 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 337 of 804   Page ID
#10823



Zeroing 

31 August 2017 TC 3-22.9, C2 E-13 

 

 

Figure E-6b. Vertical diagnostic shots 
E-41. Novice shooters may benefit from not marking their own shot group. When 
marking a shot group an inexperienced or stressed Soldier may unintentionally make 
mental corrections. These mental corrections along with the mechanical corrections to 
their weapon will cause further issues during follow on shot groups. The experienced 
Soldier is less likely to make adjustments to their sight placement along with the 
mechanical changes to the weapon, knowing the zero process is aligning the sights to 
the location of the impact of the rounds. Having a coach or the employment instructor 
simply inform the Soldier of mechanical changes needed to the aiming device is an 
effective way to accomplish this method.  

E-42. Observing the shooter must be accomplished before analyzing the target can 
become effective. Bullets strung vertically do not necessarily mean a breathing issue, 
nor do bullets strung horizontally absolutely indicate a trigger squeeze problem. Coaches 
must learn to identify shooter errors during firing and use the bullet’s impacts on target 
to confirm their observations. There are often several firing errors that can be the cause 
of certain misplacements of impacts. The coach has to realize that bullets only go where 
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the barrel is pointed, so he has to determine what happened that caused the barrel to be 
pointed in those directions, and those causes can be many. 

E-43. They key to proper coaching is becoming a shooting DETECTIVE. The coach
needs to observe the shooter, question the shooter, look at the evidence down range,
question the shooter again, make assumptions based upon the evidence available, and
then act upon his assumptions. The coach and shooter must have a free and open dialog
with each other in a relaxed atmosphere. Remember if a Soldier learns to shoot poorly
they will only be capable of shooting poorly.

Displacement of Shots Within a Group (Flyers) 
E-44. The capability of the weapon to shoot groups varies dependent on the number of
rounds fired through the barrel over its lifetime. The average expected group size is
1 inch (approximately 2.5 centimeters) at 25 meters; some guns may shoot slightly larger
than this. If a shooter is firing groups larger than a normal group size the next step should
be to have a known skilled shooter attempt to fire and group with the shooter’s weapon.
If a proven skilled shooter is able to fire groups of the normal size it is most likely an
issue with the original shooter. If however the skilled shooter cannot fire within the
accepted group size there may be something wrong with the gun or barrel.

E-45. When looking at groups where there are one to two shots away from the group
body (one shot away for a three round group, one or two shots away for a five round
group), the coach must look objectively at the overall consistency of group placement.
A bad shot or group might not indicate a poor grasp of the elements; every shooter will
have a bad shot now and again, and some shooters may even have a bad group now and
again. Coaches need to use their experience and determine whether or not the firer had
a bad shot, a bad group, or doesn’t have a clear grasp of the elements and take the
necessary steps to get the shooter to the end-state. The coach may have the firer shoot
again and ignore the bad group or bad shot, instead hoping that the new group matches
up with the previous shot groups or the coach may need to pull the shooter off the line
and cover the basic elements. Contrary to popular belief, having a firer shoot over and
over again in one sitting, until the firer GETS IT RIGHT is not a highly effective
technique.

Bullets Dispersed Laterally on Target 
E-46. Bullets displaced in this manner could be caused by a lateral movement of the
barrel due to an unnatural placement of the trigger finger on the trigger. Reasons for this
could include—

 The shooter may be slightly misaligning the sights to the left and right.
 The shooter may have the sights aligned properly but may have trouble

keeping the target itself perfectly centered on the tip of the front sight.
 Shooter may be closing eyes at the moment of firing or flinching.

Bullets Dispersed Vertically on Target 
E-47. Bullets displaced in a vertical manner could be caused by the following:
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 Shooter may be misaligning the front sight in the rear sight aperture 
vertically. May be caused by the shooter watching the target instead of the 
front sight. Happens more frequently from less stable positions (kneeling, 
unsupported positions) due to the natural movement of the weapon. 

 Shooter may have trouble seeing the target and keeping the tip of the front 
sight exactly centered vertically on the target. Coach may consider using a 
larger target or a non-standard aiming point such as a 5-inch circle. Many 
shooters find it easier to find the center of a circle than a man shaped target. 

 Shooter may not have good support, which causes him to readjust their 
position every shot and settle with the sights slightly misaligned. 

 Shooter may be flinching or closing eyes at the moment of firing. 
 Shooter may be breathing while firing the rifle. (This is not normally the 

case, most shooters instinctively hold their breath just before the moment of 
firing). 

Large Groups 
E-48. Large groups are most commonly caused by the shooter looking at the target 
instead of the front sight. This causes the shooter to place the front sight in the center of 
the target without regard for its location in the rear sight aperture. A small misalignment 
of the sights will result in a large misplacement of shots downrange. 

E-49. Most likely it is not a point of aim issue; most shooters will not fire when their 
properly aligned sights are pointed all over the target. 

Good Groups That Change Position on the Target 
E-50. When the shooter has good groups but they are located at different positions on 
the target, there can be a number of reasons. These include the following:  

 May be caused by the shooter properly aligning sights during shooting but 
picking up a different point of aim on the target each time. 

 May be caused by the shooter settling into a position with the front sight on 
target but the sights misaligned. The shooter maintains the incorrect sight 
picture throughout the group but aligns the sights incorrectly and in a 
different manner during the next group. Tell the firer to focus on the front 
sight and have them check natural point of aim before each group. 
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Appendix F 

10-Meter Boresight Offsets and 25-Meter Zero Offsets
This appendix provides the 10-meter target offsets and the 25-meter
zero offsets for M16- and M4-series weapons mounted with iron
sights, optics, MILES, TWSs, or aiming lasers.

“The general purpose of the 10 meter borelight offset targets and
the 25m live-fire zero offset targets is to ensure the firer has properly
borelighted their rifle.”

Note. The borelight is a visible laser. The purpose of boresighting is to obtain 
an initial setting on the firer’s sights, optics, and/or night equipment (aiming 
lights and TWS) to enable the firer to hit the 25m zero live-fire target when 
starting the zero process, resulting in efficient use of range time. Borelighting 
is conducted prior to live-fire zeroing. It is not a substitute for live-fire 
zeroing. 

F-1. The boresight target shows the desired relationship between the bore of the
weapon and the firer’s aiming point, which varies with the weapon/sight system
combination. Different symbols are used for designating different sights/optics, and so
forth. All borelighting is done at 10 meters.  This is a dry-fire exercise.  Sight settings
based on borelight procedures must be verified with live-fire zero at 25 meters.

F-2. A blank, reproducible 10-meter target offset (figure F-2 on page F-3) and an
example of each weapon configuration (figure F-3 on page F-4, figure F-4 on page F-9,
and figure F-5 on page F-10) are provided. The M16A2 300-meter zeroing target is used
for 25-meter zeroing with all weapon configurations, except when zeroing with iron
sights.

MARKING 10-METER TARGET OFFSETS 
F-3. To mark the proper 10-meter target offsets—

 Find the correct template for the weapon configuration.
 Starting from the center of the borelight circle on the offset, count the number

of squares to the desired point of aim.
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EXAMPLE 
L2.0, U2.4 

Starting from the center of the borelight circle (0.0, 0.0), move left 2 squares 
and up 2.4 squares. 

Note. Each template also provides a number formula for the proper offset. 

 Place the appropriate symbol or mark. (See figure F-1.)

Legend: MILES = Multiple-Integrated Laser 
Engagement System, TWS = thermal weapon sight 

Figure F-1. 10-meter target offset symbols 

Notes. 1. To reproduce the 10-meter target offset, obtain a copy of the
blank 10-meter target offset and place the example of the
weapon being used on the back. This reproducible copy can
be laminated and used repeatedly.

2. Table F-1 on page F-5 provides offset mounting information
for various weapon configurations.
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Legend: ARDEC = Armament Research, Development and Engineering Center, M = 
meter 

Figure F-2. Blank 10-meter target offset 
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Legend: L= left, MILES = Multiple-Integrated Laser Engagement System, Mtd = 
mounted, ARDEC = Armament Research, Development and Engineering Center, Tgt = 
target, U = up 

Figure F-3. M16A2 10-meter boresighting target 
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Table F-1. Offset mounting 

WEAPON ACCES
-SORY

RAIL 
GRAB-

BER 

MOUNT LOCA-
TION 

RANGE 
TO 

ZERO 

ZERO 
OFFSET 

BORE-
SIGHT 

TARGET 

MILES 
OFF-
SET 

M16A2 Iron 
sight N/A N/A N/A 300 m 0.0 0.0 0.0 4.2U 2.0L 

0.9U 

M16A2 M68 N/A 

M68 
goose-
neck 
bracket 

Carrying 
handle 300 m 

0.0 1.4 
cm DN 0.0 5.2U 2.0L 

2.4U 

M16A2 LTWS TWS 

TWS 
bracket 
assem-
bly 

Carrying 
handle 300 m 

0.0 10D 0.0 
13.4U 

2.0L 
2.4U 

M16A2 TWS N/A 

TWS 
bracket 
assem-
bly 

Carrying 
handle 300 m 

0.0 8.1D 0.0 
11.5U 

2.0L 
2.4U 

M16A2 AN/PA
Q-4B/C N/A M4/M16 

bracket 
Hand 
guards 300 m 1.5R 

0.5U 
1.85L 
2.54U 

2.0L 
0.9U 

M16A2 AN/PE
Q-2A/B N/A M4/M16 

bracket 
Hand 
guards 300 m 1.5L 

0.5U 
1.8R 
2.4U 

2.0L 
0.9U 

M16/M203 AN/PA
Q-4B/C N/A Spacer Carrying 

handle 300 m 1.85R 
2.6D 

1.85L 
8.6U 

2.0L 
3.9U 

M4/M4A1 BUIS N/A N/A Upper 
receiver 300 m 0.0 0.0 0.0 

4.01U 
2.0L 
0.9U 

M4/M4A1 AN/PA
Q-4B/C N/A M4/M16 

bracket 
Hand 
guards 300 m 1.5R 

2.5U 
1.85L 
2.54U 

2.0L 
0.9U 

M4/M4A1 LTWS TWS N/A Upper 
receiver 300 m 0.0 4.5D 0.0 7.9U TBD 

M4/M4A1 TWS Picatinny 

TWS 
spacer 
and rail 
grabber 

Upper 
receiver 300 m 

0.0 5.7D 0.0 9.4U 2.0L 
2.4U 

M4/M4A1 AN/PE
Q-2A/B N/A M4/M16 

bracket 
Hand 
guards 300 m 1.0L 

0.3U 
1.8R 
2.4U 

2.0L 
0.9U 

M4/M4A1 M68 M68 
Half-
moon 
spacer 

Upper 
receiver 300 m 

0.0 1.4 
cm DN 0.0 

5.63U 
2.0L 
2.4U 

M4/M203 BUIS N/A N/A Upper 
receiver 300 m 0.0 0.0 0.0 

6.01U 
2.0L 
0.9U 

M4/M203 AN/PA
Q-4B/C N/A Spacer Carrying 

handle 300 m 1.3R 
1.9D 

1.85L 
8.6U 

2.0L 
0.9U 

Note. Target offsets not yet developed are indicated by TBD. 
Legend: BUIS = back up iron sight, cm = centimeters, D or DN = down, L = left, LTWS = light thermal 
weapon sight, m = meter, R = right, N/A = not applicable, TBD -= to be developed, TWS = thermal weapon 
sight, U = up  
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Table F-1. Offset mounting (continued) 

WEAPON ACCES
-SORY

RAIL 
GRAB-

BER 

MOUNT LOCA-
TION 

RANGE 
TO 

ZERO 

ZERO 
OFFSET 

BORE-
SIGHT 

TARGET 

MILES 
OFFSET 

M4 MWS BUIS N/A N/A Upper 
receiver 300 m 0.0 0.0 0.0 

4.01U 
2.0L 
0.9U 

M4 MWS M68 M68 Rail 
grabber 

Upper 
receiver 300 m 0.0 1.4 

cm DN 
0.0 
5.63U 

2.0L 
2.4U 

M4 MWS LTWS TWS N/A Upper 
receiver 300 m 0.0 4.5D 0.0 7.9U 2.0L 

2.4U 

M4 MWS TWS TWS Spacer Upper 
receiver 300 m 0.0 5.7D 0.0 9.4U 2.0L 

2.4U 

M4 MWS ANPEQ
-2A Insight N/A Left 300 m TBD 4.5L 

1.0D 
2.0L 
0.9U 

M4 MWS AN/PEQ
-2A/B Insight N/A Right 300 m N/A 5.5R 

5.4D 
2.0L 
0.9U 

M4 MWS AN/PEQ
-2A/B Insight N/A Top 300 m 1.5L 

0.5D 
2.9R 
2.3U 

2.0L 
0.9U 

M4 MWS AN/PEQ
-2A/B Picatinny Spacer Top 300 m N/A 1.95R 

4.1U 
2.0L 
0.9U 

M4 MWS AN/PEQ
-2A/B Picatinny Spacer Right 300 m N/A 6.35R 

4.4D 
2.0L 
0.9U 

M4 MWS AN/PEQ
-2A/B Picatinny Spacer Left 300 m 6.9R 

2.0U 
6.2L 
0.60D 

2.0L 
0.9U 

M4MWS AN/PEQ
-2A/B Insight Training 

adapter Top 300 m 2.0L 
1.5D N/A 2.0L 

0.9U 

M4 MWS AN/PAQ
-4B/C Picatinny 

AN/PA
Q-4B/C
bracket
adapter

Top 300 m 

4.9R 
6.1U 

1.75L 
3.9U 

2.0L 
0.9U 

M4 MWS AN/PAQ
-4B/C Picatinny 

AN/PA
Q-4B/C
bracket
adapter
(spacer)

Right 300 m N/A 6.9R 
0.9D 

2.0L 
0.9U 

M4 MWS AN/PAQ
-4B/C Insight N/A Top 300 m N/A 1.75L 

2.15U 
2.0L 
0.9U 

M4MWS AN/PAQ
-4B/C Insight N/A Right 300 m N/A 4.35R 

0.65D 
2.0L 
0.9U 

M4MWS AN/PAQ
-4B/C Insight N/A Left 300 m N/A 4.30L 

4.25D 
2.0L 
0.9U 

Legend: BUIS = back up iron sight, cm = centimeters, D or DN = down, L = left, LTWS = light thermal 
weapon sight , m = meter, MWS = modular weapon system, R = right, N/A = not applicable, TBD =  to be 
developed, TWS = thermal weapon sight, U = up  
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Table F-1. Offset mounting (continued) 

WEAPON ACCES
-SORY

RAIL 
GRAB-

BER 

MOUNT LOCA-
TION 

RANGE 
TO 

ZERO 

ZERO 
OFFSET 

BORE-
SIGHT 

TARGET 

MILES 
OFFSET 

M4 MWS 
M203 BUIS N/A N/A Upper 

receiver 300 m 0.0 0.0 0.0 
6.01U 

2.0L 
0.9U 

M4 MWS 
M203 AN/PAQ

-4B/C Picatinny 
Bracket 
adapter 
(spacer) 

Left 300 m 
4.9R 
6.1U 

6.0L 
4.0D 

2.0L 
3.9U 

M16A4 
MWS BUIS N/A N/A Upper 

receiver 300 m 0.0 0.0 0.0 
4.01U 

2.0L 
0.9U 

M16A4 
MWS 

AN/PAQ
-4B/C Picatinny 

AN/PA
Q-4B/C
bracket
adapter
(spacer)

Left 300 m 6.5R 
8.1U 

6.03L 
4.25D 

2.0L 
0.9U 

M16A4 
MWS TWS TWS Spacer Upper 

receiver 300 m 0.0 6.0D 0.0 9.4U 2.0L 
2.4U 

M16A4 
MWS M68 M68 N/A Upper 

receiver 300 m 0.0 1.4 
cm DN 

0.0 
5.63U 

2.0L 
2.4U 

M16A4 
MWS 

AN/PEQ
-2A/B Insight N/A Left 300 m 3.0R 

3.0U 
4.5L 
1.0D 

2.0L 
0.9U 

M16A4 
MWS 
M203 

BUIS N/A N/A 
Upper 
receiver 300 m 

0.0 0.0 0.0 
6.01U 

2.0L 
0.9U 

M16A4 
MWS 
M203 

AN/PAQ
-4B/C Picatinny 

AN/PA
Q-4B/C
bracket
adapter
(spacer)

Left 300 m 6.5R 
8.1U 

6.0L 
4.0D 

2.0L 
3.9U 

M16A4 
MWS 

AN/PEQ
-2A/B Picatinny Spacer Left 300 m 6.0R 

2.0U 
6.2L 
0.60D 

2.0L 
0.9U 

M16A4 
MWS 

AN/PEQ
-2A/B Picatinny Spacer Right 300 m TBD 6.35R 

4.4D 
2.0L 
0.9U 

M16A4 
MWS 

AN/PEQ
-2A/B Picatinny Spacer Top 300 m TBD 1.95R 

4.1U 
2.0L 
0.9U 

M16A4 
MWS 

AN/PEQ
-2A/B Insight N/A Right 300 m TBD 5.5R 

5.4D 
2.0L 
0.9U 

M16A4 
MWS 

AN/PEQ
-2A/B Insight N/A Top 300 m 1.5L 

0.5D 
2.0R 
2.3U 

2.0L 
0.9U 

Note. Target offsets not yet developed are indicated by TBD. 
Legend: BUIS = back up iron sight, cm = centimeter, D or DN = down, m = meter, L = left, MWS = modular 
weapon system, R = right, N/A = not applicable, TBD = to be developed, TWS = thermal weapon sight, U = 
up  
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Table F-1. Offset mounting (continued) 

WEAPON ACCES
-SORY

RAIL 
GRAB-

BER 

MOUNT LOCA-
TION 

RANGE 
TO 

ZERO 

ZERO 
OFFSET 

BORE-
SIGHT 

TARGET 

MILES 
OFFSET 

M16A4 
MWS 

AN/PEQ
-2A/B Insight Training 

adapter Top 300 m 2.0L 
1.5D TBD 2.0L 

0.9D 

M16A4 
MWS 

AN/PAQ
-4B/C Picatinny 

AN/PA
Q-4B/C
bracket
adapter

Top 300 m 

4.9R 
6.1U 

1.75L 
3.9U 

2.0L 
0.9U 

M16A4 
MWS 

AN/PAQ
-4B/C Picatinny 

AN/PA
C-4B/C
bracket
adapter

Right 300 m N/A 
6.0R 
0.9D 

2.0L 
0.9U 

M16A4 
MWS 

AN/PAQ
-4B/C Insight N/A Top 300 m N/A 1.75L 

2.15U 
2.0L 
0.9U 

M16A4 
MWS 

AN/PAQ
-4B/C Insight N/A Right 300 m N/A 4.35R 

0.65D 
2.0L 
0.9U 

M16A4 
MWS 

AN/PAQ
-4B/C Insight N/A Left 300 m N/A 4.30L 

4.25D 
2.0L 
0.9U 

Note. Target offsets not yet developed are indicated by TBD). 
Legend: D = down, L = left, m = meter, MWS = modular weapon system, N/A = not applicable, R = right, 
TBD = to be developed, TWS = thermal weapon sight, U = up  
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Legend: ARDEC = Armament Research, Development and Engineering Center, cm = 
centimeter, L = left, MILES = Multiple-Integrated Laser Engagement System, Mtd = 
mounted, RCO = rifle combat optic, Tgt = target, U = up 

Figure F-4. 300-meter zero of the advanced combat optical gunsight 
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Legend: M = meter 

Figure F-5. Advanced combat optical gunsight points of aim 
(100 to 300 meters) 
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13 May 2016 TC 3-22.9 Glossary-1 

Glossary 
The glossary lists acronyms and terms with Army or joint definitions. Where Army and joint 
definitions differ, (Army) precedes the definition. Terms for which TC 3-22.9 is the 
proponent are marked with an asterisk. The proponent manual for other terms is listed in 
parentheses after the definition. 

SECTION I – ACRONYM/ABBREVIATIONS 
AM arc of movemet 
ARNG Army National Guard 
ARNGUS Army National Guard of the United States 
ARS adapter rail system 
ATPIAL advanced target pointer illuminator aiming light 
BC ballistic coefficient 
BDC bullet drop compensater 
BUIS back up iron sight 
BZO battle sight zero 
CBRN chemical, biological, radiological, and nuclear 
CCO close combat optic 
CSF2 Comprehensive Soldier and Family Fitness 
CoVM center of visible mass 
DA Department of the Army 
DBAL-A2 dual beam aiming laser-advanced2 
DMC digital magnetic compass 
DOTD Directorate of Training and Doctrine 
DODIC Department of Defense Identification Code 
EENT end evening nautical twilight 
Ek kinectic energy 
fps feet per second 
FOV field of view 
GTL gun target line 
HTWS heavy thermal weapons sight 
I2 image intensifier 
IR infrared 
LASER light amplified stimulated emitted radiation 
LCD liquid crystal display 
LRF laser range finder 
LWTS light weapons thermal sight 
MASS modular accessory shotgun system 
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Glossary 

Glossary-2 TC 3-22.9 13 May 2016 

MCoE United States Army Maneuver Center of Excellence 
METT-TC mission, enemy, terrain and weather, troops and 

support-time available, and civil considerations 
MIL STD military standard 
m meter 
mm millimeter 
mph mile per hour 
MOA minutes of angle 
MTBF mean time between failures 
MWO modified word order 
MWS modular weapon system 
MWTS medium weapon thermal sight 
NATO North Atlantic Treaty Organization 
NOD night observation device 
PAM pamphlet 
PMCS preventative maintenance checks and services 
POA point of aim 
POI point of impact 
NSN National Stock Number 
RCO rifle combat optic 
SAA small arms ammunition 
SOP standard operating procedure 
STANAG Standardized Agreement 
STRAC Standard in Training Commission 
STORM illuminator, integrated, small arms 
TACSOP tactical standard operating procedure 
TC Training Circular 
TES tactical engagement simulation 
TM Technical Manual 
T time 
TWS thermal weapon sight 
µm micrometer 
USAR United States Army Reserve 
U.S. United States 
VAL visible aim laser 
VFG vertical foregrip 
V velocity 
WCS weapon control status 
WTS weapons thermal sights 
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Glossary 

31 August 2017 TC 3-22.9, C2 Glossary-3 

 

SECTION II – TERMS 
*employment 

The application of the functional elements of the shot process and skills to accurately 
and precisely fire a weapon at stationary or moving targets. 
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•• 

PSYCHOLOGICAL EFFECTS OF SMALL ARMS FIRE ON COMBAT 
EXPERIENCED AND NON-EXPERIENCED INFANTRYMEN 

A. PURP()m; 

Th:l.s report presents one of a series of studies of the psychological 
effect nf small arms fire conducted as part of the Platoon Organization Studies 
re&earcl'i pMgrSJ11.1 Prior studies on the psychological effects of small arm~ 
fire (repurted in Psychological Research Associates Research Memorandum 56·1.."', 
M~rch 1956), investigated the judged dangerousness of fire of the semi
automatic and automatic rifles for various volumes of fire delivered at. var:~ous 
overhead and lateral distances from infantry troops. Those studies te~ted 
separately the psychological effectiveness (judged dangerousness) of th~ Ml 
rifle and the automatic rifle on groups or randOll'J.y selected infantrymen. The 
study reported here is a continuation of this prior work. 

This study was undertaken to determine the relationship between combat 
experience and neutralizing effects or a given amount and placement of small 
arms fire. Combat experienced infantrymen were compared with infantrymen 
without combat experience in terms of their judgments of the dangerousness 
of Ml and AR fire. 

The major variables of the study were:2 

Observer Personnel: Combat experienced vs. inexperienced personnel 
(15 in each group).~ 

Weapons: Ml vs. AR. -
Volwnes Per Six 
Seconds: 4, 12 and 24 rounds 

Distances From o, 12 and 24 feet lateral distances 
Observer: 

1 
The Platoon Organization Studies research program is being conducted by 
Psychological Research Assc>ciates for Combat· Operations Research Group, 
Continental Army Command and Research Office, Experimentation Center as part 
of the Combat Development Experimentation Center research effort. The study 
reported here was conducted at Fort Benning, Georgia, in July 1956. 

2 . 
The distances and volumes were selected on the basis of results of prior 
studies as easily discriminable distances and volumes f'or each of' the two 
weapons being studied. Gee Psychological Research Associates Research 
Memorandum 56-6. 

-1-
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B. PROCEDURES 

1. Range Lgout 

The study was conducted on a flat transition range at Fort Benning, 
Georgia. Observers were loca'i;ed 100 yards down range from the firing line 
in a 7' x 4• x .30' pit with overhead cover but open to the rear. Five aiming 
point targets were positioned 12 feet apart laterally along the top of the 
pit, with the bottom edge of the targets approximately 3 feet from the ground. 

2. Participating Troops 

Thirty men of the 29th Infantry Regiment served as observers. One
half of this group had front line rifle company combat experience in World 
W~.c· II or in Korea or ·ooth. The average time in combat was 16. 3 months. The 
other 15 men had had no combat experience. 

Six exper~enced riflemen and six experienced automatic riflemen 
participated as firers • 

.3. Test Administration Procedures 

a. Phase I: Comparative Judgments. All trials of Phase I consisted 
of the firing of two six-second patterns of· ·fire, one from an Ml and one from 
an AR. All volume/distance combinations for the Ml were paired with all 
volume/distance combinations for the AR. Each trial was fired· twice, one 
with the AR first and once with the Ml first. There was a three-second 
interval between the first and second halves or each trial and a thirty
second interval between successive trials. Subjects were seated in a double 
row underneath the center target (which was considered "zero" feet lateral 
distance from subjects).l The observer's task for each trial was to imagine 
himself in combat and to judge which of .the two fire patterns of the trial he 
thought to be most dangerous to him. Each observer made independent judgments 
for each trial and recorded them on a standard form. (See Appendix I.) 

b. Phase II: Action Jud~ents. Trials of Phase II consisted of the 
firing of one six-second pattern ~ fire from one or the other of the two 
weapons. There were several trials for each volume/distance combination for 
each of the two l~::p.:;n.s ., Trials were thirty seconds apart. Observers were 
positioned in three .f~~:.man groups below the three center tar~ets. The 

1 During the course of the firing in Phase I, the same volume/distance combi
nation.~ w•:ire fired to the left and right of the center aiming. point at 
positions 12 and 24 feet away from the center aiming point to attempt to 
eliminate possible directional bias and to minimize the effect of the 
lateral distance an indiTI.dual would be offset from the "zero" by his 
position in the group. (See Appendix III for order of' firing conditi~ns 
during Phase I • ) 

-2-
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observer's task for Phase II trials was to imagine himself in 'combat and 
indicate his most likely response to the fire in tenns of the five point 
•scale below: 

(1) Take cover and stay ~. 
(2) Take cover and~~ every now and then to !'.!!:!.quickly. 
(3) Take cover, then retum sustained fire. 
(4) Take cover, then fire and move forward in short rushes. 
(5) Keep moving forwarcrand retum fire. 

(See Appendix II.) 

c. Presentation and Control of Fire Patterns. For each trial, a fire 
control officer specified the men who should fire and their target, according 
tc a pre-set firing schedule. (See Appendix III and IV.) Each man fired 
four rounds per trial. Volume or fire was systematically varied by varying 
the number of firers per trial. AR men attempted to fire two-round bursts. 
A metronome and count system were used to insure that the required volume of 
fire was ~nif ormly distributed throughout the six-second firing period. 

4. Data Processing and Analysis 

Comparative judgments (Phase I) were combined for the 15 firers of 
each group to obtain percentages of times that the AR was judged more 
dangerous than the Ml for each volume/distance combination for each group 
of observers. 

The five re~ponse categories for action judgments (Phase II) were 
assigned arbitrary score valu~s 1, 2, 3, 4 and 5; higher numbers indicating 
i ... ~.st neutralization. The judgments of the fifteen members of each group 
ili·!re averaged for each weapon-volume-distance combination. These data were 
submitted to an analysis of variance to determine which factors (combat 
experiP-nce, weapons, volume, distance) and which combinations of those factors 
made significant differences in action judgments.l 

C. RESULTS 

1. Phase I: Comparative Judgments. The percentages of judgments of AR 
as more dangerous than Ml as a function of differences in volume of fire and 
distance of fire from observers are shown·for combat and non-combat groups 
in Table 1. For equal volumes and distances, the AR is generally judged more 
dangerous than the Ml by both groups of observers. (See Table 1 and 
Appendix V.) 

1 
Used here is an extension of the analysis of variance model described in 

, Lindquist, E.F., Design and Analysis of Experiments, Houghton Mifflin .Co., 
Boston, 1953, p. 292ff. 
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• TABLE l 

PROPORTION JUDGING AR FIRE MORE DANGEROUS THAN 
Ml FIRE FOR EQUIVALENT VOLUME-DISTANCE COMBINATIONS 

DISTANCE 
(Ft.) 

DISTANCE 
(Ft.) 

0 

12 

24 

0 

12 

24 

VOLUME (per 6 seconds) 

12 24 

.63 .45 .43 

.58 .58 .58 COMBAT GROUP 

.68 .58 .60 N : 60 

VOLUME (per 6 seconds) 

12 24 

.28 067 S5 

.50 .67 .65 NON-COMBAT GROUP 

.42 .60 0 72 N : 60 

~4-
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•. . 
2. Phase II: Action Judgments o The relationships be"t;ween action judgments 

and weapons-volume-distance-experience combinations are summarized in Table 2 • 
The lower the scale value, the greater the neutralization. Results of the 
analysis of variance of action response judgments show the following factors 
and combinat~.ons of factor~ to be significant in det.ermination of psychological 
effectivenP-e~ ~f fire: (See Table 3 and Appendix Vlo) 

a. Degree of Combat Experience. Combat experienced personnel were 
neutralized less than were non-experienced personnelo 

b. Weapons. The automatic rifle was judged more psychologically 
effective than the semi-automatic rifleo 

c. Volume. Increases of volume of fire per six-second interv~-1 
produced increases in judged neutralization effectso 

d. Distance. Decreases in distance of fire from the observer 
increased the 1judged neutralization effects of the fireo 

e. Weapon and Volume. Increases in volume of fire of the automatic 
rifle produced greater increases in judged neutralization than equal inc~ases 
in volume.of fire of the semi-automatic rifle. · 

f. Combat E~rience and Dist~. Decreases in distance produced 
greater increases in judged neutralization for the combat experienced group 
than for the non-experienced group. 

D. CONCLUSIONS 

The major results of this experiment lead to the following conclusions:. 

1. The automatic rifle has significantly greater psychological effect 
than the semi-automatic rifle. This conclusion is supported by results from 
both the comparative judgments method and the absolute judgments method and is 
consistent with results of prior studies.l 

2o The degree of psychological effectiveness of both weapons is a 
fun~tion of the volume of fire, the nearness of the fire, and the combat 
experience of the infantrymen. 

1 See PRA Research M~mcrandum 56-6j March 1956. 
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______ ] 

TABLE· 2 

AVERAGE ACTION JUOOMENT VALUES 

COMBAT - ARl 

4 

VOLUME (rounds per 12 
6 seconds) 

24 

Av. 

VOLUME (rounds per 12 
6 seconds) 

VOLUME (rounds per 
6 seconds) 

24 

Av. 

4 

12 

Av. 

Distance 

24 12 
3.8 4.0 

3.3 3.0 

2.7 2.1 

3.3 3.0 

COMBAT - Ml 
Distance 

24 12 

4.4 4.4 

3.4 3.2 

3.0 2.6 

3.6 3.4 

0 

3.4 

2.8 

1.6 

2.6 

0 

4.2 

2.9 

2.0 

3.0 

NON-COMBAT - AR 
Distance 

24 12 0 

3.3 3.6 3.4 

2.4 2.4 2.2 

1.5 1.5 1.4 

2.4 2.5 2.3 

Av. 
3.7 

3.0 

2.1 

4.3 

3.2 

2.8 

3.4 

2.3 

1.5 

The lower the mean value, the greater the degree of neutralization 
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TABLE 2 (Cont'd) 

AVERAGE ACTION JUOOMENT VALUES 

NON ... COMBAT - Ml 

Distance 

24 12 0 AVo 

4 4.0 3.9 4ol 4.0 

VOLUME (rounds per 12 
·206 2.7 2.5 206 

1.9 2.0 105 lo8 6 seconds) 
24 

Av • 208 2o9 2.7 
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TABLE 3 

MEANS OF ACTION JUDGMENT VALUES AND SIGNIFICANCE 
OF MEAN DIFFERENCES FOR ALL CONDITIONS 

CONDITIONS MEAN p -
Experience o005 

Combat 3.,15 
Non-Combat 2o59 

Weapons .oo5 

Ml '3006 
BAR 2068 

Volume .oo5 

4 3.87 
12 2.77 
24 L97 

Distance .oo5 

24 3.03 
12 2.93 

0 2.65 

E~erience x Distance Combat Non-Combat .01 

0 208 2.5 
Distance 12 3.2 2.7 

24 3.5 2.6 

Weapon x Volume Ml BAR .025 

4 3.6 4.2 
Volume 12 2.7 2.9 

24 1.8 2.3 

1 Tests of significance based on analysis of variance of action judgment values. 
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Appendix I 

EXAMPLE DATA RECORDING SlIF.F.T FOR COMPi\RJ\TTVF. JUDGMENTS 
(Phase I) 
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- --- - -----------

• ~ • '•' n~w~·~•·•· "~~~·-.~~~ ·=~~-~-~~=--T 

Do you have combat experience as a member of a front line rif'le company'> ---
Do you have the Combat Infantryman vs Badge? ____ In what war did you get 

combat experience? Where? How long? What was your rank ----- ------- -------
in combat? ------
Instructions: Before each pair of firings, the NCO.in the pits will call out 
the trial mimber. Record this in the blank provided to the left of each column. 
Arter the pairings have been fired, indicate by writing either l' or 2, which of 
the firings, the first or the second you consider the most dangerous. 

~1-
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Appendix II 

EXAMPLE DATA RECORDING SHEET FOR ACTION JUDGMENTS 
(Phase II) 

.... 
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Name ___________ ASN _____ Rank _____ Group No. ___ _ 

Do you have combat experience as a member of a front line rine company? ---
Do you have the Combat Infantr;yrnan' s Badge? ____ In what war did you get 

combat experience? ____ Where? ____ How long? ____ What was your rank 

in combat? __ _ 

Instructions: This test will require you to imagine yourself in combat as a 
rifieman. There will be single firings (lasting six seconds). You must decide 
which of the numbered actions listed below you would take if you were in combat 
and record that in the proper numbered blank. The first number of each blank 
indicates the trial number which the NCO in charge will tell you be.fore each 
firing. Remember to record the number of the action you would most likely take. 
If none of them is eA.actly what you would do, record the number of the action 
which is clcsest to the waj.· you would act. Do not make up any new actions and 
do not record ~~ rrllilloers other than the ones called .for by the scaled actions. 
The seals to use is printed below. The number you are to record for the action 
you select for each burst is written to the left of the statement. 

1. Take \~OVr:Jr and stay~· 

2. Take cover and E.2E. ~every now and then to~ quickly. 

3. Take cover and return sustained fire. 

4. Take cover, then~ and~ .forward in short rushes. 

5. Keep moving forward and return fire. 

1. 10. 190 28. 37. 

2. 11. 20. 29. 38. 

3. 12. 21. 30. 39. 

4. 13. 22. 31. 4o. 

5. 14. 23. 32. 41. 

6. 15. 24. 33. 42. 

7. 16. 25. 34. 43. 

8. 17. 26. 35. 44. 

9. 18. 27. 36. 45. 

-1-
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Phase Il(Continued) 
-:-1, 

46. 57. 67. 77. 87. 
::;; 

47. 58. 68. 78. 88. 

48. 590 69. 79 • 89. 

. 49, 6o. 70. Bo. 90. 
: ' 50. 61. 7lo 81. 91. . -- --

51. 62. 72. 82. 92. ' 

52. 63. 73. 83. 93. 

53. 64. 74. 84. 94. 

54. 65. 15. 85. 95. 

55. 66. 76. 86. 96. ·-
56. 
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Appendix III 

FIRING SCHEDULE FOR COMPARATIVE JUDGMENTS 
(Phase I) 

'. 
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.. ~· ·-· --

1. 24/24-Ml/R • • • • 24/24-AR/R 41. 4/24-Ml/R • • • • 12/24-AR/L 
2. 4/o-AR ••••••••• 4/0-Ml 42. 4/12-AR/L • • • • 24/24-Ml/R 

*3· 12/0-Ml • • • • • • • 4/12-Ml/R 43. 12/24-AR/L • • • 12/24-Ml/L 
4. 24/24-Ml/L • • • • 24/12-ARf 44. 12/12-Ml/R • • • 12/12-AR/R 
5. 2Yi24-Mlfa'L • • • • 24/0-AR. 45. 24/12-Ml/L • • • 24/12-AR/R 

*6. 4 12-AR • • • • • 2;{24-ARt 46. 4/24-AR/R • • • • 4/24-Ml/L 
1. 4/0-AR •••••••• 4 12-1-0. L 47. 4/0-Ml • • • • • • • 4/0-AR 
8. 2%24-AR/L .. • • • 1%24-j{:- *48. 4/12-Ml/L • • • • 24/24-Ml/R 
9. 4 0-1-0. •••••••• 4 24-AR L 49. 12/24-AR/L • • • 12/24-Ml/L 

10. 4/0-AR • • • • • • • • 12/0-Ml 50. 2xo-Ml • • • • • • 2xo-AR 
11. 24/24-Ml/L • • • • 12/12-AR/L 51. 4 12-AR/R • • • • 4 2-Ml/L 
12. 24/24-AR/L • • • • 1%0-Ml *52. 12/0-AR •••••• 4/12-AR/L 
13. 24/24-AR/R • • • • 4 24-Ml/L 53. 24/24-Ml/L • • • 24/24-AR/L 
14. 4/0-Ml • • • • • • • • lxl2-AR/R 54. 1%0-Ml ••••• ·• 1%0-AR 
15. 2%24-AR/R • • • • 4 12-Ml/R 55. 4 24-AR/R •••• 4 24-Ml/R 
16. 4 0-Ml •••••••• 12/24-AR/L 56. 24/12-AR/L • • • 1%24-Ml/R 
17. 4/0-Ml. •••••••• 2~0-AR 57. 12/0-Ml •••••• 4 24-AR/R 

*18. 12/0-Ml ••••••• 4 12-Ml/L 58. 12/0-AR • • • • • • 4/12-Ml./L 
19. 2324-Ml/L • • • • 4/0-AR *59. 12/0-Ml. •••••• 24/24-Ml/L 
20. 4 0-.Aa •••••••• 24/12-Ml./L 6o. 11'~2-~L ••• 24/24-AR/L 
21. 24/12-Ml/R • • • • 24/24-AR/L 61. 4 24-Ml • • • • 12/12-AR/R 
22. 2312-AR/R • • • • 24/12-Ml/L 62. 12/0-AR •••••• 24/12-Ml/R 
23. 4 0-AR •••••••• 24/24-ML/R 63. 12/24-Ml/R ••• 24/24-AR/R 
24. 2~2-Ml/L •••• 2%0-AR 64. 12/24-AR/L • • • 4/12-Ml/R 
25. 4 12-AR/L ••••• 4 0-Ml. 65. 24/12-AR/R • • • 4/24-Ml/R 
26. . 4/12-Ml/R • • • • • 4/12-AR/R 66. 24/0-Ml • • • • • • l/{24-AR;{L 

*27. lxo-AR ••••••• 4/12-AR/R 67. 12/12-Ml/L • • • 4 2-AR L 
28. 4 12-AR/L ••••• 4/24-Ml/L 68. 4/12-AR/L • • • • 1%24-Ml/R 
29. 12/0-Ml ••••••• 12/12-AR/L 69. 12/0-Ml •••••• 4 0-AR 
30. 12/0-Ml ••••••• 12/24-AR~ 10. 24/0-AR •••• •• 4/0-Ml 
31. 24/0-AR ••••••~ 4/24-Ml 71. 12/12-Ml/R • • • 24/0-AR 
32~ l~/12-AR/R •••• 12/24-Ml/R *72. 12/0-AR • • • • • • 24/24-AR/R 
3" 12/24-Ml/L • • • • 12/0-AR 73. 12/12-AR/R • • • 1%12-Ml/L _">. 
34. 130-AR • • • • • • • 12/0-Ml. 74. 24/12-AR/L • • • 4 0-Ml/L 
35. 4 24-Ml/L • • • • • 12/0-AR 75. 2%12-ARfeL • • • 12/12-Ml/R 
36. 24/0-Hl • • • • • • • 4/12-AR/L 76. 4 24-Ml • • • • 24/0-AR 
37. 12/24-AR/R • • • • 24/0-Ml 77. 12/12-Ml/L • • • 4/0-AR 
38. 12/12-AR/L •• o • 1%0-Ml 78. 4/24-AR/L • • • • 4/12-Ml/R 
39. 12/24-Ml/L • • • • 4 0-AR 79. 4/12-Ml/R • • • • 1,%0-AR 
40. 4/24-AR/R ••••• 24/12-Ml/R 80. 12/24-AR/L •• o 4 24·~Ml/L 

KEY: First number - Volume of fire. 
S.econd number - Distance from observers. 
Third designation - Weapon type. 
Fourth designation - Left, right, or center aiming point. 

* Indicates an exper:i.lllental control trial. 

-1-

'. 

j Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 380 of 804   Page ID
#10866



--------------------.. 

Phase I (Continued) 

81. 12/12-AR/R o o.. 2~2-~L 126. 24/12-Ml/L o o o o 4/24-AR/L 
820 12/12-Ml/R • o o. 4 24-.AR. L 1270 24/0-AR 0000000 12/24-~L 
8,3. 24/12-Ml/L o •• o 12/0-AR 128. 12/12-AR/R o. • • 4/12-Ml 
840 2;{0-AR o o. o •• o 24/0-Ml *129. 4/12-AR/L • • • • • 24/24-AR/L 
85. 4 12-AR/R • o •• o 2~2-Ml.t 1.30. 4/12-Ml/R o o o o • 1%24-AR/R 
86. 2;{12-~L o••• 4 12-AR L 1.31. 12/0-AR oeoo••• 4 0-Ml 

*87. 4 2-Ml. oo•oo 24/24-1-:D./R 1.320 24/0-Ml o •• o •• o 4/0-AR 
88. 17(24-AR;(L o o o • 12/12-Ml./R 1.3.30 12/12-AR/L • o o o 24/0-Ml. 

*89o 4 12-AR L o... • 24/24-AR/R 1340 12/12-MJ./R o • o o 1.%12-AR/R 
90. 24/0-Ml o o • o o o o 24/24-AR/L 135. 24/12-Ml/L o • o o 4 0-AR 
9lo 4/24-Ml./L o ••• o 24/24-AR/R 1360 2"12-~ o o" o 12/12-AR/L 
92. 24/0-AR • o o •• o • 24/12-Ml./R 137. 4 24-AR L o o o • o 2%0-Ml. 
93. 1%0-Ml. 0 0 • 0 • 0 0 2roo-AR 1.38. 12/12-AR! o. o o 4 0-Ml 
940 4 24-AR/R 00000 4 0-Ml 139. 4/24-Ml o o o o o 4/12-AR/L 
950 12/0-AR o • e , ... o 24/24-Ml./L 1400 4/12-AR/L o o o o o 12/0-Ml 
960 24/0-Ml 0000000 12/12-AR/R l4lo 12/24-Ml/L o o o o 4/24-AR/L 

*97. 12/0-Ml. ooeoooo 24/24-Ml./H 142. 12/12-Ml./L •• o o 2~2-AR! 
98. 12i24-AR/R o o o o 24/12-Ml./L 1430 12/12-AR/R o o o o 4 24-Ml L 
990 2xo-MJ. 0 0 0 0 0 0 0 12/0-AR *1440 12/0-Ml. 0000000 4/12-Ml./R 

1000 4 12-Ml/R 00000 24/0-AR 1450 24/12-AR/R o o o o 12/0-Ml./L 
lOlo 4/12-J..R/R o o o o o 12/12-Ml/L 146. 2~0-Ml 0000000 24/~-AR 

~· 1020 24/24-AR/L • o o o 1%24-Ml/R 1470 4 12-MJ./L 0 0 0 0 0 2x12-~·n 
103. 4/0-Ml ooooeooo 4 24-AR/L 1480 24/12-AR/L o o o o 4 12-Ml I, 
1040 4/0-AR oooooeoo 12/0-MJ. 1490 12/24-Ml/R ., o o o 12/12-AR/R · 
1050 24/24-Ml/L o o o o 12/J.2-AR/L 1500 24/0-AR 0000000 24/2L-Ml/L 
1060 2J.i/24-AR/L o. o. 1.%0-Ml 151. 4/24-AR/R o o o o o 24/24-Ml/R 
1070 24/24-AR/R o o o. 4 24-Ml/L 1520 24/0-Ml. o o o o o o o 24/12-AR/R 
1080 4/0-Ml o o o o • o o o 17{12-AR! 153. 12/0-AR • o •• o o o 2%0-Ml 
1090 2%24-AR/R 0000 4 12-Ml. 1540 4/24-Ml/L o o o o o 4 0-AP. 
llOo 4 0-Ml. oooeoooo 12/24-AR/L 1550 12/0-Ml 0000000 24/24-AR/L 
lllo 4/0-Ml 00000000 24/0-AR 1560 24/0-AR o o o o o o o 12/12-Ml/L 

*1120 4/12-Ml/L o o o o o 24/24-Ml/L 1570 12/24-MJ./R •• o. 24/12-AR/R 
1130 4/12-Ml/L o o o. o 4/12-AR/R *158. 12/0-MJ. ooooot<e 2x24-~L 
114. 24/24-AR/L o o o o 24/24-Ml/L *1590 12/0-AR 0000000 4 12-AR 
115. 1%0-AR o ••• o • o 1%0-Ml l6oo 2xo-AR 0 0 0 0 0 0 0 12/0-Ml 
116. 4 24-Ml/L o o o o o 4 24-AR/L 1610 4 12-AR/R 00000 24/0-Ml. 
1170 24/12-Ml/R o • o o 1%24-ARfeL 1620 4/12-Ml/L o o o o o 12/12-AR/R 
1180 12/0-AR 0000000 4 24-MJ. 1630 24/0-AR o o ,, •• o o 24/0-Ml 
li9o 12/0-Ml ooo•o•o 4/12-AR/R *1640 12/0·AR • o o o o o o 24/24-AR/L 
120. 1.%12-AR/R 0000 24/24-Ml/R 1650 1.%24-Ml/R • • • • 12/24-AR/R 
1210 4 24-AR/L o o o o o 12/12-Ml/R 1660 4 0-AR 00000000 4/0-Ml 

*1220 12/0-AR 0000000 24/24-AR/L 1670 4/24-Ml/L o. o o o 4/24-AR/L 
1230 12/0-Ml •00000• 24/12-AR/R 168. 24/12-AR/R o o o o 24/12-Ml/R 
1240 12/24-AR/R o o o o 2~2-Ml/L 1690 12/12-AR/R o o o o 12/12-Ml/L 
1250 12/24-Ml/R o o o • 4 12-AR/L 1700 12/24-Ml/L • o o o 12/24-AR/R 

-2-
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Phase I (Continued) 

l7lo 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
lBlo 
1820 
183. 
1840 
1850 

*186. 
1870 
1880 
1890 

*1900 
1910 
1920 

*193. 
1940 
19.5. 
1960 
1970 

*l98o 
1990 
2000 
2010 
202. 

*2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 

*2140 
2150 

24/12-Ml/R 0000 24/24-AR/R 
4/24-AR/R o o o o o 12/24-Ml/L 
4/24-Ml/R o o o o o 2h/l2-AR/L 
12/24-A.ll/L o o. o 4/0-Ml 
12/12-Ml/R o o o,, 12/0-AR 
12/24-Ml/L ooeo 24/0-AR 
24/0-AR o o o o o o o 4/12-Ml/R 
4/24-AR/R • o o. o 12/0-Ml 
12/0-Ml 000000• 12/0-AR 
12/24-AR/L o o o o 12/0-Ml 
12/12-Ml/R o o o o 12/21.i.-AR/R 
24/0-Ml 0000000 4/24-AR/L 
12/0-AR 0000000 12/24-Ml/R 
12/0-AR 0000000 12/12-Ml/L 
4/12-Ml/R o o o o o 4/24-AR/R 
4/12-AR/R o o o o o 24/24-AR/L 
4/12-AR/L o o "o o 4/12-Ml/L 
4/12-Ml/R o o o o. 4/0-AR 
24/12-AR/R o o o o 24/0-Ml 
12/0-Ml 0000000 24/24-Ml/R 
4/0~Ml 00000000 24/24-AR/R 
24/12-Ml/R o o o o 2012-AR/L 
12/0~ut 0000000 4 12-AR/L 
24/12-AR/L 0000 2 /24-Ml/R 
11/0-Ml • ,, ,, ,, ,, • .. .. 2h/12 .. AR/L 
24/24-AR/R o o o o 4/0-Ml 
4/0-AR •0000000 24/0-Ml 
12/0-Ml 0000000 4/12-Ml/L 
4/0-AR o o o o o o o o 12/24-Ml/R 
24/24-Ml/R o o o o 4/12-AR/R 
4/0_-AR • o o o o o o o 12/12-Mi/L 
24/24-Ml/Lo o o o o 4/24-AR/R 
4/12-Ml/R 00000 24/24-Ml/L 
24/24-Ml/R • o o o 12/0-AR/R 
24/24-AR/L o o o o 12/12-Ml/R 
4/0-Ml 00000000 12/0-AR 
4/0-AR o o • o o o o o 4/24-Ml/L 
24/24-Ml/R • o o o 12/24-AR/L 
4/0-Ml 00000000 4/12-AR/R 
24/24-AR/L o o o o 24/0-Ml/L 
24/24-AR/R o o o o .24/12-Ml/R 
4/0-Ml 00000000 4/0-AR 
24/24-AR/L o o o o 24/24-Ml/L 
12/0-AR 0000000 24/24-AR/R 
24/24-AR/L o o o o 12/24-Ml/R 

'. 

·---·--··--·-·-------

-3-

2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 

4/0-Ml 00000000 4/24-AR/L 
4/0-AR 00000000 12/0-Ml 
24/24-Ml/L o o o o 12/12-AR/L 
24/24-AR/L o o o o 12/0-Ml. 
24/24-AR/R o o o o 4/24-Ml/L 
4/0-Ml 0000000• 12/12-AR/R 
24/24-AR/R o o • o 4/12-Ml/R 
4/0-Ml 0000000• 12/24-AR/L 
4/0-Ml 00000000 24/0-AR 

<f· .• , 
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Appendix IV 

FIRING SCHEDULE FOR ABSOLUTE (ACTION) JUDGMENTS 
(Phase II) 

I 
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l. 
2. 
3. 
4. 

I 
5G 
6. 
1~ 
B. 
9. 

lOo 
llo 
12. 
130 
14~ 
15.. 
160 
170 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
260 
270 
280 
29. 
30o 
310 
32. 

12/24-!,-Ml 33. 24/12-L-AR 65. 12/24-R-Ml 
24/12-L;.Ml 34. 4/0-Ml 66. 12/24-R-AR 
24/24-R-AR 35. 4/12-R-AR 670 2%0-AR 
2%24-R-Ml 360 lx12-1-m 68. 4 0-Ml 
4 0-tMJ.. , ' 37. 4 12-L-AR 690 24/0-Ml 
U(24:-L-Ml, 380 1%0-Ml .70o 24/12-L-Kl 
2Yil2~R-Ml .39o 4 24-L-AR 710 4/12-L-AR 
4 12-R-AR 4o. 24/24-R-AR 720 24/12-R-AR 
24/24-L-AR 41. 4/12-L-Ml 730 l?a2-R-AR 
12/12-R-AR 42. 12/24-R-Ml 74. 4 12-L-Kl 
24/24-L-Ml 430 24/24-L-AR 75. 12/0-Ml 
1xo-Ml 44. 24/12-R-Ml 76. 24/12-L-AR 
4 12-L-Ml 45. 12/12-R-Ml 77. 4/12-L-Ml 
24/24-L-Ml 460 4/12-R-AR 780 4/12-R-Ml 
2xo-An · 470 4/12-R-Ml 79. 24/12-R-AR 
4 2-L-AR 48. ls2-L-AR 80o 24/12-R-Ml 
4/12-R-Ml 490 4 0-Ml 81. 12/0-AR 
12/24-L-Ml 50o 2 /0-Ml 82. 12/0-Ml 
2%12-R-AR 5L 12/24-R-AR 830 12/12-L-AR 
4 24-R-AR 52. 2%24-R-MJ. 84. 24/0-Ml 
24/12-L-Ml 53. 4 24-L-AR 85. 4/0-AR 
1~2-T..-Ml 54. 4/24-R-Ml 86. 12/12-R-AR 
4 24-R-Ml. 550 12/12-L-AR 87. 24/0-AR 
12/12-R-Ml 56. 24/12-L-AR 88. 12/12-R-Ml 
12/0-AR 57. 24/0-Ml 89. 24/12-L-AR 
1.%24-L-AR 58. 12/12-L-Ml. 90. 12/0-AR 
4 0-AR 590 4/12-L-Ml 91. 1/(12-L-Ml 
4/12-R-Ml 6o. 4/0-AR 920 4 12-R-AR 
4/24-R-AR 61. 12/24-L-AR 930 24/0-AR · 
lxo-AR 620 12/12-R-Ml 94. 1%12-R-AR 
4 24-L-Ml 63. 24/12-R-Ml 95. 4 0-AR 
12/12-I,..,Aft 64. 4/12-L·AR 96. 24/12-R-AR 

KEYg First designation - Volume of fire. 
Second designation - Distance from observer. 
Third designation - Right, left or center aiming point. 
Fourth designation - Weapon type. 

-1-
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Appendix V 

TABLES OF THE PERCENTAGE OF CASES IN WHICH AR FffiE WAS 
CONSIDERED MJRE DANGEROUS THAN Ml FIRE FOR COMPARATIVE JUDJ.MENTs· 

(Phase I) 
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.. ·,' 

TABLES OF THE PERCENTAGE OF CASES IN WHICH AR FIRE WAS 
CONSIDERED IDRE DANGEROUS THAN Ml FIRE FOR COMPARATIVE JUDGMENTSl 

COMBAT EXPERIENCED 

Ml Rifle 

RDS/Fto 4/24 4/12 4/o 12/24 12/12 12/0 24/24 24/12 ·24/0 

4/24 

4/1~ 

4/0 

12/24 

AR 12/12 

12/0 

24/24 

24/12 

24/o 

lo The percentages are given in the upper portion of each cello The n'llmber 
of cases on which the percentages are based are located in the lower 
portion of each cello 

-1-
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Phase I (Continued) 

RDS/Fto· 4/24 

4/24 

4/12 

4/o 

12/24 

AR 12/12 

12/0 

24/24 

24/1,2 

24/o 

,. 

NON-COMBAT EXPERIENCED 

Ml Rine 

4/12 12/12 12/0 24/24 24/12 · 24/o 

~· 
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Appendix VI 

SUMMARY TABLE: ANALYSIS OF VARIANCE OF ACTION JUDJMENTS VALUES 
(Phase II) 
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SOURCE DF SUM OF SQUARES MEAN SQUARE ERROR TERM* F SIG 

Experience l 655.61 655.61 b 13.319 .oo5 
Weapon l 315.87 31.5'.87 l 46.6.5'7 .oo5 
Volume 2 5,236.8.5' 2,618.42.5' 2 194.24.5' .oo5 
Dist. 2 218.39 109.195 3 11. 768 .oo5 
Weapon x Vol. 2 .5'2.40 26.20 l 3.870 .025 
Weapon, x Dist. 2 .33 .165 2 .012 NS 
Vol. x Dist. 4 78.62 19.655 3 2.118 NS 
W x V"x D 4 29.35 ·7.3375 7 .150 NS 
Weapon x Exp. 1 .41 .41 1 .061 NS 
V~l···x Exp. 2 6o.71 30.355 2 2.252 NS 
Dist. x Exp. 2 95.10 47.·55 3 5.1~4 .01 
w xv x Exp. 2 4.44 2.22 4 .021 NS 
W x D x Exp. 2 1.03 .515 5 .046 NS 
V X ·Dt·iX Exp. 4 32.73 8.1825 6 .161 NS 
W x1V1ac D ::.c Exp. 4 

I 
6.14 1.535 7 .031 NS 

I 
!P.ROR SOURCE DF SUM OF SQUARES MEAN SQUARE 

Between 29 2,033.84 (0.'1)2 
Within 510 9,012.94 17.672 

b 28 1,.378.23 49.223 
l 28 189.55 6.770 
2 56 754.88 13~1i86 

·~ 56 519.62 9.279 
56 6,005.32 107.238 

5 56 6,240.58 111.439 
'6 112 5,615.25 50.672 
7' 112 5,485.70 48.979 

*The error term used to test the significance of main effect and interaction 
is specified by a number (or letter b) and located under the error source 
table. 

-1- . 
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PSYCHOLOGICAL EFFECT OF PATTERNS OF SMALL ARMS FIRE 

A: PURPOSE 

THIS IS ONE OF A SERIES OF INVESTIGATIONS OF THE PSYCHOLOGICAL COMPONENT OF 
FIRE ~FFECTIVENESS CONDUCTED AS PART OF THE PLATOON ORGANIZATION STUDIES RESEARCH 
PROGRAM~~ PREVIOUS WORK IN THE AREA OF PSYCHOLOGICAL EFFECT HAS BEEN REPORTED 
I~ REst~RCH STUDY REPORTS I I I AND IV. RESEARCH STUDY REPORT I I I OBTAINED 
WRITTEN RESPONSES FROM INFANTRYMEN CONCERNING THE COMPARATIVE DANGEROUSNESS Of 
OVERHEAD A~ AND Ml FIRE Of VARYING VOLUMES AND DISTANCES FROM THEM. 2 THIS 
STUDY ALSO OBTAINED INFORMATION CONCERNING THE TACTICAL ACTIONS INFANTRYMEN 
CONSIDERED APPROPRIATE WHEN TAKEN UNDER FIRE BY AUTOMATIC AND SEMI-AUTOMATIC 
WEAPONS DELIVERING VARIOUS VOLUMES Of F1RE AT DIFFERENT DISTANCES FROM THE 
TROOPS. RESEARCH STUDY REPORT .IV OBTAINED QUESTIONNAIRE RESPONSES FROM COMBAT 
EXPERIENCED VETERANS CONCERNING THE RELATIVE DANGEROUSNESS OF WEAPONS THAT HAD 
BEEN flRtD ~GAINST THEM IN COMBAT.3 

- .. r. , . . . 
I . -
THIS STUDY EXTENDS INVESTIGATION OF VARIABLES EXAMINED IN THE PREVIOUS 

WORK AND ATTEMPTS TO OBTAIN A MORE OPERATIONAL DEFINITION AND QUANTIFICATION 
Of THE WILLINGNESS Of MEN TO EXPOSE THEMSELVES TO THE FIRE Of SMALL ARMS 
WEAPONS •. : ·· 

8. DEFINITION OF PSYCHOLOGICAL EFFECT 

THE FIRE EFFECTIVENESS ASSESSMENT MODEL ASSUMES THAT EACH WEAPON SYSTEM, 
AS A FUNCT10N Of ITS FIRE CHARACTE~ISTICS, HAS A MEASURABLE EFFECT UPON THE 
ACT.IONS Of' THE ENEMYj r1RE EFFECTIVENESS IS DEFINED A~~E DEGREE TO WHICH 
TH~VEfilM_of-:..IJ3£.-tm:u~!.s.,.auuaN,,.Lta; .... .J ... LB..E~EEe. -71"REEFF tc"T i-v~uc=:.. ... 
MAY BE DIVIDED INTO TWO COMPONENTS: PHYSICAL AND PSYCHOLOGICAL EFFECTS O~~JRE. 
THE PHYSICAL EFFECTS Of FIRE ARE TO KILL OR TO WOUND AND THUS REDUCE THE . 
NUMBER or ENEMY WHO ARE ABLE TO RETURN FIRE. THE PSYCHOLOGICAL EFFECT -Of FIRE 

~.., .. ~_,,.,,.;_ __ ..... ,_,_ .,,,.,.. ........... -..;. • ......"'.>..'i#..:,0..,W,.. ... - •• ~ • ....;~ ..... ·-~,...--· -~~ ....... ·-

1.~-~~-~2:l~-,_!t!£""~-~~~·~,~-«·~·N.\:L I.H .U.S ... REP,lJ.Cs .• IJ:IE: J~-~~~~~~·~f-,,~~}.T~~ TI ~.E,_?~~-1 NG 
WHICH THE ENEMY IS Wl·LLlNG TO RETURN FIRE. 

~ •-·<J"'": ';,.,,.-,,~.,oit{:Ao.;.~.~"~·;>;-;;;j-f~.:.;..:.::-c · •• ·· , • ..,,-.,.:_, .. •_,,..._,:;,.,~.,,,.;,_.-•,...; .. ~-,.·'~· i'~-.·.o;;.~T.,:~~-. 

1
THE p,._~TO~N ORGANIZATION STUDIES RESEARCH PROGRAM WAS CONDUCTED BY PSYCHOLOGICAL 
RESEARCH ASSOCIATES FOR COMt;IAT OPERATIONS RESEARCH GROUP, CONTINENTAL ARMY 
COMMAND; A.ND RESEARCH· OFF I CE, EXP ER IMENTA TI ON CENTER OF THE COMBAT OE YELOPMENT 
·[XP.£R·IMENTA T ION CENTER. THE STUDY REPORTED HERE WAS CONDUCTED AT FT. BENN I NG, 
GEORGIA DURING OCTOBER 1956. 

2p·SYCHOlOGJCAL EFFECTS or SMALL ARMS ftRE ON COMBAT EXPERIENCED 
'U. ~o .. 1; ++ 

AND NoN-
RESEARCH STUDY REPORT II I, P~A REPORT 57-9 JUNE 1957• 

3PsYCHOLOG.1CAL EFFECTS Of PLATOON WEAPONS - A QUESTIONNAIRE STUDY, RESEARCH 
ST_UDY RE.PO~:T tV, PRA REPORT 57-10, JUNE 1957. 

,~THEORE.Tlct.AL F'RAMEWORK FOR THE STUDY Of PLATOON FIRE CAPABILITY, RESEARCH 
MEMORANDU~, fSYCHO!.OGICAL RESEARCH ASSOCIATES, OCTOBER, 1956. 

I 

,.... 
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TH~ CO~CEPT or PSYCHOLOGICAL EFFECT IS VIEWED AS A REDUCTION IN THE 
EFFECTIVENESS OF ENEMY FIRE AS A RESULT Of FIRING TIME LOST BY THE ENEMY DUE 

. . , I ' 
TO HIS UNWILLINGNESS TO EXPOSE HIMSELF TO INCOMING FIRE. IN ORDER TO 

< ·.' ,. • • • • 

EVALUATE REDUCTION IN ENEMY EFFECTIVENESS IN TACTICALLY MEANINGFUL TERMS, IT 
IS NECESSARY TO FIRST QUANTIFY THE OAMAGE THE ENEMY COULD POTENTIALLY EFFECT, 
IN TER~~ ~F ACCUMULATED HIT PROBABILITIES, If HE EXPOSED HIMSELF CONTINUOUSLY 
THROUGHOUT THE DURATION OF THE BATTLE. SECOND, THE DAMAGE THE ENEMY CAN 
ACTUALLV ~fFECT1 AS A FUNCTION Of THE DISTRIBUTION OF HIS EXPOSURE TIMES 
THROUGHOUT THE BATTLE, MUST BE QUANTIFIED IN TERMS Of THE HIT PROBABILITIES HE 
ACCUMULATEi DURING THOSE DISCRETE EXPOSURES. THE DIFFERENCE BETWEEN THESE 
TWO PROBABILITY VALUES QUANTITATIVELY DEFINES PSYCHOLOGICAL EFFECT AND IS A 
TACTICALLY MEANINGFUL MEASURE. 

AN EXPERIMENTAL APPROACH TO THE PROBLEM OF ASSESSING PSYCHOLOGICAL EFFECT 
DEFINED ~N THIS MANNER REQUIRES TWO KINDS OF INFORMATION: (I) DIRECT MEASURE
MENT Of THE DURATION OF EACH EXPOSURE OF THE ENEMY AS A RESULT OF INCOMING FIRE 
OF VARYING CHARACTERISTICS; AND 1 (2) AN EVALUATION Of THE EFFECTiVENESS OF 
VARYING DEGREES Of ENEMY EXPOSURE DURATIONS CORRESPONDING TO SPECIFIC WEAPONS 
FIRED BY THE ENEMY; THE FRIENDLY TARGETS; THE TERRAIN; VISIBILITY; ETC. 
CHARACTER1sr1c::or THE BATTLE. W1TH THESE Two KINDS oF 1NFORMAT10N, 1 ANY GIVEN 
.£.Xl"Cl$URE 'ouRA n ON OF AN EN£.MY ARMED w I TH A WEAPON Of A GI VEN CLASS CAN BE .. 

\I 

ASS~GNED A VALUE IN TERMS OF THE HIT PROBA~iLITY HE ACCUMULATES DURING THAT 
INtERVAL •. GIVEN THE DISTRIBUTION OF ENEMY EXPOSURE DURATIONS AND THE ENEMY'S 
EFfECTIVENESS VALUES ASSOCIATED WITH EACH EXPOSURE, THE ACTUAL PHYSICAL EFFECTIVE-
NESS OF THE FIRER IS ASSESSED. THIS ACTUAL VALUE CAN THEN BE COMPARED WITH THE 
POTENTIAL VALUE" THAT THE ENEMY FIRER COULD HAVE ACCUMULATED HAD HE BEEN CON
TINUOUSLY EXPOSED DURING THE BATTLE. THE DIFFERENCE BETWEEN POTENTIAL AND ACTUAL 
HIT PROBABILITY VALUES REPRESENTS THE PSYCHOLOGICAL EFFECT OF FRIENDLY FIRE ON 
THAT ENEMY FIRER. 

'fHIS REPORT ANO RESEARCH STUDY REPORT II PROVIDE THE SORT OF COMPLEMENTARY 
~1NfORMATION REQUIRED FOR THE QUANTIFICATION OF PSYCHOLOGICAL EFFECT. RESEARCH 
$iu~Y1EPORT JJ REPORTS HIT PROBABILITIES ACCUMULATED BY AR ANO Ml WEAPONS AS 

.•.A FlJNCTtON OF FIRING TIME DURATION UNDER SPECIFIED BATTLEFIELD CONDITIONS. 2 

THE STUDY DESCRIBED IN THIS REPORT DETERMINES EXPOSURE TIME DURATION DISTRIBU
TIONS f.OR INFANTRYMEN SUBJECTED !0 INCOMING FIRE Of VARYING CHARACTERISTICS • 

. TJ:IUS; Tli°E CRITERION Of PSYCHOLOGICAL EFFECT USED IN THIS STUDY, AVERAGE DURATION 
Of EXPOSURE TIME, 1S AN INTERMEDIATE ONE AND REQUIRES INTEGRATION WITH FIRE 
Ef"f'£CTIVENES$ DATA OF THE SORT OBTAINED IN RESEARCH STUDY REPORT II. PROCEDURES 
FOR INTEGRATING THESE TWO Kl.NOS Of DATA TO ARRIVE AT A TACTICALLY MEANINGFUL 
MEASURtor 9SYCHbLOGICAL EFFECT ARE ILLUSTRA~ED IN FiRE CAPABILITY OF INFANTRY 
WEAP.ONS.?J. 

I .. • . 
· THE TE.RMS. FR t£NDLY AND ENEMY ARE USED AS CON VEN I ENT FRAMES Of REFERENCE. 8oTH 

. ANTA.GQNH~~s PRODUCE ANO RECE!VE FIRE AND iTS EFFECTS. 
2 . . . 

. CUMllLATtVE HIT PROBABILITY OF SMALL ARMS WEAPONS, RESEARCH STUDY REPORT II, 
PRA REPORT 57;8,; JUNE. 1957. 

3r1RE.CA.PABILltY -~ INFANTRY WEAPONS, PRA REPORT 57-6, JUNE 1957. 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 393 of 804   Page ID
#10879



~~:~....;;,--__:.;...___;__;__;__;__;..;.,.;..,--~·_,,,_,~··;,;;_; ____ ..;._ __ .;..._ ______ ..;.,.;.. __ -:-______ _;_.;..._.;..._ ______________ P_sv_c_H_o_Lo_G_1_c_A_L_RE_s_eA_R_.c_H_A_ss __ o_c_1A_T_Es ____ _ 

~. 

·1·~~ ... <; 

L___ ----

C. INDEPENDENT VARIABLES 

.. THE WEAPONS JNVESTIGATED IN TERMS Of THEIR PSYCHOLOGICAL EFFECT WERE THE 
.MJ RIFLE, THE AUTOMATIC RIFLE AND THE LIGHT MACHINE GUN., THE FIRE CHARACTERISTIC~ 
Of THESE WEAPONS WHICH WERE SYSTEMATICALLY VARIED AND RELATED TO DEGREE Of 
TARGET EXPOSURE WERE AS FOLLOWS! 

NUMBER Of _ROUNDS PER BURST 
NUMBER Of BURSTS PER MINUTE 
DISTANCE Of FIRE FROM TARGET PERSONNE~ 
TEMPORAL AND SPATIAL DISTRIBUTION Of FIRE 

. SIX PARTIALLY COVERED TWO-MAN PITS, APPROXIMATELY SEVEN YARDS APART 
AND REPRESENTING A DEFENSIVE SECTOR, WERE CONSTRUCTED 100 YARDS·DOWNRANGE 
FROM A FJRING LlNE. EACH PIT WAS SEPARATED INTO TWO COMPARTMENTS. EACH 
WAS FITTED WITH AN APPARATUS THAT ALLOWED THE SOLDIER IN THE COMPARTMENT 
TO MOVE HIS TARGET TO EITHER Of TWO POSITIONS: COVERED, OR EXPOSED TO FIRE 
rRoM UPRANGE. THIS CONSTRUCTION PERMITTED TWO JNFANTRYMEN TO MANIPULATE 
TARGETS AT EACH POSITION INDEPENDENTLY. 

AN AIMING POINT WAS PLACED BEHIND EACH PIT 10 YARDS FURTHER DOWNRANGE 
AND DIRECTLY IN LINE WITH THE CENTER Of EACH PIT. THE EXPOSED POSITION Of 
E~C~ -OF THE TARGET PAIRS WAS IN A DIRECT LINE BETWEEN THE FIRER'S AIMING 

- ~ , . ' 

POINT AND HIS POSITION UPRANGE. WHEN THE DEFENDER EXPOSED HIS TARGET, IT 
WAS DIRECTLY IN THE WEAPON'S LINE Of FIRE. WHEN THE DEFENDER COVERED HIS 
TARGET, IT WAS SHIFTED BEHIND A BARRICADE Of SANDBAGS. 

EACH Of THE SIX DEFENDER PITS WAS OPPOSED BY A WEAPON POSITION UP
RANGE DIRECTLY IN LINE WITH THE AIMING POINT CORRESPONDING TO THAT PIT. 
DEPENDING ON THE WEAPON ~ALLED fOR ON EACH ftRING TRIAL, A LIGHT MACHINE 
GUN, Ml OR AR WAS EMPLACED AT EACH Of THESE flRING POSITIONS. THE FIRE 
~Of THESE WEAPONS WAS CONTROLLED BY AN NCO FIRE CONTROLLER ASSIGNED TO EACH 
POSITION. 

TWELVE NCO DATA RECORDERS WERE POSITIONED BEtilND THE FIRING LINE. 
·[ACH RECORD.ER OBSERVED ONE TARGET AND RECORDED FREQUENCY AND DURATION Of 

TARGET EXPOSURES DURING EACH TRIAL. -THE SIX ·FIRE CONTROLLERS AND THE 
TWELVE DATA ~Ef:OfWERS WERE ON A COMMON TELEPHONE NET WITH THE CONTROL 
OFF'-JCER WHO COORDINATED THEIR ACTIVITIES. A. DIAGRAM Of THE RANGE LAYOUT 
Hi PRESENTED IN 'f I GURE· I . 

2. ·TEST TROOPS 

.A. COMPOSITION AND !XPERIENCE. TEST TROOPS WERE COMBAT EXPERIENCED 
V:ETERANS FROM THE THIRD INFANTRY DIVISION, fORT 8&NNING, GEORGIA. 
ALL TEST TROOPS HAD BEEN IN ONE OR MORE COMBAT ZONES DURING THEIR 
ARMY CAREERS. THE AVERAGE ~OMBAT EXPERIENCE Of THE GROUP WAS 14 

~ 

-3-
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I I . I I ,.__ __ .......... ,......... y --.y.---,,....-

TARGET 
WHITE TARGET 

~ \ f J~ 
SANDBAG TIERS . 

Oii-......;;.....,_--EXPOSED 

~..:::S~~-===::;:~~~- COVERED 

Ml 
AR 
LMG 

.. ·co 
AB 

f IRE 

Ml +. 
AR 
Lt.ti 

a:J fTI [I] [O 
A .a.,. ·. . . A B . ~.oB · -~ .. A B 
,____$CORERS~ 

6. 
. CONTROL TOWER 

. FIGURE I ~ RANGE LAYOUT 
PSYCHOLOG1CAL EFFECT Of 
PATTERNS OF SMALL ARMS 
fl RE 
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MONTHS. 91% HAD PARTICIPATE~ IN AN ACTIVE DEF~NSE AGAINST AN ENEMY 
ASSULT AND 67% HAD BEEN FIRED ON BY ENEMY EQUIVALENTS OF WEAPONS USED 
IN THIS STUDY. TWELVE MEN WERE ASSIGNED EACH DAY TO THE TWELVE TARGET 
LOCATIONS IN THE SIX PITS DOWN RANGE. To MINIMIZE PRACTICE EFFECTS, 
T~ELVE DIFFERENT MEN WERE TESTED ON EACH OF THE FIVE DAYS OF THE 
STUDY AND THEIR PIT ASSIGNMENTS WERE SHIFTED DURING THE COURSE OF EACH 
DAY'S FIRING TRIALS. 

B. ORIENTATION AND TASK INSTRUCTIONS. EACH GROUP OF TROOPS WAS ORIENTED 
TO THE PURPOSE AND PROCEDURES OF THE STUDX PRIOR TO THEIR PARTICIPATION. 
THE GENERAL FIELD LAYOUT WAS DESCRIBED AND THEY WERE FAMILIARIZED WITH 
THE OPERATION OF THE TARGET APPARATUS. _THE MAJOR POINTS STRESSED IN 
THE ORIENTATION WERE: 

( I ) 
(2) 

(3) 

EACH TRIAL WILL BE OF THREE MINUTES DURATION. 
THE FIRE FOR EACH TRIAL WILL BE RIGIDLY CONTROLLED AND 
UNAFFECTED BY TARGET PLAY DOWN RANGE. 
FROM TRIAL TO TRIAL THE FIRE WILL BE FROM DIFFERENT 
WEAPONS, IN DIFFERENT VOLUMES, NUMBERS OF BURSTS AND 
DISTRIBUTION OF THE FIRE ACROSS THE SECTOR. 

(4) A FIELD TELEPHONE IN EACH PIT DOWNRANGE WILL RING TO 
SIGNAL THE BEGINNING AND END OF EACH FIRING TRIAL. 

( 5) 

(6) 

(7) 

TARGETS WILL BE IN THE COVERED POSITION AT THE START OF 
E_A_,C~H-T_R_I A~L-. ~~~--~c-... ~·""-""'~· .... ,;;...,..,='"'~""'-,."'-1o.:>"--.ft,,,_., 0._""'-~·~..-.~~·;.;-.-...•~....-, .... 
---. ....... ,_--... ~---· 

DURING EACH TRIAL, EXPOSE AND COVER THE TARGET AS THOUGH 
IT REPRESENTED YOU IN A DEFENSE POSITION IN COMBAT. 
EXPOSE THE TARGET WHEN YOU WOULD EXPOSE yOURSELF IN A 
COMBAT SITUATION .. PUT THE TARGET IN COVER WHEN YOU FEEL 
THAT YOU WOULD TAKE COVER IN A COMBAT SITUATION. 

3, EXPERIMENTAL CONDITIONS 

A. DESCRIPTION OF THE VARIABLES STUDIED 

(l) WEAPONS 

THE PSYCHOLOGICAL EFFECT OF THE Ml RIFLE, AR AND LMG WERE 
COMPARED. 

(2) NUMBER OF ROUNDS PER BURST 

WEAPONS WERE COMPARED FIRING THEIR CHARACTERISTIC VOLUME 
PER BURS~ AND FIRING EQUAL SIX-ROUND BURSTS. THE Ml 
FIRED SINGL~ ROUND BURSTS; THE AR FIRED TWO-ROUND BURSTS 
AND THE LMG FI RED SIX-ROUND BURSTS. THE VOLUME OF FI RE 
PER BURST oF THE Ml AND AR WAS EQUATED T9 THE LMG's 
CHARACTERISTIC BURST VOLUME BY INCREASINf THE NUMBER OF 
Ml AND AR FIRERS. 

-5-
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(3) BURSTS PER MINUTE 

WEAPONS WERE COMPARED WHEN FIRING J, 4, 6 AND 12 BURSTS 

PER MINUTE. EACH FIRING TRIAL WAS OF THREE MINUTES DURATION. 

(4) DISTANCE OF FIRE FROM TARGET PERSONNEL 

THE SIX PITS WERE APPROXIMATELY SEVEN YARDS APART. EACH 

PATTERN OF OVERHEAD FIRE AT ANY SINGLE TARGET LOCATION 

PROVIDED COMPARATIVE PSYCHOLOGICAL EFFECT DATA AT SEVERAL 
DISTANCES. FIRE OVER EITHER OF THE END PITS FOR EXAMPLE, 

YIELDED TARGET EXPOSURE DATA AT DISTANCES 0, 7, 14, 21, 28 
AND 35 YARDS FROM THE OVERHEAD FIRE. 

(5} TEMPORAL DISTRIBUTION Of OVERHEAD FIRE 

To INVESTIGATE DIFFERENCES IN THE PSYCHOLOGICAL EFFECT OF 

THE MANNER IN WHICH OVERHEAD BURSTS Of FIRE WERE DELIVERED 

THROUGH TIME, A RANDOM DISTRIBUTION OF BURSTS WAS COMPARED 
WITH A SYSTEMATIC DISTRIBUTION FOR 4 AND 6 BURSTS PER 

MINUTE. 80TH SYSTEMATIC AND RANDOM DISTRIBUTIONS OF FIRE 

THROUGH TIME BEGAN WITH A BURST IN THE FIRST SECOND OF THE 
TRIAL. IN THE SYSTEMATIC CONDITION, REMAINING BURSTS WERE 

DISTRIBUTED IN REGULA~ INTERVALS THEREAFTERj WHILE FOR THE 

RANDOM CONDITION, THE REMAINING BURSTS OCCURRED APERIODICALLY 

THROUGHOUT THE TRIAL. 

(6) TEMPORAL AND SPATIAL DISTRIBUTION OF SECTOR FIRE 

BURSTS OF 4, 6 AND 12 PER MINUTE WERE DISTRIBUTED ACROSS 

THE SIX PIT SECTOR. DIFFERENCES IN TECHNIQUES OF DISTRI

BUTING FIRE ACROSS A SECTOR IN ACHIEVING PSYCHOLOGICAL 

£fFECT WERE INVESTIGATED. TRIALS WERE INCLUDED WHERE THE 

BURSTS WERE DELIVERED ACROSS THE SECTOR IN A SYSTEMATIC 
SPATIAL AND TEMPORAL PATTERN. THE DEGREE OF PSYCHOLOGICAL 

EFFECT ACHIEVED BY THIS TECHNIQUE WAS COMPARED WITH THE 
RESULTS FROM TRIALS WHERE THE BURSTS WERE DELIVERED ACROSS 

THE SECTOR IN A RANDOM SPATIAL AND TEMPORAL PATTERN. THE 

SPATIALLY SYSTEMATIC PATTERNS BEGAN WITH A BURST AT AN END 

PIT AND THE REMAINING BURSTS WERE FIRED IN SEQUENCE ACROSS 

THE SECTOR. TRIALS Of TWELVE BURSTS PER MINUTE DELIVERED 

THE FIRST SIX BURSTS IN A LEFT-TO-RIGHT PATTERN AND THE 

REMAINING SIX BURSTS, RIGHT-TO-LEFT. THE SPATIALLY 
RANDOM PATTERNS DELIVERED THE BURSTS ACROSS THE SECTOR 

IN AN ORDER DRAWN FROM A TABLE OF RANDOM NUMBERS. 

-6-
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B. METHOD OF PRESENTATION OF TRIALS 

SYSTEMATIC VARIATIONS IN EACH OF THE MAJOR VARIABLES AND THEIR 
COMBINATIONS REQUIRED 230 FIRING TRIALS. 1 A FIRING SCHEDULE WAS 
PREPARED WHICH SPECIFIED FOR EACH TRIAL THE WEAPON, NUMBER OF 
BURSTS, VOLUME PER BURST, PIT OR ORDER OF PITS RECEIVING F~RE AND 
THE EXACT SECOND IN WHICH EACH BURST OF FIRE WAS TO OCCUR. [ACH 
FIRE CONTROLLER WAS GIVEN THIS SCHEDULE OF TRIALS AND WAS IN
STRUCTED AND PRACTICED IN ITS USE. THE FIRE CONTROL OFFICER 
COORDINATED THE FIRE DELIVERY SYSTEM THROUGH TELEPHONE COMMUNI
CATION TO ALL FIRE CONTROLLERS. fOR EACH TRIAL, THE CONTROL 
OFFICER INDICATED THE TRIAL TO BE FIRED, ALERTED THE TEST TROOPS 
IN THE PITS AT THE BEGINNING Of EACH TRIAL BY A TELEPHONE RING SIGNAL, 
AND INITIATED A TAPED RECORDING Of A TIME COUNT FROM 0 TO 179 
SECONDS CARRIED BY WjRE TO THE FIRE CONTROLLERS EQUIPPED WITH HEAD
SETS. THE FIRE CONTROLLERS INSTRUCTED THEIR FIRERS AS TO THE VOLUME 
Of FIRE PER BURST PRIOR TO EACH TRIAL AND INITIATED THE FIRE BY 
TAPPING THE FIRER AT THE APPROPRIATE SECOND(s) DURING THE TRIAL. 

4. RESPONSE MEASURES 

A. DATA RECORDED 

(1) TARGET EXPOSURE - THOSE SECONDS DURING WHICH EACH TARGET 
WAS EXPOSED THROUGHOUT EACH TRIAL WERE RECORDED. 

{2) TARGET HITS - WHEN A TARGET WAS EXPOSED IN THE SECOND 
DURING WHICH A BURST WAS FIRED AT THAT TARGET POSITION, A 
HIT ON THAT TARGET WAS RECORDED. 

B. DATA COLLECTION PROCEDURES 

A TRAINED OBSERVER RECORDED T~E ACTIVITY Of EACH TARGET ON EACH 
TR I AL. EACH RECORD.ER WAS EQUIPPED WI TH A TELEPHONE HEADSET THROUGH 
WHICH HE RECEIVED THE TIME COUNT FROM 0 TO 179 SECONDS AND A RE
CORDING FORM ON WHICH TO RECORD THE ACTIVITY Of HIS ASSIGNED TARGET. 
THE RECORD I NG FORM PERMITTED I DENT If I CAT I ON Of THE FIR I NG TR I AL, THE 
P~T AND TARGET OBSERVED, AND ENABLED THE RECORDER TO ENTER THE EXACT 

. SECOND Of THE TRIAL IN WHICH THE TARGET WAS EXPOSED AND THE SECOND 
IN WHICH IT WAS RETURNED TO THE COVERED POSITION FOR EACH EXPOSURE 
Of THE TARGET DURING A TRJAL.3 

1THEiORIGl~AL TEST DESIGN INCLUDED BURSTS Of 2 AND 3 PER MINUTE. THESE TRIALS 
WERE OMITTED DURING THE COURSE Of THE EXPERIMENT DUE TO TIME RESTRICTIONS. 

2
THE .fJRING ScHEDULf IS PRESENTED IN APPENDIX I. 

3THE a:coROING foRM lS PRESENTED IN APPENDIX 1. 

-7-
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WHEN THE RECORDER'S ASSIGNED TARGET WAS EXPOSED DURING THE 
~CCURRENCE OF FIRE OVER THE POSITION, HE INDICATED ON THE RECORDING· 
FORM THAT THE TARGET HAD BEEN HIT DURING THAT EXPOSURE. 

5· DATA PROCESSING AND ANALYSIS 

A DATA PROCESSING FORM WAS PREPARED WHICH CONSOLIDATED FOR EACH 
FIRING TRIAL THE DISTRIBUTION Of FIRE AND 1THE CONDITION Of EACH TARGET 
FOR EACH SECOND OF THE 18o SECOND PERIOD. FOR EACH SECOND Of THE 
TRIAL, ONE OF THE FOLLOWING ENTRJES WAS MADE ON THE PROCESSING FORM FOR 
EACH Of THE TWELVE TARGETS: 

A - ACTJVE; TARGET EXPOSED AND NOT RECEIVING FIRE 
N - NEUTRALIZED! TARGET COVERED AND NOT RECEIVING FIRE 
K - KILLED; TARGET EXPOSED AND RECEIVING FIRE 
C •COVERED: TARGET COVERED AND RECEIVING FIRE 

THE DATA PROCESSING FORM SUMMARIZED THE FOLLOWING INFORMATION FOR 
EACH OF THE TWELVE TARGETS FOR EACH TRIAL: 

A. FREQUENCY Of EXPOSURES 
B. FREQUENCY OF NEUTRALltATIONS 
C. DURATION Of EXPOSURE TIME 
D. DURATION OF NEUTRALIZED TIME 
E. FREQUENCY OF KILLS 

THE SUMMARY DATA CONTAINED ON THE PROCESSING FORMS WERE REVIEWED. 
CRITERIA WERE ESTABLISHED FOR SELECTING THOSE TEST TROOPS WHO FOR ANY 
GIVEN TRIAL WERE NOT COOPERATING WITH THE STATED OBJECTIVES Of THE 
STUDY. CASES WERE ELIMINATED WHERE THE TARGET REMAINED COVERED MORE 
THAN 90% Of THE TRIAL TIME UNDER CONDITIONS Of LIGHT FIRE, OR WHERE THE 
TARGET REMAINED EXPOSED MORE THAN 90% Of THE TRIAL TIME UNDER CONDIT~ONS 
Of HEAVY FIRE. DATA FOR A FEW TRIALS WERE ELIMINATED ON THIS BASIS. 

TRIALS WERE GROUPED ACCORDING TO THE FIRING CONDITJONS WHICH THEY 
. REPRESENTED.3 FoR EACH CONDITION OF THE FIRE CHARACTERISTICS· INVESTI

GATED, TWO FREQUENCY DISTRIBUTIONS WERE GENERATED! EXPOSURE TIME 
DURATIONS AND NEUTRALIZED TIME DURATIONS. As THE EXPOSURE TIME DURATION 
DISTRIBUTIONS MORE CLOSELY APPROXIMATED THE NORMAL FORM, THESE SCORES 

·WERE ANALYZED4AND RELATED TO DIFFERENCES IN THE FIRE CHARACTERISTICS 
INVESTIGATED. . 

1THE DATA PROCESSING fORM IS PRESENTED IN APPENDIX I. 

2THE OMITTED CASES ARE IN-OICATED ON THE PROCESSING FORMS • 

. 3THE . .GR~UPING OF 1°RIALS ACCORDING TO CONDITION OF FIRE IS PRESENTED IN 
APPEND IX I. 

lj.SIGNIFICANCE OF DIFFERENCES WERE TESTED WITH THE T-TEST, SEE EDWARDS, A. L., 
EXPERIMENTAL DESIGN IN PSYCHOLOGICAL RESEARCH, RINEHART A-ND Co., NEW YORK: 
1950 (CHAPTER 8). 
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E. RESULTS 

THIS SECTION PRESENTS GRAPHS SUMMARIZING THE RESULTS Of THE STUDY. 
SIGNIFICANCE TESTS ARE REPORTED IN APPENDIX II AND SUMMARY DATA ARE RE
PORTED IN APPENDIX II I. 

I. WEAPONS 

FIGURE 2 PRESENTS A GRAPH Of THE AVERAGE DURATION OF TARGET 
EXPOSURE ASSOCIATED WITH OVERHEAD FIRE FROM THE THREE WEAPONS STUDIED. 
THE WEAPbNS FIRED EQUAL VOLUMES PER BURST AND EQUAL NUMBERS Of BURST~ 
PER TIME SO THAT ANY DIFFERENCES AMONG WEAPONS tN THEIR PSYCHOLOGICAL 
EFFECT WERE ATTRIBUTABLE TO CHARACTERISTICS iNHERENT tN THE WEAPONS 
THEMSELVES. THERE WERE NO STATISTICALLY SIGNIFICANT DIFFERENCES AMONG 
THE WEAPONS UNDER THESE CONDITIONS. TH)..S-RE-S.UJ.._L,RQf!?_ NOT SUPPORT THE 

_f .'·~ DJNGs .. Df: •.• r11~"J~I~.~~~-~~~ ~!}:~ .. ~-.,,~~~~.~},~lJJ.,_'!'l:!Fft~'.:c:O.M~"A:r:Exrdrlt~citt.:11.i
!f.~.:~r~~,E...~,,.,~E~.:.~.-- ~~ ~.IRE TO BE M.°,~E-.°.~-~~~'~,J'.M~.~J:1J,.,J;,*~~· TH IS DISCRE
PANC y MA y BE A FUNCTToN· OF 'TH£' OlfrERENCES IN THE KI ND Of RESPONSE USED . 
IN THE TWO STUDIES. TO DEFINE PSYCHOLOGICAL EFFECT, THE PREVIOUS STUDY 
USED VERBAL JUDGMENTS WHILE THE PRESENT STUDY USED TARGET EXPOSURE DURA-
TIONS AS MEASURES OF PSYCHOLOGICAL EFFECT. 
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Wt..1 en w-5 c 
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a: 
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f IGURE 2 

AR 
WEAPONS 

AVERAGE EXPOSURE TIME 
AS A fUNCTION Of WEAPON TYPE WHEN 
WEAPO~S FIRED EQUAL VOLUME BURSTS 

2. NUMBER Of ROUNDS PER BURST 

LMG 

tlGURE 3 -PRESENTS A GRAPH Of THE RELATIONSHIP BETWEEN AVERAGE 
DURATION .Of TARGET EXPOSURE AND VARIATIONS IN NUMBER.OF ROUNDS PER BURST 
Of OVERHEAD FIRE. THERE WERE NO.SIGNIFICANT DIFFERENCES IN PSYCHOLOGICAL 
EFFECT AMONG I, 2 ANO 6 ROUNDS PER BURST SUMMED OVER ALL VARIATIONS IN 
NUMBER PF BURSTS PER TiME. 
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ROUNDS PER BURST 

FIGURE 3 - AVERAGE EXPOSURE TIME 
AS A FUNCTION OF NUMBER OF ROUNDS 
PER BURST (DATA COMBINED OVER BURSTS 
AND COMBINED OVER WEAPONS AT 6 
ROUNDS PER BURST.) 

3. NUMBER OF BURSTS PER MINUTE 

FIGURE 4 PRESENTS A GRAPH OF THE RELATIONSHIP BETWEEN THE AVERAGE 
DURATION OF TARGET EXPOSURE AND VARIATIONS IN NUMBER OF BURSTS PER MINUTE. 
THE AVERAGE peosuRE DURAIJ QJ:L.fil~~.BkA.S.£D~-..t.s.,...uu: .• t.11114seR SF-·~-Rs.r+-OE-...O..llil
HEAD f I RE INCREASED FROM I TO 12 BURSTS PER MI N'lll.-.w 
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FIGURE 4 - AVERAGE EXPOSURE TIME 
AS A FUNCTION OF NUMBER OF BURSTS 
{DATA COMBINED OVER ALL WEAPONS 
AND VOLUMES PER BURST.) 

-10-

• 

12 

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 401 of 804   Page ID
#10887



] 

~I 

_] 

J) 

PSYCHOlOGICAl RESEARCH ASSOCIATES 

4. DISTANCE FROM OVERHEAD FIRE 

FIGURE 5 PRESENTS A GRAPH OF THE RELATIONSHIP BETWEEN THE AVERAGE 
DURATION OF TARGET EXPOSURE AND LATERAL DISTANCE OF SUBJECTS FROM IN
COMING FIRE. As THE NUMBER OF CASES AT 28 AND 35 YARDS WAS SMALL, 
THE DATA F~OM THESE DISTANCES WERE COMBINED, AVERAGED AND REPORTED IN 
f IGURE 5 AS A DISTANCE OF 31 1/2 YARDS. AVERAGE EXPOSURE TIME INCREASED 
.w..L:rJ:i~R.L§=1.attc.E-£.aoM.,~rn.b_QY~~·6.l:!I~£L.£,u1f.~ TH 1_~--'~ £.suL.r::surRafi:rs~:--rii-i~'f-,1-N'o' i'N.Gs 
OF RESEARCH STUDY REPQ.f:l.Ll!J....Y§ LNg VERB!.k.. .. J.LIJP_GJi~f'lTJL~~~I!i~ .. ~~1.lE.'!,!,,,~~, 
OF PSYC'fll5LOG I CAL EFFECT. ' , 
. ...-__,.. .... - .. _.,.._..,,..~----"-,,. ... _ ............. ,_ ............ ~., . .,..,~. 
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f IGURE 5 - AVERAGE EXPOSURE TIME 
AS A fuNCTION or DISTANCE FROM 
OVERHEAD f I RE ( 0A TA COMB I HED FOR 
~iL WEAPONS AT 6.BURSTS PER MINUTE. 
WEAPONS r1RED UNEQUAL VOLUMES PER 
BURST_.) 

5· TEMPORAL DISTRIBUTION OF OVERHEAD f IRE 

31 1/2 

f1GURE 6 PRESENTS~ GRAPH or THE RELATlONSHIPS ~ETWEEN THE AVERAGE 
DURATION OF TARGET EXPOSURE ANO RANDOM VS. SYSTEMATIC TEMPORAL DELIVERY 
Of r IRE FOR 4 AND 6 BURSTS PER MI NUTE. FoR 4 BURSTS PER MI NUTE, TEM-~ 
PORALIT RANQQM FIRE PRODUCED A SIGNIFICANT DECREASE IN AVERAGE EX
POSURE r1ur '& &;Me 0 ero ra tfMPPRALLY SYSTEMATIC DELIVERY. foR b BURSTS 

. . 

PER MINUTE, HOWEVER, THE DIFFERENCE WAS NOT SIGNIFICANT. 
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SYSTEMATIC 
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4 
NUMBER Of BURSTS 

FIGURE 6 - AVERAGE EXPOSURE TIME 
AS A FUNCTION Of SYSTEMATIC AND 
RANDOM TEMPORAL DISTRIBUTION Of 
OVERHEAD FIRE (DATA COMBINED OVEW 
WEAPONS FIRING UNEQUAL ROUNDS PER 
BURST.) 

• 

6. TEMPORAL AND SPATIAL DISTRIBUTION Of SECTOR FIRE 

A. PSYCHOLOG.ICAL EFFECT 

FIGURE 7 PRESENTS A GRAPH Of THE RELATIONSHIPS BETWEEN AVERAGE 
DURATION Of TARGET EXPOSURE AND RANDOM VS. SYSTEMATIC TEMPORAL AND 
SPATIAL DELIVERY Of BURSTS ACROSS THE SlX PIT SECTOR. THERE WERE NO 
DIFFERENCES IN AVERAGE TARGET EXPOSURE DURATION FOR TEMPORALLY AND 
SPATIALLY RANDOM FIRE AS OPPOSED TO TEMPORALLY AND SPATIALLY 
SYSTEMATIC FIRE, 
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f .tGURE 7 - AVERAGE EXPOSURE TIME 
AS A FUNCTION Of RANDOM vs. SYSTEMATIC 
TEMPORAL AND SPATIAL DISTRIBUTION Of 

~'-flRE (DATA COMBINED OVER WEAPONS FIRING 
UN.E(;iUAL RO~NDS PER BURST 1 ) 
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f IGURE 8 fRESENTS A GRAPH OF THE RELATIONSHIP BETWEEN DIFFERENCES) '.;:1'.' 

IN DISTRIBUTION OF SECTOR flRE AND THE PERCENT OF TARGET HITS RELATIVE ' 
TO THE TOTAL N~MBER OF POTENTIAL TARGETS PER BURST FOR ij, 6, AND 12 ]\ 

B. KILL EFFECT 

BURSTS PER MI NUTE. T.!:!_E PROPORJ~'i_,.<;!F_Jb,B.~,SL.JU.l..l...SC.cASSOC.l.A-TE.0.~-W.LIH ', 

Iij E RAN ROM CON'!.!.!J2!.!'~~~~\:f£.t'..'!.,,,1!L£.~1§.t~~.1k.X..!!JJM!J;Jl.,llJAN. !ii 

. tm;~::~~~~:.~~~~r;.·~!~":.".~.~~~~!:~:~;:~~.!~ o~~~~~· :":.·E II 
SJGNlf ICANTLY GREATER WHEN THE FIRE IS DISTRIBUTED RANDOMLY AGAINST f 
AN INTELL I.GENT "ENEMY~'. . . . \1 .\1 
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f1GURi'8 ~ P~OPORTION Of TARGET HITS PER BURST 
FOR SECTOR f IRE OF 4, 6 AND 12 BURSTS PER MINUTE 
AS A·fUNCTION OF RANDOM AND SYSTEMATIC DISTRI
BUTION OF f'IRE (DATA COMBINED OVER WEAPONS AND 

ROUNDS PE~· BURST~) 

• 

12 

f. CONCLUSIONS 

.. I • 0 I ffEREH..CES A~ONG THE MI, AR, AND LMG RE SUL TED IN NO DJ rFERENTIAL . 
f"ECT ON AVERAGE DUR .. TION:Of' TARGET EXPOSURE 'WHEN FIRING EQUAL NUMBERS OF}; 

RSTS AND ROUNDS PER BURST. 

2. 01F'FERENCES tH NUMBER OF ROUNDS PER BURST 
DIFFERENTIAL .£_f"f"~CT.ON AVERAGE DURATION Of TARGET EXPOSURE· 

' 3. AVERAG.E OUR.·AT.· H>N OF TARGET EXPOSURE DECREASED AS THE. HUMlt£R 
rER TIME IHCRE~SED.. . 

- ·.. . -.. • 
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4. AViR-AGE DURATION OF TARGET EXPOSURE INCREASED AS DISTANCE FROM OVER
HEAD FJRE INCREASED. 

5• A TEMPORALLY RANDOM DISTRIBUTION OF 4 BURSTS PER MINUTE OF OVERHEAD 
FIRE RESULTED IN A SHORTER AVERAGE DURATION OF TARGET EXPOSURE THAN A 
TEMPORALLY SYSTEMATIC DELIVER~. T~RE WERE NO DIFFERENCES BETWEEN THE 
TWO TYPES OF FIRE DELIVERY FOR 6 BURSTS PER MINUTE. 

6. RANDOM TEMPORAL AND SPATIAL DELIVERY OF FIRE ACROSS THE SIX PIT SECTOR 
DID NOT EFFECT A DIFFERENCE IN AVERAGE DURATION OF TARGET EXPOSURE DURA
TION AS COMPARED WITH A ~YSTEMATIC TEMPORAL AND SPATIAL DISTRIBUTION. ON 
THE OTHER ~AND, THE RELATIVE FREQUENCY OF TARGET HITS WAS SIGNIFICANTLY 
A~FECTED BY DIFFERENCES JN TEMPORAL AND SPATIAL DELIVERY • .'.f~.~?_9~-

~L AND TEMPOR~.--0..l.§T~J~.1,;JJJ9.~ .. ~E~i:!_L:.T_ED_ I~ __ Sl~Nlfl.CANTLY MORE TARGET 
HI TS AS._~_Q.M~-~!~E~.,,!9._~:H~,.,,:r.s_I~t-1-~-T !f .Q_J~.JRI BUT JON. 

G, IMPLICATIONS SUPPORTING CURRENT TRAINING DOCTRINE 

RESULTS OF THIS STUDY SHOULD BE CROSS-VALIDATED; ESPECIALLY THOSE THAT 
HAVE TO DO WITH THE PSYCHOLOGICAL EFFECT Of INDIVIDUAL BURSTS Of Ml AS COM
PARED WITH B0Rsis FROM AUTOMATIC WEAPONS. THESE RESULTS ARE NOT CONSISTANT 
WITH THOSE FOUND IN RESEARCH STUDY REPORT 11 I. HOWEVER, JN GENERAL, CON
SISTENCY Of FINDINGS Of THE TWO STUDl~S HAVE THE FOLLOWING TACTICAL IMPLI
CATIONS WHICH REINFORCE CURRENT TRAINING DOCTRINE. 

f' MAXIMUM PSYCHOLOGICAL EFFECT CAN BE ACHIEVED AT A MINIMAL AMMUNITION 
EXPENSE BY FIRING REPEATED SHORT BURSTS. THus, WEAPONS SHOULD BE 
CAPABLE Of FIRING SUCH BURSTS AND TRAINING DOCTRINE SHOULD EMPHASIZE IT 

! 

2. A RANDOM PATTERN Of FIRE PRODUCES AS MUCH PSYCHOLOGICAL EFFECT AS A 
SYSTEMATIC PATTERN AND KILLS MORE TARGETS. FIRERS SHOULD BE TRAINED 
NOT TO MAINTAIN A SYSTEMATIC PATTERN Of FIRE BUT TO PLACE FIRE ON 
TARGET AREAS JN A RANDOM MANNER. BY F"JRJNG IN THIS MANNER, THE ENEMY 
CANNOT DIAGNOSE A SYSTEMATIC PATTERN OF FIRE AND USE IT TO HIS AD
VANTAGE. 

H. GENERAL IMPLICATIONS 

RESULTS OF THE STUDY REPORTED HERE AND THOSE REPORTED JN RESEARCH STUDY 
REPORT II GIVE PROMISE OF ~ROVIDJNG QUANTITATIVE SOLUTION TO PROBLEMS Of 
WEAPON SELECTION AND DETERMINATJON Of TRAINING DOCTRINE FOR THE PLATOON. 
fROM THIS STUDY, WE CAN DETERMINE CHARACTERISTICS Of FIRE THAT KEEP A S.OLOlER 
DOWN FOR GIVEN PERIODS OF·TIME - OR, STATED lN OPPOSITE TERMS, THAT 
HIM TO STAY UP TO RETURN FIRE ONLY FOR GIVEN INTERVALS Of TIME. 

FROM RESEARCH STUDY REPORT II, WE CAN DETERMINE THE SOLDIER'S HIT 
TIVENESS DURING TJM£ INTERVALS OF VARIOUS LENGTHS WHEN HE JS EXPOSED AND 

FIRING. THESE TWO SETS OF DATA CAN BE BROUGHT TOGETHER AS'ILLUSTRATED IN_ 
FIRE CAPABILITY Of INFANTRY WEAPONS. IT IS THEN POSSIBLE TO DETERMINE WHAT 

WEAPONS, TECHNIQUES Or FIRING AND DiST.ANCE Of FIRE FROM ENEMY PERSONNEL ARE 

REQUIRED TO NJ:UTRAL- J ZE. 

-14-
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ADMITTEDLY THE "TRUE" VALUES OF PSYCHOLOGICAL EFFECT ARE NOT KNOWN. 
HOWEVER, IT CAN BE CLAIMED THAT CONSISTENCY OF RESULTS IN THIS AND PR !OR 
STUDIES ON PSYCHOLOGICAL EFFECT LENDS INFERENTIAL VALIDITY TO REPORTED RESULTS. 
(T ls, OF COURSE, PROBABLE THAT THE ABSOLUTE AMOUNT AND TYPE OF FIRE REQUIRED 
TO NEUTRALIZE MAY DIFFER BETWEEN THESE STUDY FINDINGS AND THE AMOUNT AND TYPE 
OF FIRE REQUIRED IN COMBAT. HOWEVER, IT IS LIKELY THAT THE RELATIONSHIP BE
TWEEN RELATIVE AMOUNTS ANO TYPES OF FIRE DELIVERED AND THE ENEMY'S DISPOSITION 
TO TAKE COVER WILL REMAIN GENERALLY IN LINE WITH FINDINGS REPORTED HERE, MORE 
IMPORTANTLY, THIS STUDY PROVIDES METHODS AND BASIC DATA FROM WHICH FURTHER 
RESEARCH IN THE AREA CAN 5E GENERATED TO REFINE AND ADJUST THESE RESULTS. 

THE CONCEPT OF REDUCTION IN ENEMY EFFECTIVENESS AS THE MEASURE OF 
FRIENDLY FIRE EFFECTIVENESS, AND THE DEVELOPMENT OF THE METHODOLOGY F~R 
ASSESSING THE CONTRIBUTION OF PSYCHOLOGICAL AND PHYSICAL EFFECTS TO THIS 
REDUCTION OF ENEMY EFFECTIVENESS HAS IMPORTANT IMPLICATIONS FOR THE DEVELOP
MENT OF A COMPREHENSIVE MILITARY SCiENCE. ONCE THE FIRE PARAMETERS WHICH 
MAKE MAJOR CONTRIBUTIONS TO PHYSICAL AND PSYCHOLOGICAL EFFECTS HAVE BEEN 
IDENTIFIED AND QUANTIFIED UNDER A SUFFICIENT VARIETY OF BATTLEFIELD CONDITIONS, 
THE NECESSARY AMOUNTS AND TYPES OF FIRE CAN BE ADJUSTED BY THE FIELD COMMANDER 
TO ACHIEVE REQUIRED EFFECTIVENESS. DEPENDING UPON THE PARTICULAR REQUiREMENTS 
OF THE COMBAT ACTION, THE COMMANDER CAN UTILIZE WEAPONS AND SPECIFY THEIR FIRE 
TO ACHIEVE MAXIMUM PSYCHOLOGICAL EFFECT, MAXIMUM KILLS, OR HE CAN CHOOSE TO 
FIX THE FIRE CONDITIONS TO ACHIEVE AN OPTIMIZATION OF KILLING AND NEUTRALIZING 
EFFECTS. 

To THE EXTENT THAT THE RELATIONSHIPS BETWEEN FRIENDLY FJRE INPUTS AND 
ENEMY FIRE OUTPUTS ARE REFINED, THE FIELD COMMANDER WITH INFORMATION REGARDING 
THE ENEMY'S STRENGTH CAN SELECT THE SPECIFIC WEAPON INPUTS REQUIRED TO HOLD 
THE ENEMY OUTPUT TO A MINIM~M OR REDUCE IT THROUGH TIME TO A TACTICALLY 
DISASTEROUS LEVEL. 

-15-
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ABSTRACT

'Field experimentation was conducted to determine the relative effec-
tiveness of rifle and machinegar. squads a-med with US 7.62mm, Soviet
7.62mm, Colt 5.56mm and Stonelr 5.56mm weapons. This report describes
the experiment, the effectiveness measures used, the results, and the
conclusions. Results are concerned with training, materiel reliability,
and the fire effectiveness of squads armed with the different weapons and
firing both simplex and duplex ball ammunition. Measures of effectiveness
were the level of target effects and the ability of the weapons to sustain
the effects. Data includes the number of targets hit, total number of hits
on targets, number of near misses as an indication of suppressive effects,
and the amount of ammunition expended--all as a function of time. Squad
size, organization, and weapon system weight were held constant.

Squads armed with low impulse 5.56mm weapons were superior to
squads armed with 7.62mm weapons in target effects, sustainability of
effects, and overall effectiveness. Duplex ball ammunition was generally
superior to simplex ball ammunition at close ranges. Data are related to
lethality indices in a separate classified annex. Considerations of lethality
support experimentation results indicating the superiority of 5.56mm
weapons.

xvi
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FOR OFFICIAL USE ONLY

SECTION I

INTRODUCTION

This report describes USACDCEC SAWS (small arms weapon systems)

field experimentation completed 21 February 1966. A previous USACDCEC
SAWS report, dated 31 January 1966, included only the experimentation
completed by 24 December 1965.

This report supersedes the 31 January report, updating It with the
field experimentation and associated analyses conducted after 24 Decem-
ber. All conclusions of the previous report remain valid, but they have
been supplemented. Additional input data refinements and a more precise
treatment of computer produced data have resulted in some changes in the
numerical data presented for some of the experimental situations. These
data refinements accentuate and clarify differences in weapon mixes pre-
sented in the 31 January report but result In no significant changes In
either the performance measures or the rank order of weapons.

The report consists of nine sections. This first section Identifies the
purpose, scope, objectives, phasing and location, concept and general con-
duct of the experiment. Section II details the experimentation design, Includ-
ing a description of the experimentation ranges and the effectiveness cri-
teria used. Section HI explains the method of data pre~sentation and analysis.
Sections IV, V, and VI present the results of the experiment as related to
training, materiel reliability, and fire effectiveness, and Section VII pre-
sents the results of an experiment comparing simplex ball and duplex ball
ammunition. Section VIII consists of a brief note on the implications of
existing lethality data to the SAWS findings, referring the reader to a
separate classified annex for the primary lethality analysis. Major USA-
CDCEC conclusions of the SAWS experiment and analysis are presented in
Section IX. Reference data are contained in Annexes A through C. A sep-
arate volume is planned to provide detailed engineering design information
and specifications of the instrumentation used in the SAWS experiment.

A. PURPOSE

The purpose of the SAWS field experiment was to assist in the evalu-
ation of designated candidate small arms weapon systems as part of the
Army-wide SAWS program.

B. SCOPE

The following specific experimentation tasks were assigned by
USACDC directives:

I-1 U O
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1. Determination of the relative fire effectiveness of dismounted
squads armed with various mixes of rifles, automatic rifles, and machine-
guns, including Soviet-type weapons.

2. Determination of the relative fire effectiveness of squads armed
with standard US 7.62mm weapons firing duplex ball ammunition, com-
pared with squads firing ball ammunition.

3. Provision of certain data, such as firing scores, that might pro-
vide some insight into the relative ease or quality of training afforded by
the different weapon systems, as a byproduct of the preparatory training
phase of the experiment.

C. OBJECTIVES

The outline plan approved by USACDC assigned eight main objectives:

1. As a byproduct of experimental design, development of a quanti-
tative effectiveness criterion by which rifle and machinegun squads armed
with candidate weapon systems, can be compared under tactical conditions.

2. Provision of hard data for determining the combat effectiveness
of candidate weapons within an organizational and tactical context.

3. Provision of data to assist in determining the increases or de-
creases, if any, in manpower implied by the candidate weapon systems
for use in cost effectiveness analysis.

4. Provision of comparative data on the tactical ammunition con-
sumption rates of candidate weapons, relative to target effects achieved,
as one input into cost effectiveness studies of increases or decreases in
ammunition requirements implied by the various weapons.

5. As a byproduct of the preparatory training phase of the experi-
ment, provision of data on the relative training effectiveness of the candi-
date weapons.

6. Identification of weapon characteristics that produced superior
fire effectiveness within an experimental organizational and tactical con-
text.

7. Provision of data resulting from the field experimentation for
use in computer simulation.

8. Contribution to such Infantry Rifle Unit Study (IRUS) answers as
the SAWS project can practically afford without prejudice to the constraints
of time, resources, and SAWS objectives.

1-2
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D. PHASING AND LOCATION

The experiment was accomplished at Fort Ord in four phases.

Phase I -- Preparation (23 February 1965-30 September 1965)

Phase 1 -- Training (24 August 1965-21 October 1965)

Phase 1 -- Field Experimentation (22 October 1965-21 Feb-
ruary 1966)

First Increment (22 October 1965-24 December 1965)

Second Increment (3 January 1966-21 February 1966)

Phase IV -- Analysis and Reporting (18 December 1965-10 May
1966)

E. CONCEPT

The experiment w±s conducted to determine the relative fire effec-
tiveness of rifle squads and machinegun squads armed with candidate
weapons in the context of rifle platoons and companies in various tactical
situations. Squad weapon system weight and the size and control structure
of the squad were held constant. Squads were armed with the candidate
weapon systems and Soviet-type weapons. The squads were then employed
in the same representative tactical situations on instrumented ranges using
selected firing techniques.

The experiment was unique because it integrated the following related
aspects of the experimental design:

1) Evolution and application of a meaningful measure of
combat fire effectiveness of infantry squads

2) Procurement and installation of instrumentation to
sense and record events that supported the measure of
fire effectiveness as a function of time and target
arrays that realistically simulate an enemy In
tactical situations

3) Assignment of enough soldiers (975) as experimenta-
tion subjects to allow the assignment of six independent
squads to each weapon mix, permitting a balancing of
runs to reduce the effects of differences in individuals'
and extraneous variables in the environment.

1-3
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F. CONDUCT OF EXPERIMENT
tThe experiment was designed to provide immediate answers for the

SAWS evaluation while concurrently making a long term contribution to
knowledge of the effectiveness of infantry small arms in a tactical and
organizational context in support of IRUS.

USACDCEC used 975 experimentation subjects in the experiment, with
the subjects organized into infantry squads armed with candidate wCpon
mixes. The squad weapon mixes were evaluated in nine meaningful tacti-
cal situations on three instrumented ranges. A total of 1007 record runs
were conducted.

The field experiment was conducted in a platoon framework employing
nine-man rifle squads and seven-man machinegun squads. The instrumented
ranges provided target arrays consisting of targets that simulated the im-
portant aiming cues associated with personnel targets. The design of the
instrumentation permitted collection of target hits, near misses, and rounds
fired as a funcftion of time, all of which can be related to various combat
firing distances. The sensing and recording of data was largely automated.
The large number of record runs and the depth of data established a data
base that has been only partially analyzed for this report.

Formal weapon training was conducted to ensure that all personnel
were equally qualified, to the extent possible, to participate as experimen-
tation subjects.

Exploratory firing was conducted to obtain data for assessing best
firing techniques, to identify operational policies, to validate safety and
control procedures, and to evolve the most meaningful tactical situations.

The first increment of field experimentation, conducted from 22 Octo-
ber 1965 to 24 December 1965, addressed the objectives assigned and pro-
vided the data base for the initial findings and main conclusions of the 31
January 1966 report. The first increment also identified the need for
additional high priority experimentation. This follow-on experimentation,
from 3 January to 21 February 1966, completed the initially planned and
follow-on experiments. Completion of this additional field experimenta-
tion has allowed the initial findings to be refined and expanded.

1-4
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SECTION II

EXPERIMENTAL DESIGN

Part A describes the general characteristics of the experiment.
Part B describes the weapons used in the experiment and the manner in
which they were organized into mixes of weapon types in a squad context.
Part C provides a broad gereral description of the instrumentation and
equipment used in the experiment. (A detailed description of instrumenta-
tion appears in Annex B.) Part D discusses the organization, control,
and training of personnel. (The training programs and implications of
training for the various weapons are more fully discussed in Section IV.)
Part E details experimentation procedures, including operational policies
and administrative procedures. The control and balance of experimental
variables is discussed in this section. Part F details each of the experi-
mental tactical situations used to evaluate the performance of the various
weapon mixes. The SAWS combat effectiveness criteria are outlined in
Part G, and their value in the SAWS analysis is discussed here.

A. GENERAL CHARACTERISTICS OF THE DESIGN

The USACDCEC fielkxperiment was designed to measure the fire
effectiveness of three US ahd one foreign weapon families in a small unit
organizational context and in representative tactical situations. To achieve
this objective, three tactical ranges were constructed, each representing
separate but related squad tactical situations. Each range provided two
rifle squad situations and one machinegun squad situation; the experiment
encompassed six rifle squad and three machinegun squad scenarios.

Instrumented target arrays were laid out for each tactical situation
and targets were programmed to appear to the experimentation subjects,
in conjunction with the firing of weapons simulators, in a way that would
provide subjects visual and audible target cues normally encountered in
combat. Instrumentation designed to measure near misses in relation
to targets was used on two of the ranges. All target elements were de-
signed to detect hits (and some to detect near misses) as a function of
time. Important qualities of the experiment are the recording of events
as a function of time and the inclusion of near misses as an indication of
suppressive effects. Included in the experiment are three primary designelements: 1) the competing weapons and their associated mixes within a
constant size organization, 2) the targets and their associated instrumen-
tation, and 3) the tactical situations embodied in the three ranges.

2-1
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B. EXIPERIMENTATION MATERIEL

1. Weairans and Ammunition

The experimentation weapons consisted of 13 weapons of four
families. The weapons, listed below, are illustrated in Figures 2-1
through 2-4.

U'S 7.62mm Colt 5.56mm Stoner 5.56mm Soviet 7.62mm

M14 rifle MI6EI rifle Stoner rifle AK47 rifle

M14E2 AR* Colt All Stoner AR - - -

M60 biped MG -- - Stoner biped MG RPD (squad level)
biped MG

M60 tripod MG Stoner tripod MG DPM (company
level) biped MG

Weapons of the US 7.62mm family and the M16EI rifle of the
Colt farmly are currently standard US weapons. Thc other 5.56mm
weapons (Colt automatic rile and Stoner family) are US developmental
weapons. Weapons of tb h Soviet family are Soviet-type weapons found in
several armies. Thos(- used in the experiment were manufactured In East
Germany, the Soviet Union, and Communist China; parts a-id ammunition
were interchangeable. The Stoner family was designed for maximum inter-
changeability of parts and components between weapon types, although tlhe
other weapon families also posses varying degrees of interchangeability of
parts between weapon types.

A basic purpose of this experiment, implied in the candidate
weapons selected, was to evaluate fire effectiveness of low muzzle impulse

and high muzzle impulse weapons. *** The Stoner and Colt 5.56mm
systems are of the low muzzle impulse type. The standard US 7.62mm
weapons are high muzzle impulse weapons firing the standard US 7.62mm
(NATO) cartridge. The Soviet rifle and RPD squad-level machinegun
cartridges are considered intermediate impulse cartridges, while the
Soviet company-level machinegun (DPM) fires a cartridge with energy
similar to the US 7.62ram (NATO) cartridge. Figure 2-5 illustrates the
ammunition types used in the SAWS Field Experiment.

The nominally standard US 7.62mm duplex cartridge has two
tandem loaded 7.62mm projectiles that together weigh slightly more than

* All - Automatic Rifle
* MG - Machinegun
* Table C-6 (Annex C) presents the comparative ammunition character-
istics of low impulse 5.56mm ammunition and high impulse US 7.62mm
ammunition.
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the standard simplex projectile and have a lower velocity than the simplex
round. The duplex round was designed to increase hit probability at ranges4I to about 300 meters.

Details of weapons and ammunition characteristics are listed in
Annex C.

The candidate weapons, ammunition, and spare parts for the
experiment were selected and provided by the Army Materiel Command
(AMC). Except for the Soviet-type weapons, the weapons were in new
condition when USACDCEC received them.

Weight characteristics of the candidate and Soviet weapons are
summarized in Table 2-1. This table also shows the weapon ammunition
basic loads used in this experiment. System weights used in determining
the relative fire effectiveness of the experimentation weapons were those
of the current standard 7.62mm weapons with currently prescribed basic
loads. These weights were adopted to hold squad systems weight constant
and the weights represent current Army weight doctrine; these current
ammunition loads have been determined to approach the maximum per-
missible weight and to be heavier than desirable. * For detailed comparative
data on weapons and ammunition, see Annex C.

2. Orzan/zatio" of Materiel for Experimentation

For comparisons, system weights and the size and structure of
the squad were held constant, but the weapon mixes were varied. These
mixes are shown in Table 2-2. ** Squad ammunition basic loads for these
weapon mixes, based on the individual weapon loads given in Table 2-1,
are also shown in Table 2-2.

C. INSTRUMENTATION

On each range were instrumented target arrays connected by buried
cables to a control and recording van behind the firers. Each target
element of an array consisted of some or all of the following components:

1) A target body with a hit sensor, representing a
kneeling or standing soldier or the head and

* A Study to Conserve the Energy of the Combat Infantryman, USACDC,
5 February 1964.

l The squad weapons mixes were selected to permit comparison of the
weapons for the SAWS experiment; they were also designed to provide
building blocks of data that could be used, with an IRUS scaling ex-
periment, to compute the small arms fire effectiveness of alternative
squad, platoon, and company organization.

2-8
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Table 2-1

COMPARATIVE WEIGHT AND AMMUNITION BASIC LOAD

Rifles In Rifle Squad ARl and MGs in Rifle Squad.
Item M0BpdSoe lM14 M14E2 MI6EI Stoner AK47 M14E2 Colt AR Stoner AR M60 BipG d toner M iG

___________________MG MG

eapon (unloaded) 9.69 lb 12.56 lb 6.87 lb 8.25 lb 8.75 lb 12.56 lb 8.00 lb 10.62 lb 24.37 lb 11.44 1

eapon (loaded) 11.27 lb 14.14 lb 7.87 IbA 9.52 lb' 10.87 lb8  14. 14 lb 9.00 lbA 11.89 1b 31.77 lbt 16.431

pod and case C 0.75 lb 1. 32 lb C 0.75 lb 1. 32 lb c 1.321

.1pod

are barrel kit

tunds available at 100 rd 60 rd D 300 rd 180 rd 120 rd 260 rd 724 rd 492 rd 120 rd" 600 rdstem weight currentIII

I Army 7.62mm 17.59 lb (17.30 Ib) (17.62 Ib) (17.19 Ib) (17.23 Ib) 33.10 lb (33. 10 Ib) (33. 08 Ib) (33.08 Ib) (32.72 11
.Apon

eapon system weight 17.59 lb 20.46 lb 11.12 lb 14.15 Ilb 16.44 lb 33.10 lb 17.50 lb 23.12 lb 48.41 lb' 21.561
equal numbers of
unds 100 rd (100 rd) (100 rd) (100 rd) (100 rd) 260 rd (260 rd) (260 rd) (260 rd) (260 rd

NOTE: System weights and ammunition basic loads for all weapons in rifle sqi
on one-man loads. Those for machinegun squads are based on three-nu
(a three-man gun team).

A 30-round aluminum magazine , A rifleman was used as a

S30-round steel magazine caliber .45 pistol. Comi
(17.59 ib) and the gunner

C Bipod organic to the weapon ammunition in bandoleert

0 60 rounds at rifle system weight; however, 80 rounds were allowed 1 Includes weight of the pis
E 100-round bandoleer 4 47-round drum

150-round bandoleer 4 200-round metal box
C 100-round drum 900-round metal box

, System weight is based o
rounds of ammunition in t
for assistant gunner and

"Computed on the basis of
cartridge is 5. 55 percent

Three 900-round metal be

AI
/ ........... K
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Table 2-1

AMMUNITION BASIC LOADS BY WEAPON

ARs and MGs In Rifle Squads MGs in Machinegun Squads

Stoner AR M60 Blpod Stoner Bipod RPD MG M60 Tripod Stoner DPM MG M60 Blpod Stoner RPD MG
MG MG MG Tripod MG MG Bipod MG

10.62 lb 24.37 lb 11.44 1b 14.93 lb 24.06 lb 10.81 Ib 22.00 Ib 24.37 lb 11.44 lb 14.93 lb

11.89 Ib' 31.77 Ib' 16.43 1bF 20.66 lb6  31.46 lb 1S. 80IbF 27.70 lb J 31.77 lb1  16.43 1b' 20.66 lb6

1.32 lb c 1.32 lb c C C 1.32 lb C

17.37 lb 19.37 lb

12.56 Ib 5.87 lb 4.88 lb 12.56 lb 5.87 lb

492 rd 120 rdN 600 rd 300 rd6  So0rd 2298 rd' 752 rd 1000 rd" 2850 rd0  1833 rdG129.65 ibM (120.63 Ib) (126.98 Ib) (129.28 Ib) (129.06 Ib) (129.62 lb)

(33.08 Ib) (33.08 lb) (32.72 Ib) (32. 12 lb) 900 rd 2545 rd' 1123 rd 1 3059 rd F
129.49 lb (129.63 lb) (129.60 Ib) (129.63 lb)

129.65 lb 74.18 lb 132.73 lb 112.59 lb 56.76 lb 69.67 lb
23.12 lb 48.41 lbt  21.56 lb 30.28 lb 800 rd" (800 rd)L (800 rd)J (800 rd)" (800 rd)L (800 rd)6

129.49 lb 74.89 lb 112.43 lb 57.47 lb
(260 rd) (260 rd) (260 rd) (260 rd) 900 rd (900 rd) 1 (900 rd) 1 (900 rd)F

basic loads for all weapons in rifle squads are based
tchinegun squads are based on three-man loads

A rifleman was used as an ammunition bearer and armed with a

caliber . 45 pistol. Combined system weight for the rifleman
(17.59 ib) and the gunner (33. 10 lb) provided 294 rounds of
ammunition in bandoleers for a total weight of 50.63 lb

t allowed ' Includes weight of the pistol carried by the ammunition bearer

J 47-round drum

S200-round metal box

900-round metal box

" System weight is based on weight of M60 tripod MG. 800
rounds of ammunition in metal boxes,and caliber .45 pistols
for assistant gunner and ammunition bearer

"Computed on the basis of the ball cartridge, 7.62mm duplex

cartridge is 5.55 percent heavier
Three 900-round metal boxes plus a 150-round bandoleer

2-9
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shoulders of a soldier in a foxhole,colored field green with a dirt-smeared

decal face. (Figure 2-6)

2) A mechanism to raise and lower the target
on computer command and to lower it when
it was hit.

3) A target weapon signature simulator
(weapon simulator) that provided realistic
auditory and visual weapon cues of noise,
blast and flash of a rifle, automatic rifle,
or machinegun, according to computer
prograr•ned commands, and shut off when
the target was hit (not all target elements
had, or needed, simulators).

4) A near miss sensor to sense misses within
2 meters of the target body. These sensors
were used for the target elements in five of
the nine tactical situations. Two types of
near miss sensors were used on different
ranges: an acoustic sensor (Figure 2-7)
at the shorter firing distances and a cam-
ouflaged panel sensor at the longer
distances (Figure 2-8).

The individual target elements, grouped tactically in arrays,
were programmed to give weapon signature cues and to raise and lower
targets according to programmed exposure times. Exposure times were
selected to portray movements representative of the combat situation
being portrayed. The programmed total target exposure times for each
situation are given in Appendix 4 to Annex B.

In addition to the target array instrumentation, microphones
were placed at each static firing position to allow the rounds fired to be
counted and recorded as a function of time. (Manual counts of remaining
ammunition were made for the two tactical situations where experimenta-
tion subjects were moving.)

The control and recording van housed a control console and an
on-line computer with a magnetic tape recorder. Reproducibility of
target .ystem behavior for each squad in a situation was provided by
computer command program.

The following basic data were recorded as a function of time to
the nearest 0. 01 minute: hits (both first hits and any subsequent hits
before the targets fell completely), near misses, target up and target

2-11
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Figure 2-6

STANDING, KNEELING, AND HEAD AND SHOULDER TARGETS
(903, 623, 237 sq in. areas, respectively)
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Figure 2-7 ACOUSTIC NEAR MISS SENSOR

(Hlead and Shoulder Target)

014

Figure 2-8 PANTEL INEAR MISS SENSOR
(Kneeling Target)
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down, wrapon slignature simulator on and off, and rounds fired per weapon.
The instrumentatiou was capable of discriminating between Individual rounds
to 5 milliseclonds.

The instrumcntation Is described In further detail in Annex B. 1I
supplemental detailed technical report will be published at a later date.

D. EXPERIMEN"T PERSONNEL

1. Source of Support Personnel

Support personnel for purposes of administrating and supporting
the general conduct of the experiment (other than experimentation subjects)
were from Project Team 1I, Experimentation Support Group, and the 194th
Armored Brigade of USACDCEC.

2. Source of Experimentation Subjects

Experimentation subjects were provided by the 194th Armored
Brigade. Subjects assigned to the six primary mixes--UA, UB, CA, CB,
SA, and SB (the mixes equipped with nine rifles and with seven rifles and
two automatic rifles)--were from Infantry companies of the 41st Infantry
Battalion. Subjects assigned to the other weapon mixes--SC, UC, UD, RA,
and RC--were from armored and artillery units as well as from the 41st
Infantry, they had all been previously trained and had qualified with the
M14 rifle.

3. Organization of Experimentation Subjects

a. Organization into Squad Weapon Mixes

Experimentation subjects were organized into: (1) nine-man
rifle squads consisting of a squad leader and two four-man fire teams, and
(2) seven-man machinegun squads consisting of a squad leader, two machine-
gunners, two assisLant machinegunners, and two ammunition bearers.

b. Sample Size - Implications

As far as practical, to randomize and balance uncontrolled
variables--such as differences In the abilities of experimentation subjects,
effects of weather, the effects of time of day (especially light), changing
conditions of vegetation, and the motivational effects of proximity to
weekends and holidays--six squads were assigned to each weapon mix. The
use of six squads allowed them to be scheduled to fire In balanced matrices
in each tactical situation with respect to date and time of day. A total of
105 squads, consisting of 975 experimentation subjects (including super-
numeraries) was required.

2-15
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c. Matching of Personnel

The number of personnel available allowed them to be as-
signed initially at random, on the basis of 72 men to the rifle mix--six
nine-man experimentation squads plus nine-man squads from which super-
numeraries were drawn to replace personnel lost for illness or other
reasons--and 42 men to the machinegun mix. On completing the training
phase, subjects were reassigned within their weapon type. The same
number of experts, sharpahooters, and marksmen were assigned to each
experimentation squad within a mix.

To conduct the experiment, special measures had to be taken
to select experimentation subjects that could be retained for each phase
of the experiment and, where necessary, to obtain their deferment from
overseas levy.

Personnel records of all personnel were reviewed and cataloged,
both at the time of initial assignment and at the completion of training, to
ensure that personnel of all mixes were as closely equivalent as possible
on all variables that could be expected to correlate with performance.

4. Training Program for Experimentation Subjects

The training phase of the experiment was conducted from 24 August
to 21 October 1965 on Fort Ord Infantry Training Center ranges. Results of
training tests and an analysis of the SAWS training program appear in Section
IV (Training Results).

a. Training Objectives

Training objectives were to make all personnel proficient
with their respective SAWS weapons, and to obtain data on the relative
effectiveness of training inherent to the various weapons.

b. Training Program

The training program consisted of basic marksmanship and
transition training, and followed current Army marksmanship courses
outlined in Army Subject Schedules 7-111 and 7-112 dated November 1964;
FM 23-71 dated July 1964; FM 23-16 dated June 1965; and FM 23-67 dated
October 1964.

(1) Basic Marksmanship Instruction

Basic marksmanship instrý.-.,on included mechanical
training, instructional and qualification firing, target detection, and
night firing. Where weapon differences prevented combined training--for

2-16
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Table 2-3

BASIC MARKSMANSHIP
RIFLE INSTRUCTION

Subject Total Ammunition

Hours per Firer

Orientation and Mechanical Training 4 0

Target Detection 6 0
Preparatory Marksmanship (25 meter

firing) 14 132

Field Firing 4 56

Record Firing (includes 3 hours of con-
current target detection) 16 192

Night Firing 5 44
Familiarization of Automatic Technique 12 258

Total 61 682

NOTE: Modifications to Combat Readiness Marksmanship
Proficiency Standard Course Al: Orientation and
Mechanical Training was increased from 2 to 4 hours;
Record Firing was increased from 8 to 16 hours to
provide learning factors; Night Firing was increased
from 2 to 5 hours to provide 3 hours of refresher on
techniques; and familiarization of Automatic Fire
Technique was included to prepare experimentation
subjects for automatic firing with rifles.

example, mechanical training, sight adjustment and establishing battle-
sight zero--qualified instructors using equivalent training aids and
instructional material taught the experimentation subjects each weapon
system separately. The hours of basic instruction presented are shown,
with the ammunition used, in Tables 2-3, 2-4, 2-5, and summarized
here:

Rifle Marksmanship (Combat .61 hours
Readiness Marksmanship
Proficiency Standard Course

2-17
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A-i, modified to include 12
hours of automatic fire)

Automatic Rifle Marksmanship 29 hours

Machinegun Marksmanship 34 hours
(Tables I through VI)

(2) Transition Training

After completing basic marksmanship, rifle and
machinegun squads were given separate transition training designed to
train them to perform effectively as members of rifle and machinegun
squads and to acquaint them with the safety and range procedures em-
ployed on the SAWS field experimentation ranges (Table 2-6).

Rifle squad transition training consisted of 24 hours of
instruction as outlined in Army Subject Schedule 7-111 dated November
1964 and TC 23-9 dated January 1965. It included controlled tactical
firing exercises in the approach to contact, assault, and defense.

Machinegun squad transition training consisted of
eight hours of instruction in crew drill and controlled tactical firing
exercises in support of the attack, support of the assault, and defensive
firing.

c. Supplementary Training

Supplemenbary training was provided later to meet require-
ments caused by normal attrition and the need for new squads. This
training was given at various times in November 1965, December 1965,
and January 1966. The 228 personnel trained or cross trained as rifle-
men, automatic riflemen, or machinegunners are reflected in the totals
shown in Table 2-7. Personnel who had received no previous training
were given the full complement of training. Personnel being cross trained
received instruction on disassembly, assembly, functioning, zero firing,
aucomatic fire techniques, trigger manipulation, loading, and range safety
as necessary. All personnel received equivalent amounts of training.

d. Training racilities

Facilities used during training included classrooms and
target detection and firing ranges. Infantry Training Center classrooms
and ranges at Fort Ord were used during basic marksmanship training
without modification. Sketches of ranges used for transition training
appear in Section IV.
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Table 2-4

BASIC MARKSMANSHIP
AUTOMATIC RIFLE INSTRUCTION

STotal AmmunitionSubject Hours per Firer

Orientation and Mechanical Training 2 0
Target Detection 2 0
Preparatory Marksmanship (25 meter firing) 12 236
Record Practice (Instructional Firing) 4 79
Record Practice (Qualification Firing) 4 74
Night Firing 5 104

Total 29 493

NOTE: Modifications to Army Subject Schedule 7-111: Mechanical
Training was given to familiarize firers with new weapon
systems: refresher training in Target Detection and Night
Firing was given because these areas are covered in Basic
Rifle Marksmanship Training of which this training is
normally a part.

Table 2-5

BASIC MARKSMANSHIP
MACHINEGUN INSTRUCTION

Subject . I rotal AmmunitionSubject Hours_ per Firer

Orientation and Mechanical Training 3 0
Bipod Firing (Table 1) 4 42
Tripod Firing, Practice (Table I) 4 108
Tripod Firing, Record Practice (Table II) 4 78
Tripod Firing, Record (Table MV) 4 108
Transition Firing, Practice & Record (Table V) 8 396
Day Defensive Field Firing (Table VI) 7 200

Total 34 932

NOTE: Modifications to Army Subject Schedule 7-111: Mechanical
Training was increased from 2 to 3 hours; Table VII (Assault
Firing) and Table VIII (Day and Night Predetermined Firing)
were deleted as not pertinent to the SAWS Experiment.

2-19

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 448 of 804   Page ID
#10934



• I

Table 2-6

" TRANSITION TRAINING

Ammunition *
STotal per Firer
Hours Rifles ARs

Rifle Squad

Orientation 4 0 0

Squad Technique of Fire 4 20 40

Squad in the Approach to Contact 8 60 120

Squad in the Assault 4 100 260

Squad in the Defense 4 60 100

Total 24 240 520

Total Ammunition*u Hours per Firer

Machinegun Squad

Support of Attack and Assault
Firing 5 700

Defense Firing 3 200

Total 8 900

• Indicates amount of ammunition allocated for the exercise,
not necessarily amount expended which varied from firer to firer.

2-20
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A

e. Training Data Collected

The following types of data were collected during tranlnng.

1) Timed disassembly and assembly of weapons

2) Hits on targets

3) Size and type of shot groups

4) Number of targets engaged and number hit

5) Round dispersion

6) Ammunition expenditure

7) Number and type of malfunctions

8) Individual qualification

The primary measures of training performance were the
firing scores taken on various ranges at fixed points during training.
Each time firing scores were taken, each weapon system group had
had the same amount of training of the same kind under comparable
conditions. Results of the training program and firing scores are
given in Section IV (Training Results).

E. EXPERIMENTATION PROCEDURES

1. Uniform Operational Policies - General

Uniform operational policies established fop each tactical
situation included policies for the situation and for each type of weapon 4
in each mix of each family. These policies governed the ammunition
basic load, the burst length (for example, semiautomatic or two round),
the ammunition mix (such as the ratio of ball to tracer), the firing posi-
tion (shoulder pointed, for example), the type of support (with or without
sling or bipod), and the type of weapon zero and sight setting. In addition,
a standard policy was used for assigning sectors of fire and for assigning
weapons to foxholes and to positions in moving formations. These policies j
and firing techniques were derived from standard doctrine and, where
doctrine was not specific, from exploratory firing. They are tabulated by
situation in Annex A.

2. Control and Balance of Weapon Mix Structure and Equipment

As discussed in paragraph D-3, firers assigned to each mix of
weapons were matched, as far as possible. They were also matched in
assignments to the weapon types in a mix. When tracers were used by
only a portion of a mix (for example, automatic rifles) they were also
used by the firers in corresponding positions in all other mixes. This
ensured that differences in the mixes would be a function of weapon
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differences, rather than tracer rounds employed.

The schedule of runs was equally balanced in a matrix, providing
for randomizing and balancing out the effects of extr aneous variables
(paragraph E-3 of Section 1).

When not in use, experimentation weapons were held in guarded
vans, and periods of care and cleaning were supervised.

3. Modes of Fire

Doctrine and exploratory firing indicated that the best mode of
fire for the M14 rifle was semiautomatic fire in all situations. Since the
limited time available for the experiment did not permit use of more than
one technique of fire for each weapon in each tactical situation, the M14
rifle was fired semiautomatically and the other candidate rifles were, with
several exceptions, fired in two round bursts. * Exceptions were the defense
situations (Situations 7 and 8), where time permitted comparison of all rifles
in both automatic and semiautomatic fire. Another exception was the base
of fire situation in the attack against delaying action (Situation 5), where
all rifles fired only semiautomatically. Automatic rifles and machineguns
were fired, respectively, in identical burst lengths in each tactical situation.

4. Control for Differences in Firer Location and Opportunity

The effects of such differences in firer opportunity as intervisi-
bility were controlled, as far as possibile. The squad leader and the same
special weapons (such as automatic rifles) were always assigned to the same
foxholes or positions. The other firers were assigned from right to left
in the descending order of their training phase marksmanship scores.

5. Control of Squad Leader Variability

Squad leaders exercised administrative control over experimenta-
tion squad excu-pt during actual experimentation runs. The effects of the
variability of squad leaders was controlled by using standardized, firing
policies and eliminating the free play of squad leaders' opportunities.

6. Control for Effects of Learning

To minimize transference effects between weapons and other
undesirable learning effects, each squad was trained only in the weapons
of its specific weapon mix, and each squad fired each situation only once.

* As a rifle, the M14E2.was fired in two-round bursts because the
directive required that it be fired automatically. The AK47 was
fired semiautomatically in Situations 1, 2, 4, 5, and in the second
series for Situations 7 and 8.

2-23
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Measures were taken to ensure that the experimentation subjects would not
see the tactical situations before firing them. Steps were also taken to
ensure that experimentation personnel had equal access to their assigned
experimentation weapons during the experiment. When not In use, the
experimentation weapons were held in guarded vans. During the experi-
ment, experimentation subjects were also denied access to their TO&E
weapons. However, the experimentation subjects, all soldiers of the
194th Armored Brigade had previously been trained in the M14 rifle. Some
had also been trained in the M14E2 automatic rifle and M60 machinegun.
This bias in favor of the US 7.62mm system was not desirable, but could
not be avoided because only previously trained soldiers were available for
use as experimentation subjects.

7. Data Collection Procedures - Primary Measures

a. Primary Measures Data

Most of the SAWS data were provided as output from the
SDS 910 computer located on each range in the form of magnetic tapes.
These data included hits, near misses, and rounds fired as a function of
time.

To ensure the proper collection of valid data, a range officer,
an operations analyst, (range scientist), an Instrumentations maintenance
officer, and a field engineer were always present at each range. In addi-
tion, test firing was also done on a regular basis for the purpose of exer-
cising, adjusting, and calibrating the instrumentation before and during
the experiment.

b. Supplementary Data

In addition to the data collected by instrumentation, meteor-
ological data were taken continuously at each range. Reliability data were
gathered during each squad trial. Target instrumentation calibration was
checked between each squad trial and the results recorded. This included
a manual count of hits on targets and near miss sensor panels, and a
count of remaining ammunition.

8. Administrative Procedures

a. Briefings and Debriefings

Squads were given identical administrative and semitactical
briefings on each range immediately before firing, and were debriefed J
for information about weapon malfunctions Immediately after firing.
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b. Safety Procedures

Because of the scale and nature of the experiment, special
safety measures were necessary to reduce the possiblities of accidents,
without detracting from the essential realism or validity of the experiment.
Among the safety measures used were briefings on scale models and
actual terrain immediately before firing with respect to safety limits, the
use of specially trained controller teams at each firing line and in each
moving firing situation, provision of cook-off pits for safe disposition of
jammed hot weapons, and procedures for clearing hot weapons after a
trial by shooting off the last round. Moving pictures were taken of con-
trollers and firers during each squad run. These were shown later for
study and correction of safety procedures and weapons malfunctions.

F. EXPERIMENTATION TACTICAL SITUATIONS

Experimentation was based on nine tactical squad firing situations
grouped three to a range. The three situations on each range were inter-
related parts of a platoon and company framework situation but fred
separately for reasons of data collection and safety. The three platoon-
company framework situations selected were:

1) Assault against defense (Range A)

2) Attack against delaying action (Range B)

3) Defense against attack (Range C)

These three platoon-company framework situations were constructed
to ensure that squad situations could be related for analysis and synthesis
(especially later for IRUS purposes) and to provide for the measurement of
representative mechanisms and modes of fire of small unit small arms
combat.

Each tactical situation constituted a model consisting of selected
terrain characteristics, target array layouts, friendly firer layouts,
firing distances and range-target frequencies, and timing of events repre-
nentative of the situation being portrayed. (See Annex B for range sketch
maps and detailed range information, to include Target System Command
Program Tables.) These tactical situations, together with the effective-
ness criteria, provide the fundamental basis for the analysis. The com-
ponent situations and their effectiveness values can be weighted, if desired,
to modify the basic model, within limits.

The target layouts were determined by examining the dispositions and
dimensions given in US, Soviet, and other doctrine and, where possible,
adopting dimensions that were common to the several doctrines. Detailed
intervisibility and survey data were collected during layout of the ranges.
As far as possible, such target behaviors as type of individual target body,

/
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up and down movement, targlt exposure times,and weapon simulto.r cues
were based on tactical realism.

The firing distances used in the tactical situations were chosen to
represent tO'., frequent and useful ranges of small arms combat with
additional longer range increments added for purposes of securing a
broader data base. The maximum range fired by rifle squads wai 560
meters and tLe maximum for machineguns was 753 meters.* Safety
considerations and available terrain did not have an important effect on
the firing distances selected. The percentages of targets by range for
the nine tactical situations are shown below:

Range Percentage of Targý_t.tsa

(Meters) Rifle Sqad MG ••iu•d

0-50 15 2

51-150 3 5 b 11

151-250 10 8

251-350 16 17

351-500 16 29

500-650 8 21

651-750 0 12

aincludes targets used in the night situation
and targets presented more than once in a
given situation

b lncludes targets on assault course that ranged

from 148 to 15 meters

The nine squad situations consisted of six rifle squad situations
and three machinegun squad situations. Of the six rifle squad situations,
two involved moving firing and one involved a night firing situation. The
nine situations are tabulated below and described in the following para-
graphs.

Preliminary experimentation on Range B (Situations 5 and 6) showed
that firers could distinguish neither targets nor target array locations
at these longer ranges, even when provided with more substantive
auditory cues and visual cues than they would have in combat. This
was true, even though individual targets had camouflaged semicircular
near miss panels 4 meters in diameter behind them. The squads were
therefore provided additional specific intelligence of the target array
locations so that firing data could be collected at these ranges.
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Assault Again.t Attack Against Defense Against
Defense, Delaytng Action Attack

(P~g. A) .. Li2!...(Rar'ge'C)
1. Rifle squad In line 4. Rifle squad In ap- 7. Rifle squad in de-

assault proach to contact fcnse against
attack

2. Rifle squad as base 5. Rifle squad as a
of fire supporting base of fire sup- 8. Rifle squad In
the assault porting the advance night defense

against attack
3. Machinegun squad

In fire support of C. Machinegun squad 9. Mach!negm squad
the assault In fire support In defense against

of advant'e* attack

1. Situation 1: Rifle Squad In Line Assault

Situation 1, focusing on the left target array on Range A
(Figure 2-9), represented a 100-meter assault by a squad in line form-
ation. The action lasted 2 minutes. The assaulting troops employed
marching fire as they moved up the slope. Firing commenced 115 me-
ters from the nearest target and ceased 15 meters from it. The target
array being assaulted occupied a position 50 meters wide and 30 meters
deep with the elevation rising 4 meters from the front to rear on the
same slope as the assaulting troops. The array consisted of 17 head
and shoulders targets representing concealed and partially concealed
dug-in enemy soldiers, as a squad with other company elements as
part of a reinforced rifle company in defense. Although irregular, the
lateral interval between targets averaged 6 meters. Each target in the
array had an acoustic near miss sensor, and all but three had weapons
simulators.

Situation 1 evaluated rifle squad weapons mixes in marching fire
against targets in foxholes at ranges of 148 to 15 meters.

2. Situation 2: Rifle Squad as a Base of Fire Supporting the Assault

This situation was also located on Range A (Figure 2-10). in
addition to the target array used in the assault situation, this situation In-
cluded an additional array to the right. The right array contained 13 head
and shoulders targets (a squad with other company elements) occupying a
position 50 meters wide and 35 meters deep with elevation rising 4 meterp.

* Machinegun squads fired this situation from two different positions.

In follow-on experimentation in January, the machinegun squads fired
from the same positions used by the rifle squad in Situation 5.
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from the front to the rear. All but two of the targets were equipped with
weapons simulators, and all had acoustic near miss sensors.

The firers were located In nine shallow foxholes, laterally about 6
meters apart and staggered In depth along the forward edge of a ridge.
The foxholes represented typical hastily prepared individual battlefield
positions. The squad fired first on the left target array (the array used
In Situation 1) and then shifted its fire to the right target array to simulate
the shifting of fire as the assault troops closed on the enemy. The distances
from the firers to the two target arrays was from 263 to 326 meters.

Situation 2 evaluated rifle squad weapon mixes firing supporting fire
from hastily prepared foxholes at concealed and unconcealed targets in
foxholes at a range of 263 to 326 meters.

3. Situation 3: Machinegun Squad In Fire Support of the Assault

This situation utilized the same terrain, targets and firing posl-
lions as that used by the rifle squad in Situation 2. However, this situation
depicted a machinegun squad in support of a rifle squad in the assault. The
two machineguns of the squad were positioned 25 meters apart (Figure 2-11).

4. Situation 4: Rifle Squad in Approach to Contact

This situation, located on Range B (Figure 2-12), included 12
events and employed 40 targets (four head and shoulders, 32 kneeling and
four standing). The 12 events were laid out along a course over which the
rifle squad advanced in a sweep formation as a line of skirmishers. The
events represented action by snipers, scattered enemy security elements,
and an ambush. The overall course was 430 meters long (Figure 2-13).

As the squad approached an event at a location identical for each squad,
the targets--30 equipped with weapons simulators--were actuated and the

men stopped and fired. The firing distances for the events varied from
19 to 180 meters. Target exposure times varied from 2 to 10 seconds.
The targets were not equipped with near miss sensors.

The approach to contact situation evaluated the rifle squad mixes In
standing quickfire at briefly exposed visible targets. This situation, in
which firers were time stressed, was designed especially to evaluate the
pointing characteristics of small arms.

5. Situation 5: Rifle Squad as a Base of Fire Supporting the Advance

The rifle squad occupied unprepared prone firing positions averaging
6 meters lateral distance apart and staggered 48 meters along the forward
edge of a ridge (Figure 2-14). Squads representing fire support of an ad-
vp'ncing rifle squad Situation 4) delivered fire on two target arrays. The
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arrays represented partially dug-in enemy in a delaying position. Target
Array X contained 14 targets (five head and shoulders and nine kneeling)
occupying an area 60 meters wide and 42 meters deep, with an elevation
from front to rear targets of about 7 meters. Its range from the firers
was 379 to 445 meters. Six of the 14 target elements in this array had
weapon simulators. The more distant Target Array Y with three head and
shoulders, three kneelirg and seven standing targets, was 477 to 560 meters
from the firers, occupying an area 45 meters wide and 62 meters deep with
elevations rising about 7 meters. Six of the 13 targets had weapon simu-
lators. The targets of both arrays were equipped with near miss sensors.
The rifle squad initially fired on Target Array X and then shifted its fire
to Array Y, firing 2 minutes on each array.

Situation 5 evaluated rifle squad weapons mixes delivering long range
supporting fire from prone positions against concealed partiall_- dug-in
targets at ranges of 379 to 560 meters.

6. Situation 6: Machinegun Squad in Fire Support of Advance

This situation was also on Range B (Figure 2-15). Machineguns
of the inachinegun squad weapon mixes occupied positions about 12 meters
apart along the forward edge of a knoll 240 meters to the rear of the rifle
squad position of Situation 5. In addition to firing upon Target Arrays X
and Y discussed in Situation 5, Target Array Z was also fired upon and
contained 13 targets occupying an area 52 meters wide and 32 meters
deep, with an elevation from front to rear targets of about 7 meters. Like
Arrays X and Y, all targets of this array had near miss sensors aad six
were equipped with weapons simulators. Target Array Z was located io
the right of Target Arrays X and Y at a shorter range and contained five
head and shoulders and eight k:neeling targets. Ranges to the three target
arrays from the machinegun squad position were 603 to 646 meters for
Array X, 690 to 753 meters for Array Y, and 446 to 488 meters for
Array Z. Firing time was 2 minutes on each array.

Situation 6 evaluated the machinegun squad weapon mixes in firing
long range supporting fire from prone positions at concealed and partially
concealed, partially dug-in targets at ranges from 446 to 753 meters. It
was designed to evaluate long-range fire effectiveness of the weapons
under tactical conditaons.

7. Situation 7: Rifle Squad in Defense Against Attack

This situation took place on Range C (Figure 2-16). There were
50 targets, four head and shoulders, 17 kneeling and 29 standing, located
and programmed to raise and lower to represent an attack becoming an
assault. Some of the targets appeared more than once. The attack began
at a range of 344 meters and culminated with targets appearing in an
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assault formation 43 meters from the firing positions. Thirty of the 50
targets had weapon simulators; none had near miss sensors. The defending
squad occupied hastily prepared foxh'lea averaging 6 meters lateral dis-
tance apart.

Situation 7 (daylight defense) evaluated rifle squad weapons mixes in
firing from hastily prepared foxholes at visible targets advancing from
344 to 43 meters.

8. Situation 8: Rifle SKuad in Night Defense Against Attack

The night situation was also located on Range C and was similar
to Situation 7. However, the scenario was slightly shorter. Thirty-two
of the 50 targets used in Situation 7 were utilized; 22 targets were equipped
with weapons simulators. Some of the targets appeared more than once.
There were three head and shoulders, nine kneeling and 20 standing tar-
gets; they were located and programmed to raise and lower to represent
an attack becoming an assault. The attack began at a range of 234 meters
and culminated with targets appearing in an assault formation 43 meters
from the firing position (Figure 2-17). Simulator flash and sound were
the main cues for firers in this night situation.

Situation 8 evaluated rifle squad weapons mixes firing night defense
from hastily prepared foxholes at target flash and sound cues of targets
"advancing" from 234 to 43 meters.

9. Situation 9: Machinegun Squad in Defense Against Attack

This situation utilized the same terrain, targets and firing posi-
tions as that used by the rifle squad In day defense (Situation 7). However,
in this situation the machineguns occup.-d selected foxholes of the position
that had been occupied by the rifle squad (Figure 2-18).

This situation evaluated the machinegun squad weapon mixes firing
from hastily prepared foxholes at visible targets advancing from 344 to
43 meters.

10. Summary of Tactical Situations

The nine tactical situations, together with the effectiveness
criteria discussed in paragraph G of this section, provide the model for
the experiment and analysis of squad-level small arms fire effectiveness.
The model can be adjusted (within limits) by weighting the situations and
the effectiveness measures within a situation. The logic underlying the
experimental design, terrain selection, tactical target arrays, instrumen-
tation, and programming of events in these tactical situations was to pre-
sent squads armed with different weapons and weapon mixes with situations
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that would impose on the man-weapon systems, conditions, interactions,
and modes of fire reasonably representative of combat. Target acquisition
was included as an integrated part of the effectiveness evaluation of the
man-weapon systems. Firers were subjected to the stress and uncertain-
ties of infervisibility problems and the knowledge that, if and when revealed,
targets would be fleeting or exposed for unpredictable periods. However,
stress was not otherwise included.

The final elements of the tactical situations were the operational
policies of friendly elements--the basic loads of ammunition, ammunition
mixes, burst lengths, and firing policies used with each tactical situation.
These are discussed in paragraph E of this section and presented in tabu-
lar form in Annex A.

G. EFFECTIVENESS MEASURES (EVALUATION CRITERIA)

This subsection describes the effectiveness measures used in evalu-
ating and ranking the squad weapon mixes. It consists of three paragraphs:
Paragraph 1, discussing the qualitative effectiveness concept from which
the measures are derived; Paragraph 2, presenting the effectiveness
measures themselves; and Paragraph 3, discussing other effectiveness
qualities.

1. Effectiveness Concept

The effectiveness measures selected for use in the experiment
were derived from the following qualitative effectiveness concept, which
also served to guide their use. This concept is necessarily judgmental
as a hypothesis, as must be the starting point and foundation of any effec-
tiveness criteria. It also depends particularly on informed military judg-
ment or military experience, since system evaluation implies that the
things measured must be valuable qualiUes of the systems, in the context
and environment of their use.

The purpose of the infantry fire fight Is to gain fire superiority. Other
factors being equal, small arms fire superiority prevents the enemy's
fire or movement, permitting mission accomplishment.

Achievement of fire superiority requires two elements: 1) attaining
a greater magnitude of target effects than the enemy, as a function of
time, and 2) sustaining this level of target effects longer than the enemy
can sustain his level of target effects, and long enough to accomplish the
mission. These two elements are referred to here as target effects and
sustainability.

Neither element is meaningful unless related to time. The two-sided
nature of the fire fight places a premium on achieving results (target
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A

effects) more quickly than the opponent can achieve them. The concept of
sustainability also implies time.

a. Target Effects

To understand target effects, the nature of the target and the
friendly firers must be considered.

In combat, the infantry small arms target is normally a group target--
an array of individual targets dispersed in width, depth, and usually height.
The target arrays frequently present a pattern in shape, structure, and
size. Normally most of the targets in the array are concealed or partially
concealed, and firing on the array is often directed at a combination of
cues--such as terrain form (for example, the military crest of a hill),
and target weapon signatures--and movement, rather than at fully visible
individual human targets. When targets are not concealed, they are usually
very near or exposed only briefly.

Friendly firers are also a group (in this experiment, a squad) and
behave in a group context. The individual man-weapon interacts with
others in the group at the firing position (for example, muzzle blast and
dust), in feedback of target intelligence (for example, incidental observa-
tion of another's tracer or of the ground strike of another's bullets), and
in effects on the enemy target array.

Thus, the fire effects produced have characteristics that may differ
significantly from those of single weapons fired at single visible targets.
Within this context of group firers and group targets, the two principal
target effects produced by small arms weapons are hits and near misses,
and they combine In their effects on a target array.

(1) Target Hits

The eiiects of hits on individual targets of an array are
highly sensitive to the timing of the hits and to the damage they inflict on
the array. First hits on individual targets are more important than sub-
sequent hits on the same target. In combat the target may drop and
cease to be a target after the first hit and, in any event, there is little
utility in killing a target more than once.

(2) Near Misses

If near enough and in sufficient volume, near misses cause
the target soldier to seek cover and thereby take his weapon out of action
or prevent his movement. Suppressive effects of small arms, particularly
automatic or rapidly firing weapons, may have a greater effect on the
outcome of infantry actions than the lethal effects of hits. Near misses,
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however, will not produce suppression If the weapons and firing doctrine
cannot produce casualties. The nearness of a miss as a function of time
is only one factor contributing to suppression, but it is a necessary condi-
tion if a weapon is to have any suppressive effect. For purposes of rank-
ing weapons, near misses can be dealt with by recording them as a function
of time, without having to define the quantitative level of near misses that
constitutes suppression.

Near miss data also provides information on distribution of fire. In-
formation on the distribution of fire greatly extends our knowledge o1 the
behavior of weapon systems, and firing doctrine.

b. Sustainability

Sustainability-the other element needed to achieve fire
superiority-is the length of time a weapon can fire at the ammunition con-
sumption rate required to achieve a level of target effects with the amount
of ammunition that the weapon system affords within specified weight limits.
It is not used In the sense of reliability or durability.

The sustainability element of fire superiority then is the measure of
how long the fire (level of target effects) can be kept up. With respect to
a single small arms weapon, it is a function of three factors: 1) the
weight rate of ammunition consumption in achieving a level of target ef-
fects, 2) the system weight of the weapon, and 3) the weight limitation on
the weapon system portion of the soldier's combat load carrying capacity.
Sustainability in a small arms system is highly sensitive to system weight,
since the infantryman is severely weight-limited. System weight limitsused for the experiment are discussed on page 2-8.

c. Interrelationships

Hits cannot be related to near misses in an absolute sense
because of the impossibility of defining the level of near misses constituting
suppression for a given situation. However, the relative value of hits or
near misses as a measure can be obvious for a given situation. There are
also the possibilities of examining near misses parametrically.

The relationship between sustainability and target effects is clearer.
A gain in sustainability potential can be taken out at the unit commander's
option as 1) within limits, a higher level of effects, 2) greater sustain-
ability at an equal level of effects, 3) reduced soldier's load at the same
level of effects (increase in mobility), or 4) some combination of these.

2. Measures of Effectiveness

Based on the qualitative effectiveness concept, three primary
measures of effectiveness were selected: cumulative target exposure
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time, near misses, and percentage of ammunition remaining (sustainability).
In addition, twq collateral measures were selected: targets hit and total
hits.

a. Primary Measures of Effectiveness

(1) Cumulative Exposure Time

Each target of an array was programmed to be exposed for
a predetermined period that was idential for each squad in a given tactical
situation. In the day defense situation, for example, the sum of the pro-
grammed exposure times for all the targets of the entire array of 50 targets
was 15. 976 minutes. However, individual targets fell when hit, reducing
their exposure time and thus the total or cumulative exposure time of the
array. For programmed total exposure times for each tactical situation,
see Appendix 4 to Annex B. In the hypothetical example shown in Table
2-8 there are ten targets in an array with a programmed total exposure
time of 12.400 minutes. The sequence of ten targets shows that some tar-
gets were raised earlier and stayed up longer than others. The total tar-
get exposure time for targets attacked by Squad A is therefore shortened
from the programmed 12. 400 minutes to 5.700 minutes. This 5.700
minutes total exposure time is the cumulative exposure time (CET) for
Squad A. Similarly, Squad B achieves a CET of 8.800 minutes. To the
extent that a squad rapidly acquires and hits targets the CET will be less.
A lower CET indicates that friendly forces in a fire fight are subjected to
fewer man-minutes of return fire from the target array and consequentlysuffer fewer casualties and other effects. Therefore, the concept takes
considerable account of vulnerability.

CET of the target system is a primary measure of fire effectiveness.
It reflects both the number of targets in a group that were hit and the
timeliness in which they are hit.

(2) Near Misses

Near miss data were obtained in three of the six rifle
squad situations and two of the three machinegun squad situations. * Near
misses passing within a 2 meter hemisphere about the target were sensed
by an acoustic sensor; where camouflaged panel seasors were used (Situ-
ations 5 and 6), near misses were sensed by a 2 meter semicircular panel
centered behind the target body. In both cases near misses were recorded
as a function of time.

* The rifle squad situationm- were the assault (Situation 1), base of fire
in support of the assault (Situation 2), and base of fire in support of the
attack against delaying action (Situation 5). The two machinea.n squad
situations were those in support of the rifle squad in the assault (Situ-
ation 3) and in fire support of the advance (Situation 6).
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Table 2-8

HYPOTHETICAL EXAMPLE OF
CUMULATIVE EXPOSURE TIME (CET)

Target Sequence Individual Target Exposure Time
Target (minutes) (minutes)
Number Programmed Programmed PrigrammedA Squad A 3 Squad B

Up Time Down Time Exposure Time

1 0 1.700 1.700 .500 .300

2 .500 2.000 1.500 .500 1.200

3 .600 2.200 1.600 .700 1.500

4 1.000 2.500 1.500 .600 1 . 50 0C

5 1.200 2.000 .800 .800 .800

6 1.800 3.000 1.200 .200 1.100

7 2.200 4.000 1.800 1.000 1.000

8 3.500 4.500 1.000 .600 .500

9 4.000 4.300 .300 .300 C .300 C

10 4.500 5.500 1.000 .500 .600

Programmed Total Exposure 12.400
Time (minutes) 12.400

Cumulative Exposure Time 5.700 8.800
(minutes)

Aprogrammed down time minus programmed up time

Hit time minus programmed up time (targets went down when hit)

Crarget not hit
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The measure of near misses used in the present report is total near
misses. Near misses are a primary measure because of the importance
of suppressive fire effects. However, because of instrumentation pro-
curement limitations near misses could not be measured in all tactical
situations.

(3) Sustainability

The primary determinant of weapon sustainability (in
the sense that it is used here) is the length of time that available ammuni-
tion can sustain an attained level of effects. The measure of sustainability
used here is the percentage of ammunition remaining for a squad mix when
the squad weapon system weight constraint (starting system weight), tacti-
cal situation, arnd record run time are held constant for all squad mixes.
In Figure 2-19, for example, if Squad Weapon Mix B used 50 percent of its
ammunition load to attain a given level of effects, it would have only half
the sustainability (ability to maintain the same level of effects longer) of
Squad Weapon Mix A that attained the same level of effects with an expendi-
ture of only 25 percent of its ammunition.

b. Collateral Measures

Collateral measures, as defined here, are lesser included
functions of primary measures and therefore are subordinate to primary
measures. They are performance measures, rather than effectiveness
measures. However, the collateral measures of the number of targets
hit and total number of hits provide some limited insights into weapon
system behavior and sometimes facilitate interpretation of the primary
measures.

(1) Targets Hit

This measure indicates the number of targets hit in a
given target system, but gives no indication of the amount of time required
to secure the hits. When related to total targets, it provides a measure
of fire distribution and some insight into the cumulative exposure time
measure. If the same number of targets in an array are hit, but at dif-
ferent times, the cumulative exposure time will be different.

(2) Total Hits

This measure takes into account multiple hits on targets.
Since targets in this experiment fell on receiving a first hit, multiple hits
could occur, as in combat, only because of rapid fire from a single weapon
or because two or more firers !cquired and hit a target almost simultan-
eously. The total hit measure has collateral worth as an effectiveness
measure, especially if two systems rank equally in other respects.
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Sqd A 100
(2000 rd)

Sqd B ANOTE
(1000 rd) A

Systems weight constraint
75% lim its Squad A to 2000

75 rounds and Squad B to 1000
rounds when record run

Percent begins.
Ammo I

Remaining 50%

50

I \

25

End of -
Record I
Run----.. !\

0 2 4 68

Time (minutes)

Figure 2-19

EXAMPLE OF SUSTAINABILITY
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(3) Correlations

A correlation analysis was run on measures of effective-
ness, both primary and collateral, to determine the extent of the relation-
ships of the various measures to each other, and to gain further under-
standing of the nature of these relationships. Tables describing these
relationships are presented in Annex D.

3. Effectiveness Qualities - Combat Effectlveness Components
Combat effectiveness components important to the evaluation of

small arms weapon systems include the following:

a) Fire Effectiveness

b) Weight reduction

c) Tactical versatility

d) Reliability

e) Training

f) Collateral applications

They are discussed and related to the output of the SAWS field experiment,
in turn.

a. Fire Effectiveness

USACDCEC' s primary contribution is in this area. This re-
port provides the fire effectiveness results, and relates lethality to the
effectiveness results.

b. Weight Reduction (Mobility)

Weight reduction results--rankings of squad weapon mixes
according to the amount of weight that can be eliminated from the soldier' s
or squad' s combat load if a sustainability advantage is taken out (evenI
partly) in weight reduction--can be computed from the weights of the
weapon systems and the sustainability results presented in Section VI.
The shorter, lighter weapons were naturally more easily carried and
therefore increased the soldier' s mobility.

c. Tactical Versatility

This quality includes: 1) the relative capability of candidate
weapons to perform the functions of the rifle, carbine, submachinegun,
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automatic rifle, antitank grenade launcher, and M79 grenade launcher
with the fewest number of weapon types; and 2) the relative suitability
of the weapons for use by airborne, airmobile, mechanized and amphibi-
ous forces. The USACDCEC SAWS experiment implicitly covers some
aspects of tactical versatility, particularly in the area of dismounted
rifle and machinegun squads. For example, rifles, automatic rifles
and machineguns were all fired in the automatic rifle role.

d. Reliability

This quality includes reliability, durability, ruggedness,
and performance under extreme conditions. The experiment provided
data on reliability-durability and operation in the field, including sandy
conditions. Reliability results are presented in Section V.

e. Training

Training effectiveness for the experiment is discussed in
paragraph D-4 of this section and in Section IV.

f. Collateral Applications

This includes such matters as suitability for use in the
Military Assistance Program (MAP). The distinction between this
quality and tactical versatility is one of degree. Insight into hese areas
can be derived from USACDCEC fire effectiveness, weight reduction,
and reliability data. USACDCEC's answers to the essential elements
of analysis (EEA) provided to USACDC by separate letter further relate
USACDCEC SAWS data and results to some of these broader questions of
collateral applications. *

* Letter, CDEC-TB, HQ USACDCEC, 1 April 1966, Subject: Essential

Elements of Analysis (EEA), Small Arms Weapons System (SAWS)
Program.
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SECTION In

METHODOLOGY FOR THE PRESENTATION OF RESULTS

A. ORGANIZATION OF RESULTS

The data and results from which the USACDCEC SAWS conclusions
were evolved are presented in Sections IV through VIII. Each Section
deals with a particular type of experiment or data base.

Section IV deals with training implications.

Section V presents the results of the USACDCEC analysis of the
materiel reliability data collected during the experimentation.

Section VI details the results of fire effectiveness experimentation
designed to discriminate among squads armed with different weapon mixes.
That section is divided into three parts. Part A, dealing with the rifle
squad mixes for which experimentation was originally planned and mixes
provided for either in the USACDCEC outline plan or in a subsequent di-
rective from USACDC Headquarters; Part B, covering follow-on rifle
squad experimentation and presenting results of an investigation into the
feasibility of adopting a rifle squad equipped only with Colt automatic
rifles, or with a combination of Colt rifles and Stoner machineguns; Part
C, discussing the comparative machinegun experiment.

Section VIII is a brief note discussing the relationship between current

lethality data and the USACDCEC SAWS results and conclusions.

Section IX presents USACDCEC SAWS conclusicons.

B. DATA PRESENTATION FORMAT

The numerical results for situations in most cases are presented
within the framework of a single large consolidated table (comprived of
subtables) and a set of graphs. Tables and graphs for each situation are
accompanied by brief descriptions of the situations, summaries of the
respective tables and graphs, a list of standard scores, and a summary
analysis.

Three types of data are presented: descriptive statistical performance
measures; probability measures, and graphic presentations of the data as
a function of time and range, where applicable.
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Performance measures, (the effectiveness and collateral measures
discussed in Section II, are used to rank the squad mixes. Probability
measures provide the means of determining the extent to which experiment-
ally observed differences are chance results caused by variations in the ex-
periment.

If observed differences have a low probability of occurring because of
experimental variations, it may be considered with a high degree of con-
fidence that the differences in performance measures are caused by system
differences. Performance measures and their ranking should not be used
without reference to statistical probability measures.

Sections IV, V, and VU do not deal directly with fire effectivness re-
sults. These data are presented primarily in a descriptive narrative format.

For purposes of brevity and clarity, it was necessary to assign a two-
letter code designation to each weapon mix. The weapon mixes are referred
to by this code in most of the tables and graphs of the report. The key is
presented below.

UA - 9 M14 Rifles
UB - 7 M14 Rifles and 2 M14E2 ARs
UC - 5 M14 Rifles and 2 M60 MGs
UD - 9 M14E2 Rifles

CA - 9 M16E1 Rifles
CB - 7 M16E1 Rifles and 2 Colt ARs

SA - 9 Stoner Rifles
SB - 7 Stoner Rifles and 2 Stoner ARs
SC - 7 Stoner Rifles and 2 Stoner MGs

RA - 9 AK47 Rifles
RC - 7 AK47 Rifles and 2 RPD MGs

CX - 9 M16E1 Rifles (Same mix as CA, but
used in follow-on experimentation
as a control mix)

CY - 9 Colt ARs

MB - 7 M16E1 Rifles and 2 Colt ARs
(Same mix as CB, but used in follow-on
experimentation as a control mix)

MC - 7 M16E1 Rifles and 2 Stoner MGs
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C. EXPLANATION AND DESCRIPTION OF DATA

1. Performance and Statistical Probability Measures

A difference will usually emerge if the characteristics of two
mixes are measured. For example, one mix may measure 22 and another
20. A question then arises: does the observed difference represent a
rea? difference in mixes, or is it due either to chance elements that affected
the experiment or due to sampling variations?

There is no absolute yes or no answer, but statistical techniques
can provide the probability that an observed difference is due to chance
variation. This is the likelihood that a wrong decision would be made by
rejecting (on the basis of the experimental observations) the hypothesis
that there is no real difference in the systems.

In the example where one mix performance measured 20 and
another 22, the probability can be estimated that if the experiment were
repeated many times, a difference of two or more would occur from chance.
Such a probability might turn out to be, for example, .03. If the mix that
measured 22 were selected on this basis, there Is a probability of .03 that
the selection was wrong--wrong in the sense that there may be no differ-
ences in the system.

If a probability level of .20 is selected for rejecting the hypothesis
of no real differences, there is a high risk in concluding that the observed
performance difference reflects a real difference in mixes.

It is also possible to make another kind of erroneous decision,
that of accepting the hyp'ýtL.esis that differences in a performance measure
are due to chance when in fact there is a real difference in the performance
of the mixes. The ability of a statistical test to indicate real difference in j
performance measures depends on the magnitude of the real difference and
on the size of samples. These two factors influence the probability of ob-
served differences in the performance measure and the magnitude of
observed differences that will lead to rejection of the null hypothesis that
there are no system differences. In this experiment, the sample sizes
were as large as possible within the practical limit of the experiment, so
that real differences in performance measures would have the greatest
likelihood of being detected. Some real differences undoubtedly will remain

undetected, but the rejection probability should be valid for any differences
that are labeled significant.

The appropriate probability level for rejection is a matter of
judgment involving a certain amount of risk. A low level for rejecting the
hypothesis that the observed difference is real reduces the risk of errone-
ously concluding that there is a real difference when there is not, but it
Increases the risk of rejecting a mix that might in fact be superior in the
quality measures.
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To facilitate this judgment process, the report, for the majority
of the results, presents a subtable for each measure presented in a situation,
showing the probabilities that can be attached to experimentally observed
differences in each posgible pair of squad mixes. The probabilities are
presented in numbers up to .40. These tables might indicate, for example,
that the chance that the observed difference between mixes A and B could
be equal to or greater than the measured amount is .08. As these probabil-
ity figures more closely approach the value of .50, the risk that the experi-
mentally measured differences were caused by chance factors becomes
greater. *

Presented on the following pages are Subtables A and H from the
table for Situation 2, which treats cumulative exposure time (CET).

Subtable A shows the mean (average) raw CET score in minutes of
total target exposure time of each squad mix, and the standard deviation
(SD) of each mix's score. Finally, it shows the mean standard score (z).
(The standard score concept will be discussed further below.) At the bottom
of Subtable A is shown the mean (average) of the squad mix mean scores (X),
and its standard deviation (SD).

Each measure for the rifle squad experiment is also illustrated in
a series of bar graphs located on the same foldout page as the numerical
data and probability table presentations. The bar graphs portray the mean
(average) scores of all mixes, the range of all squad scores, and the ranges
of the six squad scores comprising the highest and lowest scoring mix for
each measure for each situation. In addition to these bar graphs, histograms
(a type of bar-graph representation) and graphical representations of dis-
tributions of measures as a function of time and range are presented for
some experimentation situations. These two methods of data presentations
are explained in paragraphs C-6 and C-7 of this section.

The bar graph for Situation 2 (Rifle Squad As A Base of Fire Sup-
porting the Assault) should be referred to for comparison with Subtable A
being discussed here. The first block of the graph shows CETs that were
also treated in the first table of statistical figures, Subtable A. The first
bar on the left shows the mean scores corresponding to mean CETs in Sub-
table A; the second bar shows the range of all squad scores regardless of

It should be noted that these probabilities are not offered as precise
confidence levels for formal tests of null hypotheses. Such a test
would require either an a priori statement of the particular pair of
mean values to be compared, or a composite analysis cf variarc,?
with the pairwise test being used to identify significant analysis of
variance contributions. In the absence of a significant F test tVese
probabilities should only be considered to provide a rough indication
of the relative importance of the magnitude of the differences tested.
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Subtable A-CUMULATIVE EXPOSURE TIMES

mi S Standard
CET SSSres z'

UA 77.5 2.3 77.1

CA 78.2 10.0 71.2

UD 78.6 8.3 68.3

UB 80.0 6.6 59.0

SC 80.4 9.4 53.8

SB 81.0 10.1 48.9

SA 82.0 9.1 41.4

CB 82.1 4.6 40.4

UC 84.2 7.2 23.6

RA 85.1 10.9 16.6

80.9

SD 2.52

Subtable H-CUMULATIVE EXPOSURE TIME p FACTORS

UA CA UD UB SC SB SA CB UC RA

UA >.40 .38 .22 .24 .21 .14 .03 .03 .07

CA >.40 .38 .35 .32 .26 .20 .13 .15

UD >.40 .37 .33 .26 .19 .12 .15

UB >.40 >.40 .32 .24 .15 .17

SC >. 40 .39 .35 .23 .23

SE >.40 >.440 .27 .27

SA >.40 .32 .31

CB .28 .28

UC >. 40
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a,

the squad mix; the third bar shows the range of scores of the leading rifle
squad mix (the UA mix composed of nine M14 rifles); and the fourth bar
shows the CET score range for the lowest ranking rifle mix (the RA mix
composed of nine AK47 rifles) (page 6-23).

The performance measure tables and the graphs complement each
other, both showing the mean average scores for each mix in rank order.
The tables also provide standard deviations, while the graphs provide the
range of scores contributing to these deviations.

2. Combined Use of Descriptive Performance Measures and Statistical
Probability Data

Subtables A and H (CET for Situation 2) shown above can be used to
Illustrate how the two types of data should be used. Subtable A indicates
that mix UA (nine M14 rifles) ranks first with a CET of 77.5 minutes and
mix CA (nine Colt rifles) is second with mean CET of 78.2 minutes. Sub-
table A does not state whether this difference as measured in the experi-
ment is a statlst.cally significant difference. In other words, if further
experiments were conducted, what are the odds the results would go the
other way? Nf the odds are high, it should be concluded that the measured
difference is not statistically significant and that, for practical purposes,
one system appears as good as the other as far as the particular measure
is concerned.

In the case of the UA and CA comparison, a measure of such odds
can be obtained by referring to the Subtable H adjacent to Subtable A, which
shows probability (p) factors (for the two sample t-statistics). In the cell
of row UA and of Column CA is the factor p>. 40. This p-value indicates
that a low level of statistical confidence attaches to the experimentally
observed difference in Situation 2 CET as between UA and CA. As far as
the experimental results are concerned, UA and CA in this situation
appear about equally effective in CET.

In a comparison of UA with UC (five M14s and two M60s), however,
one can read across the p-value table and see the number .03. In this com-
parison, confidence in the conclusion that UA is superior to UC is relatively
high.

The combined use of statistical probability measures and the per-

formance measures can serve as an aid for analysts and decision makers.
In the case of the UA and CA comparison (p> .40) discussed above, there
fs little evidence for concluding that there is a real difference between
mixes on the measure of CET. However, the systems may very well be
different regarding the other effectiveness measures. SLbtable B for Sit-
uation 2 (page 6-23) shows that in near misses CA scored 323 and UA scored
259. The statistical probability is .05. Similarly, in sustainability (Sub-
table C) (page 6-23) CA scored 50.5 and UA 22.0., with p = .001. Thus it
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might be concluded in this situation that the CET qualities of CA and UA
are a toss up but that the experimental evidence strongly supports the con-
clusion that CA is superior to UA in near misses and sustaInability. On
this basis it might then be concluded that the experimental results in Sit-
uation 2 indicate that CA is the superior mix.

Successive pairs of systems can be analyzed by situation and event
in the same fashion as above. Such a process, however, is time consuming
and requires judgment at numerous points. One important type of judgment
centers on what is the appropriate probability that should be used. Other
judgments must center on possible tradeoffs suggested by the data. For
example, System A produces 10 percent more near misses than System B
but, relative to B, has 30 percent less sustainability in terms of the percent
of ammunition remaining. Is such a tradeoff, or price in sustainability,
worth the extra near misses? In part, the answer would depend on the
absolute sustainability scores attained. It is one thing if A has a sustain-
ability score of 80, and B, 50; perhaps another if A had 40 and B had 10.
In the latter case a hypothetical squad might be in poor condition to resist
an immediate counterattack after a successful attack.

However, it may be neither practical nor possible to go through
a detailed analysis of the kind suggested here as a means of evaluating
weapon mixes. It is therefore, desirable to provide an evaluation and
appraisal of weapon mixes, preferably by a less involved method. To
facilitate such an analysis, the concept of standard scores is useful.
Hence, a short discussion of standard scores is presented in each subtable
for each experimentation measure and in summary subtables.

3. Standard Scores

Scores obtained for weapon mixes for each of the measures in
the SAWS experiment are not directly comparable between situations or
between measures. For example, CET is measured In minutes, near
misses in actual number, and sustainability in percent of ammunition re-
maining. Moreover, CET may average 3 minutes in one situation and 20 in
another. In dealing with such observations, it Is desirable to have scores
that can be easily compared. This is what standard scores do.

Consider the following hypothetical example for a situation.
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Measure Raw Sttandard Adjusted Std
of Mean Scores Score (Z) Score (Z)of Score SD I......

Effective- S Mix Mix Mix Mix
ness A B A B A . B A B

Near - -

Nes.e 7 26.4 196 162 40.3 6.3 1.53 .24 79.8 80.6
CET 33.7 8.2 20 44 -13.7 10.3 1-1.67 1.25 16.6 71

In this example, the mean score (X) represents the average of the
raw scores of the ten mixes in a given situation. The example also shows
the standard deviation (SD) of these raw score averages.

Consider next the raw score measures for Mixes A and B. Note,
for example, Mix A's near miss performance deviates from the mean score
of all mixes by 40. 3. When this raw deviation for the mix is divided by the
standard deviation of the group score (26.4), the standard score LZ) of 1.53
is obtained.

Such measures have a mean of zern and a standard deviation 1.
To eliminate negative scores and put them on a scale similar to conven-
tional scoring methods, they can be adjusted by selected constant factors.
For the purpose of this experiment, they were adjusted as follows:

z'=50+20 X1 -X
SD

where the expression in the brackets represents the standard score z, as
shown in the table above, and z represents the adjuEted standard scores. *

The standard score, therefore, is used in this report as a numer-
ical representation, or index, to facilitate understanding the relative effect-
iveness of each weapon system mix in each situation. A standard score that
is below 50 automatically indicates that the actual performance of that weapon
mix was above the average for that measure.

The standard scores not only provide an immediate index of
whether weapons systems performance is above or below the average but
they also provide an immediate visual index of how far that squad weapon
mix's performance deviates from the average in relation to how far the
other mixes deviate from the same average.

* X1 is the raw score of the mix, X is the average raw score of all mixes,
and SD is the standard deviation of the raw scores for all mixes.
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The standard scores thus provide a ready means of combining the
various performance measures. All performance measures (CET, near
misses, sustainability, number of targets hit, and total number of hits)
now have an identical average score of 50 and identical standard deviation
of 20. Thus, if a weapon mix is above average in both CET and near misses,
the results of combining these standard scores, no matter what weights were
assigned to each must show a resulting mean (average) standard score of
above 50--since its above average performance on both measures required
it to have a standard score of above 50 on both measures. Therefore, al-
though raw scores of different variables cannot be meaningfully combined,
the standard scores can.

The combining of standard scores rather than the direct averag-
ing of ranks, or some similar method, also takes into consideration t1V
relative superiority or inferiority of the performances of different ml.
on different measures. For example, it will be noted that mix UA did
better than mix SB on the target effectiveness measure of CET in Situa-
tion 5--but that mix SB did better in the other target effectiveness measu: 's
of the number of near misses. If a decision were to be made to weight th: -e
two measures equally, the conclusion might be drawn that UA and SE were
equal to each other in target effects, since UA was higher than SB on one
of the measures while SB was higher on the other measure. A comparison
of the standard scores presented below, however, might lead to a different
conclusion.

CET Near Misses Target __ffects
Mix Rank Std Rank Std Rank Std Score*

Order Score Order Score Order (Av of CET and NM)

UA 1 54.45 2 46.7 2 50.57
SB 2 53.57 1 71.3 1 62.49
* If CET and near misses were weighted equally

4

Therefore, combining standard scores to assist in the interpreta-
tion of results automatically considers that although mix UA was better
than mix SB in CET, the difference was very slight; but that in the case
of near misses, when SB was better than UA, the difference was rela-
tively much larger.

* If CET and e.s were weighted equally.
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4. SAWS TarVt Fffects asr Overall Fffectlvnesos Scores

Subtables F and G of the consolidated tables for each situation
present the average standard scores for each mix in target effects and over-
all effectiveness. Subtable F provides, in rank order, the overall standard
scores for target effects (CET and near misses) combined. Subtable G pre-
sents the overall standard scores, in rank order, of the weapon mixes for
target effects (CET and near misses) combined with the third primary effect-
iveness measure of sustalnability (percentage of basic load of ammunition
remaining at the conclusion of each situation).

Subtable F, therefore, presents the overall standard scores of
weapon mixes rank ordered according to their overall target effects. For
illustrative purposes, CET (representing targets hit as a function of time)
has been equated in Subtable G with near misses (representing the number
of near misses per unit of time). There are, mathematically, an Infinite
number of weightings that can be given other than the arbitrary 1-to-I
weights presented. If it were desired, for example, to weight near misses
in the assault twice as much as CET, then the near miss standard score
provided in Subtable B would be multiplied by 2, added to the CET standard
score for Subtable A, and the recult divided by 3.

In Situation 4 (Rifle Squad Approach to Contact), Situation 7 (Rifle
Squad in Day Defense), Situation 8 (Rifle Squad in Night Defense), and
Situation 9 (Machinegun Squad in Day Defense) near misses were not
measured. Therefore, the overall target effects standard scores presented
in Subtable F are based solely on CET. Thus, for these situations, the
standard scores in Subtable F are Identical to those in Subtable A (CEM).

Subtable G presents the combiaed overall standard scores for each
situation for all of the primary effectiveness measures (CET, near misses,
and sustalnability). In oLher words, Subtable G combines each of the prim-
ary effectiveness measures used in the experiment into an overall effective-
ness c-.iterion and rank orders the weapons mixes accordingly. It must be
emphasized that these rank orders, for illustrative purposes only, weight
each of the primary effectiveness measures equally. Thus, CET, near
misses, and sustainability each contribute to one-third of each weapon mix's
overall rank order, which in effect weights target effects (CET and near
misses) two-thirds and sustainability one-third.

In Situations 4, 7, 8, and 9, where scores for target effects are
based solely on first hits as a function of time (CET), target effects are
still weighted two-thirds and sustainability one-third. Thus, regardless of
the situation, the overall ranking of weapon mixes, as presented in Sub-
table G, is always the result of giving sustainability a weight of one-third.

For rifle squad Situation 2 (Base of Fire supporting the Assault),
Situation 5, Rifle Squad as a Base of Fire Supporting the Advance), Situa-
tion 7 (Defense Against Attack), ind Situation 8 (Night Defense Against
Attack), there is a fifth column for each Subtable C (Sustalnabillty). This
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column (titled "Sustainability Time") lists, in minutes, the amount of time
that each of the given squad mixes would be able to sustain Itself In that
situation. Thus, if a squad weapon mix fired 75 percent of its ammunition
over the 4 minute duration of Situation 2 (Base of Fire Supporting the
Assault). the weapon mix was considered capable of sustaining Itself In
such a situation for 5. 33 minutes.*

5. Expected Scores

The method of computing expected scores was the same for Series
1 and 2 of Situations 7, Series 1 and 2 of Situation 8, and the duplex experi-
ment. The equations used to calculate expected scores for primary and
collateral measures and the basic proportions used in these calculations
were the same. for each situation. This basic format was constructed as
follows:

Experimentation Control
Squads

Series 1 (first firing) Am Bm

Series 2 (second firing) Cd Dmr

M = The mode of fire (ball or duplex, automatic or
semiautomatic) used by all squads of the mix
during their first firing of the situation

The figures presented in the subtables of the various tables for each
event provide the USACDCEC SAWS data in terms of means (averages),
standard deviations, standard scores, and probabilities (illustrating
levels of significance). However, there are a number of technical rules
for the precise interpretation of these statistics; and a number of math-
ematical assumptions that must be satisfied if these are to be used pre-
cisely and in the most meaningful manner. In the final analysis, each
score and statistic presented can be looked at and considered only In
conjunction with all other statistics of the table. Thus, rank orders of 4
weapons systems and standard scores have full meaning only in con-
junction with the values in the probability subtables (H, I, J, K, and L).
r'urthermore, for a precise incerpretation, it Is necessary to be thoroughly
familiar with the many assumptions inherent to the various statistical pro-
cedures and measures used and to understand thoroughly the mathematical
relationships between these measures. An attempt has therefore been made
to provide sufficient data to allow the reader to reconstruct the various
situations, perform his own analyses, and draw his own conclusions. In
this respect the chi square values for Bartlett's Test for Homogeneity of
Variance as well as F values and corresponding probabilities for these
F ratios are also presented.
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D = The mode of fire used by three of the six rifle
squads during the second firing, and the mode
against which a comparison with the first firing's
M mode was desired

Am=Average scores for the three experimental squads
(usually the odd numbered squads of the mix) after
their first firing in M mode

Bm-sAverage score for the three control squads (usually
the even numbered squads of the mix) after their
first firing in M mode

Di=Average score for the three control squads after
their second firing of the situation using M mode

Cd=Average score for the three experimental squads
after their second firing of the situation, but
using D mode rather than M, which was used
during their first firing, and which control squads
continued using

The equation used to calculate the expected mix score (the score
that would have been expected of the entire six squad mixes from the first
firing of the situation tf mode D, rather than M, had been used) reads:

BC -AD
Expected = (A+B) (1 A

2

6. Graphical Presentation of Measures as a Function of Time
and Range

Results for rifle squad situations are also presented in the form
of graphs. Hits, near misses, total hits, percent of ammunition expended,
and number of rounds fired are illustrated all as a function of time and
range. Except for Situations 7, and 8, time is represented on one axis
and the measure of effectiveness on the other. All the measures indicated
above may not be represented on all graphs.

Because the targets were programmed to rise and fall in sequence
at different times in Situations 7 and 8, either individually or in groups,
distributions of the effectiveness measures as a function of scenario time
were not applicable. For Situation 7 and 8, therefore, the measures have
been cumulatively plotted, starting with the targets at the greatest range
(which came up first) and cumulating the measures through the assault
targets that were closest to the firers and came up last.
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These gi aphs present the relative effectiveness of the various
weapon mixes at different ranges, and at different times In each situation.
They also permit a ready analysis by weapon mix of the relationship of
the various measures to each other at varying ranges and times.

For example, Figure 3-1 illustrates the distribution of targets
hit and near misses for hypothetical Mixes A and B in Situation I (Rifle
Squad In Line Assault).

The time scale is presented at the bottom of each graph. The
range scale is presented on the center line between two graphs.

An examination of the graphs by comparing the maximum point of
each curve (intersection of curves with right vertical axis) shows that
Weapon Mixes A and B are equivalent in total number of near misses (400),
but that Mix B is superior to Mix A in the number of targets hit during the
Assault Situation (6.5 versus 4.5). Examination shows that the squads of
Mix A averaged their first target hit (indicated by * on the curve) in the
Assault at a range of 50 meters from the targets while Mix B averaged its
first hit in the Assault at a range of 100 meters from the targets. A com-
parison of the curves further shows that Mix A squads hit, on the average,
only one target during the movement from 130 meters in to 50 meters, while
Mix B during the same time of movement across the same amount of ground
had hit an average of three targets. However, the slopes and increase in
curve ordinates between 50 meters and the end of the assault (30 meters
from the targets in the experiment due to danger of damaging ground level
target instrumentation) shows that both mixes averaged an identical 3.5
targets hit during this period. Examination of these graphs indicates that
both mixes were equivalent in the Assault in their suppressive fire effects
as a function of near misses and in their ability to hit targets at a range of
50 meters and closer, but that Mix B is superior in its ability to hit targets
at ranges of more than 50 meters. Mix B's overall superiority at the com-,
pletion of the Assault is therefore due solely to its superiority in attaining
hits at ranges of more than 50 meters.

Figure 3-2 presents data for hypothetical Mix C from Situation 2
(Rifle Squad as a Base of Fire in Support of the Assault, ranges of 269 to
326 meters). The center vertical dashed line represents the division
between the two target arrays. (See Section 1I for a description of Sit-
uation 2.) The first 2 minutes of fire were directed at the left array of
17 targets. At the end of 2 minutes (indicated by the time scale on the
horizontal axis) firers shifted fire to the right array to reproduce the
effects of the shift of fire that is necessary when the assault element
closes with the enemy position.

3-13

I

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 492 of 804   Page ID
#10978



PO s t flint,*

Io

dOS

U 0

Fig~ ~ ~ ~ ~ ~ ~~~~'o 3- I T I T~ op F D T , I Y O H T C L W A O . Q A

33-0

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 493 of 804   Page ID
#10979



"',.•. Loof Ar'ray R10 Array

"s. 1. - 12"

- -',- - Cunu Y inuml Nb" MIad O 7o • .. ,. ."
- -...... Phred ol Amllauat1¢o• Rmalaftig / •"

4" ,

j --- P•~~S Auuq--"T" Rmjh

1 4

Time (ndmot") -

Figure 3-2 DISTRIBUTION OF DATA, HYPOTHETICAL WEAPON-SQUAD
MIX C IN SITUATION 2 (RIFLE SQUAD AS A BASE OF FIRE IN SUPPORT OF

THE ASSAULT)

3-15

'4p

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 494 of 804   Page ID
#10980



In this example (Figure 3-2) it can be seen that the number of
rounds fired and the number of near misses rose steadily and at a constant
rate throughout the 4 minutes of fire. For every near miss registered
within 2 meterb of a target there were 5 rounds fired. By comparing
the ends of the curves, it can also be seen that there were 1700 rounds
fired and 10.5 targets hit, or one target hit for each 162 rounds fired. But,
unlike near misses and ammunition expenditure, most of the targets hit
for each array were hit during the latter portion of the 2 minute firing
times. The graph shows that even though the rate of ammunition consump-
tion and near misses for hypothetical Mix C is constant during the entire
situation, the rate of hits is not. There were practically no hits during
the first minute of fire on each array; however, during the latter part of
the firing on each array the rate of hits increased at an extremely high
rate. A gentle sloping curve, therefore, indicates that there were few
hits while a steep slope of the curve indicates a high rate of hits.

Figure 3-3 presents an example of cumulative 6xposure time
(CET) plotted as a function of range for a situation similar to Situation 7.
In this situation targets rose individually or in small groups for brief
exposures. The program provided for a sequence of target exposures
starting at distant ranges and culminating in the exposure of ten close
range (approximately 45 meter) targets. The exposure times of each
target are cumulated from the most distant target through the closest
target (from left to right on the horizontal axis of the graph). If every
target were hit at precisely the same instant that it appeared, the target
exposure time would be theoretically zero and the CET curve would be a
horizontal line corresponding with the horizontal axis of the graph. On
the other hand, if no target were ever hit, each target would remain up
for its entire programmed exposure time, represented in Figure 3-3 by
the curve labeled CPET (cumulative programmed exposure time). There-
fore, all curves for all mixes must fall somewhere between the CPET
curve and the horizontal axis. Thus, the mix with the CET curve closest
to the horizontal axis hits the targets the quickest. The intersection of
this curve with the right vertical axis of the graph represents the CET of
that mix for the entire situation. A comparison of the slopes of the curves
of any two mixes for any range increment will show which weapon mix was
superior at that range. The mix with the curve that has the steepest slope
at any given range is the poorest mix at that range.

Also illustrated are curves for the number of targets hit, the
total number of hits and ammunition expenditure. From Figure 3-3, it
can be seen that ammunition expenditure was greatest at the longer ranges
while the number of targets hit was the least, and that it took longer to hit
the targets that were hit. At the closest ranges (45 to 60 meters), however,
there was very little ammunition expended (almost horizontal slope of the
"rounds fired" and "percent of ammunition remaining" curves), yet the
curves for both number of first hits (targets hlt).and number of total hits
on targets increases sharply in slope. Furthermore, not only are more
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targets hit but they are hit more quickly, as indicated by the relatively
flat CET curve at the 45 and 60 meter ranges. The fact that the targets
were hit so quickly can, of course, be related here to the fact that very
little ammunition was expended. Hlad the targets not been hit so quickly,
they would have been fired at for a longer time with a resulting increase
in the amount of ammunition expended.

These graphical presentations of the distribution of effectiveness
measures as a function of time and range permit a ready comparison of
the behavior of the various effectiveness measures within a weapons mix,
while at the same time permitting a comparison of the mixes with each
other at varying ranges and under varying conditions.

7. Histogram (Bar Graph) Presentation of Near Misses as a Function
of Target Location

For situations where near misses were recorded, the distribution
of near misses across the target arrays are presented in the form of histo-
grams, as in Figure 3-4. There is one histogram for each mix for each
applicable situation. Each vertical bar represents one target. The height
of the bar depicts the average total number of near misses by the six squads
of the weapon mix for that target. Each set of histograms is accompanied
by a schematic sketch (to scale) of the target array to which the histogram
applies. The type of weapon simulator associated with each target and the
target number is given at the bottom of each vertical bar. The targets
(vertical bars) are shown from left to right in the same order that they
appear in the actual array (and in the inset schematic).

A comparison of the relative effects of automatic firing and
semiautomatic firing weapons regarding distribution of fire patterns is
possible through a comparison of these histograms, as is a comparison
of the relative suppressive effects of the different weapon systems and
mixes. An analysis of the distribution of fire in the target area relative
to the type of enemy fire from the position allows conclusions to be drawn
regarding the extent to which fire is drawn to automatic weapons as
opposed to relatively slow firing semiautomatic rifles (indicated by R on
the histogram).

The example (Figure 3-4) shows no apparent relationship between
types of enemy weapon and distribution of fire at first glance. In fact,
Position 10, a rifle position firing a small volume of semiautomatic fire
(simulator fired spaced single shots), received more near misses than any
other target. However, examination of the inset schematic of the target
array shows that this target was located directly in front of a machinegun
and down the slope from it. It is also located between many of the firers
and three other targets (two rifles and one automatic rifle). Therefore,
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it can be seen through a comparison of the histogram and the schematic
sketch that rounds fired at a machinegun, an automatic rifle, and two other
riflemen would all pass close to Target 10. Thus, one round of ammuni-
tion may register as a near miss on as many as four different targets, in
the same manner that one round is capable of contributing to the suppressions
of more than one soldier in combat. It also becomes obvious that a ratio of
the total number of near misses (as registered In the SAWS experiment) to
the number of rounds fired cannot be interpreted as the probability that any
given round will be within a given distance of the target. For example, if
2000 rounds were fired by a weapon mix and 200 near misses were recorded,
it does not mean that one out of every ten rounds(Z• = 10) passed within
the 2 meter near miss zone of a target, because odi "ound may have been
registered as a near miss by two or more targets.

This histogram may therefore be used as a primary tool for
analysis of the mechanisms of distribution of fire, interactions of target-
firer characteristics, and for comparison of the various weapon mixes
regarding both suppressive fire and distribution of fire characteristics.
Not included in this report, but available at USACDCEC for analysis,
are detailed breakdowns of near misses for each Individual target as a
function of time and range. When related to data regarding the frequency
that specific targets were hit, analysis permits a determination of the
pattern of random and aimed hits as a function of distribution of fire.

D. ANALYSIS AND DERIVATION OF CONCLUSIONS

The following five sections (Section IV through VII, and IX) present results
of the SAWS experiments and deal with the USACDCEC SAWS conclusions
and the analyses from which the conclusions were evolved.

USACDCEC has, In effect, presented the results of the SAWS experi-
ment in a format of tables and graphs allowing independent mathematical
analysis of the data presented. At the same time decision makers are
permitted to integrate military judgment into the mathematical results.

In formulating its conclusions, USACDCEC has exercised military
judgment only to the limited extent that on some occasions a judgmental
decision had to be made, regarding, for example, the implications of
the ability of a weapon to sustain itself when all other things were equal.
If target effects are approximately equal for two weapon mixes, but one
mix is significantly better than the other in its ability to sustain these
effects, then the weapon mix with the sustainability advantage would
normally be chosen. In like manner, although the average score for one
mix might be superior to the average score for another mix, It becomes
necessary to consider just how valid and of how much practical importance
the differences are.
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In combining scores for the presentaticn of combined overall results
in the various tables, cumulative exposure time, near misses, and
sustainability were weighted equally (except where near misses were not
measured), as were each of the rifle squad situations. However, before
any conclusions could be drawn on the basis of rank orders, raw scores,
or standard scores, it was necessary to consider each difference in
connection with the probabilities that the numerical differences were
really valid differences and not the result of operations of chance factors.
It was then necessary to conduct sensitivity analyses of the data to deter-
mine the degree of sFensitivity of the rankings to changes in the weightings
of the criterion measures and situations.

For example, Mix SC (seven Stoner rifles and two Stoner machineguns)
ranks in the top position in combined target effects across all rifle situa-
tions. Sensitivity analysis showed that it also ranks at least third in
every situation and was superior in target effects to every US 7.62mm
mix in each of the six situations. Therefore, it does not matter how much
any given situation is weighted, the mix composed of seven Stoner rifles
and two Stoner machineguns always comes out superior to every one of
the US 7.62ram mixes. It may therefore be concluded that Mix SC is
superior to any 7.62mm weapon mix in target effects.

Analysis of the quantitative differences between weapon mixes (or
systems), judged by the quality of the differences as indicated by various
statistical measures including probabilities (statittical significance of the
differences), provided the mathematical context from which USACDCEC
SAWS conclusions were evolved.

As stated previously, the end results are relatively insensitive to
varying the weights of the different situations and effectiveness criteria.
No matter how much weight is assigned, the same weapon systems con-
sistently come out ahead of the others in target effects, sustainability,
and overall effectiveness.

Despite the numerous presentations in this volume, the data base has
scarcely been touched. The quantity and nature of the SAWS data is
sufficient to evoke and feed a thoughtful and fruitful analytical endeavor
for many years. For example, the brief discussion describing the graphi-
cal and histogram presentations of data (paragraphs 6 and 7 of this section)
provides the basis for an entire anatomy of analysis. Reflective examina-
tion of the time histories of fire effects, ammunition consumption, and
distribution of fire effects provide keener insights into the use of small
arms. There are numerous ways in which the data can be synthesized or
combined to provide further insight into weapon choice, organization,
and doctrine.
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SECTION IV

TRAINING RESULTS

The primary measures of training performance were firing scores on
the yarious ranges. Firing scores were taken at fixed points in the train-
Ing program. At each of the times firing scores were taken, each weapon
system group had the sarme amount of training of the same kind under
comparable conditions.

Thus, the scores obtained reflect, in part, any weapon system differ-
ences that might have existed when the measures were taken. However,
these scores were also affected by such factors as weather, time of day,
visibility, and motivation, all of which often differed from day to day. Their
exact quantitative influence is often not assessable in precise measurable
terms, and they must be often accepted as sources of uncontrolled variation.
Where there were differences in group scores, the differences may have
resulted from differences in ease or effactiveness of training, or from some
other weapon system characteristics that are not affected by training, or
from uncontrolled factors of the type mentioned above. The fact that the
scores may have reflected more than one factor does not invalidate the re-
sults of the training assessment, but it makes for a less precise interpre-
tatio|. of results than would otherwise be the case. The interpretation of
results also depends on the assumption that the selection process produced
weapon system groups that were comparable in learning ability and train-
ability in small arms firing. There were no known sources of selection
bias.

A. RIFLE

1. Disassembly and Assembly

Four tests were carried out to determine the ability to disassemble
and assemble the different weapons. For each test, the men were required
to disassemble the rifle, and their performances were timed. Times re-
quired for all men to disassemble their weapons on the first trial of each
test were averaged for each weapon system group. Assembly tests were
carried out in the same manner. The first trial of each of the four tests
was timed and weapon system group averages were computed. The average
times for each test are presented in Table 4-1. When a man had difficulty
in disassembling or assembling a part or parts of the weapon, he received
assistance from the instructor. These periods of assistance are reflected
in longer disassembly and assembly times. It is notable that as the men
equipped with the Stoner and M16E1 became more familiar with their
weapons they required less assistance, and their times rapidly decreased
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Table 4-1

RIFLE
DISASSEMBLY AND ASSEMBLY TEST

(Average Times)

Average Average

Weapon Test Disassembly Assembly
Time Time

(Seconds) (Seconds)

1 47 75

M14 (1) 2 31 54
3 23 53
4 20 51

1 119 207
2 72 124
3 50 99
4 30 50

1 116 172

Stoner Rifle 2 79 115
3 69 99
4 27 50

1 42 69
2 29 52

M14 (2) 3 26 52
4 23 49

1 47 74
2 38 60
3 29 57

4 24 56

1 27 50
2 22 33

AK47 (1) 3 12 25

4 10 24

1 36 63

AK47 (2) 2 24 37
3 16 30
4 15 28
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to approximate that of the M14 group (which had received training In their
weapon before the training experiment). On the first test, the differences
in performance times for the various weapons were quite marked: the
AK47 times were shortest, followed by the M14 and M14E2, the Stoner rifle,
and the M16E1. On each succeeding test, the differences were reduced,
and by the fourth test they were small. These trends are presented graphi-
cally in Figures 4-1 and 4-2. The fourth test did not include removal of
the Stoner forestock assembly or the Colt handguard assembly. Therefore,
the times for the fourth Stoner and Colt test are not comparable to the re-
suits obtained on the earlier Stoner and Colt rifle tests or the other weapons
tests.

The least difficult weapon to disassemble and assemble proved to be
the AK47. Subjects also were able to disassemble or assemble this weapon
more quickly than any other.

Although tight fitting parts caused initfal difficulty with some US weapons,
this situation was later corrected. It is concluded that there are no tacti-
cally significant differences among US weapons regarding ease of disassembly
or assembly, or the times required for disassembly or assembly after
equivalent training.

2. Trainfire Record Range

Two ranges were used in these firings. All groups fired the re-
cord ranges twice. On the second record firing, half of each weapons
group fired on each of the two Fort Ord Record Ranges (Range 18 and 19)
to balance out range differences. Each man fired about 96 rounds on the
record range. Individual hit tabulations were made, and the scores were
based on the average number of hits achieved by each weapon system group.
The average scores for each group, and for each firing on each range are
presented in Table 4-2. The scores range from 44.00 for an AK47 group
on their second firing (Range 19) to 57.71 for an M14E2 group on their
second firing (Range 18). It should be noted that all record firings were
made in semiautomatic fire.

Only four groups of firings by different weapons are directly compar-
able. M14 Groups K and L are comparable to Colt Groups M and N. For
all other record firings, condition of camouflage on the ranges, weather,
time of day and other factors were different. Because of time and range
limitations a balancing of record firings was not possible. However, It
was clearly determined that record scores secured by firers were more
a function of the particular range used and the time of day than of differ-
ences in either firing ability or weapons. For example, firers who fired
on Range 18 in the afternoon always did extremely well and achieved a
relatively large number of expert qualifications, regardless of the person-
nel or weapon used. In contrast, firers who fired on Range 19 in the early
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Table 4-2

RIFLE RECORD FIRE QUALIFICATION SCORES

rDate Daat e

Weepon range GP N Avg a (1965) Range GP N Avg a (1965)

19 K 60 48.60 8.56 29Sep
M14 (128) 19 A 127 45.36 S.99 12 Aug 1 L 50.27 8.61 29 Sep

19 M1 60 54.61 9.11 29Sep

M1691 (128) 18 B 127 52.66 8.71 28 Aug 19 N 62 56.1 8.16 29 Sep
IS N 612 56.81 8.16 29 Sep

19 0 39 48.64 8.54 25 Sep
19 C 84 44.45 10.65 7 Sep 36 52.14 9.09 25 Sep

Stoner (184) - - -- -

19 Q 28 51.71 11.74 25 Sep
18 D 86 54.20 9.48 7Sep 18 R 56 54.92 9.83 25 Sep

19 S 14 53.36 6.65 2Oct
19 E 26 48.58 7.63 22S Ip T - - - -18 T 12 50.50 6.14 2Oct

M114 (56)

19 U 13 52.77 5.70 2Oct
IS 27 50.11 7.02 22 Sep 18 V 14 55.93 6.85 2Oct

19 W 18 55.44 7.12 2Oct

19 0 36 52.50 7.48 22Sep 19 W I7

18 X 17 51.24 9.26 2Oct
M11432 (72)

19 Y 16 51.56 5.89 2 Oct
18 H 36 54.25 10.35 22Sep - -

18 Z 17 57.71 7.53 2 Oct

19 AA! 21 52.57 7.94 2Oct

AK47 (21) 18 1 21 47.38 7.78 22 Sep 1

19 BE 34 44.00 7.69 23 Oct
AK47 (35) 18 J 39 46.67 8.82 9 Oct

NOTE:

Because of different range conditions, weather, and other factors, these scores are
not ccmparable except as discussed in the text.

CODE: GP Group Designation

N Number of Personnel in Group

AV Average Record Score
a Standard Deviation
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morning did poorly and were seldom able to qualify as experts, regardless
of their marksmanship ability or the weapon used.

After the two groups had received equivalent tralaing, the M14 com-
bined group average score (K and L) was 49.4, and the group average
score for the Colt rifles (M and N) was 55. 71. A level of significance of
. 001 is attached to this difference. The fact that these Colt rifle scores
were higher than the M14 scores is particularly significant when it is
considered that, in addition to the SAWS training, the M14 firers had all
previously qualified with the M14 and most of them had been using an M14
for more than two years, where the Colt firers first fired the M16E1 during
the training period immediately preceding the record firings.

As in the experiment itself, the AK47 scores were low compared to
scores of other weapons. This is attributed to the AK47' s short barrel
(short distance between sights) on the weapons, to varying lots and charac-
teristics of ammunition, to low visibility (fog) conditions on the ranges
during the last firing, to the relatively excessive amount of barrel wear
of the weapons, and to the fact that the 13 experimental weapons (through
24 December 1965) were shared by all AK47 firers, which necessitated
continuous zeroing adjustments. Because both front and rear sights are
adjustable this weapon sharing problem may have had more significance
for the AK47 than it would have had for other weapons.

3. 25 Meter Rifle in Automatic Mode

Each man fired 20 rounds in each of three positions--hip, under-
arm, and standing. The average number of hits for each weapon group
in each position is given in Table 4-3. Two groups of M14 firers and two
groups of AK47 firers fired at different times, and their scores are tabu-
lated separately. Scores varied greatly, and the large difference between
scores for different groups assigned to the same weapon type is unexplain-
able. For example, one AK47 group finished first in two of three positions,
but the other AK47 group finished last in the same two positions.

4. 200 Meter Rifle in the Automatic Mode

Two exercises were repeated three times for this test: In the
first, 20 rounds were fired at point targets in 40 seconds; in the second,
30 rounds were fired at point targets in 50 seconds. All firings were In
the prone position, but the M14E2, M16E1, and Stoner rifle used their
integral bipods, and the M14 and AK47 fired without bipod. Averages for
each weapon group in each exercise are given in Table 4-4.
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Table 4-3

AVERAGE NUMBER OF HITS BY RIFLE IN AUTOMATIC MODE
(25-meter Range)

Firing Position

Weapon Hip Unde rarm Standing N
Rank Score Rank S Rank Score

Order Order c Order

M14 (sample) 6 2.21 5 3.12 3 9.81 124

M14 (sample) 4 3.46 3 3.44 6 9.56 54

Stoner rifle 2 4.34 2 4.11 1 10.60 160

M16E1 5 2.73 4 3.32 2 10.52 126

M14E2 3 4.12 6 2.41 7 7.60 68

AK47 (sample) 1 5.95 1 4.24 4 9.71 21

AK47 (sample) 7 2.16 7 2.32 5 9.61 38

Table 4-4

AVERAGE NUMBER OF HITS BY RIFLE IN AUTOMATIC MODE
(200-meter Range)

Exercise 1 A Exercise 2 A N
1 2 3 1 2 3

M14
(sample 1) 4.32 3.66 3.68 4.28 4.53 4.49 123

M14
(sample 2) 4.02 3.43 3.22 4.24 4.80 4.76 51

Stoner rifle C 6.34 6.60 6.51 8.53 9.05 7.71 166

M16E1 C 7.28 7.47 7.43 9.61 9.17 9.22 126

M14E2 C 7.30 8.72 9.00 9.71 10.61 10.77 69
AK47

(sample 1) S 2.67 2.48 4.33 2.95 4.38 3.95 21

AK47
(sample 2)S 2.67 3.26 3.92 4.36 5.05 5.46 39

A Two exercises were each run three times. Exercise 1: 20 rounds,
40 seconds. Exerci.3e 2: 30 rounds, 50 seconds.

No bipod
C Bipod-'supported 4-8

_____ _____ _____ ___ 1
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B. AUTOMATIC RIFLE

1. Disassembly and Assembly

Four separatc tests were conducted exactly like the rifle tests.
The times required to complete each test successfully are given In Table
4-5. Trends are similar to trends for the rifle; that Is, differences In
time were relatively large on the first test, but they narrowed on each suc-
ceeding test until they were quite small by the fourth (Figures 4-3 and 4-4).
The Stoner weapons showed the longest times and the M14E2 showed the
shortest. On Test 4, the Stoner task was performed only up to the carrier
cap assembly, which accounts in part for the shorter Stoner times.

2. Interim Transition Record

For this test, each weapon was fired In each of three lanes: in
Lane 1 (foxhole position), 24 rounds were fired In 28 aeconds; in Lane 2
(prone position), 36 rounds were fired In 36 seconds; In Lane 3 (prone),
14 rounds were fired In 28 seconds. Scores were tabulated separately for
both hits and targets hit. The averages for each weapon group are given
In Table 4-6.

3. 25-meter Automatic Rifle

In this test, each man fired 20 rounds In each of two positions
(underarm unsupported and hipsling supported). The averages for each
weapon are given in Table 4-7.

C. MACHINEGUN

1. Assembly and Disassembl

The four tests used for the rifle and automatic rifle, were re-
peated for the machinegun. The times and numbers completing the first
trial on each of the four tests are given in Table 4-8. The Stoner times
were generally the longest for both assembly and disassembly, and the
RPD times were the shortest. Also as before, the time differences on
the first test were relatively large, but they were reduced as testing pro-

gressed. Figures 4-5 and 4- 6 indicate the trends.

2. Record Firing. Tables H. III. and IV

For this test, each man fired 104 rounds on each table (course).
The average number of hits for each of the weapon groups is given In
Table 4-9. These results are not comparable because firing conditions
for the various groups differed. The RPD and DPM were fired with bipods,
and the others with tripods. The second M60 machinegun group and the
second Stoner machinegun group consisted of retrained riflemen. This

44-9
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Table 4-5

AUTOMATIC RIFLE
DISASSEMBLY AND ASSEMBLY TESTS

Average Average

Weapon Test Disassembly Assembly
Time Time

(Seconds) (Seconds)

1 42 59

M14E2 2 29 55
3 27 58
4 26 50

1 59 108

2 39 72
3 36 56
4 34 61
1 151 207

Stoner 2 117 178
AR 3 103 154

4 53 104
Stoner 1 162 263Ston 2 124 185

Bipod MG3 69 164
(AR role)4 56 109

1 43 124
RPD 2 33 90

(AR role) 3 28 75
4 31 78
1 62 90

M60 MG 2 52 96
(AR role) 3 43 75

4 41 75
1 52 118

RPD 2 42 70
(AR role) 3 29 71

S4 25 72

4-10

¶

ii

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 511 of 804   Page ID
#10997



200

Stoner MG

I50 Stoner AR *

o100

M60 (AR)
Colt AR

0 12 3 4
Tests

Figure 4-31

DISASSEMBLY TIME OF AUTOMATIC RIFLES
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Table 4-6

AUTOMATIC RIFLE
INTERIM TRANSITION RECORD

oAverage Average
Weapon Arits Targets NHits Hit

Colt AR 30.69 11.25 16

M60 (AR role) 26.87 10.87 16

Stoner Bipod MG
(AR role) 26.44 10.75 16

M14E2 25.53 10.46 13

RPD (AR role) 23.17 10.10 6

RPD (AR role) 22.00 10.00 10

Stoner AR 21.94 9.94 16

Table 4-7

AUTOMATIC RIFLE AVERAGE HITS
UNDERARM (UNSUPPORTED) AND HIPSLING POSITIONS

(25-meter Range)

Firing PositionsWeapon N
Underarm Hipsling

Colt AR 2.88 1.94 16

M60 (AR role) 3.38 4.44 16

Stoner bipod MG
(AR role) 3.75 3.75 16

M14E2 1.56 1.50 16

RPD (AR role) 2.50 3.83 6

RPD (AR role) 2.90 2.70 10

Stoner AR 4.21 3.71 14

4-13
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Table 4-8

MACHINEGUN 1!

DISASSEMBLY AND ASSEMBLY TESTS

Average Average
Weapon Test Disassembly Assembly

Time Time(seconds) (seconds)

1 167 230
2-. 138 168

Stoner MG (bipod) 3 103 126

4 109 148

1 168 246
2 90 131

Stoner MG (tripod) 3 100 134
4 69 127

1 89 115
M60 MG (bipod) 2 53 85 41

3 46 71

4 50 75
1 95 131
2 58 85

M60 MG (tripod) 3 49 73
4 49 73

1 113 195

Stoner MG (bipod) 2 89 174
Retrained Riflemen 3 78 159

4 75 139

1 99 159
Stoner MG (tripod) 2 84 133

Retrained Riflemen 3 70 127
4 65 137

1 67 116

M60 MG (bipod) 2 70 107
Retrained Riflemen 3 54 84

4 55 85
1 78 106

M60 MG (tripod) 2 77 103
Retrained Riflemen 3 54 84

4 5C 82
1 34 53
2 35 54

RPD 3 28 53
4 25 39
1 68 128

DPM 2 53 89
3 42 87
4 32 61

4-14
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Table 4-9

MACHINEGUN TABLES 11, II, IV
AVERAGE NUMBER OF HITS

Weapon Table II Table III Table IV N

Stoner MG tripod 64.53 64.64 68.29 1 mi IV
32 35 33

RPD bipod 62.13 68.87 72.40 15

M60 MG tripod 66.77 70.46 74.20 35

DPM bipod 57.50 57.25 63.13 8

M60 tripod
Retrained Riflemen 67.33 69.29 75.02 48

Stoner MG tripod (butt stock)
Retrained Riflemen 72.96 73.09 74.38 47

may have given them a special advantage. In addition, the second Stoner

machinegun group fired with buttstocks attached.

D. CONTAMINATION OF TRAINING SCORES BY WEATHER

It was recognized l-afore the experiment that weather conditions,
particularly light conditions, would affect the firing scores. It was deter-
mined from exploratory firing runs with all weapons before the start of
training, that these effects were particularly highly correlated with firings
against visible point targets where aimed fire was involved, with minimal
effects in those situations where area fire was employed.

It was possible during the experimentation runs on the three SAWS

experimentation ranges to balance out the schedule of runs so that the
same number of squads from each weapon mix ran the same number of
times at each time of day. However, during the training phase due to con-
straints of time, the limited number of range personnel, and limited access
to the Fort Ord Training Center ranges, it was not possible, except in
rare instances, to balance out weather and time of day effects. Consequently,
although training was standardized and although each group received equiva-
lent amounts of training, the record firings on the record ranges are often
not comparable.

4-17
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The effects of time of day and position of the sun are Illustrated In
Figure 4-7 below. This figure shows the record firing scores of 11 con-
secutive firing orders of M14 riflemen, the first order having fired at
0800 in the morning and the last order at 1615 in the afternoon. The day
was clear and sunny. At 0800 hours, however, for Order No. 1, the sun
was in front of the firers, shining behind the targets and into the firers'
eyes. On the 1230 hour run, however, the sun was behind the firers.
Furthermore, the sun now shone on the front of th:? targets, and In many
instances the targets reflected the sun like a mirror. The difference be-
tween the average scores for mixes firing at different times of day was
sometimes greater than the difference between the best and worst men
within each group. Thus, the difference between the average score of
Order No. 1 (37.6) and Order No. 10 (50.8) may not be attributed to any
difference In marksmanship ability, but instead must be attributed to dif-
ferences in visual target acquisition resulting from the position of the sun.

In contrast to Range 19, the effects of visibility on Range 18 are
illustrated in Figure 4-8 below. At 0800 hours it was too foggy to see
the targets. By 0930 hours, it had cleared enough for range personnel
to see the targets and firing was started, but thin fog and haze were still
present. The day steadily cleared until for the fourth AK47 order at 1155
hours, all haze had disappeared, and the day was clear and sunny with un-
limited visibility.

Following the completion of basic marksmanship training, rifle and
machinegun squads were given separate transition training as explained in
Section II, paragraph 4B2. The ranges on which this training occurred are
presented as follows in diagrammatic form, Figures 4-9 through 4-15.

4-18
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Rifleman: 10 Rounds
Automatic Weapons: 20 Rounds
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RIFLE SQUAD TECHNIQUE OF FIRE RANGE (Linear Targets) i
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Rifleman: 10 Rounds
Automatic Weapons: 20 Rounds
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Figure 4-10

RIFLE SQUAD TECHNIQUE OF FIRE RANGE (Oblique Targets)
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Target No. Type Target No. Type

1. Kneeling 9. Kneeling

2. Head and Shoulders 10. Kneeling

3. Kneeling 11. Head and Shoulders

4. Kneeling 12. Kneeling
5. Standing 13. Head and Shoulders

6. Standing 14. Kneeling

7. Kneeling 15. Kneeling
8. Standing 16. Standing

16 7 75
15 A A AA

A 13
14a

ID.-...- .- Finish Line
12 ' :09

/A A

4 3

OJNumbered boxes A 1
are phase lines -

A Targets

0 Ammunition ' .%~
deposits

0 Ammunition
pickup

( Range limits for Start Line
su) suad 9 8 7 6 5 4 3 2 1

1-9 Firers 1- Firr Range Width
35 mn

Figure 4-11

RIFLE SQUAD IN APPROACH TO CONTACT RANGE
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4-23

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 524 of 804   Page ID
#11010



9

7310 m

Phase I5 --
4aPhase 11

2i Pit
Phase IV -o--2 P it

Phase III

A ~AAA A 200 m
Pit

8 Phase V' 2

4 Pi

75 m 3

Gun Position,, Gun Position
[ -% Pit A • G Squad I

9-2 j 6-Pt WW Rifle Squad
t s tI-5i -ý ]f1

l_ ~30 m ,I

Idcates
AR Target

Bleachers Tower

Figure 4-13
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SECTION V

MAT EIE L HE LIABILITY II ESU LTS

Reliability results are based on data recorded during training, explor-
atory, and field experimentation firing (Table 5-1), on investigations made
to isolate major causes of malfunctions affecting the experiment, and on
observations by technical personnel supervising weapons.

Included are indications of the purpose of reliability data, types of
data. methods of collection, and results, includiing the major causes of
malfunctions in certain weapons and the effects of materiel reliability on
other results of the experiment.

A. PURPOSE OF RELIABILITY DATA

Reliability data were collected and observations were made for the
following reasons:

1) To meet requirements of the USACDC directive which
specified that reliability data be collected

2) To provide information and data that would assist in
interpreting fire effectiveness data obtained In the ex-
periment; for example, to obtain an indication of the
effects of weapon stoppages occurring during the ex-
periment on the level of target effects achieved by
different squad weapon mixes

3) To assist in making judgments within the SAWS pro-
gram, regarding the relative reliability of experimen-
tation weapons as to whether there are any fundamental
design reasons that might cause one weapon to be lets
reliable than another*

* The weapons should not be directly compared on the basis ol current
reliability performance, because they represent different stages of de-
velopment and of production experience. For example, the AK47 has
been standardized for 18 years and probably more than 15 million have
been produced. The M14 has been standardized for eight years and about
1,400, 000 have been produced. The M16E1 and M16 have been standard-
ized about two years and about 173, 000 have been produced for US military
forces. This figure does not include production for foreign or commercial
customers. The Colt automatiL rifle is a developmental weapon, although
an adaptation of the M16E1; and the Stoner weapons are test prototypes.

5-1
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4) To provide detailed reliability data for development, procurement,
and logistic agencies for such use as they may have.

B. DATA COLLECTED AND OBSERVATIONS

Detailed reliability data were collected throughout the SAWS experi-
ment--in the training phase, during exploratory firing, and in field experi-
mentation. These data related to malfunctions, time out of action because
of stoppages, and replacements of parts and accessories. They were re-
corded to relate weaf-"n, firer, ammunition lot, weapon zero, rounds fired,
trial and trial conditions, and date. Functioning of the weapons and ammuni-
tion was also closely observed by supervisory personnel. An attempt was
made throughout the experiment to Isolate major causes of materiel mal-
functions. An AMC technical representative was attached to USACDCEC
throughout.

Technical weapon officers and trained armorer artificers supervised
the security, safety, maintenance, issue, and troop cleaning of weapons,
as well as the storage, inspection, loading of magazines and belts, and
issue of ammunition. Weapons were inspected at the time of issue to
squads from the storage vans, at the range before the firing run, Immedi-
ately after the run, after cleaning, and before they were stored again in the
van. Two armorer artificers collected reliability data during each squad
firing run and debriefed each squad immediately after the run for additional
information on malfunctions.

The candidate weapons, ammunition, and spare parts for the experi-
ment were selected and provided by AMC. The weapons, except for the
Soviet-types, were in new condition when received by USACDCEC. The
ammunition lots provided for the candidate weapons were selected by AMC
as typical of ammunition in stock. The Soviet-type weapons were not new,
were manufactured in several countries, did not have spare parts (other
than by cannibalization), and used a variety of ammunition of varying
condition and serviceability.

Data were taken during the experiment on bench rest accuracy of a
sanmple of each weapon-ammunition combination. A summary of these
data is given in Annex C.

C. RELIABILITY RESULTS AND FINDINGS

Summary data on malfunctions and stoppages are shown in Table 5-I,
by weapon family, weapon, and experiment phase. Further summary of
these data, showing malfunctions per thousand rounds fired for each type
weapon for the entire experiment and for the field experimentation only,
is presented in Table 5-2.
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I

Tshle 5-2

MALFUNCTION RATES

Malfunctions per Average Number of Rounds
Number 1000 Rounds Fired Firedper Weapon

of Total Field Ex-
Weapons Total perimen- Total perimen-

Used Exper tation ExperimentC tation
Phase Phase

Rifles
M14 120 0.63 1.41 3,085 968
M16E1 120 7.50 9.32 5,000 2,213
Stoner Rifle 120 1.90 3.03 5,127 1,257
AK47 D 26 0.75 2.03 7,724 2,119

Automatic Rifles
MI 4E2 9 64 0.47 0.55 2,644 1,243
Colt AR 16 4.99 4.30 8,827 6,549
Stoner AR 16 2.16 3.30 3,471 1,250

Machineguns
M60 MG 40 0.46 1.09 9,208 2,385
Stoner MG 40 10.58 16.52 7,390 2,042
RPD 7 1.23 3.74 11,614 3,169
DPM 3 13.76 20.10 9,569 4,014

SAll weapons provided for the experiment were new, except the Soviet

weapons

* Training phase, exploratory firing, and field experimentation

C The average namber of rounds fired per weapon during the training,

exploratory firing, and field experimentation phases
D The majority of the AK47 malfunctions occurred after 5000 rounds

had been fired during the experiment. Thirteen weapons averaged
more than 10,000 rounds apiece. In addition an unknown number of
rounds had been fired from the weapons before they were forwarded
to USACDCEC. However, the AK47 had significantly fewer malfunc-
tions per weapon than any other weapon at the time it had fired a
comparable number of rounds during the experiment.

C Includes use as a rifle
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Comparative data on parts attrition are shown in Tables C-8 through
C-21, Annex C.

The following findings are drawn from the results presented in Tables
5-1, 5-2, and Annex C, with respect to the level of reliability demonstrated
in the experiment by candidate and Soviet weapon-ammunition combina-
tions:

1) The AK47 was more reliable than any of the other experi-
mentation weapons*

2) The M14, M14E2, and M60 were more reliable than the
Stoner and Colt Weapons

3) The Stoner machinegun and M16E1 showed the lowest
reliability of the candidate weapons

4) The Stoner machinegun was least reliable of the candi-
date weapons, the remaining Stoner weapons ranked after
the US 7.62mm weapons but ahead of Colt weapons in
reliability

Causes of the principal malfunctions in the weapons are discussed in
the following paragraphs.

The AK47 averaged 0. 75 malfunctions per 1000 rounds fired throughout
the entire experiment, based on 26 weapons used after January 1966.
However, the majority of firing with the AK47 was done prior to 24
December 1965 with 13 weapons which averaged only. 30 malfunctions
per 1000 rounds while averaging 8007 rounds fired per weapon at that
time. The AK47s were not new, had been manufactured in three dif-
ferent countries (the Soviet Union, East Germany and Red China) and
had unknown prior combat and training usage. In addition, there were
insufficient spare parts (of the 29 available weapons three were used for
spare parts). This lack of weapons and spare parts required an extensive
sharing of the AK47s which had an overall average rounds fired of 7724
rounds during the entire experiment compared to only 3085 rounds for
the M14. However, the average for the original 13 AK47s was 10, 926
rounds per weapon. Although the M14 malfunction rate was 0.63 (0.12
malfunctions per 1000 less than the AK47), many of the M14s had parts
replaced with new parts whereas the AK47s were forced to use worn and
theoretically unserviceable parts. However, all parts replaced (with
used parts from other weapons) were in the original 13 AK47s, and in
only one case was a part replaced under 7500 rounds. Because the ma-
jority of AK47 malfunctions occurred after 5, 000 rounds had been fired
and because the weapons had fewer malfunctions per 1, 0dO rounds when
compared with the M14 at the same number of rounds fired, it is con-
cluded that the AK47 is a significantly more reliable weapon than any of
the US 7.62mm or 5. 56mm weapons.

5-6
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1. Nlaor ('au,.cs of Malfiincfionz In I'S 7. 62mm ', apotrt.

There were few malfunctions in the US 7. 62mm weapons. The 74
failures to feud (Table 5-1, line 1, Column C) In !¶he M14 rifle were attri-
buted to dirty magazines and the magazine follower sticking (through dis-
tortion of the magazine spring). The 66 failures to fire were the result of
light firing pin indentations in the primer that were considered to be the
result of weapons not being completely in battery on activation of thc trigger.

2. Major Causes of Malfunctions in 5. 56mm Wcapons*

Major causes of most malfunctions in the 5. 56mm weapons are
attributed to an interaction of ammunition (and belt link) deficiencies:

1) Weapon fouling, judged to be caused primarily by
qualities of the propellant used in standard ball
5. 56mm cartridge

2) Cycling of weapons in excess of design ratcs, judged
to be caused by combinations of**:

a) Pressure characteristics of the propellant used
In the standard ball 5. 56mm cartridge

b) Factory calibration of M16EI rifles for a pro-
pellant with different pressure characteristics
than that in the standard ball 5. 56mm cartridge

c) Mismatch in internal ballistic (pressure) charac-
teristics between the standard 5. 56mm ball and
tracer cartridges

3) Misfires caused by too low primer sensitivity and
possibly (in the case of the Stoner machinegun) an
interaction of low primer sensitivity with effects of
too rapid weapon cyclirg caused by the pressure
characteristics of the propellant

These major causes do not account for all the malfunctions experienced

by the 5. 56mm weapons. For example, early In the experiment the
Stoner machinegun had malfunctions caused by improperly fabricated
feed trays that were replaced. Accurate attribution of causes for all
malfunctions is difficult because some ammunition deficiencies magnified
incipient malfunctions.

** Cyclic rates (upper limit) for the M16E1 rifle and Stoner machinegun
are 800 and 850 rounds per minute respectively.
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4) Incorrectly mc.nufactured machinegun belt links

a. Fouling

Fouling in the 5.56mm weapons occurred throughout the ex-
periment. Dirty chambers resulting from rapid carbon buildup caused
most of the failures to extract (see Table 5-1, line 3, columns J through X)
and some of the failures to chamber (line 14). Fouling remained a problem
throughout the experiment, although cleaning and inspection of weapons were
considered more stringent than would be possible during combat.

Inquiry to AMC determined that the propellant adopted for the standard
5. 56mm ball cartridge is different from the original propellant used during
the development and service testing of the M16E1 rifle and during the de-
velopment of the Stoner weapons. * A USACDCEC test of samples from the
lot of standard ammunition used in the experiment showed more fouling than
an AMC provided sample containing the original propellant. This supplemen-
tal fouling test was conducted using ammunition lots WCC 6098 and RA 5074.
This limited test firing of 12, 620 rounds indicated a malfunctions rate of
5.6 per 1000 rounds for the cartridge loaded with ball propellant as opposed
to 0. 91 for IMR propellant loaded cartridges. Results of this fouling test
are tabulated in Annex C.

b. Excessive Cyclic Rate

Excessive cyclic rates were noted early in the experiment.
In addition, surging (uneven firing) was noted when ball and tracer were
fired together. There was also an increasing incidence of malfunctions
attributed to ammunition cycling the weapons beyond their design rates.
The cyclic rates were higher than the design cyclic rates, particularly
with the M16E1 rifle and Stoner machinegun. ** Surging also was most
noticeable with the Stoner machinegun. It is concluded that this excessive
cyclic rate (through induced cyclic and impact problems***) caused, com-
plicated, and multiplied such malfunctions as failures of the bolt to remain
to the rear after the last round was fired from the magazine (see Table 5-1,
line 5, columns J through X), failures to eject (line 2, columns J through X),
and magazine feeding problems (lines 1, 9, and 18).

* Frankford Arsenal, Tenth Memo Report on AR-15, Rifle/Ammunition
System Investigation of Alternate Propellants for Use in 5. 56mm
M193 Ball Ammunition, dated 15 May 1964

* Cyclic rate of up to 1000 rounds per minute

* Impact forces increase with the square of the velocity
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A concurrnt propellant investiration by Frarkford Arsenal showed that
the propellant currentlv used in the 5. 56mm ball cartridge cycles weapons
faster than the original propellant.

Inquiry to AMC determined that, to meet a Government wcceptance re-
quirement, MI6EI rifles are calibrated at the factory for the ga.i port
pressure of the original propellant rather than that of the propellant cur-
rently used in standard ball 5. 56mm cartridges. Intera,:tion of the higher
gas port pressure of the current propellant and the sizir,4 of the gas port
for a propellant %vith a lower gas port pressure is considered the reason
for the excessive cyclic rate in the M16E1 rifle.

Regarding the excessive cyclic rate and surging of the Stoner machite-
gun, it was noted that the 5. 56mm tracer and ball rounds contained different
propellants** and cycled the 5. 56mm weapons at different rates: tracer
cartridges cycled the weapons at a slower rate than the ball cartridges. It
is judged that because of this mismatch the gas port on the Stoner machine-
gun had to be sized for the slower cycling tracer cartridge to ensure weapons
functioning. Since machinegun belt loadings normally are four ball and one
tracer, the presence of the faster cyclic ball cartridges causes the gun to
cycle above its design rate and to surge a,- the four faster and the one slower
cartridges alternate through the gun. This mismatch also affects the
functioning of the other 5.56mm weapons in automatic fire, but to a lesser
extent than the machinegun, apparently because of the sustained automatic
fire and more frequent use of tracers by the machinegun.

c. Primer Sensitivity

I1 ;;as reported in a pre2vious test of the Storer weapons that
there had been a high incidence of misfires, particularly in the machinegun***.
These misfires were attributed by some to an insufficient primer sensitivity
of the 5. 56mm cartridge and by others to a lack of sufficient recoil power
in the Stoner machinegun. However, if these misfires were due to insuffi-
cient recoil power and if the sensitivity of the cartridge primer was not
marginal, then misfires with the 5. 56mm cartridge would terd to be limited
to the machiegun. This was not the case in the SAWS experiment. After

USACDC Liaison Office, USA Weapons Command, Rock Island, Illinois,
Liaison Report 385-65, 27 December 1965.

** Copies of Ammunitior Lot Inspecticn Rheets furnished by AMC to
USACDCEC to show that the ball ammunition furnished contains ball
propellant (WC846) and that the tracer ammunition furnished contains
IMR type propellant (CR 8136 arnd EX 8136).

*** Stoner 63 Weapon System Final Report, Project No. 44-63-08 of 29
April 1965, Marine Corps Landing Force Development Center; MCS,
Quantico, Virginia, page l7.
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it was decided that the ammunition was causing the machinegun to misfire
and cycle at an abnormal rate, it was also decided that a reduction in the
buffer preload resulting from the pounding of the buffer might reduce firing
pin energy. It was indicated that this in turn might cause the rate of mis-
fires to increase sharply after the weapons had been fired in heavy sustained
fire, especially if primer sensitivity were marginal. Inquiry to AMC dis-
closed that there had been a decrease* in primer sensitivity at the time of
standardi-ration of the 5.56mm ball cartridge, to overcome what was then
considered a tendency of the round to fire on closure of the bolt in the M16E1
(then AR15) rifle. It was therefore desirable to examine the primer inden-
tations of misfire cartridges. Therefore, provisions also were made to
collect data regarding any instances of primers being too sensitive: that is,
rounds firing when the bolt was closed without pulling the trigger. With
respect to these points, the experiment produced the following information:

1) In 1,261,215 rounds fired by the 5. 56mm weapons, there
were no instances of cartridges firing when the bolt was
closed without pulling the trigger and no cases where the
primer indentations of misfire cartridges were sufficiently
shallow to have clearly caused misfires.

2) Misfires occurred with all five of the 5.56mm weapons
(see Table 5-1, line 4, columns J through X), rather than
only with the Stoner machinegun. The four weapons other
than the machinegun incurred 829 misfires in 1, 008,629
rounds fired, or one per 1217 rounds.

3) Of the 1132 misfires experienced with the Stoner machine-
gun during the experimentation, 472 occurred during later
sustained machinegun fire (Situations 3, 6, and 9). This
could have been due to the reduction in the buffer preload,
to the reuse of the belt links, or to some other cause.
Measurements of the buffer taken after the completion of
Situations 3, 6, and 9 showed that preloads were below the
design minimum. **

Primer sensitivity was decreased from "no fire" at 6 inch-ounces and
"all fire" at 36 inch-ounces, to "no fire" at 12 inch-ounces and "all
fire" at 48 inch-ounces. Ref: Frankford Arsenal - 1st Memo Report
on AR15 Rifle Ammunition Systems, Investigation of Firing Pin Energy
and Primer Sensitivity, data 4 April 1963 and Military Specification
MIL-C-996-3D, dated 1 June 1964.

** The preload specification is 245 pounds minimum and 260 pounds maxi-
mum. The average preload after firing Situations 3, 6, and 9, was
221 pounds.
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This information therefore indicates that misfires in the 5.56mm

weapons were due to the function of primers that were too insensitive.

d. Belt Links

During the experiment, it was noted that a major cause of
Stoner machinegun malfunctions was belt link separations. Separations
occurred as often as ten times per belt, frequently causing other mal-
functions.

Comparisons of the links against design drawings showed that the links
deviated from design drawings dimensions. At USACDCEC request,
30, 000 links made to design drawing dimensions were obtained from AMC.
A comparison test of the "old" and "new" links produced the following re-
suits.

An average of seven separations per belt occurred when eight belts
of 150 rounds were fired, each using the old links. The number of separ-
ations by belt were 8, 3, '18, 5, 8, 0, and 7. These separations also
caused 24 failures to feed, one failure to strip (stubbed round resulted),
and two failures of bolt to go forward. No separadons occurred with the
new links when firing with seven 150-round belts and one 200-round belt.
The 200-round belt had links that were used a second time.

The 30, 000 links manufactured to proper design were then substituted
for the originally supplied links for the machinegun squad portion of the
experiment (Situations 3, 6, and 9). * During this phase of the experiment
(in which 28, 000 rounds were fired) there were three belt separations, and
these separations occurred with links that had been reused.

e. Other Ammunition Deficiencies

Although individuals adjacent to the firer normally could see
both tracers, neither the US 7.62mm tracer cartridge nor the US 5.56mm
tracer cartridge provided a trace that was visible enough to be used by the
firer in adjusting fire, with or without sights, under daylight conditions.
This deficiency negates the adjustment of fire for automatic weapons by the
gunner observing his tracers.

The US 7.62mm duplex cartridge suffered pierced primers. This was
judged to be caused by excessive chamber pressure. **

* Faulty type links already had been used with the Stoner machineguns

throughout four of the six situations in the rifle squad portion of the
experiment.

•* Current chamber pressure, temperature, and waterproofing deficiencies
of this cartridge are given in Memorandum Report, Preproduction Test
of Cartridge, 7.62mm, Ball, Duplex, M198, April 1965, Frankford Arsenal
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D. EFFECT OF MALFUNCTIONS ON EXPERIMENTATION

Malfunctions in the 5. 56mm weapons attributed to faulty ammunition
and belt links degraded the fire effectiveness of all 5.56mm weapons,
especially the Ml6El rifle and Stoner machinegun. In one tactical situation,
for example, the M16E1 rifle had a weapon downtime due to stoppages of
6.97 percent of the situation time. The effects on the Stoner machinegun
were judged to be sufficiently severe to disqualify the machinegun squad
portion of the experiment.

The AK47 was the most reliable of the experimentation weapons.
The US 7.62mm weapons (M14, M14E2, and M60) demonstrated fewer
malfunctions than the US 5. 56mm weapons. The Stoner machinegun and
M16E1 had the highest malfunction rate. The reliability of the Stoner
machinegun with the ammunition provided for the experiment was judged
to be sufficiently low to invalidate the machinegun squad portion of the
experiment. Major causes of malfunctions in the 5.56mm weapons were
attributed to:

1) An interaction of ammunition deficiencies caused by changes
made in the ammunition propellant and primer sensitivity
at the time of the standardization of the 5.56mm ball cart-
ridge

2) Deviations from design specifications in the manfucature of
the machinegun belt links

Until the deficiencies in the ammunition and belt links are corrected
(and it is considered that they are readily correctable), it is impossible
for the Stoner 5.56mm machinegun to function at its maximum potential.

Neither 7. 62mm nor 5. 56mm tracer rounds provide a trace that is
visible enough to the firer under daylight conditions for him to use it in
adjusting his fire. The duplex round suffered pierced primers, apparently
caused by excessive chamber pressure in the M14 and M14E2 rifles.
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SECTION VI

SQUAD WEAPON MIX FIRE EFFECTIVENESS RESULTS

A. RIFLE SQUAD EXPERIMENT

The results are presented on foldout sheets and in separate tables
and graphs for each situation. Included are raw score averages, standard
scores, probability (p) values, F values, X2 values, ranges of scores
"for the measures of effectiveness and collateral measures, graphs of hits
as a function of time and range where applicable, and histograms for the
distribution of near misses by target where applicable.

The results for Mix RC (seven AK47 rifles and two RPD machineguns)!
are not included in the same tables and graphs as other mixes. ,ilx RC
was fired later (January 1966). Because of differences in range conditions
and weather, the RC results are not directly comparable to the other rifle
squad mix results and are therefore presented separately.

1. Situation 1: Rifle Squad in Line Assault

This situation evaluated rifle squad mixes in marching fire
against concealed and partially concealed enemy targets in foxholes. The
length of the assault was 100 meters, and the duration was 2 minutes.
Enemy targets were engaged 115 to 148 meters from the line at which the
assault started, and at distances of 15 to 48 meters from the point where
the assault ended. The target array occupied a position 50 meters wide
and 30 meters deep with a differential in target elevations of about 4 meters.

Results for the assault are tabulated and presented graphically in
Figure 6-1.

The average number of near misses for all mixes combined are pre-
sented as a function of target location and simulator type in Figure 6-2.
This figure presents the vertical profile of the target array showing to
scale the elevation and width of the array. The position of each target is
shown. Because the assault is progressing up a slope, the difference in
the elevation of the actual targets as seen by the firers is less than that
shown in the figure. The number associated with each target on the pro-
file shows the average number of near misses for all rifle mixes, the
simulator cues associated with each target, and the width of the near miss
zone at each target. Although not shown, the height of the near miss
sensing zone extends in a 2-meter semicircle from the center of the
target.

,6-1
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The tabulation below indicates the approximate distance of the squad
from the middle of the target array (in depth and width) in relation to the
time in minutes that the squad progressed up the assault course. Explor-
atory firings on the assault range indicated that squad movement across
the assault range was generally at a constant rate. All squads took approxi-
mately 2 minutes to complete the course.

Time Traveled Average Distance
from Targets(minutes) (meters)

.00 131

.25 119

.50 105

.75 94

1.00 81

1.25 69

1.50 56

1.75 44

2.00 31

Figure 6-3 illustrate the average number of targets hit and average
number of near misses plotted as a function of time and range for each
mix in the assault situation. The cumulative average hits by each mix
at each point along the assault course are indicated by the ordinates of the
cmu-ve at'that point. The start of the assault (131 meters from the targets)
is indicated by the left end of the curve and the completion of the assault
(31 meters from the targets) is indicated by the right end of the curve.

Figure 6-4 shows the number of near misses for each target and
their distribution as a function of target location and simulator type.
Target locations are provided for purposes of comparison in insert maps.

The rank order of weapon mixes (other than Mix RC) with associated
standard scores are presented below.
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Target Effects Only Overall Effectiveness*
Standard Standard

Rank Mix Rank Mix
Score Score

1 SB 70.1 1 CB 65.8

2 SA 68.9 2 SB 65.6

3 SC 65.2 3 SA 63.5

4 UB 59.8 4 CA 59.7

5 CB 57.9 5 SC 56.2

6 CA 47.1 6 UB 54.4

7 UA 42.2 7 UA 43.8

8 RA 35.7 8 RA 35. 3

9 UD 28.2 9 UD 32.4

10 UC 25.9 10 UC 24.3

* Sustainability weighted 1/3; Target effects 2/3

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and
2 Stoner AR

UD - 9 M14E2 Rifles
SC - 7 Stoner Rifles andUB - 7 M14 Rifles and

2 Stoner MG2 M14E2 AR, •
SCA - 9 Colt Rifles

UC - 5 M14 Rifles and Cl
2 M60 MG CB - 7 Colt Rifles and

I ~2 Colt AR"•
SA - 9 Stoner.'Rifles 2 l

RA - 9 AK47 Rifles

Mix RC results for Situatlon 1 are presented below.

Percent Ammo Targets Total HitsCET Near Mlsse• Remaining , Hit

29.08 3.67 25 2.4 2.4

6-3
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[. FFI (' I'VI" N' .•.•MI" A',I:I{S ] • COLLIATER:AL. Pi" IHFRMANO'' MhlFA
I~~ ~ ~ FI % tXMAS'E

tCumula.tiv Numl%.r oI Sustainabillty Numnbor of
x.eposur . Tl .s Nvar %Iisses fT Ammto Remai nng) Targets lit Total its

A S -' •. '0. D
. .B- D 2

t C . -d 4

US 24.1 2.4 81.8 SC 499.6 114.0 80.8 CA 72.2 5.2 85.0 UB 5.1 1.8 79.3 B 5.2

SB 24.4 1.7 73.4 SA 469.8 68.9173.8 C 69.9 3.5 81.4 SB 4.7 2.0 69.5 UB 5.1

SA 24.8 1.0 64.1 S 439.5 92.1 66.7 SB 52.8, 6.0 56.4 SA 4.4 0.8 62.4 SA 4.5

CD 25.1 2.0 56.. CS 409.22 89.6 59.6 SA 51.1 *8.2 52.7 CB 4.2 2.5 57.6 CB 4.5

SC 25.3 2.1 49. CA 393.8 83.1 56.0 UA 47.5 6.7 47.3 UA 4.0 1.1 53.8 SC 4.4

UA 25.5 1.2 47.. RA 324.4 26.1 39.8 U U45.2 11.9 43.8 SC 4.0 2.1 53.6 UA 4.1

UD 2S.5 1.9 44. CE 315.5 73.2 37.7 U 43.4 10.3 41.0 RA 3.1 1.7 31.9 HA 3.1

CA 25.8 1.4 38., C 312.8 59.4 37.1 SC 41.3 8.3 37.8 CA 3.0 2.0 29.8 UC 3.1

RA 26.1 0.8 31 UC 312. 3 49.2 37.0 HA 39.2 2.9 34.6 j= 2. 9 1.4 27.4 CA 3.0

UC 26.8 2.4 14. UD 203.3 30.4111.5, UC 30.3 9.5 121.0 C 2.9 2 26.7 C D 2.9X 25.32 X 368. X 49.29 X 3.86 X 3.98

SI) .80 S1) 85. SD 13.10 SD .04 SD .881

Target Overall

Effects Effectiveness Cumulative Exposure Time Number of Near Misses
pG H

UB SB SA CB SC UA UD CA RA UC SC SA SB CB CA RA UB U.

A -UB .39 .26 .22 .19 .12 .13 ,.0.8 .05 .04 SC .30 .18 .09 .06 .005 .005 1S. C

SB .32 .29 .22 .12 .14 .07 .04 0 4  .27 .11 .06 .002 .003

-. a a•.--SA .38 .29 .16 .20 .09 .02 .0B .29 .19 .02 .02 .1

B 70.05 CB 65.77 ---.

CB >.40! .35 .34 .24 .16 . .38 .04 .04SA 68.95 SE 65.501

;C 65.20 SA 63.53 SC >.40 >.40 .34 .25 .17 CA .06 .06

CB 59.75 CA 59.73 --....

CB 57.95 SC 56.17 UA >.40 .33 .17 .14RA >40

-A 47.10 US 54.43 >

A 42.15 UA 43.87

F 35.65 HA 35.30 CA J 21 UA

D 28.15 CD 32.43

C 25.95 UC 24.30 RA .2UC

Sustainability
(4, Ammo Remaining) No. of Targets Hit Total Hits on TargetsJ3 K t

CA CB SB SA UA UB UD SC RA UC UB SB SA CB UA SC RA CA UD UC SB UB SA CB SC UA RAI

CA .19 .000 .000 .000 .000 .000 .000 .001 .000 U .36 .20 .25 .13 .19 .05 .04 .02 .04 SB >.40 .20 .34 .25 .09 .03

CB .000 .000 .000 .000 .000 .000 .001 .000 SB .37 .36 .25 .30 .10 .09 .05 .08 US.26 .36 .28 .13 .04

SB .35 .09 .10 .04 .02 .001 .OO SA :.40 .27 .34 .06 .07 .02 .06 SA >.40 >.40 .19 .04

SA 21 .17 .09 .04 .0091 .002 C>.40 >.40 .22 .20 .15 .18 CE >,40 .36 .19

UA .35 .22 .10 .02 .. 04 UA r.40 .15 .15 .08, .13 SC .37 .16

US .39 .28 .15 .02 SC .23 .22 .16 .19 CA .14

UD .36 .20 .02 RA >.40 >.40 >.40 HA

SC .31 .04 CA >.40 >.40 UC

RA .04 UD >.40

Note: Standard Scorcs computed UA - 9 M14 Rifles CB - 7 Colt Rifles/2 Colt AR R - Mean (Average)
Iron raw scores using scores UC - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Deviation
to three decimal places. UC - 5 M14 Rifles/2 M60 MG SB - 7 Stoner Rifles/2 Stoner AR CET - Cumulative Exposui

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG z' - Standard Score (X-
CA - 9 Colt Rifles RA - 9 AK47 Rifles

_ ~f~t\ .l-.r .. ~N*t~ wSi
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N mrg t , I, h T7,ta l Hi(t ,n l ;ir g r t s-Tage. fl~itII~l(~t ~'~

1 ~~20-101
-10 16 J -

I× X 'f •,. •

UB 5.1 1.8 79.3 1B 5.2 2.1 76.5

SB 4.7 2.0 69.5 UB 5.1 1.8 75.1 21

SA 4.4 0.8 62.4 SA 4.5 0.8 62.7 600 90 9
CB 4.2 2.5 57.6 CB 4.5 3.2 62.3

UA 4.0 1.1 53.8 C 4.4 2.1 58.9

SC 4.0 2.1 53.6 UA 4.1 1.1 51.0 U

RA 3.1 1.7 31.9 RA 3.1 1.5 30.2 22
0

CA 3.0 2.0 29.8 UC 3.1' 2.0 29.1 80 8
UD 2.9 1.4 27.4 CA 3.0 2.0 28.2
UC 2.9 2.0 26.7 UD 2.9 1.4 26.0 ,I

X 3.86 3.98 23 ....

SD .84 SD .8871 C

Number of Near Misses

I24 AUC SC SA SB CB CA RA UB UA UC UD

.04 SC .30 .18 .09 .06 .035 .005 .004 .004 .001 S 606

.0 4 SA .27 .11 .06 .002 .003 .002 .001 .001 SA

.05 S .29 .19 .02 .02 .01 .009 .001 250B

iCE.38 .04 .04 .03 .02 .001 UA. 400..

1 7 CA .06 .06 .04 .04 .001

02. 1 4 BA •.4 0 . 3 5 .3 2 . 0 0 L.:C i•:

.18 UB 140 ý40 .004 UC Ie

.21 UA ,40 .002 27 X.-

.29 UC .001

U3

0

Total Hits on Targets be: 0

UC SBEUB SA CE SC UA RA UC CA UD
.4SE >.40 .20 .34 .25 .09 .03 .04 .0. .0 2
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- . ure Time (Minutes) (17 Ammo Remaining)

.40 CA >. 4
Effectiveness Measures

I Colt AR X - Mean (Average)
SD - Standard Deviation Figure 6-1 SUMMARY OF RESULTS--

i/2 Stoner AR CET - Cumulative Exposure Time 6-5
,/2 Stoner MG z, - Standard Score (X - 50, SD - 20)
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2. Situation 2: Rifle Scquad as Base of Fire Supporting the Assault

This situation evaluated rifle squad weapon mixes firing supporting
fire from hastily prepared foxholes. Range from the foxholes to enemy
targets was from 269 to 326 meters. There were 30 concealed or partially
concealed enemy targets occupying a position 100 meters wide and 35 meters
deep. The duration of fire was 4 minutes. For the first 2 minutes, fire
was directed at the left 50 meters of the enemy array (the 17 targets used
in Situation 1 Assault). Fire was then shifted 50 meters to the right, to an
area containing 13 targets. The technique of fire provided area fire dis-
tributed throughout the sector with point fire employed when a target was
seen, or when weapon simulators gave detected cues to a particular tar-
get location.

Results for Situation are tabulated and presented graphically in
Figure 6-5.

Vertical profiles of the target arrays appear in Figure 6-6, showing
positions and relative differences in elevation as seen from the support
positions. The average number of near misses for all rifle mixes (not
including special weapons mixes or duplex) is given by the number over
each target. Also indicated are the simulator cues associated with each
target and the total width of the 2-meter radius semicircular zone in which
near misses were sensed.

Figure 6-7 illustrates the cumulat,ve number of near misses for each
array, the percent of ammunition remaining, targets hit, and ammunition
used as a function of time. For Mix RC, only cumulative number of hits
is presented. Figure 6-8 shows the number of near misses and their dis-
tributions as a function of target location and array. Target locations are
provided for purpose of comparison in insert maps.

The rank order of the ten weapons mixes with associated standard
scores is presented below.

6-20

a

- - - - - - - -

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 559 of 804   Page ID
#11045



Target Effects Only Overall Effectiveness*

Rank Mix Standard Rank Mix Standard
Rank_ Score Rank MixScore

1 CA 68.2 1 CA 73.6

2 SC 60.1 2 CB 62.6

3 UB 59.9 3 UA 55.4

4 UA 58.9 4 SC 54.8

5 CB 57.0 5 UB 51.2

6 UD 56.9 6 UD 48.2

7 SB 47.1 7 SA 46.5

8 UC 43.5 8 SB 45.5

9 SA 36.5 9 UC 36.4

10 RA 11.6 10 RA 29.8

* Sustainability weighted 1/3; Target effects 2/3

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 M14E2 Rifles 2 Stoner AR

SC - 7 Stoner Rifles andUB - 7M14 Rifles and2 erM. 2 Stoner MG
2 M14E2 AR

UC - 5M14 Rifles and CA - 9 Colt Rifles
2 M60 MG CB - 7 Colt Rifles and

SA - 9 Stoner Rifles 2 Colt AR

RA - 9 AK47 Rifles

Mix RC results for Situation 2 are presented below.

SMix CET Percent Ammo Near Misses Targets Hit Total Hits

RC 80.70 0 354.80 10.00 10.4
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FIFFlCTIVENt- MS .ASR,.S COLIAI ItRA I I' I I ANI

Cumulative Number of Sustasnailility Nutmit .I

Exposure Times Near Misses (I. Ammo Hmainngt) 4 lar.t.., Hit

-A 7••1007.• ps" C6•6., : 42. ,D •• . , ,0. I .
-- 7

"A 11.5 2.3 77.1 CD 345 ,7.9 73.6 CA 50.5 9.2 44.4 8.1 UA 10.7 1.7 82.2 VA

A 82 10.0 71.2 SC 326 76.3 66.4 CB 42.2 1.6 73.9 6.A101 35 9.B

JD 78.6 9.3 68.3 CA ,23 A 0.7 65.2 A 36.0 6.1 66.1 6.3 B 10.0 1.6 67.8 CA

7B 90.0 6.6 ,5.0 ,C ,18 34.4 63.4 SA 28.5 4.3 5..7 5.6 iB 9.4 2.9 55.4 SB

C 80.4 9.4 53.8 ;B 112 46.7 60.8 UA 22.0 6.7 48.5 5.1 3C 9.1 3.2 49.2 SA

B 81.0 10.1 48.9 , D 72 52.3 45.6 SB 17.2 6.8 42.5 4.8 IA 8.9 2.4 44.5 UD

A 82.0 9.1 41.4 B 271 72.1 45.2 SC 16.2 8.5 41.2 4.8 J ..8 3.2 43.0 SC

B 82.1 4.6 40.4 UA 59 36.1 40.6 uB 1O.'3 5.6 33.8 4.5 CB 8.6 2.4 38.8 UC

'C 8.42 7.2 23.6 SA 236 61.3 31.8 UD 7.e 6.7 30.6 4.3 C 8.5 2.9 36.8 CB

A 85.2 101.9 16.6 RA 173 22.0 6.6 UCC 1.2 1.5 22.3 4.1 RA 7.3 3.9 12.A

80. 9 283.7 12. 1 9.14 1

SD 2.52 SD 52.18 D 15.9 SDI .97 D

Target Overall CumulaUve Exposure Times Number of Near Mi
Effects Effectiveness

UA CA UD UB SC SB SA CB UC RA CB SC CA UC UB UD I

i UA >.40 .38 .22 .24 .21 .14 .03 .03 .07 C .35 .33 .25 .22 .061

C 21 C >40 .38 .35 .32 .26 .20 .13 .15 SC .40 :40 .35 09

SU[ X.40 .37 .33 .26 .19 .12 .15 C >.40 .39 .11

CA 68.2 CA 73.6 i.
SC 60.1 CB 62.6 U .40 >40 .32 .24 .15 .17 .39 .06

UB 59.9 UA 55.4 SC >.40 .39 .35 .23 .23 U .10

UA 58.9 SC 54.8 I

CB 57.0 UB 51.2 SB >.40 >.40 .27 .27 U

UD 56.9 UD 48.2

SB 47.1 SA 46.5 BA >40 .32 .31

UC 43.5 SB 45.5 C

SA 36.5 UC 36.4 .
LRA 11.6 FLA 29.8 U (40 BA

Sustatnability
fi Ammo Remaining) No. of Targets Hit Total Hits on Tat

CA CB RA SA UA SB SC UB UD UC UA CA UB SB SC SA UD CB UC RA UA UB CA SB SA UD

CA .03 01 .001 .001.001 .001 .001 .001 .001 A .35 .23 .18 .15 .08 .11 .07 . .04 A .11 .15 .11 .07 .10[-

CD.02 .001 .001 1.001 .001 .001 .001 .001 CA ~ 40 .36 .31 .25 .26 .20_ .21 .12 CD :It40 .39 .24 .31

RA .02 .004.001 002 .001 .001 .001 CD 34 .28 .20 .23 14 .15 .08 CA .40 .34 .36

SA .04 .004 .005 .001 .001 .u01 Sn : .40 .37 .37 .30 .30 .16 SB >40 >40

UA .12 .11 .005 .003 .001 SC 2.40 >.40 .39 .37 .21 SA >40

sn .>40 .04 .02 .001 SA :1>40 >.40 940 .21 CD

SC .10 .05 .002 UD >.40 >.40 .24 SC

ItR .25 .003 CD a. >40 .25 C

ID.02 CC .281 CD

Note: Standard Scores computed UA - 9 M14 Rifles CB - 7 Colt Rifles/2 Colt AR X - Mean lAveral

from raw scores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Dev

to three decimal places. UC - 5 M14 Rlfles/2 M60 MG SB - 7 Stoner Rifles/2 Stoner AR CET - Cumulative E

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG z, - Standard Scoi

CA - 9 Colt Rifles RA - 9 AK47 Rifles

LI'

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 561 of 804   Page ID
#11047



C ................. I M . ...... I. , 1-, .It 1-1 .A 0 600,

1 u,' lil ria Hilts ,nl Targits145

D .
60- lot) 14

'A 10.7 1.7 82.2 LA 12.6 4.0 93.9

:A 10.1 3.5 69.8 UB 10.3 1.4 59.9

'B 10.0 1.6 67.8 CA 10.2 3.3 58.4 65 500 13

iB 9.4 2.9 55.4 SB 9.9 3.0 54.0

;C 9.1 3.2 49.2 SA 9.6 2.0 49.6

;A 8.9 2.4 44.5 UD 9.5 3.6 48.1

8.8 3.2 43.0 SC 9.1 3.2 42.2

B 8.6 2.4 38.8 UC 9.0 3.5 40.7 70 80 12
UC 8.5 2.9 36.8 CB 8.8 2.3 37.7 U

RA 7.3 3.9 12.0 RA 7.3 3.9 15.6 .56"

X 9.14 X 9.63 CrSC 
-

SD .97 D 1.35 E o

7-400 70 -

Number of Near Misses_ I

S CBSC CA UC UB UD SB UA SA RA U [J
CBC

17 C .35 .33 .25 .22 .06 .07 .02! .021 .002 80P 6 I
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-- - -- - - -- C:

15 C >.40 .39 .11 .14 .05 .03 4103 :

17 U .39 .06 .09 .01 .01 .001 8 A0

13 .10 .14 .03 .02 .001 4

!7 U >.40 .31 .15 .003

1 SB .36 .19 .01 90

.8 .23 .001
S18

10 SA .3 '
> U

U95- 20n 3 S

L Total Hits on Targets

UA UB CA SB SA UD SC UC CB RA

4 UA .11 .15 .11 .07 .10 .07 .07 .04 .03 10 6

.2 UB ~ 40 .39 .24 .31 .21 .20 .10 .05 S

18 CA >.40 .34 .36 .28 .27 .20 .10 z t

105 10 YBul.6 SB >.40 :.40 .33 .32 .24 .12 101 Q D

41 SA - 40, .38 .37 .27 .12 nc'

.1 UD >. 40 >.40 .35 .18 2= 2=
12. 155 12.490 0121.674

24 SC >. 40 ~40 .21 F- .5321 - F = 3.9911 p,< .001 F =38. 7671 p ) 0011 F

25 UC ;ý40 .23 Cumulative Expos- No. of Near Misses SustainabiLity N
Sure Time (Minutes) % Ammo Remaining

Effectiveness Measures

,olt AR X- Mean (Average)
SD - Standard Deviation Figure 6-5 SUMMARY OF RESULTS--S

2 Stoner AR CET - Cumulative Exposure Time
2 Stoner MG z' - Standard Score (X = 50. SD 20) 6-23
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TARGETS HIT, NEAR MISSES, AND PERCENT OF

AMMUNITION REMAINING--SITUATION 2
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3. Situation 4: Rifle Squad in Approach to Contact

The approach to contact situation evaluated rifle squad weapon
mixes in standing quickfire. This situation, in which the firers were
time stressed, was designed to evaluate the pointing characteristics of
small arms. It consisted of 40 targets programmed to appear in 12 events
(or groups) of one to ten targets each. The 12 target groups were deployed
at various points along a valley 430 meters long. The range from targets
to the firers was 19 to 180 meters. Programmed target exposure times
ran from 2 seconds to 10 seconds for some of the longer range targets
(beyond 100 meters). Total programmed cumulative exposure time for
all 40 targets'was 2.996 minutes. The time required for each squad to
complete the approach to contact course was 25 to 30 minutes.

Results are presented in subtables and graphically for cumulative
exposure times, sustainability, number of targets hit, and number of
total hits, across all events in Figure 6-9. Cumulative hits and percent
of ammunition remaining as a function of time by range and event are
presented in Figure 6-10. In addition, three sets of tables are presented,
listing the rank order and associated standard scores for the following
measures.

Table a -- Rank order of weapon mixes and associated
standard scores for sum of target effects across all 12
events. This weights the event by range and number of
targets unequally.

Table b -- Rank order of weapon mixes and associated
standard scores with all events weighted equally. In
effect, this table represents the average of the standard
scores computed for each event, where Table a repre-
sents the standard scores computed from the sum of
raw scores across all 40 targets (12 events).

Table c -- Rank order of weapon mixes and associated
standard scores for the ambush situation (ten enemy
targets at a range of 21 to 34 meters).
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Table a. SUM OF RAW SCORES ACROSS ALL TARGETS
(Events Weighted Unequally)

Target Effects Only Overall Effectiveness*

Standard Standard
Rank Mix sreRank Mix scrScore Score

1 SC 61.4 1 CA 62.5

2 CA 59.3 2 UA 56.7

3 SB 52.8 3 RA 54.4

4 UA 51.7 4 SC 53.7

5 RA 50.6 5 CB 53.4

6 UB 49.6 6 SB 52.6

7 CB 45.2 7 UB 51.7

8 UD 44.2 8 SA 46.9

9 SA 44.2 9 UC 35.1

10 UC 40.9 10 1UD 33.0

Table b. AVERAGE OF 12 EVENT STANDARD SCORES

(Events Weighted Equally)

Target Effects Only Overall Effectiveness*

Standard StandardRank Mix Soe Rank Mix Scr____Score Score

1 CA 62.9 1 CA 64.5

2 SC 57.0 2 UA 57.5

3 UA 54.4 3 UB 53.9

4 UB 53.4 4 SB 51.6

5 SB 51.3 5 RA 51.6

6 SA 46.7 6 SC 51.5

7 RA 46.4 7 CB 50.8

8 UD 44.2 8 SA 48.5

9 CB 42.4 9 UD 35.2

10 UC 41.5 10 UC 34.7

Sustainability weighted 1/3; Target effects 2/3
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Table c. AMBUSH EVENT (10 TARGETS - 21 to 34 METERS)

Target Effects Only Overall Effectiveness*

Rank Mix Standard Rank M Standard
Score Score

1 SC 61.8 1 SC 59.6

2 UA 53.9 2 RA 56.0

3 SB 52.4 3 UA 55.7

4 SA 51.4 4 CA 55.6

5 UB 51.2 5 SA 52.7

6 CB 50.3 6 SB 52.1

7 CA 48.9 7 CB 52.0

8 RA 48.5 8 UB 48.6

9 UD 45.4 9 UD 43.5

10 UC 37.4 10 UC 25.0

* Sustainability weighted 1/3; Target effects 2/3

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 M14E2 Rifles 2 Stoner AR
SC - 7 Stoner Rifles and

UB - 7 M14 Rifles and 2 Stoner MG
2 M142 AR2 Stoner MG2 M14E2 AR

UC - 5 M14 Rifles and CA - 9 Colt Rifles

2 M60 MG CB - 7 Colt Rifles and

SA - 9 Stoner Rifles 2 Colt AR

RA - 9 AK47 Rifles

Mix RC results for Situation 4 are presented below.

CET Near Misses Percent Ammo Targets Total Hits
Remaining Hit

2.17 -- 52.00 26.66 38.60
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FK FF'TIVfNS ,MEASURE'S i---- COLLATERAL

Cumulative Number of Suutalnability Number of
Exposure Times Near Misses (% Anin. lremaining) Targets flit

A V- S.~ C D

I- Ix
A, u10 . Ii E

SC 1.96 .1 61.4 Clý 80.8 5.6 6G.&I SC 30.8 2.3 57.0

CA 1.97 .2 59.3 CA 80.2 4.8 68.81 UBI30.7 2.1 56.5

SB 2.03 .1 52.8 U, 78.7 4.8 66.6 SB 30.5 1.1 55.4

UA 2.04 .1 51.7 RA 75.8 2.8 62.1 CA 30.4 2.3 54.1

RA 2.05 .2 50. UE 71.7 6.2 55.9 UA 30.0 2.4 52.8

UB 2.06 .1 49.6 SA 69.3 5.7 52.2 FA 29.8 4.3 51.1
CB 2.10 .1 45. SB 69.2 9.9 52.1 SA 29.2 .9 48.1

UD 2.11 .1 44. SC 60.2 7.4 38.3 UC 27.9 4.7 41.4

SA 2.11 .1 44. UC 50.5 22.8 23.6 UD 27.8 2.8 41.C
UC 2.14 .2 40. UE 42.0 9.0 10.6 CEI27.7 2.7 40.1

S2.06 X X 67.9 29.48

SD .03 SS SD 13.11 SDI 3.75

Target Overall
Effects Effectiveness Cumulative Exposure Times Nw

I 0 H I
SC CA SB UA RA UB CB UD SA UC

SC >.40 .10 .13 .14 .09 .03 .02 .02 .05

CA .2 .26 .26 .22 .11 .09 .09 .11

S• St .40 .38 .33 .12 .06 .04 .14

SC 61.4 CA 62.5

CA 59.3 UA 56.7 UA 3.40 >.40 .22 .18 .16 .19

58 52.8 BA 54.4 RA ;'.40 .30 .26 .25 .26

UA 51.7 SC 53.7

BA 50.6 CB 53.4 UB .27 .22 .20 .22

UB 49.6 SB 52.6

CB 45.2 UB 51.7 C B.40 >.40 .37

UD 44.2 SA 46.9 UD >.40 .39

SA 44.2 UC 35.1

UC 40.9 UD 33.0 SA .39

Sustainability
(3 Ammo Remaining) No. of Targets Hlit r(J K L

C8 CA UA RA LB SA SB SC UC UD SC UB SB CA UA RA SA UC UD CB SC SB UA I

Ce :.40 .25 .05 .01 .004 .02 .001 .01 .001 SC :.40 .37 .37 .28 .32 .08 .11 .04 .03 SC .22 .21

CA .30 .05 .02 .004 .02 .001 .01 .001 U '.40 .40 .30 .34 .08 .12 .04 .04 SE :.40

VA .14 .03 .01' .03 .001 .01 .001 S .40 .33 .37 .03 .12 .03 .03 UA

HA .10 .02 .09 .001 .02 .001 CA '.40 :.40 .14 .14 .06 .05 SA

t'n .26 .31 .01 .03 .001 UA z.40 .24 .19 .09 .08 CA

SA .. 40 .02 .04 .001 RA .. 'i7 .26 .18 .18 tI

SE; .05 .05 .001 SA.27 .14 .12 RA

SC .17 .003 U >.40 '.40 CE

tC .21 U.40 uc

Note: Standard Scores computed UA - 9 M14 Rifles CH - 7 Colt Rfles/2 Colt AR .
from raw scores using scores UB - 7 M*,4 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SI)
to three decimal places. UC - 5 M14 Rifles/2 M60 MG SE - 7 Stoner Rifles/2 Stoner AR CET

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG
CA - 9 Colt Rifles RA - 9 AK47 Rifles
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Figure 6-10 CUMULATIVE NUMBER OF TARGETS HIT AND
PERCENT OF AMMUNITION REMAINING--SITUATION 4
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4. Situation 5: Rifle Squad as a Base of Fire Supporting the Advance

Rifle squad weapon mixes fired from unprepared firing positions
on two arrays of enemy targets. The duration of fire was 4 minutes, with
the first 2 minutes devoted to an array of 14 enemy targets occupying an
area 60 meters wide and 42 meters deep. The range of targets from the
firers was 379 to 445 meters. The second 2 minutes of fire were delivered
on an array of 13 targets occupying an area 45 meters wide and 62 meters
deep, at ranges from the firers of 477 to 560 meters. The technique of
distributed fire was used throughout the sector, with point fire used when
targets were seen or weapon simulators gave specific cues to a target's
location.

Arrays X and Y are presented separately following the overall results
for the two arrays combined.

Results for Situation 5 are tabulated and presented graphically in Figures
6-11, 6-12, and 6-13. Figure 6-14 shows plots of cumulative average first
hits as a function of time. For Mix RC, only cumulative number of hits is
presented. Figure 6-15 shows the distribution of near misses by target.

The rank order of the ten mixes (other than Mix RC) with associated
standard scores are given below.

Target Effects Only- Overall Effectiveness*
Rank Mix Standard Rank Mx Standard

Score Score

1 SA 82.6 1 SA 74.5

2 SB 66.9 2 CB 67.9

3 SC 63.6 3 SB 63.8

4 CB 63.4 4 SC 57.5

5 UA 48.7 5 CA 50.1

6 UD 46.7 6 UA 47.5

7 UC 41.8 7 UD 41.5

8 CA 31.6 8 UC 36.44

9 UB 27.6 9 RA 30.77

10 RA 27.3 10 UB 30.1

* Sustainability weighted 1/3; Target effects 2/3
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Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 M14E2 Rifles 2 Stoner AR
SC - 7 Stoner Rifles and

UB - 7 M14 Rifles and 2 Stoner MG

2 M14E2 AR

UC - 5 M14 Rifles and CA - 9 Colt Rifles

2 M60 MG CB - 7 Colt Rifles and
2 Colt AR

SA - 9 Stoner Rifles
RA -9 AK47 Rifles

RC - 7 AK47 Rifles and
2 RPD MG

Mix RC results for Situation 5 are presented below.

Percent Ammo Targets
CET Near Misses Remanng Hit Total Hits

41.41 167.80 51.60 5.72 6.12
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IFFFECTIVi Nt S MAIVASUI. COI LATERAL PFRFORMANCE

('uruI..•,* Nutnh.r ,"I su.•sInability Numbt of

I xpur.* I im., N..ar s.t1t.i (I, Ammo Hrmaining), Targets Hit

1• . . 1.z - -.,•.

SA 3M,6 2.5 174.2 SA 207.3 43.4 90.9 CA 84.8 3.7 87.1 26.3 SA 8.9 1.7 79.1 'A 1

CIS; 38.6 3.3 ~74.0 S 8 177.8 V7.7 72.6 C B 79.0 4.9 77.1 19.0 C E8.3 3.2 71.7 SBI

SC :19.5 2.9 '63.1 SC 164.2 63.0 64.1 SA 68.0 9.6 58.3 12.5 SC 7.9 2.9 67.2 C I

.11 39.7 4.3 61.2 C B 145.8 31.7 52.7 SB 67.6 8.1 57.6 12.3 SB 7.7 2.8 64.0 C

UA 40.2 4.2 54.3 UA 130.3 51.6 43.1 SC 60.4 12.6 45.3 10.1 UE 6.5 2.5 50.0 U

UD 40.3 2.4 53.2 UD 125.5 40.3 40.1 UA 60.3 5.4 45.1 10.1 UA 6.4 3.1 47.9 A

UC 40.7 2.4 48.6 CA 121.5 51.5 37.6 RA 55.9 9.6 37.6 9.1 UC 5.6 2.2 38. UC

UB 42.5 2.2 27.2 RA 119.0 43.8 36.0 UB 54.4 4.3 35.1 8.8 C 5.1 4.1 31.9 CA

CA 42.6 3.2 25.5 UC 117.1 29.7 34.9 UD 52.1 2.7 31.2 8.4 U 5 0 2.5 ,1.. uB

RA 43.2 2.3 -18.5. UB 106.2 34.4 28.0 UC 48.8 10.3 25.6 7.8 4.0 - 2. 18.6 A

R 40.60 X 141.41 X 63.1 X 6.541

1 1.65 vy 32.1 cr 11.7 1 1.62

Target Overall Cumulative Exposure Time Number of Near Mil
Effects Effectiveness

SA CB SC SB UA UD UC UB CA HA SA SB SC CB UA UD C

SA >.40 .39 .31 .22 .13 .09 .01 .02 .008 SA .19 .10 .01 .01 .004 04

8. 74.5 CI .31 .32 .23 .16 .12 .02 .03 .02 SB .36 .16 10 .07

•.. -X•, . , SC >.40 .37 ,30 .22 .04 .05 .02 SC .27 .17 .12 .

SA 82.5 SA 74.5'

SB 66.9 CB 67.9 SB >'40 .37 .31 .09 .10 .07 C I .27 .18 .1

SC 63.6 SB 63.8 UA >.40 >.40 .14 .15 .10 UA .>40 .3

C 63.3 SC 57.5

48.7 CA 50.1 UD >.40 .07 .10 .04 UTD 4

UD 46.7 UA 47.5

UC 41.7 UD 41.5 UC .11 .14 .06 CA

CA 31.5 UC 36.4 U.40 .31 HA

UB 27.6 HA 30.7 - - - - ---------

HA 27.3 UB 30.1 CA .37 UC

Sustalnability
(i Ammo Remaining) No. of Targets Hit Total Hits on Tarp

J L L
CA CS SA SB SC UA RA UB UD UC SA CB SC SB UD UA UC CA UB HA SA SB CB SC UD UA I

CA .02 .002 .000 .001 .000 .00 .000 . OOOSA 0 .35 .25 .19 .041 .061 .01 .03f.005 .003SA .24 .15 .15 .02 .02.0

CB .02 .009 .004 .000 .00] .000 .00 .O00CB >.40 .36 .16 .16 .07 .09 .04 .02 SB >.40 >.40 .15 .13.0

SA >40 .13 .05 .03 .004 .002 .004 SC >.40 .19 .19 .08 .10 .05 .02 CE >.40 .16 .14 .0

SB .13 .05 .03 .004 .00 .004 SB .24 .23 .10 .11.06 .02 SC .17 .15 .

SC '.40 .26 .15 .08 .06 UD >.40 .26 .24.15 .06 >0.40

uA .18 .03 .00 .02 UA .33 .28.21 .10 UA

RA .37 .19 .14 UC .39 .33 .13 UC

UBn .15 .13 CA .40 .31 CA

USD .24 UB .26 UB

Nitc! Standard Scores computrd UA - 9 M14 Rifles CB - 7 Colt Rifles/2 Colt AR X - Mean (Average
Irm raw %cores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Devil
1t three decimal places. UC - 5 M14 Rifles/2 M60 MG SB - 7 Stoner Rifles/2 Stoner AR CET - Cumulative Ex

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG z' - Standard Score
CA - 9 Colt Rifles RA - 9 AK47 Rifles

__. . ..
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- COLLATERAL PF'HF()RMAN(*t. MFASIrRFS 0 300 10 12

N'umb., ,•fTamNr .. flit Tital "its on Targrts
Targtus Ilit

26 275 90 i

N0

"A8.9 1.7 79.1 SA 10.2 2.4 83.2 CA [
C 8.3 3.2 71.7 'B 8.8 3.9 69.2

SC 7.9 2.9 67.2 CB 8.5 3.2 65.6 250

SB 7.7 2.8 64.0 'C 8.4 3.3 65.2 s

U 6.5 2.5 50.0 U3 6.7 2.7 47.9

U 6.4 3.1 47.9 UA 6.4 3.1 44.6 C.

U 5.6 2.2 38.8 UC 5.6 2.2 37.2 
9

C 5.1 4.1 31.9 CA 5.2 4.3 33.2 30 225 70

U 5.0 2.5 31.0 'B 5.0 2.5 30.9

I 4.0 2.3 18.6 1A 4.3 2.3 .22.9 CB
X 6.54 6.91

1.62 1.98SC

200 -60OUA -S

Number of Near Misses

SA SB SC CB UA UD CA RA UC UB 7

UD
SA .19 .10 .01 .01 .004 .006 .005 .002 .001 SB

35 175 50
Uc

S .36 .16 .10 .07 .07 .07 .04 .02

SC .27 .17 .12 .12 .11 .07 .04

CBC

.27 .18 .18 .14 .01 1.03 110 0UC

C-
A.>40 .39 .35 .30 18

.> NO 40 .35 .20 UA
C> .40 >40 .28 0 D

UDA-

UC 1.284 _RA..28 UB•

CA ~20
00

Total Hits on Targets 0 W

SA SB CB SC UD UA UC CA UB RA

SA .24 .15 .15 .02 .02 .004 .02 .03 .02 45 75 1

S3>.40 >.40 .15 .13 .06 .08 .04 .02

C .43 .16 .14 .05 .09 .03 .02 X

SC .17 .15 .06 .09 .04 .02 t0

>.40 .24 .25 .14 .07 "0'

UA .33 .31 .21 .1 X LC2

. 5._04 X 6.420 18.245 4.UC>.40• .3. .1E 50C t
-- ---------- F = 1.6670 2 .133 = 2.7441 .012 F = l3856 p 70005 F =

CA >.40 .32 Cumulative Expos- No. of Near Misses Sustainability No.
"u tre Times (Minutes) I ('y Ammo Remaining)

Effectiveness Measures

4it AR X - Mean (Average)
SD - Standard Deviation Figure 6-11 SUMMARY OF RESULTS--S

Stoner AR CET - Cumulative Exposure Time 6-51
Stoner MG z' - Standard Score (X = 50. SD = 20)
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F- F:FECTIV.NEMS MEASUIRES I c COLLATEIRAL PERFORMA1

Cumulative Njnlmr of .ustainability Numlbr of
tMxp,,urr I mn'w, Near Misses 1 Atmom Remaining) Targets Hit

C DB [ 1 8 .6 1. 9 7 6 . 9 [ SA L 2 5. 7 4 8 . 5 8 2 . 4 • A 8 5 . 9 3 . 8 8 7 .4 
C 5 .L 3 2 . 1 7 9 . 0

SA 
V18. 6 .7 72.1 SB 20.3 48.8177.2 

B 80.6 5.8 17.0 
sa 5.0 0.9 7C.1

SB 1 9 . 2 1. 9 6 5 . A C B 0 9 . 0 2 5 .2 6 6 .3 S A 7 1 .1 5 . 1 5 3. 6 
SA 4. 6 1 .0 6 4 . 7

UA 19.4 2.0 '59.8[ Sc 00.5 43.0 58.1 SB 70.6 I 7.0 57.5 
Sc 4.4 1.8 62 .0

UD 19.8 2.0 52.21 UA 89.9 38.9 47.9 SC 65.3 12.0 47.2 
UA 4.1 2.1 54.9

x. z3 .in
SCB 19.9 1.9 50.5 CA 83325.1 41.5 U24A 8593.8 87.5 4. CD 53. 21.794.3

US 2 0 .7 1 .4 3 4 . 8! R A 7 2 . 2 2 7 .6 3 0 .8 U0 5 7 .8 2 .7 3 0 . 8 
USB 3 .0 1 . 5 3 3 .9

I
CA 20. 8 1.8 31.8 UC 70.3 26.4 29.0 U7 57.5 4.5 32.1 

UC 12.8 2.0 30.0

A21. 8 1.3 12.71 9. 
70.0 22.8.28.7 

UC 55.7 6 .2 28.6 47.2A 
2. 1 6 1 8 .

S 19.93 
X 92.1 4. i66.71 

X 3.82

uB z.9 7 . 46 A7. 2 7.0. 8 D 10.28 2. 108U .0 16 53.

Target 

Overall

Efcects Effectiveness 
Cumulative E~xposure Time 

Number of Near

P G 
H 

I

CB SA 55 UA UD SC UC UBCA RA SA SB CB SC UA CA

R . 1 1 

.40 .31 .283 26.0 
.00RSA 2.4 0 24 .18 .10 .01

1 1.38 

.33 .1 9 .14 .14 .0 3 .041.0 0 3 
.2 9 .2 1 .11 .0

ti. . • .. ±.. :,- SB >.40 .29 .23 .21 .07 .80 S.3 1 0

•A 77.3 CS 73.4-- 
- - - - - -

CR 71.6 2A 71.0 UA >.40 .37 .31. .18 .17 .06 SC

C5 CA.>4 536 SA 18 .10 .0

S .1.4 33 .1616.4.3.0.038.9.1 
1 0

UD 
40 .3 .210 .08 .0 5 CA 

. 38

UA 53.9 SC 51.9 SC >.40 .18 .18 .03 CA

UD 45.3 UA 50.6 U 0 - . . - -

UC 36.7 US 41.0 U 3.11 S- - -

-- - - -- -- - - -- - -

CA 35.7 UC 34.0 U B >. 40 .10 RA

UB8 31.7 U B 31.8

[HA 21.7 RA 26.2 CA .17 UC-

Susta.nabilhty Total Hits on T;
J Ammo Hemaininio K No. of Targets HitL

CA CB SA SB SC UA RA UD UB UC CB SB SA SC UA UD CA UB UC RA SB CB SA SC UA UD

CA .05 .000 000 002 .000 .001 .000 .000 000 C .38 .23 .23 .16 .09 .06 .03 .03 .02 S ..40 .32 .24 .09 .01

CB 008 .01 .01 .001 .001 .000 000 .000 .B 23 .26 .17 .08 .05 .01 .02 .004 CS .37 .29 .14 .1]

SA >40 .15 .04 .0061.O00 .000 .00C SA .40 .30 .16 .10 .03 .04 .01 S .39 .19 .11

SB .19 .07 .02 .002 .003 .00, SC .38 .24 .16 .09 .09 .03 SC .28 .2:

SC .40 .17 .08 .09 .06 .36 26 .17 .15 .07 . . >4

UA .16 .05 .06 .04 U.37 .27 .24 .11 UT

RA .36 3Z .23 CA >.40 .37 .20 CA

UD t40 .24 
>. 40 .21 US -

U .29 UC .30 UC

Note: Standard Scores computed UA - 9 M14 Rfl1es CB - 7 Colt Rlfles/2 Colt AR X Mean (Aver

from raw scores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Do
to three decimal places. UC - 5 M14 Rifles/2 MOO MG SB - 7 Stoner Rlfles/2 Stower AR CET - Cumulative

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG a, - Standard So

CA - 9 Colt Rifles RA - 9 AK47 Rifles

v j"- I.
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- COLiATPHAL PERFORMANCE MEASURES 0- 220-

Numbr of
Targrtl [it Total Hits on Targets

Ii

5.3 2.1 79.0 SB 5.5 1.4 75.9

3B 5.0 0.9 73.1 CB 5.5 2,2 75.4

3A 4.6 1.0 64.7 SA 5.1 1.7 b8.6 90 9

W 4.4 1.8 62.0 SC 4.8 2.0 63.5 5

JA 4.1 2.1 54.9 IA 4.1 2.1 48.9 CA
M13.6 1.9 46.3 UD 3.8 2.3 47.1 {ifl
'A 3.2 2.2 38.4 CA 3.2 2.5 37.4.160°CB
JB 3.0 1.5 33.9 UB 3.0 1.5 33.5 10s.

IC 2.8 2.0 30.0 UC 2.8 2.0 30.1

IA22 1,6 .18.2 2.2 1 06 .0 1 1 ;
3.82 X 3.99 .

1.016 1 1.18 UA

1400 - 0 7

SANumber of Near Misses10S

SASB CB SC UA CA CD RA CC CE U

S >.440 .24 .18 .10 .06 .04 .03 .02 .02 SBM
it

B .29 .21 .11 07 .04 .03 .02 .02

B .3, .17 .09 .05 .02 .02 .01 0 ]B-
Q Q C

.33 .23 .18 .12 .09 .08 r SB

A .38 .32 .21 .17 .15
SA

A >.40 .29 .24 .23 15 WA SC

D 33 .28 .26 80b40 4 UA

A >.40 >. 40 R :D

C >.40 CA

3C
C 60 303

Total Hilts on Targets UAOf0
L 5

SB CB SA SC UA UD CA UB UC RA 20

3 >.40 .32 .24 .09 .08 .04 .009 .01 .004 [1 20 2

IC

.37 .29 .14 .11 .07 .02 .03 .01 r.)

.39 .19 .15 .09 .03 .03 .01

.28 .23 .14 .06 .06 .02 0 101

>.40 .27 .17 .15 .07

.3 5 . 2 . .2 2 . 1 1 X 2 - x • = X 2

4.913 0 5.670 0 13.693 6.23ý
>40 .38 .23 F= 1.4 8 4 p:0.19( 2. 053 Ip-0.055 F=5.158 lp=<.00o F=I.

.40 .21 Cumulative Expos- *o of Near Misses Sustainabitity No. o1
ure Time (Minutes) (% Ammo Remaining)

.30
Effectiveness Measures

IR X-Mean (Average)

S- Standard Deviation Figure 6-12 SUMMARY OF RESULTS--SITUATI(
ier AR CET - Cumulative Exposure Time 6-53
ser MG z' - Standard Score (X - 50, SD = 20)
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t~t'Vt'Tl%' NFSSMt. AU IS('JI).1Al I I HAl. Ill

cumulatlve .Nutrwr of Sutainatlildif umh-,r 0
I it•{LsUrvt T11n1w% %vr Mi•FIse Ammoa Hcrnain.inlni, larg, Ii, fit ll

A 5 ~ 10 M~ ;.~

SC 19.7 1.7 75.1 SA 81.7 11.2 94.7 CA 83.7 4.0 86.5 24.5 SA 4.3 1.4 91.3

SA 19.8 2.1 72.5 SC 63.7 23.0 69.8 CB 77.5 4.3 77.1 17.9 SC 3.5 1.2 69.6

CB 20.0 1.8 65.8 SB 57.5 27.8 61.3 SA 65.0 13.9 58.1 11.4 CB 3.0 1.8 56.9

VA 20.4 2.0 57.0 C 46.8 21.1 46.5 S' 64.6 9.3 57.5 11.3 U 2.9 1.0 54.3

UC 20.5 2.2 53.4 RA 46.8 20.9 46.4 UA 56.9 6.4 45.8 9.3 UC 2.8 1.7 52.5

SB 20.5 2.9 53.1 UD 45.5 23.8 44.6 SC 55.5 13.8 43.8 9.0 SBi 2.7 2.0 48.4

UD 20.5 2.9 53.1 CA 40.5 16.1 37.7 RA 52.7 12.9 39.5 8.5 UA 2.3 1.5 38.8

RA 21.4 1.5 30.6 CA 38.2 20.7 34.5 UB 52.1 5.3 38.5 8.4 UB 2.0 1.4 31.0

UB 21.8 1.3 20.3 CB 36.8 18.4 32.6 UD 46.4 5.2 30.0 7.5 CA 2.0 2.0 31.0

CA 21.8 1.8 20. UB 36.2 17.2 31.7 UC 42.0 14.9 23.2 6.9 RA 1.8 0.8 '5.9

. 20.64 X 49.36 1 59.6 X 2.73

O 0.77 a 14.44 0 13.12 0.77

Target Overall
Effects Effectiveness Cumulative Exposure Time Numbs

F G H I
SC SA CB UA UC SB UD RA UB CA SA SC SB UC

SC >.40 .34 .27 .221 .21 .13 .05 .0 .03 SA .06 .04 .004

SSA >.40 .33 .28 .31 .22 .09 . .05 SC .34 .11

CB .39 .35 .37 .28 .11 . 0 . SB .24

SA 83.6 SA 75.1

SC 72.5 SC 62.9 UA >.40 >.40 >.40 .22 .1 .14 C

SB 57.2 CB 58.5 UC >.40 >.40 .29 .11 .15 HA

UC 50.0 SB 57.3

CB 49.2 CA 47.1 SB >.40 .28 .17 .19 UD

UD 48.9 UA 46.8

UA 47.4 UD 42.6 CD .13 . .08 CA

R.A 38.5 UC 41.0 RA .31 .25 CA

CA 27.4 RA 38.8

UB 26.0 UB 30.2 UB >.40 CB

Sustainabilitv
(I Ammo Remaimng) K No. of Targets Hit L Total

CA CB SA SB UA SC RA UB UD UC SA SC CB UD UC SB UA UB CA RA SA SC SB CB

CA .02 .005 .000 .000 .000 .001 .000 .000 .0001A .15 .09 .04 .01 .06 .02 .01 .02 .004 SA .08 .10 .04

CB .03 .007 .000 .003 .001.000 .000 .000 SC .29 .19 .23 .20 .09 .04 .08 .02 SC >.40 .25

SA 40 .11 .03 G.9 .03 .007 .G1 C>B 40 .40 .38 .25 .16 .19 .11 SB >.40

SB .07 .11 .06 .01 .002 .006 UD >40 .40 .22 .12 .17 .04 CB

UA 40 .25 .10 .006 .03 UC .40 .29 .19 .23 .13 UD

SC .37 .29 .08 .07 SB .37 .26 .29 .19 UC

HA .40 .15 .12 CA .37 .39 .27 UA

Un .05 .08 UB >.40 40 RA

1 [.25 CA .40 UB

Note: Standard S.t'r.i. cimputed CA - 9 M114 Riflhs CB - 7 Cult Rtfles/2 Cult AR X - M
fro.m raw scores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - St
t. thrree decimal places. CC - 5 M14 Rifles/2 M60 51G SB - 7 Stoner Rifles/2 Stoner AR CET - Ci

UD - 9 M14E2 Rifles SC - 7 Stoner RiIles/2 Stoner MG Z' - Si
CA - 9 Cult Rifles RA - 9 AK47 Rifles

r-
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C(01.1 \l I A I .II i P i H| AF4, N(10 MI A ' II I " -S M

NtilrbiI r ,t
I irg. t• Ht ,Ia |itF n "rrgrI

100 100 0
- .. 1.x.• = .

SA 4.3 1.4 91.3 SA 5.2 1.9 95.7 5

SC 3.5 1.2 69.8 SC 3.7 1.4 65.2

CB 3.0 1.8 56.9 SB 3.3 2.7 58.3 90 90

UID 2.9 1.0 54.3 CB 3.0 1.8 51.6

UC 2.8 1.7 52.5 UD 2.9 1.0 49.6

SB 2.7 2.0 48.4 UC 2.8 1.7 48.2 C
UA 2.3 1.5 38.8 UA 2.3 1.5 37.4

UB 2.0 1.4 31.0 RA 2.0 0.7 31.3 58 80

CA 2.0 2.0 31.0 UB 2.0 1.4 3'. 10 0CB_
FA 1.8 0.8 25.9 CA 2.0 2.0 31.3 VK 2.73 12.92 1 1 L.

0 0.77 0.98 -C

0 r.

Number of Near MalssfDs

0 S
CA SA SC SB UC RA UD UA CA CB UB 15
.03SA .06 .04 .004 .004 .004 .001 .001 .000 .001

0 60- 0 60

.05 SC .34 11 .12 .11 .04 .04 .02 .02

.06 SB .24 .25 .22 .11 .10 .08 .07

R

.14 UC >40 .40 .29 .24 .20 .18 5
05

.15 FA NO4 1.29 .26 .21 .19 20

.19 UD .34 .29 .25 .23

HA U

.08UA .40 .36 .33 U 40

Cd
I --

•_CA .40 IN0

J.4_ CEI .400]
25

U)- 30-

L Total Hits on Targets

RA SA SC SB CB UD UC UA RA UB CA

004 SA .08 .10 .04 .02 .03 .01 .004 .005 .01 20 2

02 SC >.40 .25 .15 .19 .07 .02 .03 .06 30 t

11 -•B >.40 .36 .36 .22 .15 .15 .18 % 0

> 10104 CBE .40 >.40 .25 .14 .16 .19

13 UD >.40 .22 .07 .12 .17

19 UC .291.17 .19 .23 =
- , -7.953 4.627 20. 508S35 00O
27 UA .35 .37 .39 F= 0.976 p=0.477 1 0=.8 p0.0 F~ 10.65; 1P <.0005 01

40 RA >40 '.40 Cumulative Expos- Sustainabillty
ure Time (Minutes) (% Ammo Remaining

40 lB UR.40 Effectiveness Measures

2 Colt AR X - Mean (Average)
SD - Standard Deviation Figure 6-13 SUMMARY OF RESULTS--SITt

s/2 Stoner AR CET - Cumulative Exposure Time 6-55
s/2 Stoner MG Z. - Standard Score (X - 50, SD = 20)
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Figure 6-14 CUMULATIVE NUMBER OF ROUNDS FIRED, TARGETS HcT,NEAR MISSES, AND PERCENT OF AMMUNITION REMAINING--SITUATION 5
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Array X
S(3711-445 meters) 

Arra y Ymix (IC is4% (4 77- 560 m eter s)

so

1200

- - - - Cumulative. Number of Near Xjgw~aG o0 to - - P . c n of A m m un~jo r, n fit e" &n ia nj i
........ umulaiazve Number of Roujnd& FirtdZ""I 2mu~ative Number of Taznets HitI

~40 

60

02 3 
2
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Figure 6-14 (Continued)CUMULATIVE NUMBER OF ROUNDS FIRED, TARGETS HIT, NEAR MISSES,AND PERCENT OF AMMUNITION REMA1NING-..SITUATION 
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5. Situation 7: Rifle Squad in Defense Against Attack

Rifle squad weapon mixes fired from hastily prepared foxholes at
enemy targets appearing at ranges from 345 meters to 45 meters. Targets
appeared :n sequence, with long range targets appearing first. The attack
ended with ten targets in an assault formation 45 meters from the firing
positions. The duration of the situation was 8..19 minutes.

Two series of runs were made In this situation: Series 1, in which
M14 rifles, were fired in the semiautomatic mode, while Stoner, Colt,
M14EE2, and AK47 weapons fired in the automatic mode; and Series 2,
in which half of each mix fired automatic and the other half fired semi-
automatic. Series 2 determined the best mode of fire (semiautomatic or
automatic) for the various rifles and provided an index of the percentage
Increase or decrease in effectiveness furnished by automatic and semi-
automatic fire in this situation (primarily aimed fire as a function of
time at visible targets). Weapon mixes were then compared on the basis
of their best mode of fire as determined by these Series 2 results. If
Series 2 results showed a decrease in effectiveness resulting from a m'xde
of fire different from that used In Series 1, the Series 1 score was left
untouched. However, if Series 2 firings showed that a given percentage
increase in effectiveness could be expected by using a mode of fire dif-
ferent from that used in Series 1, that mix's Series 1 score was Increased
(for comparative purposes) by an amount equivalent to the percent of in-
crease indicated by Series 2 results. Results of Series 2 firings indicated
that within the squad context in terms of both target effects and overall
effectiveness (visible quick exposure targets from 45 to 345 meters),
semiautomatic fire was superior to automatic fire for all rifles.

Results for the ten mixes (other than Mix RC) are presented in Figure
6-16. Figure 6-17 presents plots of cumulative exposure time (CET),
targets hit, rounds fired, total hits, and percent of ammunition remaining
as a function of range for the Colt, Stoner, AK47, and the all-M14E2
squad mixes in automatic fire, and for the other US 7.62mm mixes in
semiautomatic fire. Although Figure 6-16 illustrates the expected per-
formance of mixes in their best mode of fire, the plots in Figure 6-17
represent only firings in Series 1; therefore, Figure 6-17 is presented
for purposes of illustration and does not necessarily represent perform-
ances with the weapons in their best mode of fire.

The rank order of weapon mixes (other than Mix RC) with associated
standard scores are given below.
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Target Effects Only Overall Effectiveness*

Rank Mix Standard Rank Mix Standard
Score Score

1 CB 86.4 1 CB 84.6

2 SC 65,3 2 SC 61.5

3 SB 63.8 3 SB 60.2

4 CA 59.5 4 CA 59.5

5 UA 55.7 5 SA 57.6

6 SA 48.0 6 UA 55.2

7 RA 37.4 7 RA 37.6

8 UB 3•.1 8 UB 33.8

9 UC 31.8 9 UB 31.1

10 UD 19.1 10 UD 19.0

* Sustainability weighted 1/3/ Target effects 2/3

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 MI4E2 Rifles 2 Stoner AR

UB - 7 M14 Rifles and SC - 7 Stoner Rifles and
2 MA2 AR2 Stoner MG2 M14E2 AR

UC - 5 M14 Rifles and CA - 9 Colt Rifles

2 M60 MG CB - 7 Colt Rifles and

SA - 9 Stoner Rifles 2 Colt AR

RA - 9 AK47 Rifles

Mix RC results for Situation 7 are presented below.

CET Near Misses Percent Ammo Targets Total Hits
Remaining Hit

6.74 61.44 46.60 72.00
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tD 6.8 1.5 158. T 43.1 • .5 15.7 14.5 CL 44.9 4.1 21.5 A 4,4.1 5.1 15.7

X 5.57 69.12• X 50.54 76.74

c .79 a 18. 4.00 .8.10

Target Overall
Effects Effectiveness Cunmulative Exposure Time Number of 'fear Mise s

FG
CB SC SB CA UA SA RA UC UC UD

CB .05 .11 .06.006.00 .0 oo0 . 00o0( .0
-~ 4 1

'.- SC >.40 .35 .15 .08 .02 .006 .00. .02

• • • ... ... SB >.40 .30 .21 .09 .04 .04 .03

CB 86.1 CB 84.4 I
SC 64.R SC 61.2 CA .40 .27 .11 .05 .04 .04

SB 63.8 SB 60.2CB 63.5 CA 60.2 UA .25 .05 .01 .01 .02

CA 59.2 CA 59.3 -- -- -

UA 55.4 SA 59.1 SA .13 .04 .03 .05

SA 50.3 UA 54.9

RA 37.2 RA 37.4 RA .36 .33 .19

UB 32.9 CEC 33.8 UB '.40 .22
CC 31.7 UB 31.0

CTD 18.7 UD 18.7 UCC 4 t
Sust•inabillty

(JAmmo Remalrng) No. of Targets Hit Total Hits on Targets

J K L
CB SA CA UA SC SB UC RA UB UD SB SC CB RA CA UA UB UC SA CD CS CA S8 SC RA UC UB LD UA 9A

.0041. 0001. 000 .0001.0001. 001.-001.000 .00( SE B CS .24 1.261 .16 .051 .0 .1 1.01 .01 .004

.001 .000 .001.01.000 .00 .000.00 SC * * * * * CA >.40 .36 .15 .01 .0 .02 .02 .004

.12 .i4 .10 .008 .001 .000 .. CB .26 .05 .01 .01 .0 .002 .002 S >.40 .31 .2" .12 .11 .05
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>40 .03 .001 .004 .00( CA .21 .17 .11 .04 ..02 RA .3( .13 .13 .03

0.4 .0 .C .00 CA .. 40 .32 .19 .07 VC >.4 .24 .2.1 .06

.40 .13 .02 C .38 .27 1.09 uC .23 .2 .04

.09S .00 C,: LT40. D 1>.41.085

.14 SA L[.14 CA .16

Note: Standard Scores computed UA - 9 M14 Rifles CB - 7 Colt Rifles/2 Colt AR X - Mean (Average)
from raw scores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Deviation
to three decimal places. UC - 5 M14 Rifles/2 M60 MG SB - 7 Stoner Rifles/2 Stonar AR CET - Cumulative Exposure Time

Variance and standard deviation if mixes SC UD - 9 M14E2 Rifles SC - 7 Stoter Rlfles/2 Stoner MG z' - Standard Score (X - 50, SD )
and SB is zero and no distribution exists CA - 9 Colt Riles RA - S AK47 Rifles
therefore probability values cannot be
2omputed.
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6. Situation 8: Rifle Squad in Night Defense Against Attack

Rifle squad weapon mixes fired from hastily prepared foxholes
at enemy targets raised for fixed exposure times in sequence beginning
at a range of 235 meters from the firers and ending with a ten-man final
assault at 45 meters. The cycle was then repeated with targets coming
up in a different sequence the second cycle. This represented a regroup-
ing for a second attack and provided a broader data base. In this situa-
tion the enemy targets were not visible to the firers because of darkness,
and cues were simulator flash and sound. The duration of the situation
was 4.8 minutes for both cycles combined.

As in Situation 7, a second series (not to be confused with the second
cycle discussed above) was fired to determine the better mode of fire
(semiautomatic or automatic) for the different rifles. Because of the
variability of scores, however, it was not possible to conclude that one
mode was better than the other for any weapon in this night situation. For
example, although the M14 rifles that were fired at night in the automatic
mode increased their target effects approximately 17.4 percent, they were
still not superior to the low impulse weapons and expended 26.4 percent
more ammunition to achieve the gain. It was therefore Judged that the
proper mode of fire for the M14 at night under circumstances similar to
those of Situation 8 is semiautomatic. In like manner, there was no reason
for concluding that the other rifles had not fired in their best mode in
Series 1; therefore, Series 2 scores were not integrated with Series 1
socres.

Results for the ten mixes (other than Mix RC) are presented in Figure
6-18. Figure 6-19 illustrates CET as a function of target range for Cycles
1 and 2. On each cycle the range is decreasing as the attack progresses
toward the weapon positions.

Results for the ten mixes (other than Mix RC) are presented in the
following tables and graphs. The rank order of ten mixes with associated
standard scores is presented below.
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I

Target Effects Only Overall Effectiveness*
Standard Standard

Rank Mix Score Rank Mix Score

1 SB 74.6 1 CB 70.9

2 SC 71.9 2 SB 69.5

3 CB 66.9 3 SC 65.2

4 SA 65.8 4 SA 64.1

5 CA 48.9 5 CA 58.4

6 UB 46.2 6 UC 45.6

7 UC 43.5 7 UB 43.1

8 UA 43.5 8 UA 42.5

9 RA 23.5 9 RA 21.5

10 UD 15.4 10 UD 19.5

* Sustainability weighted 1/3; Target effects 2/3

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 M14E2 Rifles 2 Stoner AR

UB - 7 M14 Rifles and SC - 7 Stoner Rifles and

2 M14E2 AR 2 Stoner MG

UC - 5 M14 Rifles and CA - 9 Colt Rifles

2 M60 MG CB - 7 Colt Riflesand

SA - 9 Stoner Rifles 2ColtAR

RC - 7 AK47 Rifles and RA - 9 AK47 Rifles

2 RPD MG

Mix RC results for Situation 8 are presented below.

CET Near Misses Percent Ammo Hit Total HitsS... Remaining Hit

6.73 -- 20.00 19.40 28.80
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Ft F 'f1tlV• NIF M MF ASH! S ,,, LAIIA|. Pf Hf'R 'ttLI 'Nif MI A11

Cumulative Numit.r ,-f Suslainahilitv Number ,f totl. Hits "M
I*,xp~osre Times Neet Miss"s (, Ammo Remaining• Trarg'ts flit

A 1 C : D V )

sit s.,1 .8 14. l CIt 69.4 4.2 71. 15.6 CB 25.5 4.3 76.0 8C 38.0 1:

SC A.10 .6 7l.4 CA 66.6 4.9 77.4 15.2 SR 24.? 5.3 71.4 Cl) 37.8 1:

('it *C.23 .4 (4.9 BA 58.3 2.4 60.6 11.4 BA 23.8 3.6 66.3 8t) 35.? 1

SA 6.26 .2 65. l Sn 57.4 9.5 59.2 11.2 SC 23.6 5.0 65.2 SA 35.4 1

CA 6.70 .5 40. SC 52.9 3.9 51.8 10.1 UB 2).3 3.D 52.1 CA 31.3

it 5.*77 .4 46.2 UC 51.6 10.5 49.7 9.9 CA 20.7 3.2 48.6 UB 28.3

I. 6.A4 .t 43. 5 UA 46.0 4.6 40.5 8.8 UA 19.8 2.9 43.5 UA 22.8

VA 6.84 .3 43.5 UBI 43.? 3.4 36.8 8.5 UC 18.3 3.9 35.0 UC 22.2

RA 7.36 .6 23.5 UD 38.1 3.1 27.6 7.? RA 16.4 5.0 24.1 RA 19.6

LY") 7.57 .5 15.4 RA 211.9 6.5 17.5 7.0 UD 15.3 5.0 17.9 UD 19.2

S6.67 X 51.8 X 20.0 29.03

so .52 SD 81) 12.25 SD 3.51 1D 7.59

TsrCV Ovrall CumulaUve Exposure Time Number 1 Hesar MissesF ffc a

SB SC CR SA CA UB UC UA RA UD

I' SB >.40 .29 .27 .05 .03 .03 .02 .007 .002

SC .33 .2 .04 .02 .03 .01 .005 001

I • CB .40 .05 .02 .03 .01 .003 .001

SR 74.6 CBR70.9ISC 71.3 SR 69.5 SA .05 .02 .03 .005 .004 .001
SC 66.9 SC 695.
CB 66.9 SC 65.2 CA .39 .32 .28 .04 .008
SA 65.8 SA 64.1

CA 48.9 CA 58.4 UB >.40 .38 .04 .01

UB 46.2 UC 45.6

UC 43.5 UB 43.1 . . 0

UA 43.5 UA 42.5 UA .05 .01

RA 23.5 RA 21.5

CD 15.4 UD 19.5 HA .28

Sustainabllityj (1. Ammno Remainal D K No. of Targets Hit L Total Hits on Targets

CnCA -M SR SC VC tA U 1B1UD RA CB SE SA SC UB CA UA UC RA UD SC CB SR SA CA UB CA VC

CI .37 .001 .0t .001 .003 .001 .001 .001 .001 ,CB .39 .25 .26 .04 .03 .02 .009 .005 003 SC 240 .Z1 .34 .14 .04 005 .008

C .002 .02 .001 .004 .001 .001 .001 .001 SB .38 .37 .11 .08 .04 .02 .02 .006 CB .37 .35 .15 .02 .001 .001

SA >40 .02 .10 .001 .001 .001 .001 BA 40 .13 .08 .04 .03 .02 .008 SB .38 .35 .05 004 .005

Sn .17 .17 .02 .004 .001 .001 SC .19 .14 .08 .04 .03 .02 BA .19 .02 001 .Do0

SC 40 .02 .002 .001 .001 T13 .36 .20 .09 .04 .02 CA .20 02 .02

IC .13 .06 .009 .00 CA .32 .14 .06 .03 UB .003 .01

UA B. .004 .002 A .24 .10 .04 UA .38

Ut) .009 .00. UC .25 .14 ICC

UI) __ 03 HA .37 HA

Note! StandMd Scores computed UA - 9 M14 Rifles CS - 7 Colt Rifles/2 Colt AR X - Mean (Average)
from raw scores using scores UB - 7 M14 Rifles/2 M14E2 AR SA - 9 Stoner Rifles SD - Standard Deviation
to three decimal places. UC - 5 M14 Rifles/2 M60 MG SB - 7 Stoner Rifles/2 Stoner AR CET - Cumulative Exposure I

UD - 9 M14E2 Rifles SC - 7 Stoner Rifles/2 Stoner MG it - Standard Score CX 50,
CA - 9 Colt Rifles RA - 9 AK47 Rifles
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7. Combined Result. - Rifle Squad Experiment

Target effects and overall effectiveness scores were averaged,
for illustrative purposes, across all six rifle situations, with each situa-
tion arbitrarily assigned a weight of equal importance. This does not
imply that each situation should be weighted equally. The numerical
values presented below do little more than serve as a base for varying
the judged value of the different situations. In like manner, overall
standard scores for each situation should be c6nsidered the result of
arbitrarily weighting target effects two-thirds and sustainability one-third.

Sensitivity analysed'have shown, however, that the rank orders of
the weapon systems are remarkably insensitive to changes in weighting.
For example, because Mix UC (five M14 rifles and two M60 machineguns)
never ranks higher in target effects than seventh place in any situation,
Mix UC can never rank higher than the bottom half in target effects, no
matter how much weight is given to a particular situation. Mix UC was
also inferior in target effects to Mix UA (composed entirely of M14
rifles) in every situation but the night defense, and even in this situation
Mix UC was in seventh place, with Mix UB in sixth place and Mix UA a
close eighth. In overall effectiveness, Mix UA was also superior to
Mix UC in five of the six situations. It is therefore concluded that the
M60 machinegun is not satisfactory for inclusion in the rifle squad.

The deficiencies of the M60 machinegun and its low standing
among other weapon mixes are attributed to the heavy system weight that
required a two-man crew, the difficulty of managing such a heavy weapon
in the moving firing situations, and the fact that even with a two-man crew
its sustainability is marginal.

The opposite is true for Mix SC (seven Stoner rifles and two
Stoner machineguns). This mix was among the top three in target effects
in every situation. It was also superior in target effects to every
US 7. 62mm weapon mix, regardless of the situation. In sustainability,
it dropped in rank order, but in overall effectiveness combined across
all situations, it ranked fourth, again superior to every US 7.62mm mix.
This was despite the Stoner machinegun being subject to numerous mal-
functions and stoppages caused by faulty ammunition and improperly
manufactured belt links. It was nevertheless still able to finish first in
combined target effects for all situations. It is therefore concluded that
the Stoner machinegun can be feasibly Included in the rifle squad in the
automatic rifle role, or possibly in a new squad organization in the role
of a machinegun.

Mix UA (composed entirely of M14 rifles) Is superior to all
other US 7.62mm mixes in target effects, sustainability, and overall
effectiveness, while Mix UB (seven M14s and two M14E2) and Mix LUD
(nine M14E2s) are seventh and ninth, respectively, in target effects,
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and seventh and tenth in overall effectiveness. It is therefore concluded
that a squad equipped entirely with M14 rifles is superior to a squad
equipped with any other US 7.62mm weapon or combination of these
weapons. In like manner, it is concluded that the M14E2 is not satisfac-
tory for use in the rifle role.

It had been hypothesized before the experiment that the Colt rifle
and similar weapons with straight stocks and high sights would be inferior
in pointing fire, because the barrel is low in relation to the sights and
because the weapon is short. This was not supported by experimentation
data. To the contrary, Situation 4 (Approach to Contact), which was
specifically developed to investigate pointing fire, shows that the top
ranking mix in overall effectiveness was the mix composed of nine Colt
rifles. This mix also ranked second in target effects. The variability of
squads was large in this situation, and while Mix CA was first, Mix CB
was only fifth in overall effectiveness and seventh in target effects.
Although the variability of the rank orders and weapon system scores is
too much to conclude that there is a real difference, the trend favors the
Colt rifle with its high sight and straight stock.

The AK47 scores are low in all situations except in the pointing
fire in Situation 4. However, it cannot be concluded that the low target
effects of the AK47 rifle in this experiment are necessarily indicative of
the performance of the AK47 in general. Its barrel is only 16 inches
long and the sights are close together. It seems to be designed primarily
as a submachinegun-type weapon. If the SAWS results were weighted by
range in accordance with the frequency of ranges of actual combat, it
would be expected to do much better. These weapons had also received
heavier wear than the other experimentation weapons. They had all been
well used when received for the SAWS experiment, and the number of
rounds previously fired from them was unknown. Because of the limited
number of weapons, five firers usually shared each weapon. There were
no spares for worn oe broken parts, except for other worn parts canni-
balized from other weapons, and there was a variability in the design
and quality of the ammunition. All of these things may have contributed
to the relatively poor performance of the AK47.

The results in terms of rank order and standard scores for overall
target effects and overall effectiveness across all situations are presented
in the following tables.

These tables, examined in connection with the statistical tables
and graphs for each situation, lead to the conclusion that low impulse
5.6mm weapons are markedly superior to high impulse 7.62mm weapons
in target effects, sustainability,.and overall effectiveness. Mix SC
(seven Stoner rifles and two Stoner machineguns) was superior in target
effects, while Mix CB (seven Colt rifles and two Colt machineguns) was
outstanding in overall effectiveness. However, results of later
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experimentation (described in Part B) indicate that a squad equipped
with only Colt automatic rifles may be superior to any nf the mixes
listed in the tables here.

TARGET EFFECTS ONLY

Rank Order by Situition Rank Order

Situation (All Six Situations Combined)Rank

1 2 4 5 7 8 Rank Mix Std. Score

1 SB CA SC SA C13 SB 1 SC 63.35

2 SA SC CA CB SC SC 2 CB 63.26

3 UB UB SB SB SB CB 3 SB 60.30

4 SC UA UA SC UA SA 4 SA 57.79

5 CB CB RA UA CA CA 5 CA 53.70

6 CA UD UB UD SA UB 6 UA 52.16

7 UA SB CB UC RA UC 7 UB 46.61

8 RA UC UD CA UB UA 8 UC 41.33

9 UC SA SA UB UC RA 9 UD 34.93

10 UD RA UC[ RA UD UD 10 RA 29.88
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OVERALL EFFECTIVENESS A

Rank Order by Situation Overall Rank Orders

Situation (All Six Situations Combined)
Rank 1 2 4 5 7 8 Rank Mix Std. Score

1 CB CA CA SA CB CE 1 CB 67.70

2 SB CB UA CB CA SB 2 CA 63.27

3 SA UA RA SB SC SC 3 SA 59.47

4 UB SC SC SC SB SA 4 SC 58.41

5 CA UB CB CA UA CA 5 SB 58.23

6 SC UD SB UA SA UC 6 UA 52.38

7 UA SA UB UD RA UB 7 UR 45.32

8 RA SB SA UC UC UA 8 UC 38.93

9 UD UC UC RA UB RA 9 RA 35.12

10 UC RA UD UB UD UD 10 UD 33.93

A Sustalnability weighted 1/3; target effects weighted 2/3

Series 1 Integrated Scores

Key:

UA - 9 M14 Rifles SB - 7 Stoner Rifles and

UD - 9 M14E2 Rifles 2 Stoner AR

UB - 7 M14 Rifles and SC - 7 Stoner Rifles and

2 M14E2 AR 2 Stoner MG

UC - 5 M14 Rifles and CA - 9 Colt Rifles

2 M60 MG CB - 7 Colt Rifles and

SA - 9 Stoner Rifles 2 Colt AR

RC - 7 AK47 Rifles and RA - 9 AK47 Rifles

2 RPD MG
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B. SUPPLEMENTARY RIFLE SQUAD EXPERIMENT

Three special weapons mixes were fired In addition to the weapon
mixes already described. These mixes were MC (seven Colt rifles
and two Stoner machineguns), CY(S) (nine Colt automatic rifles), and
CY(T) (nine Colt rifles). Three control mixes were fired: MB (seven
Colt rifles and two Colt automatic rifles), CX(T) (nine Colt rifles), and
CX(S) (nine Colt rifles). The (S) and (T) denote semiautomatic and
two-round burst, respectively. The effects of these mixes for Situations
1, 2, 4, 5, 7, and 8 are presented in Table 6-1.

1. MC Versus MIB

Analysis of the table shows that in terms of both target
effects and sustainability there is a great deal of variation across the
six rifle situations. Generally speaking, Mix MC is better in target
effects in three of the-six situations, although never by a tactically
significant amount. In the other three situations, Mix MC and Mix MB
are equal in target effects. In three of the six situations, however, MB
is better than MC in sustainability, while in two situations the mixes are
equal. Mix MC is slightly better (4 percent) In the remaining situation--
an advantage that could be due to chance factors. Therefore, it is con-
cluded that there are no tactically significant differences in overall
effectiveness between Mix MC (seven Colt rifles and two Stoner machine-
guns) and Mix MB (seven Colt rifles and two Colt automatic rifles). In
effect, as both mixes had seven rifles, it can be concluded that two Colt
automatic rifles are equivalent to two Stoner machineguns. Note that in
experimentation results for the September 1965 to December 1965 experi-
mentation, it was concluded that the Stoner and Colt rifles were approxi-
mately equivalent in target effects. Also the scores of Mix SC (seven
Stoner rifles and two Stoner machineguns) and Mix CB (seven Colt rifles
and two Colt automatic rifles), when totalled for all six situations, were
the two top ranking mixes with almost identical scores in overall target
effects: 64.5 and 62.8. Thus the equivalence of Stoner rifles and Colt
rifles, as well as Colt automatic rifles and Stoner machineguns, becomes
apparent. When sustainability is considered, however, a mix composed
of seven Colt rifles and two Colt automatic rifles becomes clearly
superior in overall effectiveness.

2. CX Versus CY

Results show that Mix CY (nine C..it automatic rifles) is
superior to Mix CX (nine Colt rifles) in terms of target effects achieved.
However, this increase in target effects is traded for an approximate
11.5 percent loss in sustainability caused by the increased weight of the
Colt automatic rifle. Mix CX (nine Colt rifles) is superior to Mix CY
in sustainability. However, the Colt automatic rifle, although heavier than
the Colt rifle, can still, within its 17-pound system weight, carry 265
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Table 6-1

EFFECTS OF SPECIAL WEAPON MIXES

mix CET Near Target Total
(Minutes) Misses Hits lilts

Situation 1

MC 26.35 632.76 56.75 3.37 3.49

MB 26.82 590.34 64.43 3.69 3.96

CY(T) 25.86 593.81 61.45 4.06 4.56

CY(S) 25.92 571.39 64.08 5.64 5.64

CX(T) 26.84 529.67 68.86 2.28 2.28

CX(S) 25.50 441.57 71.26 4.91 5.43

Situation 2

MC 82.20 421.25 31.25 9.00 9.20

MB 85.47 420.25 40.09 8.38 8.54

CY(T) 85.19 441.00 38.86 8.25 8.75

CY(S) 79.93 426.00 38. 62 10.75 10.75

CX(T) 86.38 405.75 44.72 7.75 8.00

CX(S) 85.59 364.25 56.13 8.25 9.00

Situation 4

MC 1.04 -- 76.54 29.62 45.88

MB 2.00 -- 78.08 30.50 50.12

CY(T) 1.91 -- 73,01 32.00 '52.75

CY(S) 1.97 -- 87.86 32.25 52.50

CX(T) 1.91 -- 77.85 31.00 46.75

CX(S) 1.82 -- 90.61 31.75 45.75
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Table 6-1

EFFECTS OF SPECIAL WEAPON MIXES (Concluded)

mix CET Nc ar Sustainability Target Total
(minutes) Misses Hits Hits

Situation 5

MB 32.99 257.50 63.78 12.12 13.76

MC 35.48 279.62 58.95 10.88 11.42

CY(T) 38.10 268.75 34.68 8.75 10.25

CY(S) 39.63 256.50 35.51 8.50 8.50

CX(T) 38.52 255.00 49.38 8.50 9.00

CX(S) 41.49 184.00 45.42 6.25 6.50

Situation 7

MC 4.38 -- 68.62 52.50 93.38

MB 4.39 -- 64.82 53.50 94.63

CY(T) 4.60 -- 71.03 50.25 87.25

CY(S) 4.76 -- 84.75 51.50 83.00

CX(T) 5.01 -- 75.61 51.50 80.25

CX(S) 4.61 -- 85.18 51.25 78.25

Situation 8

MC 5.47 -- 55.41 31.13 55.25

MB 5.58 -- 54.45 29.00 48.86

CX(T) 5.30 -- 58.57 33.50 59.75

CX(S) 4.69 -- 55.57 36.25 64.25

CY(T) 4.92 -- 57.55 35.75 65.50

CY(S) 4.83 -- 56.93 34.50 58.00
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rounds as opposed to 100 for the M14, 180 for the Stoner rifle, and 300
for the Colt rifle. The additional weight of the barrel is equal to one
full 30-round magazine plus five rounds. Thus, the Colt automatic rifle
although able to carry 35 -rounds less ammunition than the Colt rifle,
is still a lighter weapon, and can carry more ammunition than any of
the other rifles or automatic rifles. The heavier barrel also allows
the weapon to sustain its fire longer than the Colt rifle without damage
to the barrel.

3. M• Versus CY

A comparison of Mix CY (nine Colt automatic rifles) with Mix
MC (seven Colt rifles and two Stoner machineguns) shows the two mixes
are approximately equal in target effects but that Mix CY has a slight
advantage in sustainability. This portion of the experiment therefore
indicated that the most feasible weapon mix may be one equipped entirely
with Colt automatic rifles.

In all identical rifle situations during the entire experiment, mixes
composed of nine rifles compared favorably, and did better in some
cases, with mixes composed of seven rifles and two machineguns.
Furthermore, when the scores secured by seven-man machinegun squads
in the machinegun experiment are compared to the scores of the nine-man
rifle squads in corresponding situations, the nine-man rifle squads are
found generally superior to the machinegun squads in target effects,
sustainability, and overall effectiveness. Table 6-2 compares the scores
for the top ranking rifle squad mixes and the scores representing the
average of all rifle squad mixes for each measure of each situation with
the scores for the top ranking machinegun squad for each measure of
each situation. Also given are the scores of the squad mix equipped
entirely with Colt automatic rifles in their best mode of fire. The scores
for the machinegun squads mix and the mix composed of Colt automatic
rifles are inflated because some of their members had previously fired
in the various situations in the original rifle squad experiment.

These factors lead to the hypothesis that seven riflemen should be
more effective than a seven-man machinegun squad (two guns with a
squad leader, two gunners, two assistant gunners, two ammunition
bearers). It does not seem unreasonable then to hypothesize the elimina-
tion of all small arms weapons but one. Squads equipped only with Colt
automatic rifles might then replace all machinegun squads and all squads
using both rifles and automatic rifles.

Further, it is judged that the increased target effects of Colt auto-
matic rifles over the rifle are due to the additional stability offered by
the heavier barrel. If this is so, the newly developed XM148 grenade
launcher attachment for use on the Colt rifle should provide the extra
weight necessary to achieve a stability for the Colt rifle comparable to
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Table 6-2 COMPARATIVE SCORES OF SPECIAL WEAPON MIXES

Mix CET Near Sustainability Target Total
Mix [(Minutes)j Misses S Hita Hits

(Rifle Situation 1 - No Comparable Machinegun Situations)

Rifle Situation 2 - Machinegun SItuation 3

Top MG Mix 87.8 273.8 41.8 6.8 7.8

Top Rifle Mix 77.5 345.0 50.5 10.7 12.6

Average All
Rifle Squad 80.9 283.7 23.8 9.1 9.6
Mixes

All Colt ARAll 79.9 426.0 38.6 10.8 10.8
Mix____

(Rifle Situation 4 - No Comparable Machinegun Situation)

Rifle Situation 5 - Machinegun Situation SA

Top MG Mix 40.0 198.5 69.3 7.9 8.3

Top Rifle Mix 38.6 207.3 84.8 8.9 10.2

Average All
Rifle Squad 40.6 141.5 63.1 6.5 6.9
Mixes

All Colt AR 38.1 268.8 34.7 8.8 10.3
Mix

(Machinegun Situation G - No Comparable Rifle Situations)

Rifle Situation 7 - Machinegun Situation 9

Top MG Mix 8.0 -- 79.9 43.0 67.0

Top Rifle Mix 4.1 -- 94.8 56.0 90.5

Average All
Rifle Squad 5.6 69.1 50.5 76.7
Mixes

All Colt AR Mix* 4.60 71.0 50.3 87.3

NOTE: Colt automatic rifle scores in this table are based on automatic
fire. The best rifle mix in CET (4. 1 min) in this situation was Mix CB
(seven Colt rifles and two Colt automatic rifles) when the rifles were
firing semiautomatic fire. In Series 1, when the same mix CB fired
automatic fire, the CET was an unsatisfactory 5.98 minutes. If the
Colt automatic rifle squads had fired semiautomatic, their expected
score would have been less than 4 minutes, which is superior to all
other mixes.
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that of the Colt automatic rifle. The only disadvantage would be a

shorter barrel life during sustained fire because of the rifle's lighter
barrel. Thus, providing the Colt rifle with a SPIW-type dual "area
fire-point fire" capability may, at the same time, provide the extremely
desirable additional effect of providing added stability and better point
fire target effects commensurate with those of the Colt automatic rifle
and Stoner machinegun.

These fire effectiveness results and hypotheses warrant further
testing. If these hypotheses are valid, their implications would be
revolutionary. The cost effectiveness and associated logistic advantages
of one weapon to replace the present rifle, automatic rifle, grenade
launcher, and machinegun, are unquestionable.

Such a choice becomes more imperative if the one weapon, for
example, Colt rifle with XM148 grenade launcher attachment) suggested
to replace all other weapons has a proven fire superiority in every role
over each of the weapons that it is proposed to replace--rifle, automatic
rifle, machinegun, and M79 grenade launcher.

Within the current weapons inventory, the choice therefore, seems to

become one of choosing among:

1) A squad equipped entirely with Colt automatic rifles

2) A squad equipped entirely with Colt rifles with
XM148 grenade launchers

3) A squad equipped with a combination of Colt
automatic rifles and separate grenade launchers
(such as the M79)

The answer can come only through additional fire effectiveness experi-
mentation. It should be dealt with in the IRUS study.
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C. MACIIINEGUN SQUAD EXPERIMENT

1. Situation 3: Machinegun Squad in Fire Support of the Assault

This situation evaluated machinegun squad weapon mixes firing
supporting fire from hastily prepared foxholes at partially concealed and
unconcealed targets in foxholes at a range of 269 to 326 meters. Machine-
guns of the squad were positioned 25 meters apart rnd fired at the same
target array as in Situation 2.

Mixes firing in Situation 3 were UF (M60 tripod, T&E), UE (M60
bipod), SF (Stoner tripod T&E), SE (Stoner bipod), RF (Soviet DPM bipod),
and RE (Soviet RPD bipod). The first five mixes were fired before Mix RE,
which was not available at the time. Mix RF did not fire tracer ammunition
the first time, and was fired again with tracer with the RE mix. Stoner
Mixes SE and SF are not directly comparable to the other three mixes
because of excessive misfires caused primarily by faulty ammunition
(see Table 5-1).

Results for Situation 3 appear below, the first five squad firings first,
followed by the later RE and RF firings.

Near Percent Ammuni- Targets Total

Mix CET Misses tion Remaining Hit Hits

UF 87.79 273.8 41.8 6.8 7.8

UE 92.58 246.3 51.2 4.2 5.0

SF 94.09 139.3 84.7 3.4 4.0

SE 95.38 99.2 88.3 3.0 3.1

RF 96.03 109.2 70.5 3.3 3.8

i Near Percent Ammuni- Targets Total

Misses tion Remaining Hit Hits

RE 92.87 246.6 51.2 5.8 6.0

RF 99.06 119.5 64.0 3.0 3.3

2. Situation 5A: Machinegun Squad as a Base of Fire Supporting the

Advance (375 to 560 meters)

Machinegun squad mixes fired on two arrays of enemy targets
from unprepared firing positions. Duration of fire was 4 minutes, with
the first 2 minutes directed toward an array of 14 targets occupying an
area 60 meters wide and 42 meters deep. The range from firers to
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targets was 379 to 445 meters. The second 2 minutes of fire was delivered
against an array of 13 targets occupying an area 45 meters wide and 62
meters deep, at ranges of 477 to 560 meters. The technique of fire em-
ployod was distributed fire throughout the sector, with point fire used
when targets were seen or when weapon simulators gave specific cues
to a target location. All firers had previously fired on these same arrays
but from different positions. A summary of data is presented below.

Near Percent Ammu;,i- Targets Total
M Misses tion Remaining Hit Hits

TL'F 40.03 198.5 69.29 7.92 8.30

UE 41.98 189.3 72.18 5.83 5.83

RE 42.25 120.0 89.52 5.10 6.10

SE 42.98 89.0 93.88 4.60 5.20

SF 44.13 107.3 91.80 3.17 3.67

RF 45.01 63.0 85.25 2.12 2.12

3. Situation 6: Machinegun Squad in Fire Support of the Advance
(446 to 753 meters)

This situation evaluated machinegun squad weapon mixes
against 40 targets with a programmed total target exposure time of
66.380 minutes. The targets were divided into three target arrays, X,
Y, and Z. Ranges for Array X were from 603 to 646 meters, for
Array Y from 690 to 753 meters, and Array Z from 446 to 488 meters.
The programmed total target exposure time for Array X was 22.256
minutes (see Table B-21).

The machineguns firing Situation 6 were the same as those fired in
Situation 3. Note that the Stoner machineguns had excessive stoppages
(see Table 5-1) caused by faulty ammunition, and are therefore not
directly comparable to the other mixes. Because of different firing con-
ditions, the Soviet mixes (RE and RF) are also not directly comparableto the other machinegun mixes.

Near Percent Ammuni- Targets Total
Misses tion Remaining Hit Hits

UF 56.48 308.16 65.47 12.17 13.83
SF 63.07 183.17 89.86 6.00 7.00
UE 63.59 228.00 78.49 6.00 7.00

RE 64.49 133.20 93.41 6.40 6.80

SE 66.78 100.67 94.85 4.33 4.83

RF 68.82 50.75 82.61 2.25 1.26
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4. Situation 9: Machlnegun Squad In Defense Against Attack

This situation evaluated the machinegun squad and mixes firing
from hastily prepared foxholes at visible targets advancing from 345 to
45 meters. There were 50 targets, some of them appearing more than
once. Their programmed total target exposure time was 15.976 minutes
(see Table B-22 and Range B Sketch Map, Annex B.)

Near Percent Ammuni- Targets Total

Misses tion Remaining Hits Hits

UF 8.03 -- 79.92 43.08 66.98

RF 8.59 -- 82. 33 40.37 57.23

SF 8.81 -- 90.86 39.65 68.27

SE 8.94 -- 95.24 38.92 59.78

UE 9.13 -- 88.10 39.45 65.05

Near Percent Ammuni- Targets TotalMisses tion Remaining Hit Hits

RE 9.37 87.87 35.40 60.20

RF* 9.96 80.98 34.50 51.50

* Second series for Mix RF

5. Discussion

The M60 tripod mounted machinegun mix was consistently better
than the M60 bipod mounted mix. The poor performance of the Stoner
machinegun mixes, particularly in sustained fire (Situations 3 and 6),
was caused by a high rate of misfires. The Stoner machinegun fired
20 percent less ammunition than the M60 although it has a higher rate
of field fire. (See Section V, Materiel Reliability.) Gunners often had
to recharge the Stoner weapons. This necessitated relaying and pre-
vented effective adjustment of fire.

The Stoner machineguns did better in the day defense situation than in
the other two situations. They ranked third and fourth behind the tripod
mounted M60 and Soviet DPM and ahead of the bipod mounted M60 in
CET. This situation, because it did not emphasize sustained fire, made
fewer demands on mechanical reliability than did the base of fire situa-
tions. There were intervals between target appearances that sometimes
allowed stoppages to be cleared, but firing time was still lost.
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For these reasons, and because of a difference in time frame for

the firing of the Soviet weapons, the experimentation results provide no

basis for directly evaluating any of the experimentation raachinegun

types against one another in the machinegun role.

I
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SECTION VII

DUPLEX AMMUNITION EXPERIMENT

A. RIFLE DUPLEX AMMUNITION EXPERIMENT

The US 7.62mm M14 rifle squad mixes (UA and UB) were fired in
December 1965 and January 1966 in an experiment designed to compare
the effectiveness of duplex ball ammunition and simplex ball ammunition
for rifles.

Because the squads had already fired each situation during the earlier
rifle experiment, they were generally familiar with the ranges; conse-
quently, the duplex scores could not be compared directly with the earlier
scores of the other 5.56mm and 7.62mm rifle mixes.

To allow an adjustment whereby the effects of squads firing duplex
ammunition could be directly compared with other mixes, Mixes UA
(nine M14 rifles) and UB (seven M14 rifles and two M14E2 automatic
rifles) were divided. Three squads of each mix fired the duplex experi-
ment, while a control group fired ball ammunition and the other three
squads fired duplex ammunition. In both the duplex and ball ammunition
squads, the firers in the two automatic rifle foxholes fired tracer and
ball ammunition in the same modes of fire as in Series 1. Thus, the
ammunition and firing modes for the two automatic rifle position remained
constant for both duplex and ball ammunition squads for both mixes. Con-
sequently, any differences in fire effectiveness can be attributed to the
effects of the ball ammunition or duplex ammunition being used by the
riflemen in the seven positions other than the automatic rifle positions
(2 and 8 in Situation 1; 3 and 7 in Situations 2, 4, and 5; 4 and 7 in Situa-
tions 7 and 8).

By the use of control groups firing ball ammunition, the increase in
scores as a result of learning and similar effects could be computed.
Thus, the percentage of the increase in scores of squads firing duplex that
was due to learning and the percentage that was due to duplex ammunition
could be determined. These figures were then used to compute the score
for the UA and UB mixes that would have been expected had the mixes
fired duplex ammunition instead of ball ammunition their first time in
each situation (Series 1). These adjusted scores ("expected" duplex
scores) are directly comparable with the scores of other rifle mixes in
the original rifle squad experiment.

The results are presented in two tables. Table 7-1 shows the raw
scores of the duplex squads compared with the control squads firing ball
ammunition for each of the six rifle squad situations. Probability
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Table 7-1

RAW SCORE RESULTS
"(Rifle Duplex Experiment)

Effectiveness Duplex Ball
Measures SD SD

Situation 1 - Rifle Squad in Line Assault

CET (min.) 21.66 2.06 21.52 3.27 0.090 >0.400

Near MIsses 680.00 44.20 399.83 71.25 8.186 < .001

Sustainability 65.10 5.64 61.42 5.60 1.135 .142

Targets Hit 7.31 2.81 7.66 2.26 0.239 > .400

Total Hits 8.33 2.69 8.46 2.44 0.090 > .400

Situation 2 - Rifle Squad as Base of Fire Supporting the Assault

CET (min.) 74.03 8.64 80.50 6.27 1.372 .103

Near Misses 412.20 93.29 308.00 44.33 2.470 .018

Sustainability 14.57 8.64 15.58 5.47 0.226 > .400

Targets Hit 13.50 3.39 11.25 2.22 1.269 .124

Total Hits 15.17 3.76 12.00 2.94 1.488 .090

Situation 4 - Rifle Squad in Approach to Contact

CET (min.) 1.78 0.054 1.87 0.26 0.827 .216

Near Misses -- -- -- -- -- --

Sustainability 59.05 9.87 69.58 7.43 2.088 .034

Targets Hit 31.83 2.48 32.17 3.06 0.211 > .40

Total Hits 78.67 8.31 48.50 11.15 5.314 < 0.001
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Table 7-1

RAW SCORE RESULTS
(Rifle Duplex Experiment) (Concluded)

Effectiveness Duplex Ball I
Measures I SD X 1SD

Situation 5 - Rifle Squad as Base of Fire Supporting the Advance

CET (min.) 37.88 3.99 39.14 4.61 0.506 0.313

Near Misses 229.33 76.15 138.33 67.75 2.187 .027

&zstalnability 46.83 9.03 52.37 6.20 1.239 .124

Targets Hit 7.33 2.25 7.67 2.66 0.239 >.400

Total Hits 9.50 4.09 8.17 3.19 0.628 .273

Situation 7 - Rifle Squad in Defense Against Attack

CET (rin.) 4.35 0.7 4.40 1.1 0.12 >.40

Near Misses -- -- -- -- -- --

Sustainability 43.2 13.0 50.5 12.5 1.21 .12

Targets Hit 53.0 2.1 52.7 2.3 0.29 .39

Total Hits 114.3 10.4 91.1 11.5 4.49 .0005

Situation 8 - Rifle Squad in Night Defense

CET (min.) 6.33 0.3 6.78 0.2 3.7 .002

Near Misses -- -- -- -- -- --

Sustainability 19.4 3.5 27.1 12.5 1.8 .04

Targets Hit 17.6 3.4 17.0 2.9 0.4 .35

Total Hits 39.0 12.3 30.9 7.9 1.7 0.07
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valu.v (p) have bf-vn computed, using a two-sample t-statistic (ree Section
Ill. page 3-3, for an explanation of vrobability values).

Table 7-2 show:. 'we exp(,cP.,(i duplex scores. These are the scores
that would have becl expected if the rifle squads had fired duplk ; instead
of ball ammunition in this first firing of the various situations. The first
firing scores were adjusted by applying mathematical corrections derived
from the first firing scores of the original rifle squad experiment and the
duplex experiment firing scores of all six squads of each mix. The scores
are directly comparable and represent the contributions of all six squads
of each mix. The scores in each case represent the average score of
Mix UA and UB combined.

Duplex ammunition provides an advantage in near misses in the
assault (125 to 15 meters). An advantage would then also be expected to
accrue on the number of concealed undetected targets hit; however, in
terms of hits and total number of hits on detected targets, there is no
improvement evident as a result of firing duplex in the assault situation
(Figures 7-1 an.6 7-2).

In the approach to contact situation (Pointing Fire, 15 to 163 meters),
there are no tactically significant differences between duplex and ball am-
munition, except for the total number of hits on targets that were hit. No
more targets were hit by using duplex, but when a target was hit by a squad
using duplex, it was hit with an average of 2.5 to 3 bullets (Figure 7-3).

In the longer range supporting fire of Situation 5 (390 to 545 meters),
duplex ammunition provided a significant increase in the number of near
misses and possibly a small increase in the total number of hits on targets
that were hit. There was no increase in the number of targets hit. How-
ever, in the shorter range supporting fires of Situation 2 (300 meters), du-
plex ammunition resulted in increases in all target effects (CET, hear misses,
number of targets hit, and total number ok hits) (Figures 7-4 through 7-7).

In Situations 7 and 8, aimed fire against visible point targets (45 to
320 meters), duplex ammunition provided a clear superiority in the total
number of hits on targets that were hit. Although a small numerical ad-
vantage in the number of targets hit accrued in this situation, (he large
variability in squad scores indicates this difference is the result of chance
variations (Table 7-1). See Figures 7-8 and 7-9 for cumulative exposure
time by range and target.

In five of the six rifle situations, the number of rounds fired by the
squads using duplex ammunition was greater than for the squads using ball
ammunition. The reason cannot be explained. Since both groups had
equal experience on the range, equal training, and equal weapons, it was
hypothesized that both would fire the same amount of ammunition. This
result merits further investigations.
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Table 7-2

EXPECTED DUPLEX SCORE
(Rifle Duplex Experiment)

Effectiveness Measures Original Ball Ammunition Expected
Score (UA and UB) Duplex Score

Situation I - Rifle Squad in Line Assault

CET (min.) 24.8 26.3

Near Misses 314.2 448.0

Sustatnability 46.4 59.7

Targets Hit 4.5 3.8

Total Hits 4.6 4.0

Situation 2 - Rifle Squad as Base of Fire Supporting the Assault

CET (min.) 78.8 72.4

Near Alisses 285.5 382.6

Sustainability 16.2 17.0

Targets Hit 10.4 14.2

Total Hits 11.5 18.1

Situation 4 - Rifle Squad in Approach to Contact

CET (min.) 2.05 2.01

Near Misses -- --

Sustainability 75.2 62.1

Targets Hit 30.4 27.9

Total Hits 47.1.- - 83.1
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Table 7-2

EXPECTED DUPLEX SCORE
(I1iflc Duplex Experiment) (Concluded)

Original Ball Ammunition Expected
Effectiveness Measures Score (UA and UB) Duplex Score

Situation 5 - Rifle Squad as Base of Fire Supporting the Advance

CET (rain.) 41.4 41.0

Near Misses 118.3 179.7

Sustainability 57.4 51.0

Targets Hit 5.7 6.7

Total Hits 5.7 6.7

Situation 7 - Rifle Squad in Defense Against Attack

CET (min.) 5.9 5.6

Near Misses --..

Sustainability 61.3 51.3

Targets Hit 48.3 48.6

Total Hits 71.3 96.3

Situation 8 - Rifle Squad in Night Defense

CET (min.) 6.8 6.4

Near Misses -- --

Sustainability 44.9 36.3

Targets Hit 20.6 20.8

Total Hits 25.6 30.9
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It would be expected that as more duplex rounds were fired, an
increase in target effects would be achieved, even if duplex had not been
used. This could have been expected as a result of the greater number of
rounds fired; however, although that might have accounted for the increases
in the number of targets hit and the lower CETs, it was not great enough
to account for the consistent superiority in both number of near misses
and the total number of hits per target.

The use of duplex ammunition cannot be considered detrimental when
used with the rifle in any situation at ranges between 15 and 545 meters.
Moreover, duplex provided marked advantages under some circumstances,
particularly in the area of number of near misses as an index of suppres-
s!ve effect and distribution of fire. Within the framework of the
USACDCEC experiment, it is concluded that duplex ammunition does not
significantly decrease effectiveness under any circumstances, and under
some circumstances, it increases effectiveness.

In Table 7-3, the expected duplex scores for the M14 rifle squads
(UA and UB) are compared to the top ranking mix in each of the six rifle
situations. The better score in each case is indicated by an asterisk.

The concept of duplex ammunition applies equally to both 7.62mm and
5.56mm ammunition. The increase in target effects achieved with 7.62mm
duplex ammunition cannot be interpreted as a rationale for a choice of
7.62mm weapons over 5.56mm. Any advantages accruing to 7.62mw
weapcns from the use of duplex must also be attributed to 5.56mm weap-
ons with duplex. Although not specifically tested in the experiment,
5.56mram duplex ammunition has been satisfactorily produced and tested
in earlier laboratory and field experimentation by the Operations Research
Office. I This ammunition weighs only about half that of 7.62mm duplex
ammunition. Because current 5.56mm weapons are also lighter than
7.62rnm weapons, an additional weight advantage is obtained. This com-
bined weight advantage allows the soldier, to carry up to three times as
much 5.56mm ball ammunition as 7.62mm duplex ammunition for the
same rifle system weight (Colt rifle versus M14).

Analysis shows that although the effects per round of ammunition are
greater for 7.62mm duplex than for 5.56mmt ball ammunition under cer-
tain circumstances, the effects per pound of ammuniticn are always
significantly greater for 5.56mm ball than for 7.62mm duplex. Although
duplex ammunition provided some advantages, greater advantages are
considered possible, for it is believed that the duplex ammunition pro-
vided to USACDCEC did not meet all military ammunition requirement
standards and that better quality control could have been exercised.

I Operations Research Office, SALVO II Rifle Experiment Preliminary

Results (U), Johns Hopkins University, March 1958. CONFIDENTIAL

7-15

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 663 of 804   Page ID
#11149



Table 7-3

YXPVCTED I)UPLEX SCOIRES COMPAIIED WITH
TOP RANKEID RIFLE MIXES

(Rifle Duplex Experiment)

Effectiveness I Best Mix and Raw UA Expected UB Expected
Mleasures Score (first firing) Duplex Score Duplex Score

Situation I - Rifle Squad in Live Assault

CET (min.) U1 24.1* 27.0 25.6
Near Misses SC 499.6' 438.0 458.0

Sustaiinahilitv CA 72.2* 61.2 58.2

Targets lilt UB 5.1' 3.4 4.4

Total hits S13 5.2* 3.5 4.5

Situation 2 - Rifle Squad as Base of Fire Supporting the Assault

CET (min.) UA 77.5 72.0* 72.8
Near Misses C13 345.0 345.0 420.2*

Sustainability CA 50.35 23.0 13.0

Targets flit -A 10.7 14.4' 14.0

Total flits UA 12.6 19.8* 16.4

Situation 4 - Rifle Squad in Approach to Contact

CET (min.) SC 1.953 1.99 2.03

Ne;ir Misses .. -- --

Sust:inability CB 80.8* 65.1 59.1

Targzets lilt SC 30.8" 27.5 28.3

Total Hlits SC 53.8 87.1' 79.1

" Better score

Note: Although Mix UB was in first place in Situation 1 in CET and
Targets Hlit when using ball ammunition, its expected duplex
scores result in a drop to 7th and 4th place, respectively.
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Table 7-3

EXPECTED DUPLEX SCORES COMPARED WITH
TOP RANKED RIFLE MIXES

(Rifle Duplex Experiment) (Concluded)

Effectiveness Best Mix and Raw UA Expected UB Expected
Measures Score (first firing) Duplex Score I Duplex Score

Situation 5 - Rifle Squrd as Base of Fire Supporting the Advance

CET(min.) CB 38.6* 40.0 42.0

Near Misses SA 207.3 207.5* 151.9

Sustainability CA 84.8* 52.5 49.5

Targets Hit SA 8.9* 7.6 5.8

Total Hits SA 10.2* 7.6 5.8

Situation 7 - Rifle Squad in Defense Against Attack

CET (min.) CB 4.15' 5.0 6.2

Near Misses ........

Sustainability CB 94.8' 61.5 41.1

Targets Hit SB 56.0* 49.0 48.2

Total Hits CB 90.5 92.0 100.6*

Situation 8 - Rifle Squad in Night Defense

CET (min.) SB 6.0 6.4 6.0

Near Misses ........

Sustainability CB 69. 4* 35.3 37.3

Targets Hit CB 25.5* 18.3 22.3

Total Hits SC 38.0* 29.0 32.8
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Further Immeliat,,e v\,primentation with duplex ammunition, particularly

5.5f;mm, is considered necessary.

13. AUTOMATIC ilFIE DI',LEX AMMUNITION EXPERIMENT

Mix UD (nine M14E2 rifles) was also fired in the duplex experiment.
Three squads of the mix fired duplex ammunition and the other three fired
ball as a control. All weapons fired two-round bursts, and the weapons
in the automatic rifle positions (2 and 8 in Situation 1; 3 and 7 in Situations
2, 4 and 5: .1 and 7 in Situations 7 and 8) fired a mixture of half tracer and
half ball ammunition in both the duplex squads and control squads.
Results, present&,d in the same format as for the rifle duplex experiment,
are given in tables for ra. scores and expected scores (Tables 7-4 and 7-5).

Duplex provided a mark(ed advantage in the assault and approach to
contact -- (the two moving situations when the weapon was fired in shoulder
pointed unaimed fire). In Situation 7 (aimed fire at point targets ) duplex
provi(led a tactically significant increase in the number of hits on targets
that were hit. Although duplex provided an advantage in some situations,
the numerical results of the firing in other situations (for example, Situ-
ation 5) indicated that ball ammunition i. superior in automatic fire at
longer ranges. The sample size, however, was small (three squads per
group), and the varial)ility of performance great. These differences may
have occurred as the result of such chance factors as weather (Figures
7-10 through 7-12).

C. M60 MACITINEGUN DUPLEX AMMUNITION EXPERIMENT

The M60 biped and tripod machinegun mixes that had originally fired
during the Septemmber-December 1965 experimentation period fired each
of the three machine;gun situations again in January 1966. At that time,
half of each mix fired ball ammunition and the other half duplex. Both
halves used a mixture of one tracer to four rounds of nontracer ammuni-
tion.

Results are presented below in two tables. Table 7-6 presents the
raw scores of the duplex squad compared to the control squads firing ball
ammunition. Scores are given for squads using bipod machineguns (UE)
and squads using tripod machineguns (UF) for each of the three machine-
gun situations (Situation 3, fire support of the assault; Situation 6, fire
support of the advance; Situation 9, defense against attack). These raw
scores represent small sample sizes (three squads) and the scores
obtained after having already fired the various situations previously. To
reduce the effects of inherent squad variabilities and put the scores in a
format that would give the best estimate of what scores would have been
obtained by all squads of the mixes if they had fired duplex instead of
ball on their first firing in each situation, the scores were mathematically
adjusted to eliminate the effects of learning and squad proficiency
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Table 7-4

RAW SCORE RESULTS
(Automatic Rifle Duplex Experiment)

Effectiveness Ammunition

Measures Duplex Ball P
R 1SD SD

Situation 1 - Rifle Squad in Line Assault

CET (min.) 24.73 2.12 26.07 0.60 1.06 0.18

Near Misses 562.67 53.38 288.00 95.14 4.36 .006

Sustainability 72.67 6.27 65.93 4.06 1.56 .10

Targets Hit 5.29 0.64 2.83 1.93 2.10 .05

Total Hits 5.66 1.28 2.83 1.93 2.12 .05

Situation 2 - Rifle Squad as Base of Fire Supporting the Assault

CET (min.) 77.06 1.01 82.09 6.43 1.34 .13

Near Misses 258.3 36.68 250.17 13.01 0.34 .38

Sustainability 7.23 7.07 11.73 7.80 0.74 .23

Targets Hit 11.33 1.15 9.33 2.31 1.34 .13

Total Hits 11.33 1.15 9.33 2.311 1.34 .13

Situation 4 - Rifle Squad in Approach to Contact

CET (min.) 1.82 0.093 1.87 0.11 0.62 .29

Near Misses -- -- -- -- -- --

Sustainability 21.10 24.13 20.40 27.0 .03 > .40

Targets Hit 33.33 1.15 30.33 1.5 2.71 .03

Total Hits 69.00 6.24 43.67 1.2 6.91 .002
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Table 7-4

RAW SCORE RESULTS
(Automatic Rifle Duplex Experiment) (Concluded)

ct sAmmunition
Effle iveness

Measures Dulex Ball t pSSD SD

Situation 5 - Rifle Squad as a Base of Fire Supporting the Advance

CET (rin.) 38.50 8.44 37.80 2.6 0.137 >.40

Near Misses 141.67 107.39 173.33 40.8 0.477 .33

Subtainabillty 47.60 4.16 56.57 6.8 1.949 .07

Targets Hit 7.33 4.58 7.67 4.2 0.467 .33

Total Hits 7.33 5.13 8.67 4.2 0.351 .37

Situation 7 - Rifle Squad in Defense Against Attack

CET (min.) '3.2 1.1 5.3 .4 .37 .37

Near Misses -- -- -- -- -- --

Sustainability 65.6 1.0 61.0 5.5 1.44 .11

Targets Hit 50.8 2.4 48.7 4.2 .78 .21

Total Hits 99.8 12.8 77.8 3.5 2.86 .02

Situation 8 - Rifle Squad in Night Defense Against Attack

CET (min.) 6.6 .34 6.73 .59 .37 .37

Near Misses -- -- -- -- -- --

Sustainability 1.0 1.7 4.0 3.6 1.30 .13

Targets Kit 14.7 1.5 15.0 3.0 .17 >.40

Total Hits 30.3 4.9 27.7 6.8 .55 0.31
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Table 7-5

EXPECTED DUPLEX SCORES
(Automatic Rifle Duplex Experiment)

Effectiveness Original Ball Ammunition Expected Duplex Score
Measures Score (UD)

Situation 1 - Rifle Squad in Live Assault

CET (min.) 25.5 22.5

Near Misses 203.3 402.5

Sustainability 43.4 59.4

Targets Hit 2.9 7.5

Total Hits 2.9 7.5

Situation 2 - Rifle Squad as Base of Fire Supporting the Assault

CET (min.) 78.6 75.4

Near Misses 272.0 227.1

Sustainability 7.8 25.9

Targets Hit 8.8 7.6

Total Hits 9.5 7.8

Situation 4 - Rifle Squad in Approach to Contact

CET (min.) 2.1 1.9

Near Misses -- --

Sustainability 42.0 46.2

Targets Hit 27.8 34.9

Total Hits 38.6 76.3
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Table 7-5

EXPECTED DUPLEX SCORES
(Automatic Rifle Duplex Experiment) (Concluded)

Effectiveness Original Ball Ammunition Expected Duplex Score
Measures Score (UD)

Situation 5 - Rifle Squad as Base of Fire Supporting the Advance

CET (min.) 40.3 43.7

Near Misses 125.5 83.5

Sustainability 52.1 43.8

Targets Hit 6.5 4.2

Total Hits 6.7 4.2

Situation 7 - Riflt. Squad in Defense Against Attack

CET (min.) 6.8 8.0

Near Misses -- --

Sustainability 43.1 37.5

Targets Hit 44.9 42.7

Total Hits 70.2 80.9

Situation 8 - Rifle Squad in Night Defense Against Attack

CET (min.) 7.6 7.8

Near Misses -- --

Sustainability 38.1 32.1

Targets Hit 15.3 8.3

Total Hits 19.2 16.7
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Table 7-6

RAW SCORE RESULTS
(lachinegun Duplex Experiment)

Ammunition
Effectiveness Duplex Ball t

Measures j
x SDS

Situation 3 - Fire Support of Assault Mix UE,

M60 Bipod Machinegun

CET (min.) 80.90 6.40 94.36 3.07 3.284 .017

Near Misses 352.0 53.36 249.7 36.12 2.751 .026

Sustainability 41.45 8.09 50.70 17.45 0.833 .227

Targets Hit 9.33 0.579 4.67 2.08 3.738 .010

Total Hits 10.67 0.579 4.67 2.08 4.813 .005

Mix UF, M60 Tripod Machineguz, (with
T&E mechanism)

CET (min.) 83.79 4.50 95.42 5.73 2.765 .025

Near Misses 371.3 78.47 324.3 51.21 0.864 .218

Sustainability 50.20 13.50 27.16 7.39 2.593 .032

Targets Hit 9.67 3.11 3.67 2.08 2.778 .025

Total Hits 12.33 2.58 4.33 3.21 3.365 .016

Situation 6 - Fire Support of the Advance
Mix UE - M60 Bipod Machinegun

CET (min.) 58.67 2.00 59.69 5.30 0. 311 .387

Near Misses 307.33 68.30 270.33 102.08 0.522 .316

Sustainability 69.43 15.06 65.93 12.47 0.310 .387

Targets Hit 11.67 3.79 10.35 3.06 0.475 .332

Total Hits 12.33 4.04 12.33 3.06 0.000 >.40
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Table 7-6

RAW SCORE RESULTS
(M achinegun Duplex Experiment) (Concluded)

Ammunition
Effectiveness Ammunition

Measures Duplex Ball t p
X SD X S

Situation 6 - Mix UF, M60 Tripod Machinegun
(no T&E mechanism)

CET (min.) 62.94 2.11 59.77 1.72 2.018 .060

Near Misses 240.67 48.81 325.33 94.32 1.381 .122

Sustalnability 66.83 1.45 60.20 10.25 1.110 .166

Targets Hit 6.00 3.00 13.33 4.93 2.20 .047

Total Hits 6.67 2.52 14.67 7.23 1. 809 .027

Situation 9 - Defense Against Attack Mix UE,
M60 Bipod Machinegun

CET (min.) 8.36 1.24 8.75 1.22 0.388 .361

Near Misses -- -- -- -- -- --

Sustainability 79.8 2.79 88.6 1.74 4.635 .005

Targets Hit 42.33 1.39 38.67 5.51 1.116 .165

Total Hits 83.67 6.11 61.33 14.47 2.463 .037

Mix UF, M60 Tripod Machinegun (no T&E mechanism)

CET 'min.) 7.52 0.51 7.45 0.35 0.196 >.400

Near Misses -- -- -- -- -- --

Sustainability 79.2 4.31 84.2 3.44 1.570 .097

Targets Hit 43.00 1.00 45.00 3.46 0.962 .196

Total Hits 91.33 13.58 63.67 8.39 3.002 .022
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variable (expected duplex scores). These results are the most meaning-
ful, precise, and valid of the two sets. However, the results and conclu-
sions drawn from them prove almost identical, regardless of the set (raw
scores or adjusted scores) used. Distribution of hits and near misses
(not adjusted) are also provided (Figures 7-13 through 7-15).

Table 7-7 shows expected duplex scores. These are the scores that
would have been expected if the machinegun squads had fired duplex in-
stead of ball ammunition during their first firing of the various situations.
The first firing scores were adjusted by applying mathematical corrections
derived from the first and second firing scores of all six squads of the mix
(squadis firing duplex and squads firing ball). These expected duplex
scores are directly comparable and each represents the contribution of
all six machinegun squads of each mix.

In Table 7-6, the probability values (p) have been computei .Lstng a
two-sample t-statistic. (See page 3-3 for explanation of probability
values.)

In firing supporting fires at concealed and partially concealed targets
(primarily distributed area fire) at a 300 meter range (Situation 3) duplex
ammunition proved superior to ball ammunition for both bipod and tripod
machineguns in target effects and overall effectiveness. While being
fired at visible point targets (Situation 9) at ranges of 45 meters to 320
meters duplex ammunition proved superior to ball in target effects and
overall effectiveness. Thus, the experimental results indicate that for
both the bipod and tripod machineguns, at ranges out to 300 meters in
both point fire and distributed'area fire, duplex ammunition is superior
to ball ammunition. However, at ranges of 450 meters to 750 meters
(Situation 6) ball ammunition proved superior to duplex for both bipod
and tripod machineguns firing primarily distributed area fire but with
some aimed point fire whenever an actual target appeared.

Results indicate therefore that, for the machinegun, duplex ammuni-
tion is superior at ranges out to 300 meters while ball ammunition is
superior at ranges beyond 450 meters. At an unknown point somewhere
between 300 and 450 meters the effectiveness of ball ammunition for
machineguns surpasses that of duplex.
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Table 7-7

EXPECTUED DUPLEX SCORES
(Machinegun Duplex Experiment)

Effectiveness Original Ball Expected Duplex Score
Measures Ammunition Score

Situation 3 - Fire Support or Assault Mix UE, M60 Bipod Machinegun

CET (min.) 92.6 82.83

Near Misses 246.4 277.18

Sustainability 51.2 42.11

Targets Hit 4.2 7.66

Total Hits 5.0 8.67

Mix UF, M60 Tripod Machinegun (with T&E mechanism)

CET (rin.) 87.8 75.61

Near Misses 273.8 343.49

Sustainability 41.8 51.20

T.qrgets Hit 6.8 21.85

Total Hits 7.8 22.30

1 Situation 6 - Fire Support of the Advance
Mix UE, M60 Bipod Machinegun

CET (min.) 63.6 65.56

Near Misses 228.0 220.64

Sustainabllity 78.5 82.31

Targets Hit 6.0 4.32

Total Hits 7.0 3.51
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Table 7-7

EXPECTED DUPLEX SCORES
(Machinegun Duplex Experiment) (Concluded)

Effectiveness Original Ball Expected Duplex Score
Measures Ammunition Score

Situation 6 - Mix UF, M60 Tripod Machinegun (no T&E mechanism)

CET (min.) 56.5 52.91

Near Misses 308.2 261.05

Sustainability 65.5 66.91

Targets Hit 12.2 7.43

Total Hits 13.8 7.10

Situation 9 - Defense Against Attack
Mix UE, M60 Bipod Machinegun

CET (min.) 9.1 8.36

Near Misses --..

Sustainability 88.1 78.95

Targets Hit 39.5 43.67

Total Hits 65.1 78.27

Mix UF, M60 Tripod Machinegun (no T&E mechanism)

CET (min.) 8.0 7.21

Near Misses - --

Sustainability 79.9 82.74

Targets Hit 43.1 40.39

Total Hits 67.0 83.85

7-33

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 681 of 804   Page ID
#11167



Ammunition MxU 1

- DuplexI

B..allI

Left ArrayRihAra9

3

o 1.00 2.00 3.00 40

Time (minutes)

122

mix UF

Left Array IRight Array

3

0
0 1.00 2.00 3.00 4.00

Time (minutes)

Figure 7-13
CUMULATIVE NUMBER OF TARGETS H[IT--SITUATION 3

7-34

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 682 of 804   Page ID
#11168



S• I

Mix U!

12
Array Z Array Y iArray XC

"IS SW

z

II

3

o 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0

Time (minutes)

Mix UP

-15
Array Z Array Y Array X

o 9~I'

I -, 12

L I t 0

-7-3

•I•

/'-- --

-- I

0 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 0.4 6.0
Time (minutes)

Figure 7-13 (Concluded)

CUMULATIVE NUMBER OF TARGETS HIT--SITUATION 6

7-35

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 683 of 804   Page ID
#11169



® ® TARGET

0 LUT

rw•

40 ..

30

H
I1.

6 7 910 111 2 4 13 4 415111617 183122202330242&262923S2

NOR AR ItO R - - 3 A - R 2 A ARR t ABE R R -I -ARR MON R st
Tiaret Wm, abd Imulato. Type

II

AmmunjUon

Ball mix UF

40

;3 ~ l~- IR R SE U 3 U Rf 10RU 
R 

13t24L331611111122223222222

l ItAiIt s t ra - RR - , A tRRAtI lt ItR -R -At It MG RIt

Taget MEOW aw Swoaiw Ty

Figure 7-14 NUMBER AND DISTRIBUTION OF
NEAR MISSES--SITUATION 3

7-36

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 684 of 804   Page ID
#11170



ARRAY

ARRAY

TARGET 0
ARRAY .

0

!0

Array Z Array X Array

4 _? -' -

M

• .d . .* .4

z 10
z

12 13 1 11 10 8 2 7 6 3 4 5 22 23 21 24 25 20 26 19 27 18 17 16 14 15 39 38 38 40 37 28 29 31 30 32 13 34 35

R - - - - R R - R - MG - MGAR - R AR R .-- ---------- MO - - - AR - AR R R - - - MO R

Target Number and Simulatior Type

Anmurutlon

- Duplex

I !L

Array Z I Array X ArrayY

I I mix up

S20

z

0.1

12 13 1 11 10 8 2 7 6 3 4 5 22 23 21 24 25 20 26 19 27 18 17 16 14 15 39 38 36 40 37 28 29 31 30 32 33 34 35

R - - - - R -R - MG-MOAR- RARR ..-.-.--.---- MG - - -AR-AR N I- - - - MGR

TsMW Number eed -, udla Type
Figure 7-14 (Concluded)

NUMBER AND DISTRIBUTION OF NEAR MISSES--SITUATION 6

7-37

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 685 of 804   Page ID
#11171



RName (mew")
336.8s AM.1 240.11" - 01.1 1811.4 1611 119 113l.ll 105.8 88 OA 3 1ý 1.3 .

3.8

L5+0 0 41 401 2 1 4 1 1 1 ,1 " 1 ", 1 . .. .1..

9.01

7-383

CoI

'.~e,,, 4.5-

56 .' 3 a[1f2 ' 12 Il1 1i sIi o1 *

Case 3:23-cv-00209-SPM   Document 230-3   Filed 09/13/24   Page 686 of 804   Page ID
#11172



SECTION VIII

LETHALITY DATA IMPLICATIONS

Pertinent lethality data were analyzed and studies performed. This
included a review and analysis of the literatui'c from 1928 to the present.

Current existing lethality data were carefully evaluated in relation to
existing 5. 56mm and 7.62mm ball ammunition and the candidate weapons
used in the USACDCEC SAWS experiment. As a result of this analysis by
a team of military and medical personnel and operations analysts, it is
concluded that considerations of lethality support the USACDCEC conclu-
sions presented in Section LX of this report.

A summary and analysis of the lethality data appears in Annex E,
Small Arms Lethality.
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SECTION IX

CONCLUSIONS

These conclusions are derived from analyses of the results presented
in Sections IV, V, VI, and VII. The terms "target effects," "sustainability,"
and "overall effectiveness" are used as defined and illustrated in Section
II and III.

1. Rifle squads armed with low muzzle impulse weapons are markedly
superior in overall effectiveness to rifle squads armed with high muzzle
impulse weapons.

2. Rifle squads armed with Colt weapons and rifle squads armed with
Stoner weapons are approximately equivalent in target effects achieved.

3. Because of the lighter system weight and related advantages in
sustainability, rifle squads armed with Colt weapons are superior to squads
armed with Stoner weapons.

4. Rifle squads equipped only with Colt automatic rifles appear
superior to all other squads evaluated in overall effectiveness. Further
testing of this hypothesis and evaluation should be undertaken.

5. The hypothesis that the most effective squad is a squad equipped
with Colt rifles with XM148 grenade launchers attached (to provide a
SPIW-type dual "area fire-point fire" capability) is promising and should
undergo further testing.

6. Hypotheses that high muzzle impulse weapons are superior to low
muzzle impulse weapons at longer ranges (300 to 550 meters) are not
supported.

7. Hypotheses that lightweight rifles with high sights and straight
stocks, such as the M16E1, are inferior or inadequate in pointing fire
are not supported.

8. Low muzzle impulse weapons are superior to high muzzle impulse
weapons in both automatic and semiautomatic fire in night firing in the
defense.

9. A squad equipped only with M14 rifles is superior to a squad
equipped with any other single US 7. 62mm weapon, or combination of
these weapons.

9.1
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10. The M14E2 automatic rifle is unsatisfactory in overall effective-
ress for use in the rifle role in the rifle squad.

11. It cannot be concluded that the low target effects of the AK47 rifle
in the USACDCEC SAWS Field Experiment are Indicative of the performance
of the AK47 rifle in general. *

12. The AK47 rifle (Soviet, East German and Chinese Communist) is
significantly more reliable than any US 7.62mm or 5.56mm weapon.

13. The M60 machinegun is not suitable for use in the rifle squad
because: 1) the system weight requires a two-man crew; 2) the sustain-
ability of the weapon is marginal, even with a two-man crew; and 3) the
size and weight of the weapon make it extremely difficult to manage in a |
moving firing situation.

14. The low muzzle impulse machinegun Is a feasible weapon of
incorporation Into the rifle squad in the conventional automatic rifle role,
or into a new squad organization context in the machinegun role.

15. The 5.56mm Stoner machinegun is Judged to have a high reliabil-
ity potential.

16. The standard 5.56mm ammunition provided for the experiment
is not satisfactory because of fouling characteristics, the pressure mis-
match of propellants in the ball and tracer cartridges, and primer sen-
sitivity. These ammunition deficiencies are Judged readily correctable.

17. The 5.56mm machinegun belt links provided for the experiment
were not made to design specifications and are not satisfactory for use
with the Stoner machinegun. This deficiency is readily correctable.

18. Neither the 7.62mm nor the 5.56mm tracer rounds are considered
satisfactory for use by the firer in adjusting fire during daylight hours.

19. For aimed fire on visible point targets during daylight, semiauto-
matic fire is superior to automatic fire. This is true for all rifles, both
low and high muzzle impulse. This does not imply, however, that auto-
matic fire may not be superior in suppression effects and hits on adjacent
concealed targets.

20. At ranges of less than 500 meters duplex ammunition under most
circumstances provides a significant increase over simplex ball

The nine AK47 rifles used in the experiment were shared by all
experimentation subjects. Amount of use of the weapons before the
experiment was unknown, and a variety of types of foreign ammunition
was used in the experiment.

9-2
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ammunition in the number of targets hit, the number of total hits on
* targets that are hit, the timeliness of hits, and the number of near misses

as an indication of suppression. Under no circumstances does its use
significantly decrease effectiveness at ranges of less than 500 meters.

21. Duplex ammunition is most effective at close ranges with its
advantage in effectiveness over simplex ammunition decreasing as
range increases.

22. The concept of duplex ammunition applies equally to 7.62mm
and 5.56mm ammunition.

23. Considerations of the relative lethality of 5.56mm and 7.62mm
ammunition (with the possible exception of duplex) support all of the

* CDCEC SAWS conclusions. It is concluded that there are no tactically
significant differences between 5.56mm and 7.62mm ammunition per

* round of ammunition; however, 5.56mm ammunition is significantly
superior to 7.62mm ammunition in lethality per pound of ammunition or
per basic load carried by the soldier.

9-3
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