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A at Rifle Program

1.0 INTRODUCTION.

In April 1980 the United States
Congress House Armed Services Com-
mittee requested that the Joint Service
Small Arms Program (JSSAP) office con-
duct a study of the current combat rifle.
This study concluded that the current rifie;.
the M16A1, met all the U.S. Armed Forces
needs but possible improvements -to it
should be investigated. A series of im-
provements have since led to the M16A2
and M16A3 rifles. For the long term, the
study concluded that the technology base. _
should be developed to support a signifi-| . -
cant improvement.in capability. Revolu-
tionary- improvements :in capability. were
envisioned to be.well beyond the year| .
2000, leaving the opportunity for a signifi-| . -
cantly improved combat rifle.in.the. mid-
1990 time frame. A technology base effort
was initiated.

Concurrent with initiation ofthe technology base efferts, the Honorable James Ambrose,
then Under Secretary of the Army, saw the need to do something for the individual soldier.
Through his encouragement and direction, the Advanced Combat Rifle (ACR) program was
established. The ACR Operational and Organizational Plan (0&0) was appraved in January
1985 and the program received his personal approval in February of the same year.

The ACR effort caused weapon concepts to be developed under contract and prototype
hardware to be produced and evaluated with troops in a field experiment. The program
remained a technology base activity. The program was concluded upon completion of the field
experiment in 1990. The program has significantly advanced the state-of-the-an in rifle
technology and will form the basis of any future individual weapon requirement.

1.1 Description of Systems. Concepts were developed under contract to improve the
soldiers hit performance in combat. Under the stress of combat where there are multiple
targets, moving targets, and targets that are mostly obscured and exposed for short amounts
of time, the soldier's performance is degraded. When the soldier does engage these targets,
he does so hurriedly and with large aiming errors. The weapon concepts were developed to fire
more than one projectile pertrigger pull. The dispersion of this burst of projectiles was controllec
to compensate for the soldier's aiming error.
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The following is a brief description of the weapon systems taken to the field experiment. A
synopsis of system characteristics is given in Figure 3.1 on page 9.

AA| Corporation - 5.56 mm serlal launch salvo rifle, reciprocating bolt action,
firing brass cased flechette ammunition.

Colt's Manufacturing Co. - 5.56 mm serial launch salvo rifle, reciprocating bolt action,
" firing brass cased duplex ball ammunition.

Heckler & Koch - 4.92 mm serial launch salvo rifle, rotating chamber action,
Gy, firing caseless ball ammunition.

Steyr-Manniicher'- o 5.56 -mm serial launch salvo iffe; rising chamber ‘acticn,
: firing telescoped plastic cased fiechette ammunition.

1.2 Program Goals and Objectives. As outlinedin the ACH 0&0 Plan (see Appendix A),

the ACR will be"the .initial.development within the small arms family. It will-be the primary-
weapon for the individual soldier. Primary target will be the individual threat soldier protected - -

dy body armor at ranges out to 600 meters. It must offer enhancement in hit probability of at
east 100 percent at combat ranges over the baseline performance of the M16A2 rifle when

neasured under realistic battiefield conditions. Atextended ranges, the improvement required -

vill be considerably greater than 100 percent. The weapon will be expected to enable the
iflemantodetecttargets at ranges greaterthan 400 metersinoffensive action and at least 1000
meters during conduct of the defense. Acquisition and engagement of the target is expected
©0 occur at 400 meters during offense and 600 meters during defense.
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20 BACKGROUND.

An analysis of current small arms (e.g. hand held individual weapons) considers the
man/machine interface to be a significant factor affecting system performance. While most
systems offer excellent accuracy, the soldier's ability to hit targets depends on his situation.
Figure 2.1 is a graph showing the probability of hitting a kneeling man size target as a function
of range. The top curve labeled “M16A2 Capability" represents the.capability of the weapon
systemin a fixed mount. The hit probability is decreased atthe longer ranges due to the round
to round dispersion of the ammunition which js about .275 mils. The second curve labeled
“M16A2 Training" represents an aiming error of 1 mil and is representative of a training
standard. It is the performance achieved in the Army record fire program. Marksmanship-and
zeroing performance is better than this and represents an aiming error of about .5 mils. The
soldiers performance.in an operational environment_however, is worse than the training
standard. Where targets are obscured, mostly moving and exposed for short amounts of time,
studies have shown performance to be s&gmf:cantly worse. The bottomn curve labeled“M16A2
Stressed” is derived from a large data base of tests involving movmg and shorttime of exposure -
targets. AMSAA rewewed this data and used the worst third of the data to represent the
expected soldier's performance in a stressed environment. This does not represent actual
combat stress but was used as 1he ba5|s tor the ACR program.

.ACFI HIT PROBABIEITY GOAL
1.0 = : -~ o : —
' ‘M16A2 CAPABILITY. . .
o~
£ o]
= » g
= ] M16A2 TRAINING
S |
.. 0.4
m .
=
= ] -
L . M16A2 STRESSED
0.0 e | TR Y, T ¥ T- T ¥ T T
o 100 200 300 400 500 600 700
AL e ‘Range (Meters)
Figure 2.1

At very: close ranges of 0-100 meters aiming errors were assumed to range from 8-10
mils. These targets are exposed forvery shortamounts oftime and are hurriedly engaged often
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by pointed fire rather than aimed fire. At ranges of 300-400 meters the aiming errors drop to
about 3 mils, and at extended ranges from 500-600 meters aiming errors of 1-2 mils were
expected.

The technical challenge in the design of an ACR
concept was to compensate for or reduce these large
aiming errors, and thus significantly improve combat
effectiveness. Analysls has shownthat forthese aiming |
errors, ifasalvo ofthree projectilesis firedatatarget the |

probability of at least one hitting the target could be | _ .

increased on the order of 100%. There are two types of A R
salvo launches. A true salvo system launches multiple | _ - 1' 3
projectiles at one time. The projectiles are distributed | 2 \ -
about the aim ‘point as shown in'Figure 22. Aburst | | . POINT .|
extreme spread of 6 mils is optimal for this system for | | YU _ﬁ; .

the aiming errors assumed. McDonnell Douglas was’ ' L

developing a true salvo system of this type Iaunchmg_ L e — ' i, o
multiple flechettes for each round fired. This System KALVO FIRE BURST PATTERN
was not taken into the field experiment due to technical Figure 2.2

difficulties. The other muitiple launch systems are those b s

that launch the projectiles senally, or one behind the

other as shownin Figure 2.3. These can be inthe form of aduplex cartridge like that developed
for the Calt system, or.they canbe a burst of more than one round. Optimum burst extreme
spread for these systems is 8 mils. This will also resultin a 100% increase in hit probability over
the stressed hit curve. The extreme spreads for systems other than the duplex (like those of
AAl, H&K and Steyr) are difficult to obtain. High cyclic rates within the burst.are generally
required, as is the addition of muzzle compensation and the use of low impulse ammunition; .
such as flechettes. The H&K system did not use low impulse ammunition, but relied on a unique -
mechanism for controlling its recoil.

24 History. The technology base efforts that
3 were initiated in the early 1980's as a result of the
Combat Rifle Study focused on the. potential of salvo ™
weapons, caseless ammunition, and optic sights. Re-
quests for proposals to develop and demonstrate such

2 systems were released. In 1982 the Under Secretary of
the Army endorsed a potential 10-12 year rifle develop-
1 ment program and requested that two such develop-
\ | mentcontracts be awardedin lieu of the planned single
POINT award.
OF
Al In Sept 1982 contracts were awarded to AAl

Corporation and Heckler and Koch, Inc. The AAl effort
was later terminated due to technical difficulties en-
_ countered. A summary of these and all contract efforts
Figure 2.3 can be found in Appendix B of this repont.

SERIALLY FIRED BURST PATTERN
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During the next few years the Under Secretary continued to press for an accelerated
program with additional industry involvement. In 1984 the ACR program evolved. The
Operational and Organizational Plan was staffed and approved in January 1985. A program
strategy was approved by the Under Secretary in February 1985. This strategy called for
additional industry involvement and the demonstration of potential technology in a field
experiment with troops. The thrust of the program direction from Mr. Ambrose was to challenge
industry based on the need defined in the O&Q Plan, to focus on current technology, and to
demonstrate this technology to the user as a “stake in the ground” to form the basis of a possible
requirements document. The approved acquisition strategy was one of the first in the "ASAP"
Accelerated Acquisition Process which planned four years ta production from the generation
of a requirement document.

In 1984-1985 industry conferences were held at ARDEC and Ft. Benning to detail the
needs and goals of the program. Shortly thereafter, contracts were competitively awarded to
AAl, ARES, Colt, McDonnell Douglas, and Steyr. These contracts came to be known as the
industry alternative efforts. These efforts called for the development and fabrication of the
proposed rifle systems for evaluation in government tests. The contracts were phased with no
commitment on the part of the government to proceed.nto the:next phase. The phase | effort
required the development of a test fixture that would demonstrate the potential of the system.
Phase || was the development and testing of one weapon system, while the tinal phase Il effort
called for the production of hardware for testing. The ongoing H&K contract was modified to
include a hardware production phase to bringitinto line with the other contracts. The ARES and
McDonnell Douglas contracts were terminated at the end of their phase Il effort due to lack of
maturity of their systems. A complete chronology outlme of the ACR program is provided on
the following pages.

2.2 -OGASupport. Thedelivered weapon systems were evaluated by several government
agencies both with and without contractor support.

Combat System Test Activity (CSTA): Initial evaluation: of the weapons' function and
safety was conducted as well as several engineering tests to assess the matu rity ofthe systems.

Test and Evaluation Command (TECOM): Provided the safety release to allow the firing
of the weapons by troops. Safety release was based on CSTA testing.

Ballistic Reseatch Labcratory’ (BRL): Tésted all the ACR ‘concepts against tissue
simulant gelatin 1o assess the lethal characteristics of the:pro] jectiles. Tests providedinforma-
tion for the calculation of the md:ces of probabtlity of incapacitation given a hlt the projectile
lethality.

TEXCOM Infantry Board (INFBD)I : The INFBD cbhducted the actual fieid experiment
or troop test at Ft. Benning.

Army Material System Analysis Activity (AMSAA): AMSAA performed the data analysis
of the test results from the INFBD, CSTA and BRL tests.

These efforts are discussed in detail in the remainder of this report.
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ACR Program Chronology

1980 e

1981 e

1982 o

1983 e

1984 o

JSSAP tasked by Congress to conduct Combat Rifle Study (CRS) to address:

- Deficiencies of M16A1 rifle
- Replacement candidates for M16A1 rifle -
- . Requirements for a new combat rifle

Results of CRS:

.- Established stated service need for srgmhcant!yfrevoluttonary
improved rifle
- Near Term - Retain product improvemsnt over M16A1
Long Term - Develop technology base for ACR

Under Secretary Army (USA) endorses rifle development prégram for 10-1 2'year _

technology approach

Two competitive contracts awarded to AAl and Heckler & Koch {0 -pursue the
following technologies:

- Caseless
- "~ Salvo
- - Optics

M16A2 Rifle Type Classified in Novémber

USA requests acceleration of program and directs user to set performance goals
and become more involved

USA calls for vigorous program to acquire a significantly-improved successor to
the M16 rifle o

TRADOC tasked to define requirements -

Emphasis placed on-technology currentiy avaulabie i

USA direction results in formulation of industry alternative strategy
ACR Industry Conference-Briefing; USAIS Ft. Benning, GA™
Accelerated program approved by Army Materiel Command (AMC) |
ACR Operational and Organizational (O&Q) Plan drafted

Page 6



1986

1987

1988 e

1980

1991

O&O Plan approved by Training and Doctrine Command (TRADOC) in January
USA approves ACR program and field experiment

AMSAA/BRL study concludes that the best way to improve rifle performance in
near term is to fire multiple projectiles per trigger pull with a (controlled) salva
pattern of dispersion

Industry briefed on new alternative rifle program in May

RFP released in September

Industry Alternative Program awarded Phase | contracts to:

- AAI Corporation

- ARES Inc.

- Colt's Manufacturing Company

- Mc Donnell Douglas Helicopter Company (MDHC)
- Steyr-Mannlicher

- Heckler & Koch (medification)

MDHC & ARES efforts were terminated due to hardware immaturity

Test Integration Working Gr_cup (TIWG) chartered to design and plan ACR test
program

Range instrument requirements identified

Test and Evaluation Master Plan (TEMP) drafted
HEL Salvo Stress Test conducted

Field experiment test design complete

Range instrumentation requirements initiated

Buckner Range completed

Hardware delivered

Safety and Engineering Tests conducted
ACR field experiment conducted
Lethality Test conducted

AMSAA analysis conducted
ACR Final Report prepared
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3.0

3.1

General.

The

ACR CANDIDATES - WEAPON SUMMARIES.

ACR prototype weapon systems tested in the ACR field

experiment were developed under contract by AAl, Colt, H&K, and Steyr. The ACR concept
concentrated on developing a weapon system based upon available technologies in the areas
of weapon, ammunition, and sight design. ‘A synopsis of the weapon systems' characteristics
is given below in Figure 3.1.

~SYSTEM CHARACTERISTICS

a8 N
| P M16A2
) ol AR . Colti Standard
Weapon Length 40.00 40.625 extendec 39.63
(inches) 36.75 retracted e
—

Weapon reciprocating reciprocating rotating nsmg recrprocatlng
Mechanism bolt bolt chamber chambet balt -
Weight 9.39 10.30 g.15 8.53 8.80

(Ibs.)* (QF“.!?.-EJ?!!) |
BN
Sights iron or irgn or ._mu Iti pwr:optlic iron or iron
4x optic 3.5x optic 1.0x & 3.5x -multi pwr optic only
1.5x & 3.5x
Magazine
Capacity 30 30 45 24 30
{rourids) _ -_ SUSNETE | 1
Modes Semi-aulomaic semi-aulomalic’ || semi- ™ SemI-2U10MalC || Semi-aulomalc || 3 rauna ourst
of 3 round salvo automatic automatic 3 round saive
g o | TP PR S 3round sa'.vo . burst
' N...588. . oy _‘.' 556 556
Canridge  ||. . brass cased dupléx & caseless || iplastic M855
flechetie M855 ball ball cased flechette = ball
Muzzle muzzie _muzzle brake none flash ~-flash
Device compensatar || compensatar suppressor- . suppressor
Chamber 55000 || 50,750-M855 56,000 60,000 50,750
Pressure (PSI) 50,000-duplex
Muzzle Velocity 4,600 3,110-M855 3,000 4,900 3,110
(tt./sec.) 2,900-duplex
Barrel Twist 1:85 1.7 16 1:100 1.7
(inches)

* Weight includes iron and optic sights and loaded magazine of ammunition.

Figure 3.1
Page 9
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3.2 AAl

3.2.1 Weapon. The AAl ACR (see Figure 3.2) is a gas operated, air-cooled,
magazine fed flechette firing rifle. It has the capability to fire either a single shot semi-
automatically, or a high cyclic three round salvo burst using a thirty round magazine. The AAIACR -
is a modification to the previously developed serial bullet rifle. It fires from the closed boit position
andutilizes a muzzle device that reduces barrel climbinthe three round burstmode. The rifle uses
either an interchangeable iron or optic sight.

AAI ACR

:.Flgure 3.2
3.2.2 ‘Ammunition. — :
The AAl ammunition (see. Fig- 'BAASS wo, - pmopeutaRy o i BTEER
ure 3.3)consistsofa10.2grain’| - S43¢ . wes D TUPMETE
steel flechette using the stan- | prr o= . eoi
dard M855 brass case. The.|.FEgAiass ‘ : s\m\\\w &
orojectile package includes the e e\ |
flechette projectile, a four seg- M «\'\'\3 '

ment sabot, and.an "O-ring".

ssedtoholdthesabotsegments | """ 1 cothwe ib'ﬂf:%‘n'
ogether. The sabot'segments|{ - S e AR
separate from the flechette af- « - AAIFLECHETTE AMMUNITION

ermuzzle exitallowingtheflech-
itte to continue its agrodynamicl—
light downrange towards the target. Thelight weight projectile and high muzzle velocity allows
or a relatively fiat trajectory over long ranges.

.. Figure 3.3
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3.23 Sight. The AAI ACR uses either an
iron or four power (4X) optic sight. A quick release
lever allows the changeover without the need to
rezero the weapon. The optic sight has a tritium
powered reticle (see Figure 3:4) for ease:ot use in
reduced light level situations. The optic sight also
incorporates aiming point stadia lines for 400, 500,
and 600 meter ranges. Along the top oftherifleis a
long aiming surface to assist in quick fire engage-
ments.

3.3 Colt. ) AAI RETICLE PATTERN

3.3.1 Weapon. The'Colt ACR (see Figure: Figure 3.4

3.5) is a humari‘engineered derivative of the current™ — —
M16A2 rifle. It uses the same'operating mechanism usedin the standard M16A2 and fires the '
standard 5.56mm M855 NATO round interchangeably with a newly developed duplex ammu-
nition. It can fire eitherin the semi-automatic or full-automatic mode using a standard M16A1
trigger mechanism. The rifle Incorparates a newly designed handguard which consists ot a heat
resistant inner shield, ait cooling vent holes, and a front end restricting ring. It offers a
telescoping buttstock to custom fit the individual shooter. The rifle also has a muzzle break
compensator (MBC) and a new oil/spring hydraulic buffer to reduce recoil of the weapon. This

weapon also-has interchangeable iron and optic sights.

CRETASR

igure 3.

3.3.2 Ammuniiié'ﬁ.- The Colt ACR tiréé either ihé-NATé "standar'd._MBSS,round ora

newly developed 5.56mm duplex ammunition (see Figure 3.6). Itis envisioned that this system -

would remain a two -ammunition type family:.one ammuniticn for shont range:(duplex) and-a

second for 'llong_j_]range__,(_M_&;’_S'S). The duplex.ammunition, consists of two similar projectiles -

positioned nose 1o tail in the same cartridge case, in which the leading projectile will proceed
to the weapon's aimpoint while the trailing projectile will have some random dispersion-around
the aimpoint. This concept should improve the probability of at least one projectile hitfor each
round fired. The standard M855 round contains a single 62 grain projectile, while the duplex’s
front and rear projectiles weigh 35 and 33 grains, respectively.
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BRASS PROPELLANT
CASE BED

% - COLT M855 AMMUNITION

STEEL
PENETRATOR

MBSS

BRASS PROPELLANT
CASE 2ED

F;lﬂ!l" i et ity L sTEELYCORED -
i ks v DUPLEX-

. L : PHOJECT&ES '

) #ig;ure 3.5-2-.-
3.3.3 Sight. The Colt-ACR uses eithera [~ @
ietachable iron sight or a 3.5 power optic sight. The 7 B H
ron sight includes the carrying handle-anda fhp-typ
aperture for both short-snd long:rangt G
»ptic sightis-equipped with;a:s f_-powerednlummat- W
ng reficle pattern (see Fgura 3.7) for periods of | 3 TR 3
educed light. The rifle also hasanaiming/pointingrib -+ BE— .- s
on its upper surface for quick target engagements. - |: Eo o s
.4 Heckler & Koch (H&K). © ... | = . . H
3.4.1 Weapon. The H&K ACR (see Figure '|" - o1 1 RETICLE PATTERN
3.8) is a gas operated bullpup rifle firing caseless - | :
immunition. The weapon operates using a rotating | _ Figure 3.7

shamber mechanism and is charged with a rotary ~ * )
socking device located ‘on the side of'the weapon.™ It can fire either semi-automatic, tully-
wtomatic, or a three round salvo-burst using a forty-five round magazine. Its caseless
immunition eliminates the need for an extraction cycle during firing aIIowmg its salvo burst to

e fired at over 2,000 rounds a minute. “Its operating mechanism is unique in that the recoil of
he weaponiis delayed until after the round(s) have left the muzzle. The H&K ACR only offers -
he use of a-day optic. i Foof
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H&KACR

thure 38
PRAOPELLANT - PLASTIC 3.4.2 Ammunition.
BoDY e END CAP

] '7// /[{{l_lllllllr-- B

cﬁ'ﬁ.um” \

PROJECTILE

PRIMER WOOSTER MIX
W COPPER
cuep
H&K CASELESS AMMUNITION
Figure 3.9

ing, low friction surtaces and heat res:stanca

343 Slght The H&K ACH uses a muln-
powered (1.0Xor 3. 5X) optic sight which is integrated
into the rifle’s carrying handle. There is no backup
iron sight on this weapon. The magnification is
adjusted by turning a ring located on the. gyepiece
which also has settings for 400,500, and 600 meters.
The optic's reticle pattern (see Figure 3.10) offers a

stadia’line pattern that can be used to estimate . )
distances beyond 300 meters. The magazine, which

is located atop the weapon along the barrel, serves a
secondary purpose of providing a pointing aid to the
shooter for rapid engagement scenarios.
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The ammumtlon is fully tele-

..scoped 4. 92mm caseless ball

‘ammunition (see Figure 3.9).
‘This square cross section round
‘consists of the nitramine based
solid propellant body, a single
51 grainbullet projectile, primer,
booster and plastic end cap. All
ammunition components are
- consumed during. fiing except
forthe plastic end cap.and cop-

- . .per booster cup which exit the-
muzzle upon firing. Th|s rcund also has avaraety of coatmgs to prowde additional waterproof-

H&K RETICLE PATTERN J

Figure 3.10




3.5 Steyr.

3.51 Weapon The Steyr ACR (see Flgure 3.11) concept is a novel bullpup style
weapon featuring a rising chamber mechanism and a side initiating: plastlc cased round. The
weapon can fire either a single shot orathres round high cycli¢ salvo burst. The weapon system
and mechanism is very simple. It fires a flechette projectile from a twenty-four round
transparent magazine. The Steyr ACR fires from the open bolt position in which a live round
enters the chamber only after the trigger has been pulled. This characteristic greatly reduces
the concern for ammunition cook-off. Theiron sightis removable and interchangeable with the

STEYRACR

Fiqure 3.11
yreferred day optic.
: s By 5, 14 PLASTIC
352 °  Ammunition. rieesye ""'°:/‘=‘.;““’ | ﬁi-;::

he Steyr ACR-<ammunition
see Figure 3.12) consists of
1 fully-“telescoped plastic | "}
;ased 9.85 grain tin stabi-
ized flechette. The flechette/

;abot package is similar to | MINe, sooT . - MoLbEo
hat used in the AAl system. S MERENE - saser
"he Steyrround utilizes a side L

nitiating primer which ignites STEYR FLECHETTE AMMUNITION
1sing a fixed firing pin located _ : F'QUf ed.12

it the top of the chamber
ousing. The movement of the rising chamber createsthe impacten ergy requwed toig mtethe

ound. The Steyr flechette travels at a very high velocity which réquires no elevation E '

idjustments out to at least 600 meters.
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3.53 Sight. The Steyr ACRuses eitheran
iron peep sight or a multi-powered optic sight. All
windage and elevation adjustments are made on
the front sight post while using the iron sights. The
optic incorporates a multi-powerad (1.5X or 3.5X)
magnification capability that can be adjusted with a
simple twist of the eyepiece. The optic uses aring
reticle pattern (see Figure 3.13)in whichthe shooter
simply places the target inside the ring and fires.
There is also a long shotgun style rib/carrying
handle along the top surface of the rifle toaid as a
pointing device in rapid target engagements. STEYR RETICLE PATTERN
Figure 3.13

3.6 Summary. A detailed system de-
scription and in-depth contract summary is included in Appendix B of this volume. The weapon
systems operator and maintenance manuals are included in Volume lll of this report.
Contractor final reports are in Volume VIL.
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4.0 ENGINEERING TESTS.

4.1 Background. Priorto the ACR field experiment in 1990, safety and engineering
tests were conducted at Aberdeen Proving Grounds (APG), Maryland, to assess the various
ACR concepts. The U.S. Army Test and Evaluation Command (TECOM) issued an ACR safety
release which was requiredto allow military personne! to participate in the field expenment This
safety release assigned specific limitations.on each ‘ACR concept based upon test information.
The U.S. Army's Combat System Test Activity (CSTA) was responsible for conducting all ACR
safety and engineering tests, while the Ballistic Research Laboratory (BRL) conducted live fire
projectile lethality testing.

4.2 Safety and Engineering Tests - CSTA.

4.2.1 . .Objective: Theobjective of testing conducted by CSTA was to determine whether
the ACR :candidates were safe: for military-personnel 1o operate and to -demonstrate their
technical-performance. All live firing was conducted by the Light Weapons System Division of
CSTA's Armament System Directorate at APG. ‘The test program at CSTA was designedina
three phase effort. Phase | was the safety qualification phase in which those tests required to
issue a limited safety.release would be performed:first. The next two phases consisted of the -
ammunition and weapon technical feasibility tests. Thesé tests were conducted to demaonstrate

the technical. parformance. characteristics of the:various ACR concepts. The testing was =

designed by.CSTA in consultation with the:ACR Test Integration Working Group (TIWG) and in
conjunction with:the .Independent.Evaluation:Plan (IEP) prepared by the U.S. Army Mater;al .
Systems Analysis Activity (AMSAA).

422 'Description of Tests:Performed. The safety-qualification testing ‘of the ACR
candidates included-weapon.inspeaction;.reliabillty;.cook-off, toxic fumes, system signature and
projectile-hazard subtests. - The ammunition feasibility- test plan examined thermai shock,
waterproofness, ;salt-fog,:;penetration,-exterior ballistics and: cheémical compatibility.” The
weapon-phase of this testing-evaluated accuracy/dispersion characteristics, extreme tempera-
ture performance (high andlowtemperature), accessory compatibility and an engineering study.
A human factors summary was conducted to determine the human engineering characteristics
of the ACR candidate weapon systems.-The -Human:Engineering Laboratory (HEL) at APG
provided support and assistance to CSTA regarding the human factors engineering aspects of
the ACRs.- Due tofunding limitations and the engineering status of the ACR prototype hardware,
the original test.schedule was modified to‘include only those tests required-and/or considered |
of significant importance to the program.

4.23 Summary Results. The result-of the CSTA safety qualification testing was a
recommendation to TECOM for:alimited safety release sothatthese prototype weapons could
be fired by military.personnelin the 1990field experiment. The safety release was continuously -
updated astesting at CSTA continued. Several amendments to the TECOM safety release were
issued. throughout the field-experiment. - General. restriction outlined in the safety release
included: weapon handiing, hearing protection, weapon/ammunition compatibility, and maxi-
mum round limitations. There were also. specific restrictions placed on each of the ACR
candidates which included: firing-limits without cooling (cook-otf concern), ammunition and
weapon safety characteristics, and system specific maintenance and safety procedures. The
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most critical element concerning the various safety release amendments involved the Steyr
ACR system. Safety concerns involving ruptured buttstocks caused the Steyr system to be
temporarily removed from testing and very stringent maintenance requirements to be placed
en the contractor to allow the Steyr ACR to be further tested in the field experiment.

A complete detailed description and summary of testing and test results can be found
in CSTA report #USACSTA 7103, TECOM Project No. 2-WE-600-ACR-001, "Final Report: -

Technical Feasibility Test of Advanced Combat Rifle Candidates,” 19382.
4.3 Projectile Lethality Testing - BRL.

4.3.1 Objective. The objective of the BRLtesting was to estimate; assess andtestthe
lethality capabilities of the various ACR projectiles. BRL was responsible for deriving the
probabilities of incapacitation given a hiton the target, P(I/H), for the prototype ammunition. By
combining the P(I/H) estimates with the hit probabilities generatedinthe ACR field experiment,
an estimate of the incapacitation capability of each prototype can be derived. Live fire testing
was conducted on each of the ACR projectiles using standard BRL gelatin test procedures.

4.3.2 Description of Tests Performed. . BRL was tasked-to establish initial P(I/H)

values for the. various ACR projectiles (bullets and flechettes) while they were still in-the *

developmental stage. These initial estimates were based on ballistic performance estimates
(velocity vs. range, yaw cycle, etc.) and projectile design characteristics (mass, diameter,
length, nose length, and center of gravity). Pretest P(I/H) estimates were established using a
mathematical model for the bullets and empirical lesting for the flechette projectile

The ACR projectile tests were conducted at velocities simulating:ranges of muzzle, 100,
300 and 500 meters using downloaded cartridges. .. Penetration/time: measurements of the
projectile inthe gelatintargets were obtained using high speed film, allowing BRL to empiricaily
determine the projectiles kinetic energy deposit on the target. Throughout testing, BRL used

20% gelatin blocks (15¢m x 15¢cm x 38cm) having an internal temperature of 10-degrees C. -~

A ﬁmitedﬁu mber of tests were conducted using 1 0°/; gelatin btdcks‘:having aninternal -

temperature of 4 degrees C. Although this contfiguration is not the standard used in weapons
effects assessments, it has been used by personnel at the U.S. Army Letterman institute of
Research to describe wound profiles for penetrating projectiles. This testing was conducted

:0 assess the accuracy of statements made by the Letterman Institute regarding ACR flechette
ethality. :

$.3.3 Summary and Results. Flechette lethality has been a controversial issue =

‘hroughout the entire ACR Program. Previous flechette studies.have shown that flechettes

jenerally exhibit two kinds of behavior in tissue and gelatin. A critical velocity exists for -

lechettes regarding lethality. Flechettes impacting a target at velocities less than this value
end to penetrate the target media in a stable, nondeforming, non-tumbling mode. ‘At striking

ielocities greaterthanthisvalue, flechettes tend todeform andtumblein both gelatinandtissue -

argets. . Both the AAl and Steyr flechettes remained above this crtical velocity to ranges
yeyond 600 meters. The Steyr flechette, however, did exhibit different types of behavior for

inother reason. The current design iteration of the Steyr weapon required that the flechette -
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be shortened by 0.10 inches to fitin the cartridge case. This change 1o the projectile, while not
significantly reducing weight, reduced the overturning moment sufficiently that the projectile
deformation in the sotttarget could no longer be assured. This shortcoming could be corrected
by using a full length flechette in the next rifle design. The testing performed to examine
penetration in the 10% and 20% gelatin revealed no significant differences in flechette
performance in the two simulant formulations. In both formulations, the ACR flechette tumbled
and deformed as predicted. When the flechettes tumble, they exhibit lethality characteristics
similar to bullets.

A complete detailed description and summary of testing and test results can be found

in BRL Report, "P(I/H) Estimates for Advanced Combat Rifle Ammunition Candidates,” March
1992 (expected publish date). This report is classified CONFIDENTIAL.
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5.0 ACR FIELD EXPERIMENT.

5.1 Test Integration Working Group (TIWG). The ACR TIWG was formally
chartered to provide for the coordination and planning of testing under the ACR program. Of
principle concern was the design, conduct and evaluation of a joint user/developer field
experiment to appraise potential ACR technologies. The issues to be tested and the test
methodology was developed by the TIWG. The TIWG consisted of the ARDEC Development
Project Officer (DPO) as the non-voting chairman,with principle voting representatives of the
Army (Infantry School), Navy (Naval Weapon Support Center), Air Force (Office of Security
Police), Marine Corps (Marine Corps Development.and Education Center), and the Army
Material System Analysis Activity (AMSAA). The TIWG was supported by many other non-
voting members. : : :

8.1 Test Design Plan (TDP). The TEXCOM Infantry-Board, based uponthe TIWG's
test design requirements, prepared the ACR Test Design Plan, the Detailed Test Plan and
executed the field experiment ‘as a customertest forthe TIWG. The TIWG also determined that
the Infantry Board report would-only provide the results of the test and nc data analysis. A
complete data analysis would be done by AMSAA under a sperate report.

5.1.2 Related Actions. The TIWG also formulated a Data Authentication Group
consisting of the various evaluation agencies to review the raw data to determine the validity
of the data to be evaluated, and to.agree as a community on the information to be placedin the
data base. ; - :

In December 1987, the Navy withdrew their support for the ACR program. and
announced that they would.no longer participate in the planned test or attend future TIWG
meetings. Some time later, after playing a major role-in the TIWG and the design of the test,
the Marine Corps.also withdrew from participation in the ACR program and planned participa-
tion in the -ACR field-experiment.

‘In response to a:request by the ‘Air Force and the Deputy Under Secretary of the Army

tor Operations Research, it was agreed to determine the interface of temale firers with the ACR -

concepts, but only as a subtest to the field experiment. This was based on prior studies that
showed that the performance.of women was statistically different than that of men.

513 . Independenvaaiulation:Plan.

5.13.1 - Purpose.: The Independent Evaluation Plan (IEP) identifies the testing issues.™

data requirements and procedures.used by the U:S. Army Materiel Systems Analysis Activity
(AMSAA) to evaluate the results of the field experiment and engineering tests. This plan also
includes test firer/weapon matrices and target presentation scenarios which form the basis of

the Test Design Plan (TDP) developed by the U.S. Army Infantry Board torthe field experiment.

5.13.2 Issues for Evaluation. The majorissues to be evaluatedin the field experiment
have been divided into two groups. These groups include critical and investigative issues. The
critical issues contained in this document for the continuation of a candidate weapon system
pertain to mission performance and safety. Other design issues, although essential in the fully
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jeveloped system, will not be considered critical for this stage of testing. These investigative
ssues include: training, other mission performance issues, reliability and maintainability,
wuman factors and position disclosing effects. The IEPis published inthe Infantry Board's ACR
rDP, "Customer Test of Advanced Combat Rifle {ACR)," TRADOC Project #89-0000752,
JSAIB Project #3839, June 1989.

3.2 Buckner Range

32.1 . Introduction. Buckner. Hange was convertedinto a umque highly instrumented
ive fire test faculltyto compare the performance of four ACR concepts againstthe U.S. military’s
standard M16A2 rifle. Target location and firer behavior-have been designed to stress the
shooter and replicate aiming errors experienced in combat. Unisys Corp., of Huntsville, AL,
jesigned and installed the Fort Benning, GA, range to meet the requirements outlined by the
TIWG. The two lanes of equipment and instrumentation are run independently by a computer
sontrolled test system consisting of instrumented fixed and moving target mechanisms. Range
~ontrol data.acquisition hardware and software are used for the .acquisition, storage,
arocessing and display of firing data from user programmable scenarios. The computersystem
sollects such data as target hits, time of all events, target miss locations and even soldier heart
rates. Hit sensitive targets, both stationary and moving, are emplacedin the naturalterrain from
25 to 600 meters. The down range target systems provide time information on target
sresentation and hits. Atthe firing position, a return fire simulator can be programmed to come
an to simulate returning enemy-small arms fire. An audible hit indicator can also be activated
10 indicate each time a targetis hit. Heart rate sensors are integrated into the computer system
and provided at the firing point to monitor each shooter throughout the test.

5.2.2 . Miss Distance Indicator (MDI). Uniqueto Buckner Range isthe MDlinstrumen-
:ation that is located at 14 of the 35:targets out 1o 300 meters. . This capability also applies to
five moving targets. The unique features of this system are the accuracy, large. detection

~indow size, and the ability to detect small high velocity projectiles like flechettes. ‘The MDI . - -

system, using curved rods, sense the shock waves from the supersonic projectiles. The
somputer system uses this information to calculate the location where the pro;ecules pen-
strated the air space.around the-target. s e aew j :

5.2.3 Lane Control and Data Acqu:smon System (LCDAS) AII equlpment and
instrumentation is controlled by the Lane Control and Data Acquisition System (LCDAS) from
the control tower. The two LCDASSs, one per lane, can.be.programmed to operate indepen-
dently in either an automatic or manual mode. In addition to being able to program target
presentations and.exposure times, the LCDAS provides flexibility to pause scenarios for
necessary range delays, such as weapon stoppage or safety concerns.. ;

524 .- Summary. Alist highligting specific characteristics and specifications of Buckner.

Range s provided in Figure 5.1. - Volume || of this repert is devoted entirely to providing
additional information on Buckner Range.
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EVENTS TQ BE MEASURED, RECORQED OR CONTROLLED

- Weapon firing.

- Target hits and misses.

. Location of target hits and misses (for misses within 15 feet).

- Firer heart rate.

- Pop-up target up/down position and operational status.

- Moving target up/down position, location and operational status.
- Return fire simulation.

- Computer operator signals.

- Number of firing lanes: 2.
& Stationary pop-up targets per lane: three at 25, 50, 73,100, 1 50, 225,300,

400, 500 and 600 meters.

. Moving targets per lane: one at 75; two at 150, and two at 225 mieters. |
. - Data timing resolution: 1.0 milliseconds.
- Moving target speeds:

~ 6 feet per second (to simulate walking target).
 —  121eet per second (to simulateé running target).

"'." Target size: half-man'size (man crouching).

. MDI maximum window size: 15-toot radius from center of target.
- MDlaccuracy (Difference between where projectile actually penetrates

target area and where MDI records where the projectile penetrated):
— Minimum (window center): 1/2inch.
- Maximum (windéw extreme): 10 inches.

Figure 5.1

53

5.3.1

Test Ratlonale and Design.

Purpose. The purpose ofthe field experiment was to assess the hit performant:e

and dispersion characteristics of selected ACR weapon systems when compared to those
characteristics of the M16A2 rifle. The test was to demonstrate the available technologies to
the users, quantify any improvementsincombat efectiveness, and establish a coordinated test
data base for design and refinement.

ASSESS HIT PERFORMANCE
& DISPERSION CHARAGTER- DEMONSTRATE
1STICS OF SELECTED ACR AVAILABLE
SYSTEMS COMPARED TO TECHNOLOGIES TO USER3
M1aa RIFLE . e o
: RESULTS WILL BE USEDTO |- i
ESTABLISH & :
QUANTIFY ANY IMPROVE- COORDINATED anmts FOR
MENTS Y COMBAT TEST DATA BASE FOR Smgélsm”gkwm
EFFECTIVENESS DESICN SELECT s Pn.zmm-nomn oA

AND REFINEMENT

REQUTREMENT DOCUMENT
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5.3.2 Test Rationale. Adisproportionately large number of rounds are fired from small
arms comparedto the number of casualties produced by bullets. The reason for this is two fold,
first small arms fire is used against area targets to suppress the enemy presence. Second,
small arms fire, when aimed, is directed against targets that are-moving, exposed for short
periods oftime, and take advantage of cover. Thus, the shooteris rushed, is often not in a stable
firing position, and is concerned for his welfare. All of these factors resultin high aiming errors
and low hit probabilities (see Figure 5:2).

‘Field studies 'such as Salvo |
Factors That Affect andll, SPIW (XM19) Day Defense Test,
Aimed Fire | “dndthe CDEC XM19 test all concluded
that low momentum systems firing mul-
“tiple projectiles per trigger pull could
4 s s 'compensate for the high aiming errors
----- % = andincrease hit probabilltles

SHOFIT TIME EXPDSURES

«  FIRING POSITION
PHYSICAL STRESS

. MEHTAL STRESS

Flgure 5. 2

The ACR concepts fire multiple
projectiles pertrigger pull. Multiple pro-
- jectiles ‘were' fifed from a single car-
- tridge and from serially fired cartridges
ata smgle tngger pull: In both cases
small dispersions, approximately one half the aim error, aré required: Flgure 5.3 presents the
increase in hit probability that can be expected overthe M16A2 stressed frém a'serially fired
system concept (8 mil extreme’ spread) ‘and a'salvo (srmultaneeusly) fired system concept (5
mil extreme spread) for very high aimingerrors. Optical s:ghts were usedto |mprove accuracies
at longer ranges and at low light level conditions. -

EXPECTED IMPROVEMENT IN PERFORMANCE

0.5 -
A
T T Ve : U m—_—— SALVO (5 Mii Extrame Spread)
:'..\ AT == O 0 SERIAL (8 Mil'Exirame Spruij v R
; VAN T T TR MI6A2 Strensed s

> X
= 0.3+ 3
ﬁ ]
@ P
-3 A
o] .
2
£ o024
-
z

0.1 4

0.0 +— +— N R

Q 100 . 200 300 400 00 600 -
e . RANGE .
Figure 5.3
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The ACR field test has been designed to compare these competing design concepts
under expected conditions of use for aimedfire. Three scenarios have been generatedin order
to manipulate the predominant variables which effect aimed rifle fire (see Figure 5.4). These
variables are target characteristics, target behaviors, and firing stability (e.g. position). Target
range has been varied from 25-600 meters; exposure times for stationary targets have been
varied from 1.5 to 10 seconds (depending on range) and for moving targets exposure times of
3 and 5 seconds. The A

moving targets operated| ' ' RANGE (METERS)

at speeds of 6 ft/sec and ‘EXPOSURE TIME (SEC)

12 tUsec to simulate a | TARGET SPEED (FT/SEC) .

walking and running man, se g e R

respectively. Additionally, / D M D D 4

multiple targets for se- ' 75 150 225 300 . o

lected times and ranges| /s’g\s W 6D 150% : a

willbe presentedtoactas e Ad sddls : e}

a forcing function. Three 5 0 AL o 2

firing pasitions were cho- ,__.-,4\5 ,5/]\5 1.5/1\5 4 ]

sen, standing (the least F T o

stable), prone unsup- | A o P

ported . (moderately y S sem L S o 3 .;_

stable) and floxhole-_le!;p- Coepmic ¢ | oPTIC "{ P '2

ported (the most stable). : - ' G g ' E

. s} R P

The predominant|. s ; '

design characteristics|-. | L e

thought to contribute to| - = i . RRET A

hit probapi[ity_r, mode of ls,‘qo,{' IR(F.';N ’; c,@

fire and sighting system, Coes -

will be examined foreach : e ¢

concept. Most concepts Sul i : _

provide two modes of fire - CONDITIONS . ;

andtwo sightingsystems, | Figure 5.4

resulting in four testcom- - '
binations. Each of these will be tested in order to discern their contribution ta hit probability. As
many of these combinations as possible have been tested within the resources of the program.

—& (o The standing ofthand scenano
Short Range . g ennana s
(see Figure 5.5) was designed to ex-
25t0 75 M amine the conceptsin the quick fire role
. STANDING (LEAST WEAPGH SUPPCAT) wherein targets are presented at short
. QUICK FIRE/PQINT FIRE TECHNIQUE :
. RAPIDLY APPEARING SHORT EXPOSURE ranges for short exposure limes overa
= TARGETS(1.5,3 & § SECONDS) wide target angle engaged from the
+ WIDE ENGAGEMENT ANGLE in . ; i rror
. MULTIPLE EXPOSURE TARGETS 20R 3 standing position. High aiming errors
AT ATIME are expected because the target expo-
+ WITHIN RANGE BAND FIRER WILL NOTKNOW| sure times are short and mu“lple tar-
. NUMBER OF TARGETS .
. EXPOSURE TIME gets are presented for selected times.
- TARGET RANGE OR LOCATION It has been shown-that-aiming error
Figure 5.5 increases exponentially with decreas-
ing target exposure time. Targets ex-
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posed for periods shorterthan 2 seconds wil

I force gunners to point the weapon and not use their

sights, while targets exposed forlonger than 4 seconds do not further reduce aiming error. The

multiple targets will act as a forcing functio

n to further ensure high stress and aim error.

Intermediate Range
75 to SOOM

SHORT TIME OF EXPOSURE TARGETS (1.5,345S

MULTIPLE EXPOSURE TARGETS 2 OR J AT A TIME
WITHIN RANGE BANDS FIRER WILL NOT KNOW
NUMBER OF TARGETS

TYPE OF TARGETS (MOVING/STATIONARY)
+ EXPOSURE TIME

« TARGET SPEED (FOR MOVING TARGETS)
LOCATION AND RANGE OF TARGETS 3y

Figure 5.6 -

®

PRONE UNSUPPORTED (MODEHATE ‘WEAPOMN-SUPPCRT)
MOVING TARGETS AT TWO SPEEDS 6 AND 12 FTISEC

- Theproneunsupported scenario
(see Figure 5.6) was selectedto examine
. amore stable firing position. Targets will
be presented atintermediate ranges (75---
300 meters) for varying times (1.5, 3, 5
seconds) along with moving targets (75,
150 and 225 meters) operating at differ-
ent speeds (6 and 12 feet per second).
Multiple targets will also be presented for
selected exposure times (3, 5 seconds)
10 act as a task induced stressor.

ECONDS)

The foxhole supported scenario
(see Figure 5.7) will examine each
weapon from the most stable firing po-
sition. It represents a day defensive
scenario, wherein threat personnel are
expected to disembark from carriers at
distant ranges. Targets are presented
at 300, 400, 500 and 600 meters for 3,
5and 10 seconds using multiple targets
only at the 10 secand exposure time.

Thus, each competing weapon

= Long Range
' .300 to 600M) -

FOXHOLE SUPPORTED (MOST WEAPON SUPPORT)
SHORT + MEDIUM EXPOSURE TIMES (3,5 & 10 SEC)
MULTIPLE EXPOSURE TARGETS TWO AT A TIME
WITHIN RANGE BAND FIRER WILL NOT KNOW ..
. NUMBEROF TARGETS .
. EXPOSURE TIME | o
+ LOCATION AND RANGE OF TARGET -~

Figure 5.7

. 8 = @

systemn concept will be tested under four
different conditions for each scenario using

arepeated measures design with all subjects firi ng

each weapon condition scenario combination. Athree factor within subjects repeated measures .
MANOVA will be used for analyses. Post-hoc contrasts such as the Turkey HSD. will.be used.
following the MANOVA.

The primary dependent measures will be:

a. number of '_largets hit b. number of hits

targets exposed frigger pull

d. nurhber:pf hits :

c. ‘number of hits
first trigger ;;ull pr_o]ectllé"ﬂréd
a; time to first-hit f. time to fire.
..number:.'_é'} casualtie.s

combat load (trlgge_lr__,:pulls)
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Number of trigger pulls will be based on available magazines which inturn will be based
on total system weight, magazine volume, and magazine configuration (bulkiness).

An additional analysis will include cumulative percent targets hit as a function of time.

Other dependent measures of interest will be aim error as afunction of: target range
(apparent size), exposure time, firing position, and multiple targets; but most imponantly aim

error occurring when firing single projectiles per trigger pull will be compared with aim error |

occurring when firing multiple projectiles per trigger pull.

Inducing high aiming errorsis a vital part of the field test. The task induced stressors will
be random presentations of short target exposures at different-ranges against targets that are
moving or stationary. In addition, competition between unitsand physical exercise will be used.

The aim error as-a tunction ‘of ,g'SEErcisglz?;{II'S.howil.bc_',.w'a'i'hﬁ error.changes as a function
of time which inturn will be relatedto distance run‘and physioldgical variables such as breathing
rate, heart rate, and muscle tremor. s R .

The ACR field test will include as many independént variables and their parameter
values that are thought to be present in combat producing high aiming errors.

533 HEL Salvo Stress Test.
This test funded under the ACR pro-

~ Primary Stressor

Q3

a
SN
£ P

L2 - FAST EXPOSURE TIMES

N

WHAT |

" )Target Behavior

+ MULTIPLE TARGETS

gram was conducted as part of the
planing for the stress in the ACR field

experiment. Stress in the shooteris the
_reason for poor hit performance in com-

bat. Although combat stress cannot be
replicatedin atest, otherstressorswere
usedinthe field experimentto generate

the large aiming errors. The primary

+ MOVING TARGETS : - .| -stressoris the task induced stressor of
' mggaglﬁgﬁfgfg‘;“““m" | targetmovementandbehavior (see Fig-
Figure 5.8 ure 5.8). A secondary stressor is the
R physical exercise prior to firing the tar-
getscenario. The purpose of the Salvo Stress Testwas 10 assess the potential of peer pressure
and compatition as a methodology for producing a known level of stress on soldiers. The test,
documented in the HEL report ( HEL Project No. 1L161102B74A, "Effects of Competition of
Mode of Fire.on Physiological Responses, Psychological Stress Reactions, and Shooting
Performance”, Technical Memorandum 11-81, July 1991) was a live firing test with troops. The
stress created during competition was assessed by comparing the psychological and physi-
ological responses of the soldiers firing competitively with the responses of soldiers firing during
noncompetitive control conditions, and with responses obtained from subjects in other stress
protocols. Psychological reactions were measured by a battery of instruments. Physiological
reactions were determined by measuring several stress related hormones in muitiple blood
samples and by monitoring heart rate. This experiment documented that competition can be
used to reliably produce a moderate level of stress.
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5.4 Field Experiment.

5.4.1 Weapon Systems. Charactenstics of the weapon systems tested in the field
experiment are shown in Figure 3.1 on page 9. [n addition to the five systems shown on the
chan, two additional systems were includedinthetests. These two systems were modifications
tothe standard M16A2, One was equipped with a 4.0 power optic sight mounted on the carrying
handle'(see Figure 5.9 and 5.10),.and the otherwas equipped with a 4.0 power optics sight with
arifle muzzle stabilizer and modifiedto fire in the automatic fire mode.: Duplex ammunition was -
also fired from the M16A2 weapon systems. : - ;

M16A2 (with Optic yio
7 UFigure59

—-.5.4.2 Characterlstlcs Tested _.The ch rac:.

._.tensncstestedmmefleldexpenmentaswellasthe

.| . Measures Of Effectiveness-(MOE) are given in
-{ Figure 5.11 on the following page.

5.4.3 Test Players and Equipment.

| 5.43.1 . _TestFirers. The U.S. Armyand U.S.
- Air Force each ‘provided-eighteen male and- five

ment.
M16A2 OPTIC | 5432 . Weapon System Instructors. The -

RETICLE PATTERN U.S. Air Force provided:tfive primary andthree
Figure 5.10 R

ane:chief instructor, five primary instructors, and
two alternate instructors.
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(characreRisTic MEASURE OF EFFECTIVENESS (MOE)

Tralning instonces.noted during hralning when lest firer performance of tasks indicated Inadequate hraining

1 1 -

Mean numbar of 10unds to 2ero
Easa of 2ero :
Time o zero

auu:‘ond ?uinmaﬁc Fire' mode: Exliame spread, extreme horizontal sprecd, & extreme vertical spread of
each burs
Disperdon firing
Sami-quiomatic Fire.:moda: Extreme spread, exiremas horlzontal spread, & extreme verical spread of
each five-round group

Target hits/irigger pulls

Target hits/rounds fired
h '?Turgdii'sitfhl'g'gu pulis T
Hit parformance - . =
Targets hit/rounds firad
- Targets hit/largets expased S
‘“Mean miss disiance Faseny's
Response fimes Response imas were the mean Hmes ta first target hil for single largel expasures; mean times fo first targsl
hit for two target exposures; & mean Hmes to first, second & third target hits for three larget exposures
| Z2er0 retention - Parcent of imes 2ero woi relained B 1
[ Rellability 1| _Meanrounds between fallures. .. . _ '
; _Mean lime required {o pererm operatar maintenance: - i
Maintainchillty || . i R
i - ||-"Medntmae reqiired to padom contractor maintenance - - :
' *Number & nature of human factors problems noted by 1ast firers :
Human Foctors: .. Lt : '
_Preference ranking by testfirers. ... -
| Safety Numbet & severty of scfely hazards noled
| compatibiity Number & nature of problems concerning compatibillty with sataty gidsses & Keviar helmet
L Pmlﬂcr;’dlsclcﬂng Posllion disclosing eflects of les! & contral systems (flash, dust, smoke, & ncisa)
Figure 5.11
5.4.3.3 . .Weapons and-Ammunition. ARDEC provided the. following weapons and
ammunition for the test:
A. Weapons:

Fifteen ACR test weapons: AAl, Colt, Heckler and Koch, and Steyr.
_Fifteen standard M16A2.

|
I!
Ten rifle optic sights to be used with:the standard-M16A2. - - '

~wn -

Ten M16A2 rifies modified to fire automatic and equipped with-muzzle
-stabilizers.
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|
B. Ammunition: roxim nti

1. AAl " 90,000 Flechene rounds
2. Colt 53,000 Dupiax rounds & 10,000 M855 rounds
3. Heckler & Koch 75,000 Case|iess rounds
4. Steyr 90,000 - Flechette rounds
5. M16A2 with Optic 52,000 MB855 rounds
.6. M16A2 with Optic&..  52,000. Dup!ex rounds
Muzzle Stabilizer I
7. Standard M16A2 188,000 M855 rounds
544 Test Events & Conditions. The test was ccindumsd inthree phases. Phase |

and |l consisted of one week of pretesttraining and five three week test rotations for male firers.
The five rotations allowed for each subject tc be assigned Jlach of the four ACR candidates as
well as the M16A2. Each test rotation consisted of one week of test training and two weeks of
testfiring. Phase | and Il were identical, except phase linvoived the first half of the firers and
phase Il involved the second half. Phase Ill consisted of five rotations of two days each for
female firers. The first day consisted of tralnmg and the second day consxsted of hit
performance firing.

5.4.4.1 " Tralnlng From 17 through 28 Juiy 1989 the weapon contractors tralned LJ S ;

the ACR contractors reviewing details and procedures [w:th the mstructors on the ACR
candidates. After completion:of training, these military’ mstructors orgamzed into-integrated
training teams and instructed the male test firers dunng[ pretest training and test training
{Phases | and Il) and instructed the female firers dunng i day of test training: (Phase ).

5442 Test Events for Phasas I and n (Mala Firers)

5.4.4.21 Zerolng Pnor to begmmng test fmng each Jay the male zast f:rers zeroed the:rf'.

assigned weapon's iron-or optic sight, as appropriate. Zeromg was conducted under existing”

daylight and weather conditions.

|
54.4.2.2 Dispersion Firing. Following the zero exerc_ise, the male test firers participated
in a non-stressed, untimed, dispersion firing exercise whiich was conducted under existing
daylight and weather conditions. All dispersion firing was c|onducted on MDI equipped targets
on Buckner Range.

5.4.4.23 Hit Performance: Firing. After completingithe ‘dispersion firing exercise, the
male test firers participated in a stressed, timed, hit performance exercise conducted under
existing daylight and weather conditions. The maletest firefs engaged both single and multiple
stationary E-type silhouette target exposures and singhla moving E-type silhouette target
exposures at ranges of 25 to 600 meters. Targets in the short range (25-75 meters) were
engaged from the standing unsupported position, while tar;gets expaosures in the intermediate
range (75-300 meters) and the long range (300-600 meters) were engaged from the prone
unsupported and foxhole supported positions, respectively. All hit performance firng was
conducted on Buckner Range. The test firers fired target scenarios in four basic conditions
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(semi-automatic/iron sight, semi-automatic/optic sight, burstiron sight, and burst/optic sight).
The male test firers were stressed using physical exercise, simulated return fire, short target
exposures, multiple targets, and moving targets (target speeds were 6 and 12 feet persecond).
To monitor effects on the heart rate of the test firers, each test firer wore a heart-rate monitor
during firing. Personal competition was also used as a stress factor.

5.44.24  ZeroRetention. Following dispersion and hit performance ﬁring each day, the
male test firers fired a live fire zero retention exercise, under existing daylight and weather
conditions, with that weapon system's iron or optic sight (as appropriate) and checked for zero
retention. The test firers fired two three-round shot groups to check for zero retention. If the
zero was not retained, the mechanical corrections necessary to return the system to zero, and
the number of rounds required were recorded. If aweapon system did not fire any test events
during a scheduled firing day, that system did not conduct a zero retention exercise at the end
of the day, but fired a zero confirmation exarcise the next morning prior to beginning firing the
test events, If the zero was not confirmed, the firer again zeroed his weapon system.

5.4.4.25 Position Disclosing. A position disclosing effects exercise was conducted only
by the male test firers during the phase Il hit performance firing events. Remotely operated
audiovisual recorders were placed downrange and to the flanks of the live firing to record the
flash, dust, smoke, and noise effects of the test systems.

5.44.26 Reliability, Maintainability, Human Factors, Safety, and Compatibility. Test
data regarding reliability, maintainability, human factors, safety and compatibility were col-
lected throughout the conduct of the test for the male test firers through the use of question-
naires, interviews, and observations by test directorate personnel.

5.44.3 Test Events for Phase Il (Female Firers).

5.4.4.31 Hit Performance Firing. The female firers participatedin a stressed and timed
hit performance exercise conducted under existing daylight and weather conditions. The
female test firers engaged both single and multiple stationary, E-type silhouette target
exposures at ranges from 25 to 300 meters from the foxhole supported firing position. All hit
performance firing was conducted at Buckner Range. The female test firers were also
physically stressed prior to conducting hit perfermance firing. All weapons were zeroed prior
to test firing. During phase IlI, this zeroing data was not collected and/or analyzed because of
the limited training time on each weapon system.

5.4.4.3.2 Rellability, Maintainability, Human Factors, Safety and Compatibility. Test
data for female test firers regarding reliability, maintainability, human factors, safety and
compatibility were collected in the same manner as for phases | and Il.

5.4.5 Firing Controls and Range Rellability. All test firers fired all firing events while
wearing Battle Dress Uniform (8DU), load-bearing equipment, and Keviar helmet. Because the
weapon systems were prototypes, test firers were required to wear safety glasses when firing.
All test firers fired all firing events in accordance with a randomized sequence of events so that
any learning etfects were minimized and controlled for all systems. Testers closely controlled
all events throughout the entire field experiment. The target layout sequence of test events,
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and test control procedure were explained to all test firers to aid in insuring the accurate
collection of data. The test range personnel used live ammunition to check range instrumen-

tation reliability each day prior to testing.

546  Results. Acomplete description of.the ACR field experiment is documented in the
TEXCOM Infantry Board's (INFBD) Final Report, “Customer Test of the Advanced Combat
Rifle (ACR),” November 1930. The report summarizes all the activities conducted on the ACR -
field experiment under TRADOC Project # 89-0000752 and TEXCOM INFBD Project # 3837..
No statistical comparisons or analysis onthe performance of the various weapon systems was
made in this report. A comiplete analysis was conducted by AMSAA as described in section
6.0 of this report. - ‘ : ' .
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6.0 AMSAA ANALYSIS.
6.1 Results of the Field Experiment. The detailed results of the field experiment are
” contained inthe Infantry Board Test Report. Ananalysis of the results was conducted by AMSAA

andis documentedin AMSAA report, "Independent Evaluation'Repart No. 5-91 ot the Advanced
Combat Rifle”, August 1991. This report contains classified information. The results discussed
here are extracted from the AMSAA'report.

6.2 ‘Record Fire. Each gunner recéived one week of training with the M16A2 rifle and
then fired the standard Army record fire course. This course consists of forty (40) targets located
from 50 to 300 meters. One round was fired at each target from the prone position using
semiautomatic and iron sights. The score is the total number of targets hit. The gunners are
classified according to the following scores.

inimym Classification r
Expert 36
Sharpshooter 32

Marksman 23

Initial quahhcatlon scores of the gunners (see anure 6.1) show that the peﬁormance of
S the test gunners was well above basic trainee scores and scores needed to qualify on the M16.
Phase | gunners also performed better than phase | gunners in the record fire course. For this l
reason in the data-analysis; the phase | and Il results will be treated separately.
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The operational field test was conducted using the standing (unsupported), prone
(unsupported) and foxhole (supported) finng positions while engaging hit sensitive standarg E-
type silhouette targets located from 25 to 600 meters. Limited test resources did not allow for
the testing of each firing position at each range. Therefore, the ranges of engagement were
divided into three range bands. Targets in the short range band (25-75 meters) were fired in
the standing position, intermediate range band (75-300 meters) in the prone position, and the
long range band (300-600 meters) in the foxhole position. Another limitation was that not all .
weapon conditions could be fired in each range band. The selection of weapon conditions fired
ineach range band, was based on recommendations from the contractors and decisions of the
TIWG: Withthese restrictions, a repeated measurestest design planwas developed. This plan
was statistically designed and controlled for order position, carry-over effects, learning, stress
and time of day. This test design plan provided that: ' E

- Each gunner fired each weapon condition.

- Once a gunner was assigned a weapon, all weapon conditions of that weapon
were fired before the gunner was assigned another weapon.

Following one week of training on the test weapons the gunners fired the record fire
course again with the test weapons prior to proceeding info the stressed hit probability test on
Buckner Range. The results of the record fire tests for phase land ll can be seen in Figure 6.2.
ltcanbe seenthat with thetwo flechette firing guns (AAI and Steyr) that almost all of the gunners
failed to hit sufficienit targets to be considered qualified. This is due to the fact that the round.
to round dispersion of the flechette projectilés was more than two times that of the bulleted .. .
systems. T . : R
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6.3 Hit Performance. The primary measure of effectiveness (MOE) used to
represent hit probability is the percent of targets hit on the first tngger pull. These values,
averaged overthe target exposure time, stationary and moving targets and the range bands are
shown in figures 6.3 through 6.5. The statistical analysis of the hit performance was conducted
using the procedure for a three factor experiment with repeated measures. The standard
weapon system is the M16A2 firing semiautomatic using iron sights.

6.3.1 Short Range Band. There were no statistical differences in the hit performance
of the weapons tested in the ACR test for the short range band, at the 0.1 level of significance
for a two-tailed test. Thus, no pairwise comparisons of weapon systems can be made
statistically. Figure 6.3 shows that the hit performance of the flechette weapons (AAl and Steyr)
fired on semiautomatic and using iron sights, have alower point estimate of the hit performance
than the standard. However, these differences were not of such a magnitude that statistically
significant differences could be detected with the sample size of the ACR test.
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6.3.2 Intermediate Range Band. Significant differences among the candidates were
detected for the intermediate range band. Therefore, pairwise comparisans could be made.
The criterion for determining that a weapon system/firing condition is better or worse than
ancther weapon system/firing condition is that a statistically significant difference in the
comparison for both phase | and phase Il exists: The conclusions based on the comparisons,
shown in Figure 6.4 are: -

- The flechette weapons (AAl:and Steyr) were worse ‘than-the standard for al|
weapon conditions.

. ‘The H&K firing semiautomatically and using low power optical sight was worse
~..than the standard.

The M16A2 fired automatic using-iron-sights'was worse than the standard.
. All other weapon systems were not significantly ditferent from the standard.
Pair wise comparisons within a weapon system lead to the conclusions:

- Optical sights did not show any advantage over iron sights (AAl, Colt, Steyr and
MIBA2).

- The high power of an optic sight showed no advantage over the low power of the
samse optical sight (H&K).
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6.3.3

Except for the M16A2, there were no statistically significant differences between
semiautomatic and automatic fire (AAl, Colt, H&K and Steyr). Both modes of fire
were equally effective. Inthe case of the MIEA2, semiautomatic fire is superior
to three-round burst fire.

Long Range Band. There was a statistically significant difference among the
weapon systems, at the 0.1 level, for the long range band. Thus paijrwise
comparisons could be made. The conclusions from these comparisons shown
in Figure 6.5 are:

The tlechette weapon systems (AAl and Steyr) and the H&K were statistically
worse than the standard for all fiing conditions.

- The Colt firing duplex ammunition semiautomatically using the optical sight was

worse than the standard.

The Colt firing duplex ammunition semiautomatically using the optical sight was

.worse than the Colt fiing M855 ammunition using the optical sight.

 The M16Aé'f-i-ring three-round bursts using the iron sight was worse than the =

standard. There were no statistically significant ditferences between semiauto-

_matic and three-round burst fire for the AAl, H&K and Steyr weapon systems (all

using optical sights). .- » :

There were no statistically significant differences comparing the Colt firing M855 -

ammunition semiautomatically using the optical sight, modified M16A2 firing

- duplex.ammunition semiautomatically using the optical sight, and the M16A2

firing M85S ammunition semiautomatically using the optical sight when com-
pared to the standard.
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6.4 Female Gunners Phase lll. The test plan for phase il was the same used in
phase | and Il except for the following.

Ten gunners used (five Army, five Air Force).
- Only short and intermediate range bands used.

-_ No moving targets used.
- Only iron sights used (except for H&K where low power optic was Used).
- All firing was from a foxhole supported position.
6.4.1 Test Procedure. Thetest piocedure for phase Ill was the same‘as for the major

portion of the tests performed in phases | & II. Howaver, phase Il consisted only of two day
rotations; one day for training and a second day for testing. The female firer test was a very
limited test in scope and resources.

6.4.2 Record Fire. The results of the record fire tests were similarto those ofthe male
firers where no gunners qualified with the flechette weapons. In addition, 80% of the females
failed to qualify with the H&K weapon. This is most likely due to the limited training time with
the weapon.

643 Hit Performance. Except fortha changes noted above; the testandtHie resulting
data were the same type as that of phases | & II. Statistical differences were seen between the
weapons at both the short and intermediate range bands. The results of these comparisons are
as follows: : :

- -:The flechette weapons (AAl and Steyr) were statistically worsethan the standard
- -for both the short and intermediate range bands.

-~ . The H&K fired semiautomat_ip_aﬂy was worse then the standard at both range
bands, but when fired in the burst mode was worse than the standard only in the
intermediate range band.

- The modified M16A2 fired automatically was worse than the standard onlyin the
intermediate range band.

- All other weapon systems were not statistically different from the standard.

6.5 Incapacitation. In order to assess the overall effectiveness of a rifle, probability
of hitting atarget must be consideredtogetherwith the probability ofincapacitating atargetonce
itis hit. The probability of incapacitation given a hit is derived from the terminal ballistics testing
conducted by the Ballistic Research Laboratory ( BRL). These classified indices can be found
inthe BRL report. The criterion discussed here is the probability of incapacitating athreat soldier
such that he is unable to complete his assaultin 30 seconds of being hit. Thirty second defense
criteria is also discussed in the BRL repon. -

6.5.1 Results. The probability of incapacitation forthe AAI, H&K, and Steyr (when the
flechette tumbles) projectiles are about the same as for the M1 BA2 firing M855 ammunition. As
stated before, the Steyr flechette was shortened 0.10 inches 1o aliow it to fit into the current
weapondesigniteration. Inthis shortened condition, the flechette onlytumbled some ofthe time
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upon target impact. When it does not tumble, it is significantly less lethal. The full length AA|
flechette did not exhibit this behavior, The Colt duplex projectile incapacitation probability is
quickly degraded with increasing range. This is primarily due to the bullets’ light mass and high
drag resulting in less enargy delivered to the target at the longer ranges.

As seen in the discussion on hit probability, no systam had a higher probability of hitting
the target than the M16A2 based on the MOE of targets hit per first trigger pull. However,some
ofthe systems, particularly the Colt and the modified M16A2, firing duplex, showed more target
hits pertrigger pull. The probability of incapacitating atarget given multiple hits is greater than
for a single hit. Various assumptions can be made on the effects of multiple hits on a target. It
can be assumed that the second hitisindependent of the first, however the second hit can only
incapacitate a portion of the target that was'not hit by the previous hit. These assumptions are
discussed in more detail in the AMSAA report.

The statistical analysis of probability-of incapacitating the target-on the first trigger pull
showed that significant differences existed between weapons for all three range bands. The
conclusions relative to incapaitation which could be made from the pairwise comparisons
include:

- Duplex ammunition fired automatically from the Celt and modified M16A2 was
better than the standard in the short range band.

- Duplex ammunition fired automatically from the modified M16A2 was better than
the standard in the intermediate range band.

- The Colt using duplex ammunition with the optical sight sight was worse than the
standard in the long range band.

- The H&K weapan (both semi-automatic and burst) was worse than the standard
for the low power optic in the intermediate range band and the high power optic
in the long range band.

- The flechette weapons (AAl and Steyr) fired semi-automatically were worse than
the standard in all three range bands.

. The flechette weapons (AAl and Steyr) were warse than the standard for all
weapon conditions in the long range band.

The modified M16A2 fired automatically was worse than the standardin the long
range band.
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Conclusions based on point estimate values relative to incapacitation are:

. At 25 meters all weapons fired automatically/burst had higher values than the
standard.

. Out through 50 meters, all weapons fired automatically/burst, except the Steyr,
had higher values than the standard.

. Out through 75 meters, all wéapons.jir_ed' autorda{icallyfburst. except for Steyr
- and H&K, had equal to or higher values than the standard.

- Qut through 150 meters, the Colt and'i_'h'e modified M16A2 firingldupiex ammu-
nition had higher values than the standard for all weapon conditions fired.

- Out through 300 meters, the modified M16A2 firing duplex ammunition had an
equal to or higher value than the standard.
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7.0 PROGRAM OMBUDSMAN.

7.1 Wetzel International. As stated in the background section of this report, this
program was highly visible with senior Army management. The program was formulated and
approved by the Under Secretary of the Army and contract direction provided by the
Commandaer of the Army Material Command (AMC). Another directive from the Commander
AMC was the hiring of an ombudsman orindividual respected inthe community to observe and
assess the planning and conduct of the field experiment. LTG (R) Wetzel, from Wetzel
International (WI), was hired for this purpose. LTG Wetzel attended most of the TIWG
meetings, and witnessed the instructor training and field experiment. The following was
extracted from his repon:

Wetzel International, Inc. (WIl) served as an independent contractor with
the mission to provide anindependent evaluation of the planning and the conduct
of the ACR field experiment through limited (part time) observation and involve-
ment. The purpose of the field experiment was to compare hit performance and
dispersion characteristics of six candidate systems (four ACR conncepts and two
M16A2 varients) and the M16A2. Inthe opinion of the Witeam this purpose was
accomplished. Sufficient valid datawas collectedto address the following issues:
hit performance, dispersion, training, zero retention, response times, reliability
and maintainability, and human factors. ARDEC is to be commended for its test
planning. Army and Air Force NCO instructions and TEXCOM Infantry Board
data collectors performed admirably and were appreciated by each weapon
system contractor. To appreciate the complexity ofthe field experiment one must
understand the planning of this experiment. Unlike an ordinary experiment where
all candidate systems were designed to a set of specifications providing an
experiment which would then be equally applicable to each candidate, the ACR
experiment had to be designed ta test the characteristics of each system, yet be
fair to all candidates. Each candidate had unique safety considerations, unique
ammunition, unique maintenance, unique training, and even unique zero require-
ments. Buckner Range was designed and constructed specifically for this test.
The purpose of the ACR test, in the opinion of Wetzel International, was
accomplished by the field experiment.
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8.0 CONCLUSIONS.

As a tachnology base program the ACR program is considered to be a success.
Although the desired hit probabilities were not achieved, significant advances in the. state-of-
the-art in'rifla technology have been made. New gun mechanisms have been d95|gned and
proven, and the feasibility for reduced combat load through the use of hghtwelght plastic case
and caseless ammunition has been demonstrated. All rifle systems per‘formed well in the
stressed environment of the field'experiment. The baseline pertor_rnanca ofthe M16A2 ritle was
better than anticipated in ‘tarms of hit probability. This experiment for the first time has
established a statistically valid data base on rifle performance in an operational environment.
~ The hitperformance predictions priortothis experiment were based on acoriglomeration of test
results ‘collected under differing conditions, with less sophisticated instrumentation. Prior
estimates of M16A2 rifle performance ware shown at the beginning of this report. The new
estimate of hit parformance forthe M16A2is shownin Fgure 8.1, Thisgraphis a smooth curve

estimate based upon the results of the ACR field experiment. This data base will be used to

replace the estimates of rifle hit capability currently bsmg usedinthe joint munition evaluation

methodclogy handbook.
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No rifles showed an increase in probability of hit overthe M16A2 rifle under the stressed
conditions of the test. This is primarily because the soldiers performed better than expected:
meaning their aiming errors were smaller than anticipated. Therefore, the salvo burst sizes
were too large to effectively increase the probability of at least one projectile hitting the target.
Another contributing factor is that the burst size actually obtained from the weapons was
somewhat greater than that originally requested. The aiming errors assumed from the past
tests were based on calculations of targets hit over targets engaged with the data collected on
less sensitive and less reliable instrumentation. The instrumentation on Buckner Range not
only allowed formore accurate datato be collectedin an operational setting, butforthe first time
allowed for aiming errors to be measured directly from the miss distance information.

The stressors used in this test to replicate aiming er_rbr's'expected in combat were the
taskinduced stressors of target behavior and movement. Additional factors of physical exercise

priorto firing ascenario also helpedto further stress the shooter, Peer pressure and competition .

was used to motivate the troops during the extended duration of the test. It is unlikely that
additional stressors, short of actual combat, could have beenusedinthis test. The almmg errors
generated in this'test are considered to be an accurate reflection of ¢urrent weapon system
performance. This data base will remain the basis against which all individual weapons will be -
assessed well into the future. '

The feasibility of caseless and light weight plastic cased ammunition has more than been
demonstrated in this program. Few problems were experlenced with the caseless rifles in the
test, The past technical barriers of cook-off and vulnerabzhty have now been overcome. The
nitramine propellant developed for this caseless effort has many other potential uses. lts high
impetus, low flame temperature, and low vulnerability make it attractive for many new
applications. The plastic cased system had many problems of failing to obturate the gun
chamber and venting gases into the buttstock early in the test. Temporary fixes to this problem
were accomplished during the test by more intensive maintenance of the weapon. However
design solutions are known and had another weapon design iteration been passible it is likely
that this problem would be effectively solved. Complete plastic cases cannot be used. in
conventional weapons like the M16A2, but with weapons specifically designed for it, complete
plastic cases are feasible.

Many advances in high performance rifie flechette technology have been made during
this effort. New engineering plastics and sabot designs have solved previous launch reliability
problems. Although significant advances were made in reducing flechette round to round
dispersion, the dispersion of fiechettes is still greater than that of bullets. This is the reason that
the flechette rifles did not exhibit the hit performance of the bulleted rifles. Itis unlikely that the
round to round dispersion will be reduced further which would likely preclude flechettes from
further consideration as single shot rifle projectiles. Their high cross sectional energy density
and large length to diameter ratio make them very effective against all small arms targets. This,
together with their flat trajectory and short time of flight, make them attractive for consideration
in crew served and area fire apphcaﬂons

Salvorifies can be effective inincreasing hit probability under conditions of large aiming
errors. However, with the size of the aiming errors experienced in this test, a significantly
smaller burst size would be required than those produced by the rifles in this program. It is
unlikely that sufficiently small burst sizes could be obtainedand controlled to effectively improve
performance with the aiming errors now known to exist.
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The instrumentation of Buckner Range at Ft. Benning has resulted in a one-of-a-kind
capability. This facility is not only unique because of its operational setting, and state-of-the-
art computer control, but also because of the advances made in its instrumentation. The miss
distance instrumentation (MDI) developed for this range is more accurate than any other
currently available, with larger detection window sizes. The equipment is also more sensitive
to be able to measure low shock wave projectiles like flechettes. It is also the only known range
to incorporate this same MDI equipment on moving targets. The successful instrumentation of
Buckner Range is an additional technical accomplishment of this program.

The technology gains made under this program have opened the possibility of utilizing
new weapon concepts to meet future needs and requirements. These technology gains as weil
as the development of a statistically sound data base have significantly advanced the state-of-
the-art In rifle and individual weapon technology which was the primary goal of this effort.
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9.0 ACR REFERENCE REPORTS.

ol The following is a list of other impertant reports relating to the ACR program. These
reports have already been published and are available through the Defense Technical
Information Center (DTIC) or through the appropriate publishing organization.

“Technical Feasibility Test of Advanced Combat Rifle Candidates - Final
Repert,” CSTA Report No. USACSTA 7103, TECOM Project No. 2-WE-
600-ACR-001, Light Weapons Systems Division, Armament Systems
Directorate, Combat Systems Test Activity (CSTA), Aberdeen Proving
Ground, MD 21005-5055, 1992.

“P(I/H) Estimates for the Advanced Combat Rifle Ammunition Candi-
dates (U),” Integrated Battlefield Assessment Branch, U.S. Army Ballistic
Research Laboratory (BRL), Aberdeen Proving Ground, MD 21005-
5066, March 1992, CONFIDENTIAL.

“Customer Test of Advanced Combat Rifle (ACR) - Test Design Plan,”
TRADOC Project No. 89-0000752, USAIB Project No. 3837, Small Arms
Test Division, United States Army Infantry Board (USAIB), Fort Benning,
Georgia 31805-5800, June 1988.

“Effects of Competition and Mode of Fire on Physiological Responses,
Psychological Stress Reactions, and Shooting Performance,” U.S. Army
Human Engineering Laboratory (HEL), Aberdeen Proving Ground, MD
21005-5001, July 1891,

“Customer Test of Advanced Combat Rifle (ACR) - Final Report.”
TRADOC Project No. 83-0000752, USAIB Project No. 3837, Small Arms
Test Division, United States Army Infantry Board (USAIB), Fort Benning,
Georgia 31905-5800, November 1890.

“Independent Evaluation Report No. 5-91 of the Advanced Combat Rifle
(U)," Infantry Warfare Analysis Branch, U.S. Army Material Systems
Analysis Activity (AMSAA), Aberdeen Proving Ground, MD 21005-5071,
August 1991, CONFIDENTIAL.

«s 56mm Flechette Companent and Cantridge Producibility”, Report No.
ARCCD-CR-9103, Advanced Development Engineering Center (ADEC)
Automation, Folcroft, PA 19032, March 1991.

“Small Arms Technology Assessment, Individual Infantryman's Weapon,
Volume I Rifles, Volume |: Appendices, Volume 1I: Grenade Launchers
(U),” U.S. Army Laboratory Command (LABCOM), Adelphi, MD 20783-

1145, March 1990, CONFIDENTIAL.

Page 47

<PA¢T€ B~ BAANK)






APPENDIX A
1.0 ACR OPEﬁATIONAL AND ORGANIZATIONAL (O&0Q) PLAN.

1.1 Purpose. The purpose of the O&0 Plan is to explain and documerit in detail the
soldiers need for an Advanced Combat Rifle (ACR) which would be the focal point for a family
of advanced small arms systems.  The:overall goal of the ACR program would be to enhance
the individual soldiers battlefield;effectiveness. By-definition, an O&Q Plan describes how.a
system will be used on the battlefield, its interface with other systems, and the type and number
of systems per.unit.. Inasmuch.as an Operational Requirements Document has not been
prepared forthe ACR .the ACR program.and. devetopment contracts have been governed by -
the technical characteristics outlined in the-O&0 Ptan ,

1.2 History. The need fora newfamlty of small arms Wilh higher htt probabmties was
identifled in the 1984 TRADOC. Battlefield:Development Plan:(BDP), and:through analysis -
which mdu:ated thathit probabilities are severely degraded by soldiers during periods of combat
stress...The:0&0 Plan for the ACR was: approved by TRADOC in-January of 1985.

TRADOC s goal wasthe development ot an ACR with:a100. percenti umprove mentover::
the baseline performance of the M16A2 rifle at combat ranges, and greater than 100 percent
improvement at. extended ranges Addmonal requured features include:

T P Enabl:ng the r:fteman to detect targets at ranges greaterthan 400 meters.in-:-
offensive.action. and:atileast 1,000 meters during.conduct of the defense..-
2. An ACR fire control system that would maintain its effectiveness under atl
battlefield conditions.
3. Animproved launch signature that would improve passive security and thus
reduce stress.
4. Training and logistical commonality with additional small arms systems.

The ACR will serve asthe baseline system foranew generation of small arms which may
include:

(1.) Advanced Close Support Weapon (ACSW) - The ACSW would replace the current light
support weapons (M60 machine gun and M249 squad automaticweapon). Key design features
would include high sustained rates of fire without barrel changes, high single shot hit probability
for long range point target engagements, common module design with the ACR to ease
logistical burdens, light weight and capable of preset precision aiming without an additional
stable platform such as a tripod.

(2) Advanced Grenade System (AGS) - The AGS would replace the current M203 40mm
grenade launcher. Key design features include the capability of being mounted on the ACR,
provide greater lethality and hit probability against light armor threats, improved antipersonnel
lethality, and the ability to coverdead space. Addition desired featuresinciude the development
of smaller, lighter, and more lethal ammunition which would increase rates of fire and improve
accuracy over current launch mechanisms.

Ap.ﬁcddjix A |
Page 1



1.3 Organizational Plan. ltis envisioned thatthe ACR would be deployed through-
outthe U.S. Army with the entire family of advanced weapons being utilized primarily by combat
forces. The Basis of Issue Plan (BOIP) for the weapon systems would be based on a one-for-
one replacement of similar type weapons currently being used.

1.4 Additional Considerations.

Personnel - The intreduction of the ACR would not increase manpower in the force structure,
and would not generate any new MOS for employment or maintenance.

Training - Initial training resources and associated hardware will be established to train
operators and maintenance personnel for support and operation of the equipment into the
inventary. It is envisioned that high technology stress simulation devices/simulators will be
developed to support innovative marksmanship training technigues.

Logistics - The maintenance concept for the system would be consistent with current support
organizations, concept of operations, and repair level-policies. Maximum utilization will be
made of existing TO&E tools, TMDE, and other support equipment, The LSA/LSAP process
would be used 1o determine and define suppon transportability requirements and personnel
tasks and skills for the operation, maintenance and support of the system.

1.5 Annexes. The ACR 0O&0 Planincludes an annex entitled, "Advanced Combat
Rifle (ACR) Operational Mode Summary/Mission Profile (OMS/MP)." This annex summarizes
through the use of tables, the wartime and peacelime operational mode summaries and
mission profiles. The approved ACR O&O Plan is included in this appendix.

Appendix A
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OPERATIONAL AND ORCANIZATIONAL (nE0) PLAX
FOR TFE
ADVANCED COMBAT RIFLE (ACR)

1. PURPOSE. A need exists for an Advanced Combat Rifle (ACP) which will
significantly enhance the individual soldier's battlefield effectiveness.

It is anticipated that the ACP vill serve as the baseline systen for a nev
generation of small arms.

A. DEFICILENCIES: The TrADOC Battlefield Development Plan (BDP) 19¢2,

identifies Inadequate Small Arms Capability as deficiency nusber 9¢. Driving
factors behind this deficiency are as follows:

1. F16Al lacks effectiveness at extended range and ruggedness.

2. Manportable small arms are degraded by obscurants.
3. Weapons and acruniticn are excessively heavy.
4!

Sniper rifles problems render them incompatible with TO

units (See Close Combat Mission Area Analysis (CCMAA), Dec 83, Vel IV, app C
for complete analvsis).

5. Platoon small ares aemunition is not interchangeable.

E. The need for an {mproved rifle
of current szall arcs available to the
development. This review considered th
SUPPOTC requirements associated

w2s derived froc a detailed analvsis
corbat rifleman and those in advanced

e man/machine interface, and integrated
with the folloving srall ares systezs:

M1641 Rifle

M16A2 Rifle

Enkanced M16A2 Rifle
X4 Carbine

Firing Port Weapon
Squad Automatie Weapon
MEC Machine Cun

M203 Grenade Launcher
M3 Submachine Gun_

-45 Caliber Pistol

9ne Personal Defense Weapon
M2l Sniper Rifle

C. VWhile the above systems offer excellent gun accuracy, historical and
interaction analysis over a period of 25 years has {ndicated that a conmon
probler with all small arms systems is the degradation in hit probabilicties
vhich scldiers experfence when placed in an operational environment vhich ex-
poses therc to combat stress. The amount of combat stress which a solcdier
experiences {s highly dependent on {ndividual differences and the specific
erployzent scenario. Vhile the stress factor cannot be quantified, 1t never-
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theless s vanifested by gunner a{ming error. Best estinactes of aieing error
induced by stress range from 8-10 mils at very close combat ranges of 0-100
weters, 2-3 mils at combat ranges of 300-400 meters, and a lov of 1-2 mils at
extended ranges from 500-1000 meters. The technical challenge {n the design
of 2 new cozbat rifle is to compensate for or reduce the large aining errors
associated vith the man/machine system under battlefield conditions, and thus
significantly {mprove combat effectiveness.

D. Current systems and those in developument are based on adaptations of
cocmerciaslly available small arms. Each fystem requires unique training and lo-
gistical support. There is litrle interchangeabllity of parts and warksmanship
skills are not readily transferred from one systez to another. Numerous diff-
erent types of ammunition are required within a single combat unit. All current
stall arms vere designed for dav.use only, without regard to the combat
soldier's operational requirements to conduct continuous operations. Current
night vision aids are heavy, provide licited capabilities, and do not provide
satisfactory interface with the srall arms systec they are designed to agsist.

E. An advanced individual weapon system i1s needed to provide significantly
greater combat effectiveness under stressed conditions. It must alleviate
current deficiencies, maintain- effectiveness under all environmental and visi-
bility conditions, and greatly reduce.che training anc ‘logistical burdens
of combat units. The systec must be operable by the individual scldier in an
NBC envircament while vearing the full range of protective garcents to include
MOPP4 and balli;:ic eye protection. -

II. THREAT/DEFICIENCY.

A. Conbat riflemen could -be ‘emploved ‘throughout the wvorlé {n any level of
eonflict. Threat forces. car be expected to range froc the most sophisticated
and highly trained military and .pararilitary elements of the USSP and barsav
Pact, to relatively untrained and {ll-equipped insurgency forces. Sovier doc-
trine ‘eophasizes high speed,. continuous mechanized operations. Continuing im-
provecents i{n wveapons systecs, electronic varfare, and chemical, biological,
and nuclear systems, can be expected to enhance the cocbat capabilities of the
threat. Soviet research with respect to.Direcred Energy Warfare will directly
affect the combat rifle svstec. The developrent of an advanced individual
weapon ' must incorporate appropriate counterceasures to protect against this
ererging threat. The pripary threat to the combat rifle system will be the in-
direct fragmentation from artillery, combat vehicles, and missile svstems. At
close combat ranges (vithin 1000 meters) the direct fire threat froc small arcs
wvill coumence and awplify as ranges close betveen combatants.

B. While the likelihood of enploydent .{s consideratly higher for the low
Intensity conflict spectrum, high intensity conflict presents the greatest
overall threst. Our combat units must be prepared to engage in any type of
conflict asywhere in the world ac short notice. Insufficient resources and
training and logistical constraints, preclude the opticization of a small ares
system for any specific employment scenario. The deficiencies listed in para-
graph T A Jeopardize the success of our forces in all scenaricos. An advanced
cozbat rifle will provide each cozbat soldier with a weapon system which will
greatly enhance his {ndividual contribution to overall force effectiveness



under the stressed conditions inherent i{n anv close cozbat scenario.

The performance goal of the system is to achieve 100 percent improvement in
effectiveness over the current combat rifle primarily through increased hit
probabilities under battlefield conditions.

I1I. OQPEPATIONAL PLAN.

A. Emerging doctrinal concepts require'thlt combat soldiers possess the
capability to fight continuously, in all types of terrain, climate, and varfare
situations. Technological advances vill provide the force with an enhanced
ability to acquire long range targets and significantly greater effectiveness
of major veapons at long range. Increased emphasis will be placed on the lo-
gistical constraints associated with szall unit independent operations. At
close combat ranges (within 1000 meters), the combat scldier's primary weaporn
will continue to be the individual szall arms system with vhich he is equipped.
The nev farily of small arms should contain as many multipurpose weapons as
possible to reduce the overall inventory of small arems.

B. Advanced Combat Rifle (ACF). The ACR will be the initial developnrent
vithin the small arms family. It will be the primary weapon for the individual
soldier. Primary target vill be the individual threat soldier protectec by '
bedy armor at ranges out to 600 meters. It must offer enhancement in hit
probahility of at least 100 percent at combst ranges over the baseline perforo-
ance of the M16A2 rifle when measured under realistic battlefield conditions.

At extended ranges, the icprovement required will be consideradbly greater thar
100 percent. The weapon will be expected to enable the riflecan to detect
targets at ranges greater than 400 meters in offensive action and atr least

1000 meters during conduct of the defense. Acquisition and engagement of the
target 1is expected to occur at 400 meters during offerse and 600 meters

during defense. The ACR fire control systez must zaintain its effectiveness
under all battlefield conditions. The launch signature of this system should "’

be minimized to improve passive gecurity and thus reduce stress. An Operational '
Mode Summary/Mission Profile for the ACP is attached at Annex A.

C. The design of the ACF must consider future Army requirecents for additional
szall arms systems to insure training and logisticel commonality. Other cocponents
of an overall gmall arms facily, currently being considered in the teck base zay
include:

1. Advanced Close Support Weapon (ACSV). The ACSW should be capahle
of engaging area targets with high sustained rates-of fire without barrel
changes. The ACSW should have a very high single shot hit probability for
long range engagement against point targets. The ACSK should be a comemon
module design with the ACR to eare logistical burdens. The weapon's terminal
effects must be derived from the sace consurable product which is utilized in
the ACR. An additional kill mechanise is desired which would improve penetra= '
tion of such targets as building valls, bunkers, and light armor. The syster
should be capable of preset precision airing without the necessity of an 2
additional stable platform such as -a tripod. The overall veight of the systec
to include ammunition load must be considerably less than the current light
support weapons (M60 machinegun and Squad Automatic Weapon) which it will
replace.



2. Advanced Personal Defense Weapon (APDV). An additieonal Appw
configuration of the ACR may be required for combat soldiers whose primary
wission 15 85 a vehicle crewvman, crew served gunner, or unit leader, The APDI
must be compact and lightweight so as not to interfere with the 6oldier's
primary duties. The configuration must be optimized to permit rapid engage-
pents at close ranges (wvithin 200 meters) with wide dispersion patterns re
compensate for the large aining errors inherent in such high stress scenarios.

"The APDW {s envisioned as a replacement for carbines, subzachineguns, firing
port weapons, and pistols in combat units. The requirement for the APDW will
be refined based on the prototype design of the ACR.

3. Advanced Grenade System (ACS). The ACS may be required for ecplov-
ment in the role currently filled by the ¥203. It should be capable of being
mounted on the ACR. It should provide greater lethality and greatly enhanced
hit probabiliry against light armwor threats at .ranges in excess of the Soviet
manportable light antitank weapon (currently RPC 16). It must also possess
izproved antipersonne: lethality and the abilicry to cover dead space more
accuratelv than the 203 grenade launcher. Prime consideration should he to
the development of sraller, lighter, and more lethal ammunition which can be
erployed frow a lightweight weapon systec with increased rates of fire anc
icproved accuracy over current launch mechanisms.

IV. ORGANIZATIOKAL PLAK.

A. The Advinced Comhat Rifle will be deploved throughout the US Arzy.

The entire facily of small arms will be utilized by coobat forces in the
forvard areas vhile selected types of weapons will be used {n service suppor:
units. Allocation of the entire family {s envisioned to suck units as:

l. Infancry.

2. Armor/Cavalry.

3. Cannon Artillefy.

4. ‘Special Operations Forces.

S. ‘Combat Engineers.

6. Alr Defenss.

7. .Military Police.

8. Forward Support Elements.

B. The BOIP for the veapons systens will be based on a ore-for-one replace-
ment of similar type wveapons currently being used or under development.

V. PFPRSONNEL IMPACT. The introduction of the Advanced Combat Rifle will

not increase manpower in the force structure, and will not generate anv new
HCS for ecplovoent or caintenance of the weapons. The possibility exists that
personnel requirezents could decrease f{n logistics/maintenance units through




enhanced RAM-D characteristics and use of comzon module design. There will be
no special personnel skills recuired for the operation of the systemx. Soldiers
of combat, combat support, and combat service support (of all grades) will be

able to effectively fire and maintain their veapon system after appropriate
training.

VI. TRAINING CONCEPT.

A. The materiel developer, in conjunction with the TRADOC proponent, will
be responsible for training development efforts for the weapons systezs.
Initial training sources and associated hardvare requirezents vill be estab-
lished to train operators and maintenance personnel for support of operational
test and evaluation and {ntroduction of the equipment inte the cperacional
inventory. All training devices required to support the weapons will be devel-
oped by the materiel developer. It is envisioned that high technology stress
simulation devices/simulators will be developed to support {nnovative marks-

manship training techniques. Appropriate DA technical manuals will he provided
by the materiel developer.

B. All training products developed as part of this systec's training sub~

system will be designed/developed 1AV TRADOC Reg 350-7, A Systems Approach
to Training.

C. USAIS will conduct a complete reviev of Aroy rifle marksmanship train-
ing at the training base and unit level. The purpose of this study will be to
ioprove combat performance of the rifleman through innovative training.ceck-
niques. This study will consider the izpact of all systems. Results will be
used as thke basis for changes to current programs of instruction and médifica-

tions to existing range facilities to support both instituticnal and unit
training need. ’

VII. L1OGISTICAL IMPACT. The ma2intenance concept for the systec will be con-
sistent vith current suppore organization, concept of operation and repair level
policies. Maxioum utilization will be made of existing TOLE tools, T»DE, and
other suppert equipment and/or presently approved emerging T'DE ©T support
equipment to minirize preliferation. Specific examples of mareriel that must

be developed in conjunction with each systez are: (1) blank firing attach-
ments; (2) amounition pouches/bandoleers; (3) special tools; (&) storage
racks (designed and available at fielding); and (5) need for laser eve protec~
tion for individual soldiers. The LSA/LSAP process will be used to determine
and :define support transportability requirements and personnel tasks and skills
for :the operation, maintenance and support of the systex. The final system
support package will be tested {n conjunction with the user Operational Test II.




VIII. FUNDING®.

ADVANCED COMBAT RIFLE
(Dollars in Millions)

&5 86 87 B8 89 90 91 92 93 94 95 96  TGTAL

RDTES 5.1 12,1 °10,7.8.3 . 4.6 3.9 1.3 1.3 S R S il 46, ¢
MT o3 8.0 9.2..6.3 -:1.8 --1,0- 77 .7 -, - — - -~ 25.C
OMNIEUS 2.9 7.0 9.0 3.1 .1.0 ‘== %= Dl — -— e 230
FACTLITY ' © . 25.0 114.0 6.0 o . : 145,¢

PROVE-OLIT g £ 20.0 - 30.0 50.0

UKIT COST ((FY8S CONSTANT DOLLARS): -750..

TCTAL PROCUREMINT (FOPCE PACKACE 11). 1122.4)

* Funding profilis for the ACSK, APDV, and AGS cannot be developed unril concépts
are more clearly defined. The 040 plan will be revised to include this informzzion
at the earliest practical time.



ANNEX A
ADVANCED COMBAT RIFLE (ACR)
OPERATIONAL MODE SUMMARY/MISSION PROFILE (OMS/MP)

1. Nartime,

a. Operational Mode Summary (OMS).
be the primary weapon for the individual

operational application for world-wide geographic areas.

expected to enable the rifleman to
meters in offensive actions and at

defense. Acquisition and engagement of targets
ters (suppressio

meters during offense and 600 me
wartime OMS is shown in Table 1-].

040 for the weapon system,

October 1984. NOTE: The Alert Time {s
mission start time,

Table 1-1. Wartime ACR OMS.

The Advanceq Combat Rifle (ACR) wild
soldier, The ACR will have

The weapon is
detect targets at ranges greater than 400
Teast 1000 meters during conduct of the

1s expected to occur at 400
n) during defense.
Each of the figures indicated in the
Op-Mode Summary (offense and defense) is derived from th

and military experience.
Op-Mode summaries is taken directly from the RAM Rational

The

e mission profile, the
The format for the

e Report Handbook, |
that time from notification to actual

[ | | @ (@ [xaee)| brxanin (c)x(d)=(g)
PERCENT AVERAGE AYERAGE AVERAGE
MISSION 0T OT+AT| (T MISSIONS oT OT+AT ET
Offense 16.25( 19.00] 20.00 §7.5% 9.343 10.92S 11.500
Defense 7.17 ?.9?‘ 9.00[ 42.5% 3.048 3.388 3.82%
TOTAL not required 1002 12.391 14,313 15,325

oT - operating time (hours)
AT - alert time (hours)
CT - calendar time (hours)

b. Mission Profile (MP).
areas are shown in Tables 1-2 and 1-3.
Offense and Defense, each consist of six

hour and the duration of time considered is 24 hours.

0CCurrences are derived from
important to note that both
time" are in seconds.

The engagement tasks in sach of the mission
The wartime missions for the ACR,
mission tasks.

The 1ife unit is one

The numbers of
the 040 and practical military experience. It is
the “operating time per task* and “total operating
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Table 1-2. ACR Qffensive MP.

OFFENSE NUMBER OF | OPERATING TIME TOTAL
TASKS OCCURRENCES | FOR EACH TASK OPERATING TIN:

" Search/Surveillance Z 28800 (sec) 57600.00 (sec)
Target Detection 50 : 1 (sec) | 50.00 (sez)
Target Acquisition [ 25 3 (sec) ~75.00 (sec)
Identify vy 5 (sec) 125.00 (sec)
Firefburst = = [ 200 | 3 (seq) 600,00 (sec)
Fire/Semi i-.:f s 1 (sec) 50.00 (sec)

{ TOTAL -~ XX XX | 16.25 (hrs)

Table 1-3. ACR Defensive MP.

DEFENSE NUMBER OF OPERATING TIME TOTAL

TASKS OCCURRENCES FOR EACK TASK - OPERATING TIME
Search/Surveillance 3 7200 (sec) - 21600.00 (sec)
Target Detection 400 1 (sec) 400.00 (sec)
Target Acq;isition _ 350 A 2 (sec) - 700.00 (sec)
Identify ey 350 — § (sec) - 1400,00 (sec)
Fire/Burst [ 150 3 (sec) 450.00 (sec)
Fire/Semi 300 1 (sec) 300.00 (sec)
TOTAL S XX XX 7.17 (hrs)

2. Peacef?me.

a. Operational Mode Summary (OMS). The peacetime missions of the ACR are
shown in Table 2-1.° ‘As indicated, the peacetime missions are training ;

missions.



’-.“.\d’.' ;Lam

Table 2-1. ACR Peacetime OMS.
(a) | (b) (¢) | (d) (a)x(d)=(e) |(b)x{d)=(f) |({c)z{gd)=/q)
PERCENT | AVERAGE AVERAGE AVERAGE

MISSION OT | OT+AT| CT [MISSIONS 0T OT+AT cT
- .
Quali- 12.00| 14.00] 20.00/ 083 | 0.960 1.200 1.600
fication
FTX 120.00§216.00 [230.00(  45% 54,000 97,200 103.500
ARTEP 120.00}216.00 [230.00( 45%¢ 54,000 97,200 103.500
CALFEX 3.00{ 4.00(10.00] Q2% 0.060 0.080 0.200
TOTAL not required 100% | 109.020 195,680 208.800

OT - operating time (hours)
AT - alert time (hours)
CT - calendar time (hours)

b. Mission Profile. The tasks tosu

in Tables 2-2, 2-3, 2-4, and 2-5,

pport the training missions are shown

Table 2-2. ACR Qualification Hissidn Profile.

NUMBER OF OPERATING TIME TOTAL

TASKS OCCURRENCES FOR EACH TASK OPERATING TIME
Field/Fire 2 3600 (sec) 7200.00 (sec)
Record/Fire 2 3600 (sec) 7200.00 (sec)
Night/Fire 2 3600 (sec) 7200.00 (sec)
Auto/Fire 2 3600 (sec) 7200.00 (sec)
Night/Sight 2 3600 (sec) 7200.00 (sec)
Prep/Marksmanship 2 3500_(5&:) 7200.00 (sec)
TDTAL XX XX 12.00 (hrs)

3
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Ta..e z-3. ACR Fieig Training Exercise Mission Profile.

NUMBER OF | OPERATING TIME TOTAL

TASKS OCCURRENCES | FOR EACH TASK OPERATING TIME
Movement to Contact 3 43200 (sec) 129600.00 (sec)
Defend 3 28800 (sec) |  86400.00 (sec)
Attack 3 28800 (sec) | ~  86400.00 (sec)
Hasty/Attack 3 14400 (sec) 43200.00 (sec)
Night/Attack 3 28800 (sec) 86400.00 (sec)
TOTAL x XX 120.00 (hrs)

Table 2-4. ACR Army Training and Evaluation Program Mission Profile.

NUMBER OF OPERATING TIME TOTAL
TASKS OCCURRENCES FOR EACH TASK . QPERATING TIMZ
Movement to Contact 3 43200 (sec) "‘:129600;00 (sec)
Defend 3 28800 (sec) B 86400.00 (sec)
Attack 3 28800 (sec) 86400.00 (sec)
Hasty/Attack 3 14400 (sec) 43200.00 (sec)
Night/Attack 3 28800 (sec) 86400.00 (sec)
TOTAL XX ; XX 120.00 (hrs)

Table 2-5. ACR Combined Arms Live Firing Exercise Mission Profile.

NUMBER OF OPERATING TIME TOTAL
TASKS OCCURRENCES FOR EACH TASK OPERATING TIME
Provide Overwatch 1 3600 (sec) 3600.00 (sec)
Engage/Target 1 3600 (sec) 3600,00 (sec)
Search/Surveillance 1 3600 (sec) 3600.00 (sec)
TOTAL XX XX 3.00 (hrs)
4
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3. Environmental Conditions. The environmental conditions for both wartime
and peacetime are listed in Table 3-1. These indicate that the majority of
the forces will be stationed in 2 basic environment and will travel
cross-country the majority of the time.

Table 3-1. ACR QﬁﬁironMent fqr Both"ﬁartime and Peacetime Conditions.

CLIMATIC DESIGN TYPES - % FORCE
.(AR 70-38) ,1 I“fj' _
Hot | 3 L
CBasic ) | . 60
cold - : 15
Severe | ..5

{MOVEMERT TERRAIN .

|08 Primary Road
" | 353 Secondary Road
L Cross-Country







APPENDIXB
1.0 ACF{ CONTHAC H'ACTIVITY SYNOPSIS

141 lntroductlon T Th GHff-'!;'j'ref‘c_:j m: was*a tech
investigated -current technologies to increase
system. The ACR program emerged fromthe initi:
program that was startedin 1882. In 1985, 1ndustry _Iternalwe contracf§iwere awarded in order
to pursue additional technology concepts that wouild lead to a more effective combat rifle. This
appendix to Volume | of the ACR Final Flepon gives detailed information and highlights key
aspects of each of the contracts® invelvéd in“the -ACR"program. The ACR operator and
: maintenance weapon manuals are containedinVolume Il of this report, while the contractors’
“fifial scientific repons.are. located:in Volume, Vll

1200 7 _Caseless,.,_Ef fs
caseless weapon sSystem.made;prior.| 10 the Advanced Combat Rifle Program'’s elevation to

program status. These contracts were: awarded tothe. AAl Corporation of Hunt Valley MD, as -

well as Heckler

_d_._Koch H&K) Inc. .}located in-Sterling; VA. The purpose of both contracts
-was to develop demonstrat,

hardware lncorporatlng caseless ammunition, an optlc sight, and

hncleglcal barners of a'caseless:gun. systern cook oh‘ and

n AAl was developrngran advanced rifle concept capable ol fmng '

The AAI caseless weapon system offereda hlgh rale

forces. Under the, other as
‘Nuremberg, West: Germany to successluuy develop a caseless amrnunmon propellant that
~-solvedthese proolerns However, this. information.could not be divulged to AAl because it was

protected unde .,cense ag Anin:h
weapon concept wqth"me H&K!DNAG propellant was: cancelled due-to; lack of lunds

1 21 2 Weapon firi

ut|llzed a re::| procatmg bolt acluated by a dlrect p'ropellant gas dnve n; fm ng: pln!bolt carrier The i

' tock co nhgurat:on but: could havealso been. modified: .
into'a cempacl ' ullpup cenllgu'rauon wlth 10 sacrmce in per'forrnance The weapon contained -
odu Wism that prowded the.user with three; selectable modes of fire - semi-:
_ It. hig .r'ee round. salvo burst.(1600-1800 rpm);.or full::
automiatic (700 rpm) from an open ‘bolt. A muzzle. break prowded compensatlon to minimize -

, rnechamsrn was,housedl full length

automatic 1

muzzleclimbduring burst and automatic fire. This rifle used a single power (1X) optic sight (see

FlgUfE 82) along‘ with a three.power. (3X). detachable, telescope: for.special .purpose oriong. -

- range engage

S and mcorporazed a back -up iron Slght Wlndage and-elevation ad;ustmem

A;')_pcn__dik' B,
Pagc L

'here were two ongmal awards for the developmem of a

pon co_ncept A key:to xhe effort: was to.develop a solution to the two traditional .

;heuse efforno lnvestlgatetha cembination ofthe AAI .-

. =



AAI CASELESS WEAPON . . .
- Figure Bl

The mechanism was fnng pin drivén in that pres-

sure from the burning propellant caused the firing pin
to slide rearward. After about an inch of travel, the
firing-pin 'unlocks (rotates) the bolt and draws it rear-
ward to'the buffer. The bolt recoils from the buffer,
"|:-strips the-next round, is locked by the firing pin, which
‘| -then ignites the round'to begin the cycle again. The
~bolt and firing pin seals were of the same basic design;
-rings oftriangular cross-section placed point up - point
down - point up. Under gun pressures, these rings
sealed to both the balt outer diameter and the housing
-around the bolt. --For the firing -pin, the seal was
betweenthe bolt central firing pin hole on the boltinner
-diameter and the firing pin itself. Even though there
; | ~were not a great number of rounds fired using this
L N T mmppar | @rangementof seals, this design had survived, intact,
AAI (Caseless) RETICLE PATTERN.. -farlongerthan their predecessor designs andheld the
Figore B2 " “promise of -being-good enough for a weapon. “The"

J “weapon‘was otherwise conventional.

+ - AAl had conducted computér modelling of the fiing of caseléss rourids which showed ™
that the normally expected point of cook-off initiation was from the bolt face. Restated, the bolt
face got hotter faster than any other part in'contact with the round. The solution wastoputa”
strip of copper along the length of the bolt to lead heat away and place a refractory metal on
the bolt face to retard erosion. Next, the chamber was wrapped within an aluminum block to
actas a heat sink for the chamber. This proved to be effective in concert with the improved bolt -
and firing pin seals. The operating principle was heat transfer from the burning propeltant body
tothe chamber wall; through the chamber wall into the aluminum block; with discontinued firing
afterthere was no longer sufficient heat transfer driving force between chamber and heat sink.
The hope was that this condition would occur only after suﬁlment rounds had been fired to
represent a complete mission for an infantryman. :

1213 . Ammunition; - THe ammunition shape was that of a ‘right circular cylindér with
the projectile protruding from'one end andthe primerinsentedin ihe other. The projectiles were
totally conventional in which the round could accommodate almost any bullet. AAl was
developing a dual cartridge concept for the ACR caseless ammunition system. A single 28
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grain 4.32mm subcaliber saboted projectile round was developed for low impulse controlled
burst fire, while a heavy 70 grain steel tipped 5.56mm.round would be used for long range
penetration. The round body was comprised of compressed standard nitrocellulose propellant
with an acetone/collodion binder. The ideawas sound, but the reduction to practice was faulty.
AAl had subcontracted the fabrication of test rounds to Hercules, Inc., Kenvil, NJ. As industry
had not been involved with such fabrication methods for many years, the expertise to do so had
been lost. Hercules simply could not supply-AAl-with.rounds strong enough to withstand gun
feeding forces at the high cyclic rates required for this salvo weapon; therefore, all extended
testing was hampered by stoppages. Since this weapon was designed with-no broken round
extraction mechanism, the number and quality of tests was minimal. The concept was andis
feasible; only lack of money prevented its further development. - ;

Theré were numerous firing tests conducted with the faulty ammunition. Unfortunately,

there was never.an opportunity to actually obtain an accurate.cook-off level because a broken
round would create.a weapon stoppage, destroying the cook-off test.- There were;.however, .
a number of partial test results developed. On multiple occasions, 45 t0.55 rounds were fired -
and.no cook-off of the next chambered round occurred. The best result,.obtained only once,

was 75 rounds fired-without a cook-off. To understand the significance of this data, it must be -
understood that the best prior historical performance was 11 rounds fired without a.cook-off.
Cleary, the AAI system, by never experiencing a cook-off, had accomplished and.demon- -

strated something of value. The problem was to get a round with sufficient physical strength
to be used in the gun.

. Vulnerabiiitytests on the AAl caselessrounds were conducted: There were no shrapnel .
after .effects as a result from an incoming .armor penetrating round .and/or conventional -
ammunition. There was however, a.severe fire which propagated until all rounds-were .

consumed. The fire was severe enough and fast burning enough to state that the infantryman
would have no.real chance to divest himself of his ammunition in the event he survived the

incoming rpiJnd.. Forroundsin storage suchas afield magazine, the fire would most ikely result. .-
in total destruction.of ammunition-stored. . There is a solution. to-this-problem.. It lies with. =
packaging technology.to prevent and retard the propagation.of fire-once-one. round has been -

initiated.

1.2.14 Summary. The Government engineering team involved with this contractual -- -

effort remain convincedthat the theoreticalisolution;thesheatsink, developed by AAl was a valid
and workable concept, potentially leading~to @ weapon ‘mechanism of greatly reduced
complexity as compared with the. H&K developmental;we: For future purposes, the
melding of the AA thh yerior He sll2ntmight conceivably result
in a weapon suf t idat .
also refer to the summ

involving caseless ammunit

1.2.2 Heckler and Koch: Caseless Weapon Contract #DAAK10:82:-0332.

1.2.21 Background. The second contractiawarded duringithis period of time was to
Heckler and Koch (H&K), GmbH of Oberridorf am Neckar,’Wést Germany through their wholly
owned subsidiary in Sterling, VA. H&K had formed a “consortium” with Dynamit Nobel, AG
(DNAG) located in Nuremberg, West Germany. ‘H&K was the weapon designer and manufac-
Appendix B
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turer, while DNAG developed and produced the caseless ammunition. The two companies
formed a firm named GHGS to be a management overseer in Germany.

.A complication with this contractual effort was the fact that Germany ‘was; at the time,
totally committed to replacement of their.worn out supply of G-3(7.62 mm) assauit rifles with
the caseless weapon, termed G-11in Germany. The same technology developmentwasin fact
funded by both Germany and the U.S. under the ACR program. From a technical viewpoint,
it was virtually impossible to separate what work was being funded by which nation.

H&K along with DNAG had managed to-conduct a cook-off test where 100 rounds were -
fired at an average cyclic rate of 85 shots per minute. The 101st round did not cook-off when
allowed to remain chambered for thirty minutes. Near the point in time when this technical
milestone was achieved, the ACR program was initiated and the H&K contract was modified
to a wider.ranging-development program cuiminating in the delivery of weapons and ammuni-
tion for troop testing.- All of this was10 be done under an accelerated acquisition schedule. The
requirement to-accelerate the program caused the newly formed Advanced Combat Rifle
(ACR) program office to modify the existing contract with H&K, rather than take the mare time
consuming route of terminating the existing contract and making a new award. Contractually, -
withthe factors mentioned above to aggravate the situation, this contract was extremaly difficuit -
to manage .and control. :

From a contract perspective, the major errors made involving this contractincluded the
following: (1) failure to re-write a new contract to accommodate the altered requirements, (2)
the acceptance of an unwieldy, multi-layered contractor management organization, (3;
acceptance of the use of-a.wholly owned subsidiary as the “prime" contractor, and (4) failure
to station a government technical manager on site in the contractor’s facility in Germany. '

1.2.2.2 . ... Weapon.: The H&K weapon'system (see Figure B3) is'a reVolutionary caseléss
mechanism with semi-auto, salvo three round burst, and full-automatic modes of fire. Because
theichamber is radially reciprocating, rocking back and forth- 90 degrées between theloadand -
fire positions,.a number-of.novel weapon-mechanism-innovations-had to -be developed and
integrated into this weapon system.

R
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The original U.S. funded effort employeda “shouldered” round with a ring mid-chamber
forthe round to seat against. The chamber was rotary and the rou nd was inserted form either
end. The resulting seating ring was therefore a thin ring and became a hot spot, the mast likely
point to initiate cook-off. A chamber redesign of major proportion ensued. The projectile was
telescoped into the round body and the-mid-chamber ring was .eliminated. While the round
could still be fed from either end, the design was to have the chamber radially reciprocate so
that the round was always fed from the same end. This modification dictated an entirely new
interior ballistic sequence, or method of function. ‘The first. problem was to get the chamber .

sealed o the housing in which it sat. The projectile then had to be induced to enter the forcing

cone of the barrel so that total sealing was accomplished, and then the projectile could be.

accelerated.down bore. .A.booster pellet. was added to the interior of the round to assist in:

“accomplishingthis process..After_-_pﬂmerignition, the booster pellet, seatedimmediately in front
of the primer, ignited and accelerated the projectile out of the still intact round body and into the
forcing cone.. This process initiated the sealing of the chamber-and propellant ignition..

Atree. volume area-had 1o bé added:10 the:breech block. - This was accomplished by :-

drill'ing two holes into the breech block at-about 45 degrees up and 45 degrees down from the .

central chamber hole, the barrel.centerline. This free expansionvolume smoothedthe pressure -
time curve and was a key to accuracy of the projectile. Simultaneously, the chamber had been .

redesigned with a split: As the gas.pressure.increased, the gases entered the split and forced .

the two pieces of the chamber.to move away from each other, contact the housing, and seal -~

the chamber to-the housing.

. Many variations of the chamber design were tested. The variants differed from the split- -
. being located near one end so thatthe smaller.piece was, in essence, an end cap;to having -

asplitateitherend ortwoendcaps;to finally, having the splitatthe center ofthe chamber. Many
other.variables were being tested.at the.same time that the .optimum chamber design was

contention. ;-

determined. This occurred many years after the “shouldered™.cartridge was eliminated from

' TheH&K caseless weaponhad beenunder developmentin Germany fora periodoftime
priorio U.S. .involvement. Originally,itisbelieved that the design departed from more standard
Iineaﬂy‘[ecibrdcating mechanisms duetothe difficulties.envisionedwith the extraction.cycle for.«:
duds, misfires, broken rounds, etc. Therewasno simple, reliable method envisionedto remove:

a round or fragments if that were necessary. The rotary chamber, convérsely, did offer a
method whereby this extraction might take place reliably. This leadto the advent ot the rotary

chamber in the H&K design. .This chamber.must rotate accurately and precisely.at extremely ...

high rates to accomplish its intended purpose. In the salvo mode of fire, the chamber must
accept a round, rotate exactly ninety degrees-to be in line with the barrel, fire the round and

obturate the mechanism to seal the.chamber, then counter:rotate exactly ninety-degrees again
to be in__ghe_loading5po$ition;-_at -over 2,000 times a.minute.. . The.weapon -has long ago
demonstrated its ability to perform just as described.:;. ., ..ot ;

" For 'éx'ir'aé:ii'dh of a round, whole orbroken, the firer must.turn acrank on the side of the.
weapon. When this is done, the chamber rotates into the vertical position (loading position).. -

in the bottom of the housing which has a cover that opens momentarily at just the correct time...
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Continued rotation of the handle willload a new round into the chamber for firing. Anincomplete
rotation of the cocking lever will result in a misfire when the trigger s pulled because the primer
is not adjacent to the firing pin. To clear the weapon, one must retract the magazine partially
(or totally) and repeat the misfire/dud removal cycle. Then, instead of the next round pushing
outthe prior round, an extractor pushes:the round.out through-the bottom port. While this
system works reliably, the mechanism ta accomplish all-of these activities is very complex.

As the mechanism is so very complex, H&K has decided that the'soldier will not normally -
open the plastic housing of the.weapon except for cleaning. During cleaning, the weapon is
broken down into major sub-assemblies but not fully disassembled. The plastic housing is
sealed from the environment, but the.chamber.is not totally sealed from the rest of the
mechanism. The chamber does not fully obturate until-the internal pressure has built to some
hundreds of psi (400-500). Until full obturation occurs, there-is a gas path from the chamber
to the interior of the plastic-housing. There is also a corresponding spark path.. Couple this -
information with the fact that propellant is never totally burned and both carbon monoxide-and
hydrogen gases are normal by-products of propellant combustion, and it becomes intuitive that
eventually, an explosive mixture will- accumulate‘within the housing. Pressure relief valves can
keep the pressure prior.to ignition at about 0.25 psi gauge, but after'spark initiation of the
explosive gas mixture, no relief valve will act quickly enough to vent the burning gases. There
is absolutely nothing which can be done to prevent the generation of these by-product gases.
Any attempt to introduce air to keep the concentration below the lower explosive limits will also -
allow the passage of water. . Therefore, H&K has elected to re-design the housing to-withstand -
these recurring initiations. Additionally, an cpening in the housing with a one-way préssure
relief valve has been fitted with a wire mesh covering to prevent burns after a gasinitiation has
occurred. . These design features undoubtedly perform as intended, but the basic seated design
has forced these further cornpl:cauons o an already complex weapon

The H&K ACR incorpofates:a ufique’ buﬂenng ‘Systern, téfmed the mternal operatmg
float:ng system (IOF S) Thus hydrauhc unit. allows the‘entire- reco:lmg mass (breech and barrel '
minimum recoil in semi auto, limited recoil in the relatively slow (600 spm) full auto mode, and
the maximum recoil while firing the three round salvo burst. Adequate testing has been done
to prove that, in the salvo mode, each recoil-force peak'is substantially reduced relative to the -
M16 rifle. .While*firing-in this mode, the buffer does not-reach its-rearmost pomt of :ravel unm g
after the third pro;ectnle has exlted the muzzle . >f

The ‘weapon mechanlsm has been: deSIQned to'be bl Iateraily symmetr:c so that as the -
weapon heats and expands there are no bendmg or twsstmg moments .

Another ‘major mnovatlon isthe rotatlng fmng pin:“ltis far more dn‘flcu}t to desrgn along:
lasting, high pressure seal for an item such as an axially franslating fifing pin than itis to-design |
a long-lasting, reliable .circumferential -seal-around- a turning shaft. - In‘the latter case, the
technology is well known and readily applied to a gun: The H&K primer‘is-of the stab type,
incorporating glass chips to act as anvils within the mix. The firing pin itself is no longer
restricted-to being a "pin” to obtain the needed indentation energy, but may be a more
substantial pan, tipped with a refractory metal alloy such astungsten carbidé, which would have
a major effect on “pin"life.. Such isthe case with the’ rack and pmson rotary fmng pinin the H&K .
design. :
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The optics selected by H&K were designed by Swarovski Optik of Innsbruck, Austria.
It is a multi-powered optic offering settings of either 1 or 3.5 magnification. A distance
adjustment knob located at the rear of the optic, allows the magnification to be easily changed
from one setting to the other. Single power magnification is used for short range targets out
10 300 meters, while 3.5 power is recommended for longer range engagements. A stadia line
pattern is incorporated into the optic to assist in range estimation beyond 300 meters.
Calibration settings for 300, 400, 500 and 600 meters adjust the reticle pattern 10 the desired
range. While H&K was encouraged todevelopa removable sight, they declined because their
plastic housing, with no metal backing, wouldlikely not permit zero retention. The daytime optic
is built into the weapon's carrying handle.

The magazine is a single row forty-five round capacity-unit. The square “rotinds" of
ammunition are loaded back-to-back, nose down, intothe magazine. The magazing is situated
above.and in line with the barrel and has a short white line on top to aid the shooter in point fire
engagements.- This'magazine is-quite long and likely to- interfere with-a maneuvering soldier,

so H&K has-also designed and developed a half-length, 25 round magazine.  This shorter

magazine was not tested in the ACR field experiment:

- The weapon is charged using-a rotary cocking leverlocated on the side of the wé&p'on'.' :

Atter pulling the trigger, the primerignites the booster andthe projectile begins to move forward. -
The propeltant body then begins to burn. The build up ot pressure forces the two unequal pans
ofthe chamber outward until each piece encounters the massive breech cylinder housing. The
chamber ends are curved to match the radius of the breech cylinder in which the chamber sits.

This surface is used to-properly seal the chamber and contain the gun gases.’ The breech

cylinder rotates inside of the body of the main housing. This cylinder has a cam plate (co ntrol"_

disk) attached to it which is driven by aseries of levers. This is the basic source oftheweapon's
complication. Regardless, the mechanism has been highly reliable, with minimum weapon
related: stoppages or.other forin-of malfunction:traceable to the weapon mechanism. The

majority of the malfunctions/stoppagés‘experienced in the field experiment were ammunition

related.

1.2.2.3 .- .- Ammunition; ‘H&K's ¢aséléss ammunition (sée Figure 3.9) is square in‘cross
section with'an indentation at the front end ta permit front end idéntification without direct vision.”
The round consists of propellant body,-bullét projectile, plastic end cap, primier and booster.

The projectile is a gilding metal clad, steel penetrator, lead wire backed unit of 4.92mm
diameter. Another:version, without penetrator, was supplied#or the ACR field trials. This

projectile appears to be nothing out of the ordinary. however. it is a high precision part which

requires close tolerances in order to perform properly. A major portion of the ballistic cycle calls
for the bullet to enter the-forcing'cone, stop mamentarily; and then proceed down bore. Todo

this reproducibly requires highprojectile precision: ‘With such hightolerance parisrequired, the

cost of manufacture is necessarily higher than forsimilar, more conventional projectiles.

The plastic end cap is one of two non-combustible parts. The purpose of the end cap
is to hold the projectile within the body of the round in line with the barrel, and to provide a heat
resistant barrier between the combustible round body-and the hot tace-of the barrel breech 10

delay the onset of cook-off. Itfurther serves to preventdirt and water from collecting inthé bullet -

cavity. The end cap is pre-scored 1o facilitate projectile penetration. After firing, the plastic
proceeds down bore, usually in pieces, and does not represent a significant hazard to friendly

troops. .
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The round body is comprised of a true high ignition temperature propellant relative to
standard nitrocellulose propellants. The basic composition is a nitramine named “Her
Majesty’s Explosive”, HMX, with an energetic binder, a small percentage of fiber for strength,
and an induced porosity. Details of this round of ammunition can be found in Volume IV of this
report. The historic objections to caseless ammunition have been with vulnerability and cook-
off. A videotape is available which shows the effects of incoming armor piercing rounds
rmpacimg various points on a magazine of live H&K caseless rounds. To summarize that tape,

& may be said that there are no initiations from a round striking any pan of the caseless round
except for the primer being directly hit. When any part of the round is hit without initiation, the
only result is broken rounds. When the primer is directly hit, a slow fire results. By slow, it is
meant that the magazine may be removed, dropped, and will cantinue to burn until the rounds
are consumed. Aside from a gun mechanism which is now very dirty, there.are no adverse
effécls on the weapon. Firing of a dirty gun was accomplished, so that it.is known that the
weapon functions normally before cleaning. As for cook-off, the resuits are not yet fully
documented. in March 1986, a cook-off test was conducted which showed resistance to cook-

off to 100 rounds fired at rates of both 85 and 325 shots per minute (spm). Since then, the
previously mentioned need to obtain a reproducible interior ballistic cycle, accomplished by
establishing a uniform T4 time at a lengthy S msec, resulted in a four-fold increase in time to
projectlle muzzle exit, and the time forburnmg propellant gases to transfer heat ta the chamber
was also moreased four-foid. The cook-off level droppedto 1/4, or 25 rounds. Continued work
has re-established a cook-off performanca level of 100 shots fired at 85 spm without cook-off
of the 101stround. For the safety cerification, the Combat Systems Test. Agency (CSTA) did
cook-off testing at 35 spm, the estimated cyclic rate to be tested in the field experiment, and
determined a cook-off level of greater than 135 shots fired without cook-off. The weapon was
to bo restricted to 135 rounds (three magazines) before cooling during the field trials.

The dnve train boosteris a compacted pe!let m athin wall copper cup, the second non--
oornbustlble component of the.round. This copper cup is partially consumed, leaves no
detectable residue in the barrel, and provides no significant hazard to friendly troops. The.cup
is oriented with the opening toward the rear with the base of the cup at the rear of the bullet.
In addition to igniting the round body, this booster orientation causes the bullet to move forward
into the forcing cone at the earliest. possmle stage.of the.internal ballistic cycle; thus causing .
the projectile to seal the chamber and give uniform-pressure generation. ;

. The.primeris a pellet consolidated into a cup formed of the same composition material
asthe round body. As stated before, the mix is of the stab type, incorporating ground glassto.
act. as an anvil. : ,

“The fm:shed rounds recelve a vanety of extenor coatmgs to: sewe multlple purposes a:’
taﬂon coating to prohibit round to round sticking,.especially.when hot;.a coating to enhance :
cook-oﬂ resistance; and various additives for other purposes. ...

The H&K round is completely waterproof; with or without exterior coatings. Theround
is extremely hard, but not friable; and is very hard.to break. . The basic constituent:of the
propeliant is a poiymorph of HMX not narmally considered to be an end product herein the
United States. Therefore,.it is not-easily obtained except from the Holsten A.A.P..:modified
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Bachmann process. Production at Holsten is occupied for other items, so the production
allocations for Holsten must be altered to produce this material in CONUS. This is primarily a
cost problem. Other constituents of the H&K round are extremely hazardous to synthesize and
alternative materials will not be easily or cheaply substituted. This round is, and will continue
to be expensive to produce. See Volume IV of this report for detailed information on the HE&K
round. '

1.224 Summary. Inconclusion, the H&K ACR is a revolutionary radially reciprocating
caseless ammunition rifle. The weaponincorporates a variety of novel technologies. The most
important is probably the unique IOFS with hydraulic buffer, which allows the third round of a
high rate salvo burstto leave the muzzle before the shootercan feel the recoilimpulse. Virtually
every other innovation was developed to compensate for the rotary chamber's .unique
requirements. The feasibility of a caseless ammunition rifle system has been successfully
demonstrated with this effort..

13 . .'.,_-'--lndu'sﬂt-r'y-Alterr-iétIve Efforts.-At the same time the Under Secretary of the Army -

(USA), the Honorable Mr. James Ambrose, approved a restructured program ta include the
field trials, he also directed the incorporation of greater industry involvement. USA Ambrose
was familiar with in-house R&D programs conducted routinely. by the major defense contrac-

tors, and was convinced that the government unnecessarily:restricted contractor efforts. His ..
guidance was for-ARDEC to award contracts. which were virtually unrestricted. Industry was -
to develop the best rifle system-possible, without the time and cost.expenditure to meet..

nuisance requirements routinely imposed by government bureaucrats. -

Acontract solicitation resembling a performance requirement was prepared fordissemi= .

nation world-wide. There were eight timely responses to that salicitation; five of which were at
least minimally acceptable. . Each of-the_five concepts were :to receive a.contract for a
breadboard demonstrator etfort.. The three.most successful breadboard demonstrators were
1o be awarded a follow-on contract phase. . The solicitation specifically prohibited a caseless
concept.on the basis that_me-;government:was-convinced that technological .solution. was

already adequately . represented with the ongoing H&K effort. - In accordance with the -
milestones imposed by the new program, this led to a six month.initial effort to demonstrate a -

breadboard system concept. Contracts were awarded to AAl Corporation in Hunt Valley, MD
(non-caseless); ARES, Inc..: in.Port Clinton, OH: Colt's Manufacturing Company, Inc. in

Hartford, CT;.McDonnell-Douglas Helicopter Company (MDHC) in Mesa, AZ; and Steyr-..
Mannlicher GmbH;_ of Steyr, Austria. . The-contracts were termed the industry alternatives. -
because they were concepts: from industry as an alternative’ to the original government.-
caseless efforts. The H&K contract was modified to continue along with these other concepts. -

Al five contractors failed 1o have a system demonstrator model available on time, so
the government redefined a breadboard and sought full funding for all contractual efforts 10
continue. The funds were made available and there was 1o now be a down-select after the
second contract phase. The.second phase, originally of one year duration, was extended 10
18 months and later, to twenty one months. - There was. pressure from higher authonty to
continue with all five' contractors, but funding was not coming easily and two concepts were
deemed to be beyond the ability of the contractors to successiully complete in a timely fashion.
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Therefore, after a red team was formed and a final attempt to successfully demonstrate their
concepts was deemed unsuccessful, the ARES and MDHC contracts were terminated.
Ultimately, AAl, Colt, H&K and Steyrproceeded into hardware fabrication forthe fieldtrials. The
end product was to be twenty weapons and about 100,000 rounds of ammunition. A separate
contract modification was awarded for field experiment maintenance support.

1.3.1 AAl: Industry Alternative Contract #DAAA21-86-C-0365.

1.3.1.1 Background. Contractually,the problem with the AAl contract was that it was
originally underestimated by AAl. This led to numerous, low value cost growths. As might be
expected, every time there was a change to the requirements of any kind, major or minor, there
had to be a cost bearing contract modification. . .

AAl was also the repasitory of the equipment necessary to-produce the flechettes
needed forboth their contract and the Steyr-Mannlicher contract (andthe MDHC contract). The
production of flechettes was a cost, time and quality problem throughout the entire development
effort. As the AAl concept had the flechettes strangly crimped into a brass case, there was not
aneed, with their concept, for extremely straight flechettes. However, withthe competing Steyr
concept, the quality of flechettes needed to be higher with respect to straightness and
concentricity because the crimp from the plastic case was not nearly as strong. Looking at
performance, the flechette round was not ever made to be as accurate as-a standard bulleted
round. There is some controversy as to whether the flechette round is inherently less accurate
and whether any amount of future development effort would result in equal accuracy to a
standard bulleted round. . The pace of technology today is such-that it is-unlikely that further
development work on small caliber flechettes will be funded for rifles. However, flechettes still
oﬁer significant potential Ior bursting munitions and crew served weapons.

1.3.1 .2 Wea pon. The AAiweapon (see Figure BA) isas. 56mm modmed ver3|on of the-
previausly developed Serial-Bullet .Rifle (SBR) using -a.reciprocating :‘bolt mechanism.- -The-
major modification-is to incorporate an “entrapped gas®.operating:system. Gun gases entera
cylinder, drive a piston to power the system, and prevent any.leakage-of propellant gases and-
residuesinto the othermechanism parts. This action:should reduce the clean:ng frequencyand
mcidences of fouling-related steppages

The weapon has two modes of f iré; semi: automatlc and three round salvo burst at.a
cycllc rate of 1800 shots per minute. A removable 4X.optic with lighted reticlte'-was alsc used
on‘ACR field trial configured weapons.-Asthe trajectory of the flechette roundlaunched at 4600
fi/sec is fairly flat, the optic had horizontal lines in the internal llghled reticle to compensate for
projectile drop between 300 and 600 meters.

. There is a long sight rib section on the upper surface to'aid the soldner in unaimed fire
situations. . _ g o

... The basic ‘SBR design:is:a-well-préven, mature'désign .which performed in a-réliable-
fashion during the FY90 Advanced Combat:Rifle (ACR) field trials. -
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AAT ACRgmth Iézon Sight

igure

1313  Ammunition. The AAl round (see Figure 3.3) uses the standard 5.56mm M855
brass case with Md1'primer. The projectile is a 10.2 grain sub-caliber flechette. The:sabotis
aliquid crystal polymeric compound (plastic), whichis designed in four segments heldtogether

by a neoprene “O" ring atthe rearmost point of the sabot seg ments. The sabot segments, when .

assembled together with the flechette and “O" ring produce a package of 5.56mm diameter.
The sabot is designed to have a chamfer on the nose to prevent “stubbing™ of the round during

feeding. Behind the approximately 1/4 inch long chamfer, a full diameter bourrelet section .

begins. Near the mid-point of tha bourrelet is a malded crimp groove into which the neck of the

brass case is rolled, giving a “shot start", or minimum pressure build up before movement of .-
the projectile assembly can begin. Aft the: approximately 1/2 inch long bourrelet, there is a.-

radius and a 3/8 inch long ramp down in diameter to a thin section where the “O" ring sits. .

" “The propellant of chice is a modifid blend of WCE62, produced by Olin Corporation..

Af&F fhé 125t batch of WCE62 was exhausted, Olin supplied a batch identified as WC670-17,. .
supposedly identical with WC662, which performed equally aswellwith alesser charge weight.. -

The ballistic performance to be. expé‘ctéq_‘frcm either of these propellants is approximately as .

given below:

" "‘charge weight...\........22 0 23 grains
L VRIOCH Y cerrerrinnienann. 4800 f/SEC.

. pressUre.........r. 5510 61 Kpsi. .
T 0.8t0 1.5 mils.

The weights of the various AAl round components are given as follows:

B T AN - |- T T

B - (1,1 TR ——_ T - |1 R
I V- T R 10. grains ...

R T o R B
O DOPIANL.cc. e 23 QTAINS

TOTAL oo 143 grains
An M855 round weighs approximately 185 grains.
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There are no technical barriers envisioned in the correction of deficiencies which are
known or anticipated with the weapon; however, the ammunmon does suffer from being heavy
as compared to the caseless or plasuc cased arnmumtmn :

The non-exlstence of a blank fre round is'a mifor- dehcaency"'whlch may réadny be
solved. However, the non-existence of a tracer flechette round presents a-more’ -serlous
problem. ltis believed that there is a reasonable solution, but the: development of such'a round
- will not be accomplished either quickly or easily. The most likely route to a successful tracer
flechette development might be to intentionally sacrifice lethality of the tracer round in favor of
a longer trace burn time on a-matching trajectory. A substantial amount of work would be
required to verify the assumption that-the trade:off-is'feasible. Other, more standard
approaches will sutfer from relatively shorter burn times, lower daylight visibilities, and
potentially high manutfacturing costs.

1.3.1.4 Summary. Insummary, the AAI ACRis regarded to consist of a relatively mature
weapon of known reliability characteristics coupled with a slightly lighter, high launch relnabunty
fiatter trajactory. brass cased; sub-caliber flecherte round. '

132 - ~ARES: Industry Alterna'tlv'b'C'ont'i'aét"#DAAAH-BS’-C'-OQGS‘."';"_’ SR

1.3:2.1  :Background. ARES was one of the two contractors terminated priorto the ACR
field trials. -Contractually, there were no problems with the ARES contract. This effort was -
adequately funded throughout its-existence. During the proposal evaluation phase, this had
been the highest rated concept proposal.” The ARES proposal was complete, covering every -
aspect of the planned development. Unfortunately, there were apparently subtle conceptual
problems which prevented the concept from being-acceptably demonstratedin atimely fashion.
The key to-Government action to later terminate this contract effort was not that there were
insurmountable problems, but that there was too great a risk that the problems would not be
solvedin atimely fashion. Thieré was also the sure knowledge of insufficient fundmg to'support
all of the industry alternative'contracts into the field experiment phase. ‘The basic natufe of the
problem was thatthe weapon concept called for plastic cases for reduced weight. Being plastic,
with insufficient stiffness relative to brass, the round tended to compress under the bolt forces
resulting in misfires. Attempts to solve this problem, which was not apparent as a critical
conceptual defect until very near the time of the demonstration, wére determined to be
insufficiently effective to warrant the risk of a failed development if the tontractor were allowed
to proceed further into the hardware production phase.

1.3.2.2 Weapon. The ARES ACR (see Figure B5) is a bull-pup design incorporating a
novel rising chamber mechanism. The weapon fires from the quasi-open bolt. With an
exception being after the last round in the magazine has been fired, there is always a round in
the rising chamber block, even-when the weapon is out of battery. This feature could possibly
represent @ major deficiency, especially in an overheated weapon where a cook-off might
occur. Admittedly, with a plastic cased, telescoped projectile and a ¢chamber which is not
constantly in contact with the hot barrel, there is a greatly reduced oppontunity for a cook-off to
occur. However this possibility still exists.
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" ARESACR
Figure BS

A demonstration was hgld at the end of the Phase I-effort during which all participants
who had fired the weapon stated that it was exceptionally easily controlled.: This is partially a
testimonial to the efficiency of the ARES muzzle device. However, the ammunition atthattime -

was low in both velocity and pressure. While no actual analysis has been done and none of

the observers fired single sho} accuracy for-record, there is some indication that the rising
chamber mechanism does not provide the normal “jerk" to the:weapon. This movement,
traditionally caused by the bolt slamming-home in open bolt mechanisms, tends to decrease

the ability to accurately fire in the semi-auto mode. The minimization of muzzle movement by .

bolt closure would be totally unrelated to the fact that the ammunition was not at full ballistic
performance at the-time of the|test. :

The ARES 60 round drum magazine offers the soldier almost a doubling of firepower
between reloads, but the trade-offs include’a bulky magazine which might interfere with the
shooter in cenain positions and a somewhat higher degree of magazine complexity, cost, and
malfunction opportunity. The priginal magazine design had a gun driven plastic tape, which
was objectionable in thatit trailed and might catch on bushes orother objects. ARES changed
the design to a gun driven linkgd belt. This eliminates the plastic tape, but the tradeoffisin the
cost of the ammunition. The{most likely result would be that the magazines are not field
reloadable; but are throw-aways.-Again, there is a costimpact to this design.

!

The primary feature ofithis system resides not.in.the hardware;:but.in the proposed -

i

method of weapon employment; that is, the “closedloop fire control™ tactic: The basis of this-~
tactic is that the shooter employs the visual feedback offered by a visible tracer stream-to alter -
the aim point of his weapon, thereby improving his probability of hit performance. This weapon -

is lightweight and easily controlied. The projectile impulse is the minimal required to assure
lethal etfects outto ranges where most targets are found. Itis unfortunatethatthe ARES system

could not be assessed in.the field experiment. Unlike the other concepts, the ARES “closed -

loop" fire control approach cosf,:ld not be modeled to predict performance. -

1323 . & - Ammunition. ARES ACR ammunition (see Figure:B6) is 100% traced. - The
projectile is fully telescoped within a plastic case of GTX-910 material, with.abrass battery cup -

and primer. . There is 2 plastifp__end- cap which is ultrasonically welded to the case body for

waterproofing and anti-tampering purposes. The plasticcase hasinternal fins to serve the dual

|
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purposes of keeping the projec-

tile centered within the case mITERY PROPELLANT puAStC R
body and act as a projectile / N \ ,“;,;",gffgn

seat. The remaining volume is
occupied by the propellant|
charge. The propellant has not |

yet been fixed, but it will'be a| N ,,};;;‘.’;;;'g}},,‘
blend of standard Olin ball pro- . 7

pellants which may or may not e gL MGRE < . e
be given a new numerical des- sulerseat “
ignationby Olin. The case head, ARES AMMUNITION

made of the same GTX-910, is Figure B6

pre-scored for projectile exit.

The projectile itself is Smm and has a 45 grain total weight. It has a steel penetrator,
backed by consolidated lead wire and two grains of pyrotechnic mix. The projectile in encased
in a gliding copper jacket. The tracer burns out between 300 and 400 meters.

The ammunition has a limited effective range and does not currently meet the criterion
of dual use in both the ACR and a follow-on light machine gun. Aside from the knowledge that
a round acts differently following burn out of its tracer mix, it is not known how this round
performs at the longer ranges of interest.

The ARES round, at 111 grains, weighs 60% of the 185-grain M855. This may be
regarded to be a major combat load improvement for the individual soldier.

1.3.24 Summary. In summary, the ARES ACR, had it continued in development, was
to have an unproven tactical use and the potential for a failure with a live round chambered in
the out-of-battery position. This is considered to represent a greater-than negligible safety
hazard to the shooter. . The closed loop fire control tactic proposed :by ARES could not
demonstrated. . 2 ‘

133 Colt: Industry-Alternative Contract #DAAA21-86-C-0367, "

1.3.3.1 . Background.. The Colt ACR contract proceeded through development with no

significant problems. . The effort was .adequately funded throughout the entire program.

Specific design characteristics used in the Colt ACR have been‘incorporated into the newly
developed M16A3 ritle.

1.3.3.2 Weapon. The Colt ACR (see Figure B7) is .a modified'M16A2 with a muzzle
brake compensator (MBC), telescoping buttstock, and a much “cleaner” upper surface that
should enhance weapon pointability. The upper receiver also-includes a rail-making the
mounting of an optic sight far more acceptable than on top of the current carrying handle. A
new oil/spring hydraulic bufferhas been designed for this weapon. The remaining Colt weapon
design efforts have been in the area of human engineering. Contractor testing has shown a
major decrease (inthe area of- 40%) in recoil attributable to the MBC as comparedto the current
M16A2.
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COLT ACR with Iron Sight
' Figure B7

13.3.3 Ammunition. The Colt system was designed to Uéé’ény round of ammunition -'

which may be used in the M16 rifle. However, the contractor proposes the use of a two
ammunition family for the ACR; a newly developed duplex round for short range engagements

and the NATO standard M855 ammunition for longer ranges (see Figure 3.6). The AMSAA
analysis done at the end of phase | efforts‘under the' ACR contractual program gave Colta ...

projected improvement in probability of incapacitation relative to the M16A2 only because of
the use of duplex ammunition. When using M855 ammunition, there was no performance
improvement projected with the Colt ACR relative to the M1BA2.

The concept of duplex ammunition is not new: in‘fact, there'is atype classified 7.62mm '
duplex round. The Olin Corporation used this predecessor round to develop the 5.56mm . .

duplex round. The diplex ammunition’places two bullets, nose-to-tail, in the same cartridge

case. The theory behind the duplex round is that the 1éad projectilé will travel to the aimpaint,
while the trailing bullet will have a dispersion around this aimpoint. This ammunition should ..
greatly increase the probability of at least one projectile hit. ‘The weight of the front bulletis 35 .
grains, while the rear bullet weighs 33 grains. Both are copper jacketed steel penetrators. The
dispersion between the two'projectiles is approximately 1.0 mils. The duplex roundofters no
weight reductionto the overburdened soldier and is, in fact, slightly heavier than the standard . .

MB855 round. However, the soldier carrying dupléx ammunition will have twice as many bullets

than the soldier carrying the same amount ‘of M855 ammunition.

During routine testing with duplex ammunition during contractor development tests,

there was a gun incident which resulted in a blown-up weapon with no personnel injury. There
was a major investigation into the cause of the incident. It was determined that, with duplex

ammunition, if the réar projectile is permitted to migrate in the direction of the primer, the trailing
projectile may become lodged in the bore. When the next round is fired, a similarincident may. .

occur.

A production testseries was conducted and it was determined that with a108%10 11 0%
compressed charge, there was sufficient propellant compression to prevent migration of the
trail bullet. For the purposes of creating a margin of error, the charge was to be 112% (min.)

10 116% (max.) for all future duplex production. To ensure thatthere was no migration, rounds
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were loaded and put through a vibration test common for shipping and X-rayed thereafter. The
X-ray photographs clearly proved the success of the solution, but for safety reasons, the duplex
rounds were all X-rayed. In production, this would only be necessary on a sample basis as
opposed to a 100% X-ray test. Tha significance of thus is that the X-ray test procedure is very
expensive and time consummg :

Before drawing any conclusaons on the Colt ACR the baseline M16A2 weapon system
must-be briefly discussed. 'A-muzzle device has been designed by Naval Ordnance Station,
Crane, IN. This device replaces the current flash suppressor and may be easily substituted on
the M16A2. Such M16A2 configurations have been recently tested in a salvo stress test
conducted by the Human Engineering Laboratary (HEL) at APG, MD. Duplex ammunition was
designed to fitthe same chamber configuration as the M16A2, and isimmediately usable therein.
Relative to the Colt ACR, the M16A2 does not have a clean upper sighting surface, nor is the
mounting of an optical sight on the handle any betterthan an expedient action at best. In addition
to the Colt system, an M16A2 rifle with the Crane muzzle device firing duplex ammunition was
evaluated in the field experiment.

1334 Summary. In conclusion, the Colt ACR is a muzzle compensated, human
engirieered variation of the M16A2. In consideration of the fact that the great majority of any
improvements to be accrued with the Colt ACR are attributedto the use of duplex ammunition fired
wnth an integrated muzzle device.

1.3.4 McDonell Douglas: Industry Alternative Contract #DAAA21-86-C-0365.

1.3.4.1 Background. McDonnell Douglas Helicopter Company (MDHC) was the second

contractor concept terminated for inabilify to demonstrate the system in a timely fashion. Unlike
ARES, this concept was further behindin development status with numerous inherent problems
that became obvious during the course of developmént. The concept was designed around a fiat
cylindrical case which could use a single projectile or multiple projectiles for the desired salvo
effect. Atrue salvo system The system had objectlonably high recoil and was the sole system
wh:ch was rntended for use’ :n the sem:- autorna‘uc mode of fire oniy At the- time of the
not réady to enter the program production phase The contract was well funded for the original
intent, but when the contractor met with eary failures, the system concept was. altered, and -
financial difficulties'began. While this lockless concept has been successtfully demonstrated as
a light machine gun, it was not adequately proven in the assault rifle version and the effort was
terminated.

1.34.2° Weapon'. "The MDHC ACR (see Figure B8) is a recoil operated .338 caliber
weapon based on the “lockless” principle. This mechanism was previously demonstrated in a _
smalicaliber light machine gun developedin the 1970s. The barrel and breech.are produced from
a single piece of material where the breech is separated from the barrel by a mortise slot. This
slot acts as the chamber of the gun. A sleeve slides over this mortise slot to seal the chamber
and is retracted to permit feeding of the next round. During the course of feeding, the new “live"
round ejects the prior round; either an_expended round or a misfire. A muzzle device is
incorporated into this rifle to’ help redice reco:l
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" McDONNELL DOUGLAS ACR

. Figure B8

The optic is a removable 4X telescope. It may be replaced with any other optic or by
back-up iron sights.

-..The:magazine has 2 capacity of:ten‘rounds, :protrudes’ from’the’ weapon side like a

handle,:and is positioned immediately under the chamber. Ejection for this'reasonis upward. -
The weapon is:long;-has a shotgun-type sight rib and should :point -quite well In quick fire -

situations.

This éntire: effort représents a:change from the'systern developed by MDHC in'the first

phase of their ACR.contract. As such, this designwas not tabricated for the first time until the
end of May 1988. Itwas insufficiently mature forthe purposes ofdemonstrationinthe fieldtrials.

1.3.43: .. -Ammunition: = The [ -
MDHC ammunition (see FigureBg)isa-| - -
“chiclet™shaped rectangularsolid-The | "~z ,
projectile package sits in the centerof - |- =

the longest dimensiondirectly in frontof-
the primer.. The case s plastic:and the:
inserted primer .is of standard-brass * 2 | 2
construction. Propellantis chargedinto | - kel bl = T

the cavity on either side of the projectile f/
package and-gases from the burning- :
propellant.are vented into-the-central |- K : ;

cavity by means of ports, which are A e i
exposed as the sabot passes by. The e = Sact

round is extremely inefficient, requiring McDONNELL DOUGLAS AMMUNITION
a charge weight of 90 grains of propel- | - o FigureB9 = =~ -

lant to launch a projectile weight of 70
grains. The original projectile package under development was multiple-bullets (duplex and
triplex), similar to the Colt duplex round. - The recoil impulse from-this-massive projectile
package was unacceptably high:. MDHC then chose to totally reorient their effort to a multiple

flechette: projectile package consisting-of either three, four, or five flechettes. The final

configuration before contract termination was that of three flechette projectiles.
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The sabot material is a liquid crystal polymeric type as in the AAl and Steyr sabots. It's
weight is roughly 30 grains. Tempdrarily, the material of the case itself is nylon; an
unacceptable materialin later stages of development. The case is designed to fail along its four
longer edges because the case is not fully supported and pressures must be approximately
equalized both within and around the case to prevent the reeds from deforming. The reeds are
the remaining web of material after the chamber volume is mortised from the barrel/breech
block. This intentional case failure and the added Vélime which must be pressurczed around
the case are the cause of :he afaremennoned mefﬂcnancy in round d951gn 3

The approximate ballistic performance nf thls ammunruon |s 4700 ﬂjsec Iaunch velocuty
at 35000 to 37000 psi. The projectiles are the same flechettes discussed in other sections of -
this.report and are provided to MDHC as GFM. The total weights of this round are 191 grains
forthe three flechette version and 201 grains for four flechettes. Each round s slightly heavier
than an M855 round, butlaunches a multiplicity of projectiles. Onthe unproven assumptionthat
a single MDHC round is equally as effective as three or four M855 rounds, this design might
represent a very substantial weight savings to the soldier, especially at shorter ranges where
both systems will be firing multiple projectiles at any given target.

The greatest technical barrier for MDHC to overcome in their terminated development
effort was the basic immaturity of their system. The switch from a multiple bullet approach to
amuitiple flechette approach had cost MDHC a substantial amount oftime., This created a real
concern very early after the switch was made involving their ability to overcome the expected
developmental difficulties in sufficient time to enter the field demonstration with a system
developed enough to be worthy of testing. Remaining identified problems included launch
reliability and dispersion. The multiple flechette approach has the inherent problem that, in past
similar efforts, none of the flechettes go to the point of aim. This is not a problem where the aim |
erraris high; butin the relatively low aim-errorin longer range engagements, this system would
likely exhibit extremely poor hit probability performance. There is a valid argument to be
presented that the desires of the USAIS, being high hit probabilities at long ranges, may not be
attainable with current technologies. However, it was still the goal-ofthe contract development
effort. Further, unless MDHC was capable of reducing their dispersion to the general order of
magnitude between 5 and 10 mils linear standard deviation, the intermediate range perfor- .
mance of this system would likely also: be poor. Assuming that the .hit .performance
improvements could be obtained from.this system, then it would perform extremely well in the
other measure of effectiveness, expected casualties per combat load.- This is based upon the
fact that one round takes-the place-ofna-multipiicity of rounds in any other system.

13.4.4 Summary In conclusmn thls system was wellbehindin development status, but
given success fight have offered an interesting and valuable alternative to the serial launched -
salvo systems ‘with which it competed.” -

1.3.5 'S‘-té'yr-‘Mann!Ichér_: ’ Industr§ Alternative é.ontralct #DAAA21 -86-C-0364.."

1.3.5.1 .Background. The.Steyr system.was similar to the ARES system in that it fired -
using a rising chamber mechanism.. However, the Steyr ACR fired a single flechette from a
plastic case using a radial ring primer. Initiation of the ring primer was from the side of the case -
nearthe base. The problem of insufficient case stiffness:and misfires as a result of this feature -
never arose. : s
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In Steyr's system, the flechette package was crimped by the plastic case head of the round.
This was simply not as strong as the compression applied by a roll-crimped brass case as in the
AAl system. Accordingly. the flechette package left the mouth of the case at a much earlier point
along the pressure-time curve, with the result that round-to-round accuracy suffered when
compared to the AAl round. As mentioned earlier, flechette accuracy has not been at the same
level as bullets even under the best of circumstances. With this system, flechette dispersion was,
at best, twice as wide as the standard bulleted system and often wider than that. This deficiency
became noticeable at the longer ranges.

Further, the system was at the lowest point of prior development relative to all other
contenders at the time of contract award. The weapon experienced difficulties during the safety
certification testing and evenintothe first phase ofthe field testitself. These problems were solved
during the test, buit there was enough trouble that there was consideration given to concept
termination at the véry late testing phase. There was resistance to this action because of the
extrerne simplicity of the system and the highly cooperative attitude of the contractor personnel.

““Jn‘terms of the contract, the aforementioned attitude of contractor personnel made the
management of the effort simplé and easy. It should be mentioned that Steyr was represented
inthe United States by Gun South, Inc. of Trussville, AL. The concept was adequately fundedand
there weré no contractual problems.

1352 'Weapon. The Steyr AC'H":\Qé'é'pQr'_i_ _':('seé' Figure B10) bears a remarkable resem-
blance 10 the ARES weapon insofar as the basic mechanism type is concerned. Both are rising
chamber mechanisms. Where the ARES gun was a quasi-open bolt with a live rou nd normally

" STEYR ACR with Iron'Sight
Figure B10

in the chamber in the out-of-battery condition, the Steyl_r"gun_ is'a true open bolt mechanismin that
there is & spent case normally in the chamber in the out-of-battery condition. A live round only

enters the chamber after the trigger has been pulled.
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The Steyr weapon is unusually simple in comparison to all other ACR candidate
systems. There are a total of 87 different parts, 97 total parts, and some lesser number of
indivisible sub-assemblies. The 97 total parts are broken down as follows:

cBarrel... e . 4
+ System POUSING. i 27
Trigger Group.....cvueveevenens s 24
“Receiver Group.....cceeeenee. o N S 29

- Magazine Group ....... R R 4
2 1TsTer, QL] (11 R— Ssssauases -9

Aside from'thé novelty embodied in the basic rising chamber mechanism, there are a
number of other innovations which lead to a simple weapon. The firstis the gas system, which
has the gas “piston”, actually a hollow cylinder, mounted annularly to the barrel so that the
batrel's outside diameter acts as the inside surface of the gas system, and the “piston” inside
diameter acts as the outside surface of the gas system. The weapon slide is welded to the
outside of the gas piston. After the projectile passes the gas port, the piston moves rearward,
with the attached slide. The slide, a flat strip on either side of the barrel, acts on a pin protruding
through tabs on the underside of the chamber. In rearward motion, the pin and chamber are
forced down by a cam to the load position, cocking the spring which drives the chamber upward.
After the gas piston contacts the buffer, the recoiling mass moves forward, pushing the
chamber pin out of the lower detent position, driving the chamber up into the firing position. As
the chamber is rising, the slide continues to move forward to its uncocked rest position. When
the'slide is in its most rearward position, a projection froem the slide is positioned immediately
behind the topmost round in the magazme ‘As the slide moves forward, this round is stripped
directly into the chamber; at the same time éjecting the spernit round from the chamber forward
and downwardto aportin the plastic stock ofthe weapon. Asthe chamberapproachestop dead
center, a fixed firing pin mounted in the top of the housing protrudes through a hole in the top
of the chamber where lt impacts the plastic. case_:above the rmg shaped pnmer to ignite the
round. ) T i ;

Toallowdirect faed of rounds from the magazine mto the chamber, the plastic magazine
has a transition zone where the round stacking goes from two staggered rows 1o a single row.
This adds undesirable height to the magazine. To keep the magaziné protrusion from being
lower than the shield around the trigger/pistol grip, the round capacity of the magazine was
reduced to 24 instead of 30 rounds. This will have an adverse effect on expected casualties
per.combat load because of the reduced magazine capacity: :Steyr also has a high capacity,
drum-type magazine design which was not fabricated for the ACR field trials.

The small number of parts and simple design allow for quick and easy disassembly with
notools. There has been forethought giventa such things as making pins inte rchangeable and
large enough to be easy to grasp-and hard to lose. By removal of the rear plastic stock, the
soldier can pull a quick disconnect'sleeve and remove the barrel with a quarterturn. From this
point, the gas piston return spring is free to be removed, the misfire ejector may be removed,
and the mechanism is easily broken into several sub-assemblies. Springs are easily
compressed by hand while pins need only finger pressure to remove or are easily pushed out
with the sling pin
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assault rifle in the world today. It has a firing history of billions of rounds and, through the years,
has been exhaustively product improved. The governmentis currently developing the M16A3 rifle
to incorporate an optic as the primary fire control. There are no known deficiencies to the weapon
with respect o its intended applicatiori. The “problem” with the M16 is that the future desired
capabilities of the soldier's individual weapon have changed, are still changing, and will continue
to change unhl d'new individual weapon is fielded and undoubtedly thereatter.

1.4.2 Weapon The M16A2 (see Figure B11)isan 1mproved version ofthe earlier M16A1 rifle, and
is the standard weapon of the individual soldier. Itis a magazine fed, gas operated 5.56 mm assault
rifle that fires in the semi-automatic orthree round burst mode. The three round burst modeis simply
a three round counter incorporated into the automatic firing mode to reduce unnecsssary

M16A2 I
Figure B11

ammunition expenditure. The cyclic rate of the burst is about 800 spm. Weapon weights are I
approximately 7.5 ibs without sling and loaded magazine, and 8.75 Ibs with sling and loaded 30
round magazine. The weapon has a flash suppressor which permits the use of 22 mm (launch tube
diameter) muzzle launched ordnance. This flash suppressor heips control muzzle climb and
reduces muzzlie flash when firing at night. The M16A2 has a sophisticated rear iron sight which can
be adjusted for both wind and elevation corrections. A brass defiectoris also incorporated into this
version to protect left-handed shooters from spent case ejection. The weapon shoulders well and
points reasonably well. “Deficiencies” are that there is no good way in which to rapidly and cheaply
mount a optical device on the standard weapon configuration. The handle mounting option is so '
poor as to be a non-option. Ancther system problem is the use of metal magazines. Metal, when
deformed, stays deformed and if the magazine lips are damaged, the result can easily be a series
of feeding malfunctions. These problems are admittedly minor and it is reiterated that the weapon l
has no known inherent problems with respect to its assigned mission.

To obtain the controlled burst dispersion characteristic of a "salvo” burst, three things are

required: lowimpulse ammunition, a high cyclic rate, and a muzzle device which compensates and
attenuates recoil effects. The current M16 system has none of these features. Thethree roundburst
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from the M16 has no greater hit probability than the semi-automatic mode in the M16 as there
is negligible contribution to increased hit performance coming from the second and third rounds
ofthe burst. While the weapon is sufficiently accurate for military purposes, the inability to use
the weapon to compensate for high aiming errors when the scldier is stressed, as in combat,
is seen to be the major deficiency of this weapon and the primary underlying justification for the
ACR program development effort. An extremely important but secondary characteristic of the
M16 weapon system which figured heavily in the establishment of the ACR program to'replace
the M16 is the ammunition weight. The standard brass cased round weighs 12.5 grams while
two ACR competitors have 5.0 gram or lighter ammunition.

1.4:3 Ammunition. The family of 556mm NATO ‘@mmunition i well Kriown. Tha néwest
possible addition may be duplex'ammunition as describéd in the Colt ACR section (see Figure
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APPENDIX C

1.0 ‘PROGRAM PLANNING DOCUMENTS.
14 ACR Test and Evaluation Master Plan (TEMP).
1.1 Purpose. The ACR TEMP relates the program 'objedtive.s'dtthe-nc)Rto materiel

milestone’ document

1.1.2 History The ACR TEMP, dated December 1988, -evolyed out ofthe need foran
Advanced Combat Rifle (ACR) as ‘detailed In the: approvad Operatmnai and Organization. .
(O&O)Planforthe: ACFt dated January29 1985 The ACR wlllbetheinmal devetopmentwnhm.--.
an‘advanced smiall‘afmé farily. . . o e

1.1.3 Organization. The TEMP is based on the previous:DOD guidance on test and
evaluation-(DOD 5000.3) in the following five key areas: System Detarls Program Su mmary,: -
Technical Test & Evaluation (TT&E) Outline, User Test & Evaluation (UT&E}Outhne and Test
& Evaluation Resources Summary TP it

1.1.31 System Details. Summ-anzes the requrred techmcat and operattonal character '
istics of the ACH as teund in the, O&O Plan.

1.13.2  Program Summary Specmes the.. ACH management res;aonsubmtles and
specifies that the program will be controtled by.a. Developmental :Project Officer (DPO) and
supporting Project Oftice Iocated wsthlnthe Jomt Service Small Arms Program(JSSAP) Office

at ARDEC. Addrttdnally this section organlzes the formation.of the Test Integration Working
Group’ (TfWG) Whosa purpose is to effectively manage, the many T&E.requirements. Another
important portion of this seetton is the ‘structure and.contract summary .paragraphs. These
paragraphs address ‘how . the b'régram is. 0. be. execufed, within :the-Army Streamlined

Achiisition’Process (ASAP) and what contract eh‘orts are. planned_!or thts program

1.1:3.3° - Téthnical Test and Evatuation (TT&E) Outline‘ 'Outltnes thesmlcal technical
issues that must be addressed. These issues include:

__._""'What are 1he cornparatlve hut and mcapacna_t n probabtllt:es and response. .
“idimes of test fires when engaging with the ACR,concepts and M1BA2 sifle::.
under stressed conditions?
2. What are the multiple. launch. pro;ectlle dISpEFSIDﬁS for:the;ACR cand:date‘: :
S wigapoh Systems?
e, "_'What safety hazards, if any are assocrated wsth the use ofthe ACFt concepts‘? o

This section additionally summarizes TT&E to date and future TT&E

11.34 User Test and Evaluation (UT&E) Outline. .This section.is:usedto crosswalk:. |

critical operational issues and criteria to specific user test and evaluation objectives. It details

the method, manner, and tasks to be tested which.are. -used. to: evaluate. the mission=..:

performance of the ACH weapon system wnh respect to the ‘evaluation issues: as-defined:by =
the user. '
Appc‘ndtx c
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1.1.3.5 Test and Evaluation Resources Summary. This section represents a sum-
mary of T&E resources required by specific tests planned through the life-cycle of the ACR
program (e.g. contractor tests, field experiments, and concept evaluation program (CEP))

1.2 ACR System MANPRINT Management Plan (SMMP).

1.2.1 Purpose. The purpose of this plan isto outiiné MANPRINT issues and concerns
which should be monitored during the ACR's development and acquisition cycle.

1.2.2 History. The SMMP was developed afterthe approval ofthe ACR O&Q Plan and
reflects system deficiencies and MANPRINT requirements stated by the O&O Plan. The U.S.

Army Infantry School (USAIS) will be the user proponent lead agency for MANPRINT in the
ACR acquisition process.

1.2.3 Scope. The SMMP addresses the overall MANPRINT Strateqy for the ACR by
detailing-specific objectives and concerns.

1.24 MANPRINT Strategy Objectives. The ACR MANPRINT Strategy centers
around six specific areas which are summarized as follows:

1. Manpower - Ensure that the system has minimal impact upon manpower
requirements for employment and maintenance.
2. Personnel - Ensure that the system can be fielded without the requirement tor
additional MOS or increases in overall skill levels. E _
3. Training - Ensure that the current level of marksmanship training and range/
: support resources will be adequate 'to enable the soldier to meet ACR
“performance requirements. ' '

Human Factors Engineering - Ensure that the system is user friendly.

‘U"I:h

- risks, or reduce them to an acceptable level.

6. Health Hazards - Eliminate health hazard risks or reduce them to an
. . acceptable level. ' '

Itis the overall goal ofthe MANPRINT Strategy to ensure that MANPRINT issues
are incorporated into program documents-so as to avoid the MANPRINT shortcomings of the
current M16A1 and M16A2 systems. fe

1.2.5 Supporting Documentation. ‘The ‘téfhainder of the SMMP is devoted to
MANPRINT supporting documentation which outlines and summarizes the MANPRINT task

descriptions, key questions to be resolvedin the six major objective areas, and points of contact _
for MANPRINT/ACR coordination.

1.3 ACR Integrated-Logistic Support'(ILS) Plan.
1.3.1 . - Purpose. - The integrated logistics "suppdrt plan for 'ihg,.g;C:F_‘!"'-bro{ri'déé':the'::'._'
transition from research anddevelopment to reddinéss. The objective of the plan is to design
Appendix C
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supportability into the equipment. Supportability includes all the items required to keep ths
mission equipment ready after it is fielded ( e.g. repair parts, operator's and maintenance
manuals, and training development). The ILS Plan forthe ACR was prepared by the Integrated
Logistic Support Manager (ILSM) at HQ AMCCOM, Rock Island in coordination with the ACR
office at ARDEC. .

1.3.2 Organization. The ACR ILS Plan is divided into three main categories:

1. System Description and-Application - Details the need for and goals of an
ACR and describes the several concepts/technologies being explored.

. -..2. Logistic Management - Lists the ILS-management team members, program
milestones, planned production-schedule, program status and applicable
references.

3. Plans, Goals, and Strategy - Highlights the operational and organizational
(O&0) plan, the acquisition strategy, the logistic support analysis (LSA)
strategy. and the test and evaluation master plan (TEMP)

1.33 ILS Elements Plan This pomc‘m ‘of the- lLS Plan provides an overview of the
major areas associated with ILS. These areas includedesign influence, maintenance plan,
manpower and personnel, supply support, support equipment arid TMDE, training and training
devices, computer resources support, packaging, handling, and storage, transportation and
transportability, facilities, standardization and interoperability, MANPRINT, logistic resource
funds, and material fielding plan.

1.4 ACR Production.Readiness Master Plan (PRMP).

1.4.1 Purpose. The ACR program’s. PRMP is designed to-describe the systeém
producibility and -production-program-strategy, along with associated accomplishments and
risks. The PRMP is required by AR 70-1, AR 70-72, and AMC-R 70-66 and will be updated prior
to each milestone decision review.

1.4.2 History. During the Proof of Principle (POP) phase for the selection of the best
ACR technical approach four technologies were in contention. The ACR-concepts under
evaluation were developed by AAl, Colt, H&K and Steyr. :

143 ProgramStrategyfor:Manulacturmg...

1431 Purpose. The ACR program strategy incorporates early involvement by the
system designers and manufacturing.planners to ensure system producxbihty and to accom-
plish all planning necessary to ensure-production readiness.

Specific acquisition strategy objectives include:

1. Obtain competition'throughout the ACR program L ‘g i

2. Ensure that guidance technology selection is. based on- a hardware POP;:.-
evaluation.

3. Consider should-cost goals and objectives to reduce cost and efforts by
reduction of non-value-added requirements wherever possible.
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4. Ensure implementation of Total Quality Management (TQM) by requiring the
FSED contractors to submit a program plan with their proposal.

5. Achieve the status of two independent qualified sources for system produc-
tion by 'end of FSED.

6. Facilitize a government owned facility to meet the mabilization requirement
for ammunition. “

7. Use cost/schedule control criteria, design to cost, and management reviews
to identify and combat cost overruns.

. 8. Use design-in growth potential to meet requirements of the evolving threat,

1.43.2 - Functional Etfort Integration..This.section prowdes an overview of the
following strategies that must be integrated into the PRMP: ;

Producibility Engineering and Planning (PEP). .

Value Engineering (VE)-Program Strategy. 5
Manufacturing Technology (MANTECH) Program Strategy
Industrial Preparedness Planning (IPP) Program Strategy.
Corrosion Prevention and Control (CPC) Program Strategy.
Configuration Management (CM) Program Strategy.

Total Quality Management (TQM) Program Strategy.
Technical Data Package (TDP) Program Strategy.
Production Testing Strategy Overview.

CONDO LN

1433 Transition Plan. The government's transition planincludes the utilization
of the PRMP and the contractor's Producibility Program Plan and Production Plan,

1434 Program Status and Risk Assessment. This section describes the
programs status. future milestones, and risk assessments based on technical, cost, and
schedule analysns

1.5 Small Arms Master Plan (SAMP).

151 Purpose The Small Arms Master- Plan (SAMP) 1dennfms and ‘outlines Army

goals and desnred characteristics for small arms through the near term into the 21st century.
The SAMP is not a requirements document but a vehicle developed by TRADOC and AMC to
stimulate small arms technology. The SAMP's objective is to develop the optimum type and
mix of small arms and munitions on the future battlefield in the most cost effective manner.

152 History. The cornerstone of the SAMP, dated 1 September 1989, is the U.S.
Army Infantry School’s “Small Arms Strategy 1995," 22 March-1986. This strategy focused on
small arms development and fielding in two areas: near term, and future.

Near Term - This area is represented by the ongoing fielding of new weapons such as:
MK19 Mod 3 Grenade Machine Gun, M243 Squad Automatic Weapon (SAW), M16A2 Rifle,
M24 Sniper Weapon Systemn (SWS), M4 Carbine and the M3 pistol.
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Far Term - This area focuses on the development of an objective family of small arms
(OFSA) that incorporates leap ahead technology to insure 100 percent and above increases
in hit probabilities. The objective family of small arms is viewed as a three-member family
consisting of an individual combat weapon, a crew-served weapon system, and a personal
defense weapon. The centerpiece of the objective family is the individual combat weapon. It
is expected that this objective individual combat weapon (OICW) would be developed first and
the other two members of the family would follow based on the experience gained from that
development.

153 Methodology. The SAMP has been structured in accordance with 8 steps of
combat development methodology:

Identify and state the problem.

Analyze and project current/future threat capabilities.
Review available technology.

Develop a concept based on mission, threat and technology.
Draft an Operational and Organizational (O&0) Plan.
Conduct analysis and testing to validate concept.

Determine the systems programmatics.

Dratft the concept formulation package.

DN E WD

154 Development Strat'e“gy."

Technology Base Blueprint - The emphasis of the small arms technology base is to provide a
technology build (hardware and/or analysis) to allow for a system decision. The five technology
base activity areas are: current rifle technology, bursting munitions, modular fire control,
advanced crew served weapon, and leap ahead technology.

155 SAMP Transition. The transition plan forthe SAMP consists of two phases. The
first phase takes place from 1986 through the late 1980's with fielding of near term weapons.
The second phase of transition begins with the fielding of the objective family of small arms
beginning in the late 1990's with the objective individual combat weapon. The exact date for
the fielding of the remaining systems depends greatly upon the maturity of the technologies that
are selected for the weapons, and the availability of RDT&E/production funds.

15.6 Program Planning Documents. The ACR program planning documents, with
the exception of the SAMP, are included in Volume VI of this report.
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