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DEPARTMENT OF THE ARMY
HEADQUARTERS. U.S. ARMY TEST AND EVALUATION COMMAND

ABERDEEN PROVING GROUND., MARYLAND 21005

AUSTE-10 18 JuN1970

SUBJECT: Final Report on Initisl Production Test of Cartridze, 8lmm, H=,
H374A2, U5ATECON Froject llo, €-1U-001-374-039

Cortmanding leneral
US Ary lunitions Coumand
Dover, New Jersey 07801

1. Refercnce,

a. Final Report on Product Irprovement Test of Cartridme, 8)-iI1, 11374
with llodified Tenition-Propellant System and Reduced Bourrclet, USATECO!
Project No. B-:U-001-374-010, Report ilo. APG-MT-3311, fujust 196G,

b. Lletter, A3TH-PC, HO, USATICCH, 27 Junc 1969, subjeoct: 3uitability
of Cartridee, €lrm, %, M374 with Reduced Bourrclet and rodified Ignition/
Propellant Systenm,

2. Avoroval Staterscnt. Subject report is approved,

3. Baskarmnd,
a. The Cariridpges, 81ma, EI, ¥M374 avd WP, 'i375 were type elassificd
without & nolstureproofl ignition)propel]ant systen; protecticn was depsudent
on cxterior packazing,  tonsive use of theso itans in S:M disclosed their

perforaance vas sizuificantly depraded when expozcd to the humid and wet
environoont provalent dn S0 due Lo packaging Liril-tions or exposure after
unpackozive,  An exprlited product improvencal efforl on the 374 ecnrtridne
was initiatel to providc a conpletely waterproof carlridye.

b. Test cartrlidges incorporated a bourrelet raduced 0,010" as previously
approvod by Tnzinecering Chanze Crdeor 190105, datcd 11 larch 1969, as a reans
of reducing nisfires duz to rasiduc then prevalent with the M374 colton bag
cartrid;es. Sbjeet report docs nost address the reduced bourrelat per se
since Ahis aspnet wos adequately explored in carlicr tests, reference la,

did not influcnece velocity levels, ani was not dirvectly pertinent to the
waterpraolin: rodifications.
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SJU3JECT:  Final Report can Initial Prelnction Test of Cartridse, 8lwm, HE,
“370A2, USATICCH Project Mo, £.17U-C01-374-039

¢. ifter colection of a wmolstureproof ignition/propellant systenm
consisting of a modificd fin asscnbly, modified ignition ecartridge, and
ccleon-silk propallant inercocent bags, rortar cartridies were subjected
to extensive testing as renorted in reference la.  USATZECOM concluded the
item as tested was snitable for US Aray ucse, rveference 1b,.

d. ‘The samples suumitted for subject initial production test were
designated as 37842 and were identical to those praviously tested with
cne excoption; the prepellant inerement bags tostod during the product
inzroveront activity had a total of three heat sealed seams Lo previde
adequate moistuire protzction to the contents, whereas thcese submitted for
the initial production test had one heat sealed and two sewn seams at the
£1all ends. The sewn onds were substituted pending resolution of temporary
fabrication problenms.

e. Testing was corducted by iberidecen Proving Ground between Maveh and
‘ay 1970, TFersonnel of the US Army Infantry Zoard inspected test cartridges
on 24 April 1970 to detoraine if there were any factors resulting from the
wodification that would introduce any huran factors problemns. The test
objective was to deternine if the preduction iten perforned equal to or
batter than those testod during the product improverent test, to include
confirnation of the aderquacy of polystyrene muffs to afford rough handling
protection,

f. Since there are no UR's or SDR's against which to evaluate subject
cartridge, testing was conducted using criteria quoted in the approved plan
of test., Test results generated using tunese criteria were adeguate to
evaluate the item relative to its suitability for issue,

L4, Test Rasults,

a. The Cartridps, 8lmm, HE, M370A2 met couplstely, scven of the nine
test criteria and met partially, the two remaining criteria. Ho deficiencics
and two shertcomings were reported.

b. Shortcomings (2):

(1) The velocity levels of the test cartridges were statistically
differcat at the 5% level of significance fronm the control for six of the
nine cnarge levels.
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M374A2, USATECU Project Ho., 8-MU-001-374-039
(2) The test cartridge did not pass the simlated rain exposure test.

c. No problems relative to residue, safety, or human factors aspeets
vere uncovered during testing. ilo maintenance was required.

d. The provision of polystyrenc muffs minimized failures of incrermcnts
during rough handling tests.

5. Conments.
a. Relative to the two reported shortcomingu:

(1) Although the velocity levels of the test and control cartridies
are small they arc statistically differeant at the 55 level of significance,
i.e., 46 to -6 fps. Fozever, velocity levels arc adjustable as part of
propellant acceptance procedures.

(?2) Failure of the cariridge to pass the sirmlated rain tost was
expected prior to testing bzcause of the chanze in sealing the propellant
bazs, A production acciicnt during the hecat scaling of the baz ends
resulted in temporary termination of the proccss ganding corrcctive drple-
mentation., In the interim, bags were produced with seun ends vhich uwuere not
expected to afford the sare degree of moisture protection as those with heat
scaled ends,

b. It should be noted that the standard cartridge with cotton increment
bars was not subjected to any of tke waterproofness tests becanse of the
data already available. 7The parfornance of staniarld cotton increments is
seriously degraded when exposed directly to storage elther in a high-humid
environrent or when exposed to uwater; the waterprcof fabriec and ignition
system of subject cartridses are signifieantly rmore resistant.

c. Currcnt production rethody for propellani increment bags arc identieal
to those used in the manufacturc of the items subiiitted for subject test
except for the elosures. This conmand has been inforsmed that the heat sealing
proc:ss has besn reinstated for al'. seans using the san: techninues as used
previously. Consogquently, all attributiss of the eartridees tested during
subject test are applieable to fully heat sealed inererani bags. Additionally,
tests cunducted carlier as reportcd in refercnce la discloscd heat sealed
bags afford satisfactory moistarsfuater protection Lo the propallant,

AN
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SUSBJECT:  Final Report cn Initial Production Test of Cartridge, 81mm, HE,
137442, UsSATHCCH Projact lo. 2-iU-G01-374-039

. Although the Cartridge, S1mm, WP, 375A2 was not tested, all
ments and esnclusions relative to the 37042 are applicatle to the
2 since the sam2 iznition/propelling systen is used with both

e. US Army Infantry Board, afte:r inczpeetion of the test item at APG,
cotutented on-the enlor of the nrotective maff, Those furniched uith the
test iteir were white, which is objection-dle for reasons of carouflage
sceurity.

6. Conclusion. The Cariridge, 8lmm, HZ, i374A2 and its VP counterpart,
37552 1s zuitable for issue.

7. Recomiendations,

a. The rmuffs used to protect the propelling charge be of a color
compatible with currcnt carmcuflage techniques.

b. The velocity level of future production be adjusted during
rropellant proof cceeptance testing to confora to existing firing tables
or to levels currently achieved with 1374 cartridges.

TOR TizE CO:lANDIERS

1 Incl % HEURY P GRTVHM,
Rapt lo. APG-MT-3537 Colennl, GS
(5 cys) DCS for Test and Eval

Coples furnishad:

06 USAEC ATTN:  ACRD-Y (w/2 cys inel)
MCRD-U (w/1 ey inel)
ACiRet (y/2 cys inel)

CO PA ATDN:  SUPA-UuN2 (/3 cys incl)

USACDC LO, USAT:CON (w/23 cys inel)

CO APG ATT: STHAP-iT-T4 (w/o incl)
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ABSTRACT

An initia. production test was conducted at Aberdeen Proving Ground from
30 March to 14 May 1970 on the 81-mm mortar cartridge, HE, M374A2
(M374E5) which features a reduced bourrelet and a water resistant igni-
tion - propellant system, The cartridges tested were inert-loaded and
represent the initial production of Milan Army Ammunition Plant. Various
tests were conducted to determine if the test item was equal to or better
than the M3I74ES5 test cartridge submitted previously for US Army Test and
Evaluation Command evaluation. Residue tests were satisfactory; velocity
level differences of test rounds were significant though of small magni-
tude compared with the control (M374), and velocity and range dispersion
vere equal to or better than the control; pressures were satisfactory;
test rounds did not perform as well as previously in waterproofness tests
because the ends of the Celcon/silk propellant bage were sewed and not
heat=sealed as in the earlier version; there were short rounds in the rain
test, but none in the puddle or humidity test; rough handlinz tests using
charge protector muffs wvere satisfactory; solar-radiation test: with charge
protection were satisfactory; and cook-off hazavds and msintenance with
test rounds were not significantly different from that experienced with
control rounds. United States Army Infantry Board representatives found
no human factors problems except that the wvhite increment protector muffs
should be black or brown to conform with current camouflage {echniques,
It vas concluded that the initial production M374A2 cartridges performed
satisfactorily, equal to, or better than the item in the previous US Army
Test and Evaluation Command evaluation in all phases axcept for velocity
level and waterproofness. A correction to firing tables tn compensate
for velocity differences is required.

FOREWORD

The Materiel Testing Directorate was responsible for preparing th: te.t
plan, conducting the test, and preparing the test report.

vi




ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005
USATECOM PROJECT NO, 8=MU=001=374=039
FINAL REPORT ON INITIAL PRODUCTION TEST OF
CARTRIDGE, 81-MM, HE, M374A2
WITH REDUCED BOURRELET AND
WATERPROOFED IGNITION = PROPELLANT SYSTEM

30 MARCH TO 14 MAY 1970

SECTION 1, SUMMARY

1.1 BACKGROUND

Cartridge, 81-mm, HE, M374 and its WP counterpart, M375, were type-class=-
ified without a waterproof ignition - propellant system, Short rounds

and misfires were encountered in the field when these cartridges were ex-~
posed to excessive moisture. As an interim solution relative to moisture
protection, 8i-mm mortar ammunition was supplied to the field in a fiber
container which in turn was jungle wrapped. Picatinny Arsenal has devel-
oped a moisture-resistant ignition - propellant system for use with cure
rent 81-mm mortar ammunition. Waterproofing of components has resulted

in an acceptable ignition system; testing of a waterproof propelling

charge at APG provided sufficient data upon which a choice of propelling-
bag materiel was made. USATECOM conducted an independent evaluation under
USATECOM Project No. 8-MU-001-374-008 for the M374E4 cartridge and for the
M374E5 cartridge under USATECOM Projéct No. 8-MU-001-374-010. Based on the
results of these test:s, USATECOM recommended the M374ES5 as suitable and the
M374E4 as suitable on an interim basis. This test was to evaluate the ini-
tial production for the M374A2 (M374E5).

1.2 DESCRIPTION OF MATERIEL

The test ammunition consists of the M374 (modified) HE shell body M374(A1)
with a 0,010=inch reduced bourrelet (3,172 = 0,005=inch diameter before
paint and 3.174-inch maximum after paint) fitted with a welded split ring
delrin obturating band; a potted primer M71A1E1(A2); a Mylar-wrapped igni-
tion cartridge, XM285 (M285) without brass liner, potted into fin assembly
XM170 (M170) with RTV; Celcon/silk propellant bags. Celcon/silk propellant
bags submitted for this test are sewed at the ends and not heat-sealed,
thereby producing an increment that is not waterproof.

The cartridges represent the inert version of the initial production of
Milan Army Ammunition Plant with propelling charges from Indiana Army
Ammunition Plant, See Figures 1.2=1 through 1,2=4,

1




The control rounds for the velocity uniformity phase were cartridge, 81-mm,
HE, M374 (inert-loaded) with delrin obturator and cotton increment bags.
The propellant charge was assessed to <he same velocity ..o the test pro=
pellant lot,

Figure 1,2-1: Cartridge, 81-MM, HE, M374A2 (Inert-Loaded), with
Inert M524A6 Fuze.
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Figure 1,2-2: Cartridge, 81-MM, HE, M374A2 (Inert-Loaded) with
Styrofoam Clamshell Charge Protector (Top) and with Black Plastic Bag
Charge Protector (Bottom).
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Figure 1.2-3: Fiber Container with Jungle Wrap for Cartridge, 81-MM,
HE, M374A2, Showing Black Plastic Bag Charge Protector and Dehumidification
Package As Packed with the Round.

Figure 1.,2-4: Ammunition Box and Packing for Use with Cartridge,
81=MM, HE, M374A2,




1.3 TEST OBJECTIVE

The objective was to verify that the quality of the initial production
item was equal to or better than the item submitted for USATECOM evalua-

tion,

1.4 SCOPE

The M374A2 cartridges were subjected to tests in the following phases,
tests, and evaluation:

a. Residue Phase: Effect of residue in relation to misfires,

be Velocity = Uniformity Phase: Comparison of velocity and range
characteristics of test (M374A2) and control (M374) cartridges.

Ce Waterproofing Phase: Effects of puddle, rain, and warm = wet
humidity tests in relation to low velocities and short ranges.

de Bump Test: Effect of rough handling on performance.

e, Maintenance Evaluation: Maintenance requirements were observed
throughout the tests.

f. Solar Radiation Phase: Effect on performance after being sube
jected to solar radiation,

ge Cook=Off Phase: Cook=off characteristics of test (M374A2) and
control (M374) cartridges.

1.5 SUMMARY OF RESULTS

The test results were summarized in the following phases, tests, and
evaluation.,

1.5.1 Residue Phase

Three hundred test cartridges (M374A2) were fired in 25=round groups at
the rate of 12 rounds per minute. Groups at charges 1, 2, 3, 2, 4, 2, 5,
2,7, 2,9, and 2 were fired in that order. No misfires occurred and only

occasional small pleces of bag residue were found in the weapon after each
25=round group, Test criterion was met,

1.5.2 Velocity = Uniformity Phase

A velocity comparison between test (M374A2) and control (M374) rounds at
various charges and temperatures is shown in Table 1.5-I. These data
were obtained in 10=round groups. Pressures at charge 9 only are also
shown, Velocities and pressures are corrected to a shelleweight of 9,12
pounds.
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Range data were also requested and obtained in this phase of the test. A
comparison of range results between test and control rounds, both observed
and corrected, is shoim in Table 1.5-11. Ranges are corrected to a shell-
weight of 9.12 pounds, to control round average velocity, and to ICAOQ
standard atmospheric structure,

The velocity level of the test cartridge was significantly different from
the control cartridge, but the differences were small (a maximum of 6 fps
at +70°F).

Velocity and range dispersion for the test cartridge wvas equal to or better
than for the control cartridge with significantly better results in three
cases,

The Firing Tables Branch of BRL, after a complete analysis of the test
data, has stated that a correction to muzzle velocity must be made for
one cartridge when attempting to use the same aiming data for both,

Pressure levels were within test requirements.

A ballistic match as fired did not exist; there was a ballistic match,
however, when velocities were corrected.

The test criteria were partially met,
1.5.3 Waterproofing Phase

Velocities obtained upon firing the test and control rounds following the
various waterproofing tests are contained in Table 1,5-11I, Control rounds
vere test rounds which were not conditioned.

Test cartridges exhibited velocity characteristics equal to those of the
M374E5 cartridges in the USATECOM evaluation as reported in Report No.
APG-MT=3311 during the puddle and the 10=day high=humidity tests. The
results of the rain test showed that the test cartridge velocity charac-
teristics were not as good.

The test criteria were partially met.
1.5.4 Bump Test

When bumped, no damage occurred to any test rounds packed in boxes in
jungle-wrapped fiber containers with clamshell charge protectors.

When fired for functioning at charge 9 with control rounds, all rounds
fired satisfactorily, Test rounds, not conditioned, averaged a velocity
of 866 fps; test rounds that had been bump-tested averaged 863 fps.

Test criterion was met,




Table 1.5-1.

Charge,

No, Incr

Conditioning Temperature:

OV ONITWVMEWN —

Conditioning Temperature:

2
4
9

Conditioning Temperature:

2
4
9

QE,
deg

45
45
45
45
45
45
45
65
65

45
45
65

45
45
65

Comparison of Velocity and Pressure Mean and
Standard Deviation for Test (M374A2) and

Control (M374) Rounds

Muzzle Velocities, fps

Test Control
Avg  Std Dev Avg  Std Dev
+70°F.
348 1.7 344 2,7
431 2.6 427 2,2
507  P1.9 502 3.4
573 1.8 €567 1o
635 1.2 dg34 1.5
695 1.9 694 1.8
750  P1.4 752 2.6
806 2,0 808 2.9
859 1.8 865 1.3
+145°F,
443 2.3 441 3.7
588 1.7 585 1.8
878 2,7 888 2.4
«50°F,
411 4.8 403 7.8
553 P3¢ ©Cs540 8.5
828 3.2 823 5.0

Pressure
Vel Avg, psi
Difference per_ 1000
T=C Test Cont
a4 4 - -
A . -
a+5 - -
3+ 6 - -
+ 1 - -
+ 1 - .
a. 2 - -
=02 - =
2. 6 8.0 8.0
+ 2 - -
a4 3 = =
a-10 8.8 8.8
a; 8
3413 - -
a4 5 7.1 7.3

S8Average test round velocity significantly different from control.

bStd dev of test significantly less than controls.
CNine rounds; one round misfired.
Eight rounds; two rounds misfired.

Note:

Velocities corrected to projectile weight of 9.12 pounds.,
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1.5.5 Maintenance Evaluation

No maintenance problems were encountered with the M374A2 cartridges other
than those normally expected with M374 standard cartridges. Test criterion
was met.

1.5.6 Solar Radiation Phase

Visual examination of the ammunition with the three type-packaging tested
showed slight-to-heavy discoloration of the Celcon charge increments.
There was no indication of deterioration of the Celcon fabric as was
experienced when the directly-exposed cartridges were previously tested.
None of the increment bags were brittle.

Discoloration varied with the different packaging methods used and is
described as follows:

a. Styrofoam Clamshell. Slight discoloration of the Celcon fabric
at both ends extending approximately 1/2 inch toward the center.

b. Black Plastic Bag. Slight discoloration of all Celcon fabric
charge increments.

c. Fiber Container. leavy discoloration of all Celcon fabric
charge increments.

There was no indication of deterioration of any of the three types of
packaging. When the solar-radiation rounds were fired for functioning

at charge 9 with unconditioned test rounds, all rounds fired satisfactorily.
Unconditioned test rourds average velocity was 872 fps; the test rounds
from solar-radiation conditioning averaged from 14 to 21 fps less, depend-
ing on the type of packaging. Test criterion was met.

1.5.7 Cook=Off Phase

Test rounds, M374A2, cooked-off with charge 9 at a minimum tube te.pera-
ture of +5000F. One did not cook-off at +520°F. A control (M374) round
with charge 9 cotton-bag increments failed to cook-off at +580°F. In
the USATECOM evaluation of the M374F4 cartridge (Report No. APG-MI-3285),
the control (M374) cartridge cooked-off at a minimum tube temperature of
+440°F; one did not cook-off at +435°9F.

Test round cook-off times for each round tested were 36 seconds or less.
Control round cook-off times in the above-referenced report were a maxi-
mum of 89 seconds.

All test rounds that cooked-off had ranges from 20 to 40) meters.

Test criterion was met.




1.5.8 Human Factors Phase (USAIB)

Representatives of the USAIB, who examined the test cartridges, made the
following comments:

a. No actual or potential human factors problems were detected.

b. The color of the increment protector muffs (white) is tactically
unacceptable.

¢c. The muffs should be black or brown to conform with current camou-
flage techniques.

1.6 CONCLUSIONS

It is concluded that:

a. Cartridge, HE, M374A2 is equal to or better than the item sub-
jected to an independent USATECOM evaluation with the following
exceptions:

1) Mean velocity differs by a statistically significant amount
for certain charge levels (ref par. 1.5.2).

2) The ability to withstand rain is less (ref par. 1.5.3).

b. A muzzle velocity correction must be made when using M374
aiming data (ref pars. 1.5.2, 2.3.5, and Appendix V),

c. The white protective muffs are a deterent to security (ref pars.
1.5.8 and 2.9.4 and Appendix V).

d. Removal of excess moisture by shaking reduced percentage of
erratic rounds (ref par. 2.4.4).

1.7 RECOMMENDATIONS

Not applicable.
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SECTION 2. DETAILS OF TEST

2.1 INTRODUCTION

This test is designed to provide an evaluation of the initial production
of the 81-mm cartridge containing four basic modifications, each of which
has heen previously evaluated (par. 1.2). Items under test (M374A2) were
referred to as test cartridges. Where required for comparison, test car-
tridges not subjected to conditioning were used throughout the test.
Control cartridges (M374) using cotton increment bags were used in the
velocity uniformity phase.

Testing was performed at Aberdeen Proving Ground using trained civilian
gun crews.

All safety considerations are unchanged in the test rounds and have been
adequately tested in previously reported test firings.

Testing was conducted using M29E1 tubes in new condition (maximum dimen-
¢ion 0.004 inch over drawing tolerance). Testing has been conducted in
a worn tube and is not considered necessary in this program.

Although range and accuracy performance of this design has demonstrated
a ballistic match with the present standard cartridge, the design agency
requested that range data be included to allow for instances where .a
statistical difference might exist due to a low standard deviation of
velocity, but where little absolute difference would exist in range due
to external effects on cartridge during flight.

The bump test is used to evaluate transportability as this is considered
the most severe of the rough-handling tests.

Results of this test are considered applicable to the M375A2 WP cartridge.

2.2 RESIDUE PHASE
2.2.1 Objective

The objective was to determine if the test cartridge would fire properly
without excessive misfires.

2.2.2 Criterion

The criterion is that there shall be less than 1% misfires caused by pro-
pellant bag residue remaining in the tube.

2.2.3 Method
The mortar was elevated to 45° and fired at a cate of 12 rounds per min-

ute. All rounds were inert-loaded to standard weight (9.12 + 0.1 1b) and
fired at ambient temperature.

11




Thermocouples were attached to the tube 36 inches from the muzzle, and a
temperature recorder was used to monitor tube temperature when firing at
charge 9 to coordinate this phase with the cook-off phase.

Test rounds were fired in the numbers and at the charges shown in Table
2.2-1.

Table 2.2-1. Number of Rounds and Charges to be Fired

No. Rds to Fire Charge, increments

25
25
25
25
25
25
25
25
25
25
25
25

NORNSYNNUVNESENWN =—

The tube was dry-swabbed after each group and allowed to cool to ambient
temperature between groups.

A simulated misfire test cartridge with full service charge was inserted
after firing the charge 7 and charge 9 groups to determine if a cook-off
would occur. After charge 9 firing, a second, third, and fourth simu-
lated misfire test cartridge was inserted to determine cook-off potential.
This became a part of the cook-off phase.

If the criterion was not met during the above firing as a result of pro-
pellant bag residue, the firing was to be repeated using standard M374
cartridges. This was not necessary.

2.2,.4 Results
No misfires occurred. Some small pieces of bag residue were found in the

tube or on the swab after each of the 12 25-round groups were fired.
Table 2.2-11 indicates remaining amounts of bag residue.

12
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Table 2.2-II. Remaining Amounts of Bag Residue

Chg
Test No. Used Misfires Amount of Bag Residue
1 1 None None
2 2 None None
3 3 None 1 small plece
4 2 None Small pieces
5 4 None Large piece in hottom of tube
6 2 None Small piece
7 5 None None
8 2 None None
9 7 None Small piece
10 7 None Small pilece
1 9 None None
12 2 None None

2.2.5 Analysis

The test criterion was met.

2.3 VELOCITY - UNIFORMITY PHASE

2.3.1 Objective

The objective was to determine if the test cartridge velocity characteris-
tics are significantly different from the M374 cartridge.

2.3.2 Criteria
The criteria are as follows:
a. The velocity levels of the test and control cartridges shall not
differ significantly at the 95% confidence level. The standard
deviation of the test cartridge shall not be significantly worse

than that of the control cartridge at the same level.

b. No individual peak chamber pressure witly the test cartridge con-
ditioned at +145°F shall exceed 10,600 psi.

c. A ballistic match shall exist between test and control cartridges.
2.3.3 Method
The mortar was emplaced on a base of crushed stone and clay. Solenoid
coils were positioned for measuring velority. Copper crusher gages were

used for measuring peak pressures. Using inert rounds with live M524A5

13




fuzes, test and control cartridges were fired alternately as shown in
Table 2.3-1 for velocity and complete range data. Pressure was measured
only on the charpge Y rounds.

Table 2.3-1. Firing Schedule

No. Rds
Chg, iner Elev, deg Temp, OF Test (M374A2) Control (M374)
9 65 + 70 10 10
8 65 + 70 10 10
7 45 + 70 10 10
6 45 + 70 10 10
5 45 + 70 10 10
4 45 + 70 10 10
3 45 + 70 10 10
2 45 + 70 10 10
1 45 + 70 10 10
9 65 +145 10 10
4 45 +145 10 10
2 45 +145 10 10
9 65 - 50 10 10
4 45 - 50 10 10
2 45 - 50 10 10

Firings were conducted in accordance with MIP 3-2-819 (Interim Pamphlet
70-35).

2.3.4 Results

The results of the firings in this phase are contained in Table 2.3-II.
Comparisons of results between test and control cartridges in this phase
are shown in Figures 2.3-1, 2.3-2, and 2.3-3.

The velocity levels for the test and control rounds are significantly
different by amounts varying from +6 to -6 fps at +70F with an apparent
relationship with the charge used. At the lower charges (1 through 4)

the test rounds were significantly higher in velocity than the control
rounds by amounts of 4 to 6 fps, while there was no significant difference
for charges 5 through 8. However, at charge 9, the velocity level of the
test rounds was significantly lower by 6 fps. This pattern was generally
repeated in the extreme temperature groups but with differences decreas-
ing at +145°F and increasing at =50°F.

There were no instances of the test rounds velocity standard deviations
being significantly greater than those of the control rounds. In three
cases they were significantly smaller.

14
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The observed range data obtained in the test showed essentially the same
results as the velocity data. At +70°0F the ranges for the test cartridges
were significantly longer than for the control cartridges_by as much as
41 meters at charge 4. Shorter ranges, by as much as 47 meters, were
recorded for the test rounds at charge 9. At the extreme temperatures
these differences were magnified.

/

]

The observed range dispersions for the test cartridges were equal to or
better than those of the control cartridges.

The differences in corrected range data between test and control show
that the flight ballistics of the two rounds are matched. When velocity,
projectile weight, and metrological corrections were applied the greatest
differences in average range at +70°F were +8 meters and -18 meters,
occurring at charge 3 and charge 9 respectively. Differences at the
extreme temperatures also fell within these limits.

The highest individual pressure with the test rounds was 9000 psi with
rounds conditioned at +145°F, compared to 9200 psi for a control rounds.

Eleven hang-ups and misfires occurred with the control rounds which were
fired alternately with the test rounds. No hang-ups or misfires occurred
with the test rounds.

Three hang-ups with control rounds fired when the tube was struck. These
were: one charge 3 and one charge 8 at +70°F, and one charge 4 at +1450F,

Of the other eight misfires with control rounds, four fired on a second
attempt and four failed to fire, two after two attempts and two after only
one attempt. The misfires that fired on a second attempt were: one charge
7 at +70°F, two charge 4 and one charge 2 at -50°F. The misfires that
falled completely were: one charge 4 (two attempts) at +70°F, two charge

5 (one attempt) at +70°F, and one charge 4 (two attempts) at -S0°F.

2.3.5 Analvsis

The test criteria was partially met.

The velocity data showed that the test rounds were significantly different

in velocity level from the control rounds in six of nine charges at +70°F
by as much as +6 fps. At extreme temperatures these differences increased
to =10 fps and +13 fps. 1In all cases the velocity dispersions of the

test rounds was equal to or better than the control rounds. The Firing
Tables Branch of BRL has stated (letter in Appendix V) that the velocity
differences are significant enough to require a correc’.ion for velocity
when using tables with M374 aiming data., However, they also state that
present tables will suffice until more data are available.

The pressure data indicated no difference between test and control rounds.

15




The range data showed a response to the velocities in that for the observed
ranges, the test rounds were significantly different from the control for
six of the nine charges at +70°F by amounts of approximately +45 meters.
After correcting the range data, the test cartridges were different at
+70°F for four charges by approximately +10 meters.

The velocities and observed ranges of the test cartridges, while not
statistically matched with those of the control cartridges, showed dif-
ferences no greater than lot-to-lot differences experienced with produc-
tion M374 cartridges. From a practical standpoint when considering pro-
duction variations the test cartridges may be considered as matching the
control rounds.

Hang-ups which occurred with the control rounds, after firfng test rounds,
are believed to be caused by residue from the test round which obstructed
the larger diameter of the control rounds, but which would not affect the
smaller diameter test rounds. Similar hang-ups might occur in the field
if rounds with different bourrelets were alternated.

16
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Corrected Data for 8l-mm M374 and M3TWAZ2 Cartridges’

Legend _ . : .
Temp 70°F Temp +145°F Temp ~50°F
O Elev U5 dey & EBlev b5 deg @ Elev 4 deg
D Elev 65 deg & Elgv 5. deg’ @ Elev 65 deg
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2.4 WATERPROOFING PHASE
2,4,1 Objective
The objective is to determine if the bare test cartridge provides suffi-

cient protection against moisture contamination to eliminate or signifi-
cantly reduce the occurrence of low velocities which would result in

short rounds.,
2,4,2 Criterion
The criterion is that the test cartridge performance shall be equal to
or significantly better than that obtained in the USATECOM evaluation
when submitted to the following environments:

a., Puddle,

b. Rain,

c. Ten=-day warm=wet humidity test,
2.4,3 Method
2,4,3.,1 Puddle Test. This test simulated the dropping of a cartridge
into a water puddle by individually immersing 60 inert test cartridges
into sufficient water to cover all propellant increments. They were re-

moved after 2 seconds., They were then fired in accordance with Table 2.4-I,
Ten dry test cartridges were fired at each charge.

Table 2.4-1, Schedule for Puddle Test

Shaken

No. Chg Before

Rds_ Incr - Firing
15 4 Yes
15 4 No
15 9 Yes
15 9 No

2,4,3.2 Rain Test. Inert test cartridges were subjected to a simulated
rain test of 4 + 1 inch per hour as shown in Table 2,4-I1I,

The rain test was repeated for durations of 30 minutes and 2 hours, The
cartridge groups were fired within 10 minutes after removal from the rain
for velocity uniformity at a convenient elevation., Cartridges were in
containers for transport from rain test facility to firing position., Ten
dry test cartridges were fired at each charge.
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Table 2,4=11, Schedule for Rain Test

Shaken
No. Chg Before Duration,
Rds Incr Firing min
10 9 Yes 10
10 9 No 10
10 4 Yes 10
10 4 No 10

2.4,3.3 Humidity Test. In this test, 30 inert test cartridges were sub-
jected to a warm-wet humidity cycle for 10 days in accordance with MTP
4=2-820 (Interim Pamphlet 70-84), One-half the cartridges were fired at
charge 4 and onechalf at charge 9 for velocity uniformity at a convenient
elevation, Firings were performed when the cartridges were at their high
humidity cycle. Twenty inert test cartridges, not subjected to the humid-
ity test, were fired with the test rounds, 10 at charge 4 and 10 at

charge 9,

2.,4,4 Results
2,4.4.,1 Puddle Test, Table 2,4-III summarizes the firing results.

Table 2.4=III, Velocity Results of the Puddle Test

No.

No. Rds Charge Mv, fps

Rds Cons Ivpe Rd No, Incr  Mean Std Dev Diff
10 10  Test, not conditioned? 4 572 1.99 0
15 15 Test, shaken 4 559 5.24 =13
15 15 Test, not shaken 4 548 10,22 =24
10 10  Test, not conditioned?® 9 856 3.83 0
15 15 Test, shaken 9 839 5.69 =17
15 15 Test, not shaken 9 806 14,83 =50

8game ammunition as test but not conditioned (dry).

There was no low velocity for any round fired which would result in a
short range (defined as less than 80% of the anticipated range). One mis~
fire occurred, due to residue, at charge 4 (shaken) but it fired on a
second attempt,
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2.4.,4,2 Rain Test. Table 2,4~IV summarizes the firing results,

Table 2.4=1V. Velocity Results of the Rain Test

No.
No. Rds Charge, MV, fps
Rds. Cons Type Rd No. Incr Mean Std Dev Diff
10 10 Test, not conditioned? 9 855 1.77 0
10 10 Test, not conditjoned? 4 572 1,90 0
Ten~Minute Soak
10 10 Test, shaken 9 818 17.38 = 37
10 b9  Test, not shaken 9 824 14,00 - 31
10 €9 Test, shaken 4 550 8.07 - 22
10 10 Test, not shaken 4 544 12,35 = 28
Thirty=Minute Soak
10 d 9 Test, shaken 9 805  27.84 = 50
10 &7 Test, not shaken 9 7644 127,40 =111
10 10 Test, shaken 4 533 14,05 = 39
10 10 Test, not shaken 4 542 11.25 =30
Two=Hour Soak
10 b9  Test, shaken 9 744 86,60 =111
10 f 7  Test, not shaken 9 769 54,24 = 86
10 10 Test, shaken 4 497 38,30 =75
10 g9 Test, not shaken 4 478 80.03 - 94

8Same ammunition as test but not conditioned (dry).
bShort-range round (approximately 50 yards) not considered.
COone low velocity (442 fps) not considered.
done very low velocity (406 fps) not considered,
©0ne very low velocity (388 fps) and two short-range rounds (approximate-
ly 50 yards) not considered.
One very low velocity (428 fps) and two short-range rounds (approximate=
ly 50 yards) not considered.
80ne high velocity (608 fps) not considered. This high velocity, +36 fps
greater than expected, was probably due to an accumulation in the tube
of unburned propellant from the previous round which had a very low
velocity indicating poor ignition.

In the 10=minute soak, two test rounds had critically low velocities
which would result in a short range (less than 802 of anticipated range):
one of 10 with charge 9, shaken, and one of 10 with charge 4, not shaken,
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In the 30-minute soak, six test rounds had critically low velocities with
charge 9: one of 10 shaken and five of 10 not shaken. None with charge 4
had a critically low velocity.

In the 2=hour soak, three of 10 test rounds with charge 9, shaken, had
critically low velocities. Four of 10 with charge 9, mnot shaken; one of
10 with charge 4, shaken; and two of 10 with charge 4, not shaken also
had critically low velocities,

All test rounds were fired within 10 minutes, or less, from the time of
removal from the simulated rain facility.

2,46,4,3 Humidity Test, Table 2,4V summarizes the firing results,

Table 2.4-V, Velocity Results of the Humidity Test

No.
No. Rds Charge, MV, fps
Rds Cons Type Rd No. Incr Mean Std Dev Diff
10 10 Test, not conditioned?® 4 570 2,01 0
15 15 Test 4 560 2,46 =10
10 10 Test, not conditioned® 9 854 2,41 0
15 15 Test 9 844 3.\ =10

285ame ammunition as test but not conditioned (dry).

Inspection of test rounds after the 10-day warm=wet humidity cycle showed
a brownish discoloration of the Celcon/silk increment bags on the rounds.

No weakening damage of any kind was apparent.

No short rounds occurred during firing although the velocity level with
test rounds was 10 fps lower than with control.

All test rounds were fired within 7 minutes, or lers, from the time of
removal from the humidity cabinet.

2.4.5 Analysis

Test criterion was partially met., The performance of test cartridges met
the criteria of equal to or better than previous USATECOM evaluation in
the puddle test and the humidity test, but did not meet the criterion in
the rain test, probably because the ends of the Celcon/silk propellant
bags were sewed and not heat-sealed as previously.




2,5 BUMP TEST
2,5.1 Objective

The objective was to determine if the cartridges will survive rough
handling and be operational,

2,5,2 Criterion
The test cartridge shall be operational and safe to fire after this test,
2,5.3 Method

Twenty=one rounds (7 boxes) were subjected to a bump test which consists
of a constant table displacement of 1 inch, double amplitude at a speed
of 300 rpm imparting an acceleration of 1.3 g for a period of 30 minutes,
This test was conducted at ambient temperature. The rounds were unpacked,
inspected for damage and fired for velocity at charge 9. Test rounds,
not subjected to the bump test, were fired at the same charge. Firings
were at ambient temperature, Velocity and pressure were measured for
each round.

2,5.4 Results
There was no visual evidence of damage to the cartridges or packing
materials and no loss of propellant increment charges from the cartridge

fin assembly as a result of the bounce. The firing results after the
bump test are contained in Table 2,5-I.

Table 2,5=1. Velocity and Pressure Results with Bump=Test Rounds

No. Chamber

Rds Charge, MV, fps Pressure, psi
Cons Type Round No, Incr Mean Std Dev Mean 5Std Dev
21 Test, not conditioned? 9 866 3.37 8050 825
21 Test 9 863 2,40 8075 430

8Same ammunition as test but from a different lot and not subjected to
the bump test,

2.5.5 Analysis

The test criterion was met,
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2,6 MAINTENANCE EVALUATION

The modification to the M374 cartridge is not expectid tu affuct the
maintenance requirements that are presently associated with the estandarda
cartridge, Observations were made throughout the »rogram for any mpinte-
nance problems with the test cartridge.

2,61 Results

Maintenance problems with the test M374A2 ccr;riggm appear to be no dif=-
ferent from those with the standard M374 cartrél a.

2.6.2 Analysis

Not applicable,

2.7 SOLAR RADIATION PHASE
2.7.1 Objective

The objective was to determine if the test cartridge will perform properly
after being subjected to solar radiation,

2.7.2 Criterion

The test cartridge will not be adversely affected by the sixulated desert
cycle of solar radiation,

2. 7.3 Method

The test cartridges were subjected to a simulated desert cycle for 2
wveeks (Figure 2,7-1), Twenty-seven test cartridges were conditioned in
accordance with the procedure outlined in MILeSTD=210A (World-Wide Pro-
gram), as follows:

a. Nine each with bare round and clamshell (styrofoam) over in-
crements (Figure 2,7-2),

b. Nine each with bare round and black bag (plastic) over incre-
ments (Figure 2.7-3),

c. Nine each in fiber container without jungle wrap or clamshells,
All test components vere examined visually to determine serviceability,
All cartridges that appeared to be serviceable were fired for velocity

with maximum service charge after being conditioned at ambient tempera-
ture and at a convenient elevation,
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Ten test cartridges that had not been conditioned were fired to establish
normal velocity level.

An M29 mortar with pressure taps and external copper=-crusher gages was
used to recurd peak pressures on all rounds fired.

2.7.4 Results

Upon completion of the l4-~day test:

a, Test cartridges with clamshell charge increment protectors
showed slight discoloration on each end of the increment bag.
On two rounds, the clamshells were not closed tightly and this
allowed more discoloration of the increment bags.

b. Test cartridges with the black bag charge increment protectors
showed only slight discoloration of increment bags.

¢c. Test cartridges in fiber containers showed only slight discolor-
ation of increment bags.

d. None of the Celcon/silk increment bags appeared to have become
brittle during the test,

e. Firing results after the solar radiation test are contained in
Table 2,7-1., Figures 2,7-2 and 2.7-3 show black bag and clam-
shell charge protectors,

Table 2,7-1. Velocity and Pressure Results with
with Solar-Radiation Rounds
Legend:

(A) = Rounds with the black bag charge protector.

(B) = Rounds with the clamshell charge protector.

(C) = Rounds in the fiber containers.

No,. Chamber

Rds Charge MV, fps

Cons Type Round No. Incr Mean Std Dev Mean Std Dev
10  Test, not conditioned® 9 872 2,22 8190 147
9 Test (A) 9 852 4,09 7780 97
9 Test (B) 9 851 3.73 7815 79
9 Test (C) 9 858 3.02 8070 112

85ame sumunition as test but from a different lot and not subjected to
solur-radiation conditioning.
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Figure 2.7=2: M374A2 Cartridge with Black Bag (Plastic) Charge
Protector,

Figure 2,7=3: M374A2 Cartridge with Clamshell (Styrofoam) Charge
Protector,
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2.8 COOK=OFF PHASE
2.8.1 Objective

The objective was to determine if the test cartridge assembled to simu-
late a misfire will cooke=off in the M29 mortar barrel.

2,8,2 Criteria

The test cartridge will not introduce additional safety hazards to the
mortar crew when compared to the control cartridge.

2,8.3 Method

An 81-mm mortar was assembled with thermocouples attached 36 inches from
the muzzle of the tube and a temperature recorder was used to monitor
tube temperature,

During the residue phase, after firing charge 7 and charge 9 groups, a
simulated misfire was inserted in the tube to determine cook=off poten-
tial,

Sufficient control rounds were fired at charge 9 to heat the tube to
+550°F. When this temperature was reached, a test round, at charge 9,
less primer, was inserted in the tube, If a cook=off occurred, a second
and then a third round were inserted after every 25° temperature drop
and continued until no cooke=off occurred. The temperature and elapsed
time were recorded for each cook-off,

The test was repeated by again heating the tube to 550°F but this time
the control round, less primer, was inserted.

The entire test was repeated by lowering the starting weapon temperatures
in 100=degree increments until no cook=~off occurred with either round.

The simulated misfire cartridge was left in the mortar for a minimum of
10 minutes before removing it if no cook=off occurred.

2,8.4 Results
Results of the cook=-off phase are presented in Table 2,8-I.
2,8.,5 Analysis

Test criterion was met. Results of present test indicate that the M374A2
test round with Celcon/silk increment bage will cook=off at lower tube
temperatures than M374 rounds with cotton bag increments. Tests reported
in Report No. APG=MT=3285 indicated that the M374 cartridge will cook=off
at a temperature as low as +440°F and after 89 seconds.

The sho.ter cook=off time of well under 1 minute for the test cartridges
reduces the safety hazard as compared to the M374 cartridge with cook=off
times well over 1 minute,

All cook=off rounds in the test had very short ranges.
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2.9 HUMAN FACTORS PHASE
2.,9.1 Objective

The objective was to evaluate any human factors associated with the test
item.

2.9.2 Criterion

No human factors shall be introduced which will interfere with the per-
formance of the intended mission.

2.9.3 Method

Observations were made throughout the test for any possible factors
which would require modification to present training or use of warnings.
In addition, representatives of USAIB at Ft. Benning visited APG for an
examination of the test item and a briefing on test results,

2.9.4 Results

The white color of the muffs was considered objectionable by the USAIB
representatives due to the problem of concealment (Appendix V). The
cartridge presented no potential or real problems in human factors.

2.9.5 Analysis

The test criteria are considered to be met when the USAIB recommendation
is included in production.
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SECTION 3. APPENDICES

APPENDIX T - TEST DATA
Items Under Test

Cartridae, Rl-mm, HE, XM374A2 (inert-loaded), with inert M524A6 fuze,
lot MA-SP-912A (data card lists this cartridpe as M374 but 1t 1is
MI74A2).

Cartridee, B1=-rm, HE, M374A2 (inert-loaded), with emntv M524A5 fuze,
lot MA-SP-92NC.

Cartridee, 81-mm, HE, M374 ({nert-loaded), with empty M524A5 fuze,
lot MA-SP-9208,

Supnorting Facilities and Materials
Weanon:

Mortars, 81-mm, M29E1, Nos, 943 and 9431,
Maunts, mortar, M23A1, Nos. 7922, 4388, and 8416,
Raseplate. R1-mm mortar, M3}, No. unknown.

Anmunition:

Cartridge, 81-rm, HE, M374 and MI62 (inert-loaded), with dummy fuze,
lots various (conditioning rounds).

Factlities:
Firinp positions (see round-hy-round data).
Instrunentation:

Velocities (vhere pertinent) were measured hv two J0-inch solenoid
cnfls at various distances from the mortar muzzle and connected to
racording chronoprraphs.

Heat measurerments of the mortar in the residue and conk-off phases,
vere ohtained hy two iron-constantan thermocouples attached to the
mortar tube bv ceramic (alumina) spray, 36 inches from the muzzle,
recorded hv twn sinple-channel continunus-trace temperature
recorders.

Ranpes were determined by transit triangulation hy observers at
three or more ohs~orvation proints downrange.

Chamber pressures were measured hv two external T13 copper-crusher
rares per round. The averare readinpg for the two apes was recorded,

Shert YNo. 29 of Round=bv-Round NData (Tmmronerlv Aasemhled Mnartar
Teat). This 6-round firins was for information only and had no
rarticular bearing on the product improvement tert of the M374A2
cartridge.

The round-by-round data are f{led under Firing Record No. P=79630
at APG.

I=-1




r

——

Mo
. 4 me e
A T

CATCFACT.RING, LCADING OR ASSEMOLING ACTIVITY
10t LT RNITEY PLAT

AT QuanTITY

2.1

0UPARTRENT OF OEFCRSS sean arPaoves 407 aenala
AMUSITION DATA CARD SvOcLT owttaw e, 22.A0269 MA-SP-920C
e..m BOENCLATRd . FSM PacRing o Lov
T I 5 V8 rt, M37LA2 N/a 1 Kd./Fiber lontairer “eSe L,
SRR BB W/Insert & incrimert or. (. Tueple

wrapped; 3 Contair- rofe. .3 =.x,
Dwg. 9230176; 36 wtd =/ ./ w57
tallet,

Sy-tiactre CONTRACT Of Onsle nO, SRAVI18C O REVIDIOE SPECIPICATION & pEviBIOR
[ D ALMINe S LS, 149G, ] 04-11-173AMC-820(a) _Sro Note M. -yl -
LG 8Tl conPLaTOD sate 1nsrcILe st 1088 Wy sag
3..6-79 3-6-70 3-6-70 e s
b H a0 TaReE OF Poweie nPe 1n 1menis *P08 18 (3Cued
TEPL081vE UT PEA PUG EIPECTED MulILl viLOCITY C2PESTED PREsB WAL sagLy vEiseY .=
[.61 4 S 2o BN /24
wmaln OF T(ST SanPLlD sty vo DATE 400 NOOE OF SmiPAlRY
cOMPOVEYTS  (conrivug ou nevensg, 17 stcessiny)

SFIC.iaTs sraving uo, | mesey nauvPaCTURER _]savre nre Lo 80, QA eTITY
;ecjestile Notal Parts|105L3025 37LAl[ Burlington Army Ammo Plt] 1970 [siv-l12-3 .l
Ting udturating 1053L925/B Reo Plastics, Inc. 1970 PRrPa-2a72
F ORI e
Consisfi: § <&

Ga¥Seiile of .o hydrpe FA-PD=T721 Baker Castor Cil Co. Lnk. |-z.) SR
X J1 aric ac.: =358 A
S ia”, v C EirnedepCh FA-FD=72p U. S. Gypsum Co. Lok, |'ne
0180817100 tvels aa v CETI UL
e b sismat ' . R _
e s D
€3 ONENT (CONT® FACGM FAONT) | DAAWING NO, MODEL MANUFACTURER ATE MFG]  OT WO, QUANTITY .
il " rcont'd)
houin oo S (e 1 D6B Pittsburgh fiate Glass Yk, [Unk.)
E o 75L9Jis Anaconda american brass | 1965 |A-E-U3--22
Fio Assembly 10551842 M1i70 |[Grand Machining Co. 1969 |GYR-i-2
cortridge, Jgnition 9247950 M285 |Zccurity Signeis, Inc. 1970 [5l¥-1-7
:.8%te, Pressure Ge.86L) FT5 Corp. 1969 |FTS-.11.42
srnerement dolder 75Lyd26/Lnk | Hunter-Springs 1969 [KH5<8.3
Szl Elacl 9205729/H MS2LAS [Milan Army Ammo Plant 2970 [Nore
(ref)
inircment, Propelilant (9233369 M90A1 |Fadford Arsenal 1970 WD 66693
vLEs A
Sroment, rrope.iant 19233371 M$JA1 jtadford Arscnal 1970 |Fal 67.55 1.465
N5 ENE
rimer  Porcussion 75L9173/G MJ1A1El Milan Army Ammo Flant 1970 |[MA-2-121
VISF TaskKing 8838116 Barry County Precision 1969 |BAC-2-.u
(ontai"er Fiber 9230175 M252A3 |[United Armo Container 1970 |None
& Tnsert a Trorement SHeil (1 Foil)
8:x  WoIl. facskang 9230176 © & S box Co. 1955)|cre 7
(.~treates. Milan Bex Co. thru
W & W C.nstruction 1967
Ya-SIo220, M37LA2)

ROWRKS: (SYM3OLSt eCHANGES IN PROCESS:
+. Tmg. S2L0950, Rev. A (ref).

.

sa)EVIATIONS FROM OWG, OR SPEC:

This lot was inert loaded, assembled W/Fmpty MS2LAS Fuze, M37LAl pr:jectiles

e eoUNUSUAL OCCURRENCES OR DIFFICULTIES)

and MGla,

propeliant increments, and packed as inert test rounds as directed by AFSA 7755 Msgs
AEP-MA.23-70 dtd 2..13-70, and AEF=MA.52.30 dtd 2-2L4=70.

I-

2




ACCEPTED

F h—j Lm
SLPABTRIAT oF OLFCNST : T L L) L07 s =

i AFTUYITION DATA CAN s0eeT smtsu us, 220069 M-SP-912A 4 B
1TEn SO ecUTol 3 Taa ncsine @0 L0 e M.
Cartridge, 5iMM, lnert, M374 NA 1 Rd./Flastic Ccnzairer, MS13,. .
W/Inert MS2L+5 Fuze 3 Ccatainers/Wood Eax,

F/Morters Mi and M29 Dug. 9230125; )
~ATurACTUR NG, LCADING OB ASSEMOLING ACTIVITY| BET QuasTATY | 36 Boxes/L-Way Fallet.
1% ARY LPNITIOV P 1,361
[eovucts CONTRACT 08 @aBla 46, SNAVING 08 RLVISIO segeyrigats pEvIEION
‘:rm ALSURT SALES, 19C, | OA-31-173-A1C-520{a) Sce hote 1 ﬂL .58;#3 il
“satt svaatie SATE conrLiIOd 8ATC 1usPLCTLD Ling T0u8 vT sNlLL
2 27-70 -2-.70 3.2-70 ¢

143 16003 O ronce WP 1N IWCNER PPOR 18 (NCNES

TFLOS10e WY PLA Pis CIPLCTED RUZZLE VELOCITY LarLCTED PRESSME swgLL VEICEY . |
Appcrox, 9.8 lbe,
auneln & ‘Ylll SanpLES stay t0 SATE AND NOOE OF SuiPNENY
= m%g {conviunt os sevenge, {¢ mectssany)
CONPOREATS davive ne, | mesty ]  saweracremis SATE MFGL  LOT N0, ] Quiatity
Project>ie Meta. Part ]10543025 37L4A1} The Aestolite Co. 1970 LuiaZ B3,
Filier "t* inert fad |PA-PC.796
Consisting cf ) : : o )
G.yceride of 12 Hydrp- ra-D.j2d Wailace & Tiernan, Inc. | 1968 |~.3..
xy itear:ic 2cxd -35% . : ) ~—
Gyrsum, Dead Eurned | Pi.FL-722 C. 3. Gypsum Cc, Trk, ['nk.
- 55¢

npsing

[ coPoNENT (CONT® FRM FRONT) | DRAWING NO, | MODEL MANUFACTURER 0T N0, [QuaNTifY
‘F1ller "E" {cont'd) j
Rosin - 5% uLL-F..626B Pittsburgh Flate Glass Unk. |Ink.
hing. Obturating 10534925/8 Reo Plastics, Inc. 1970 |REF.2..72
Liner 759011 Anaconda American Brass | 1969 |AA3-L43-..2
Fin Assembly 10551892 70 |Grand Machining Co. 1976 {ZYr-2.3
Cartridge. .gnition 9245960 mBS Security Signais, Inec. 1969 [Zu¥.i..7
Plate, ‘ressure 9218610 FIS Corp. 1969 |Fiz..1...42
Increment Eoider 7549626/ Unk Hunt er-Springs 1969 |E5..6..2
Fuze, F.D. 9(205%%9& 52446 [Milan Army Ammo Flant 1970 |Ncne
. 3 re
Increment, :ropeilant {9233369 OEl |[Redford Arsenal 1969 |RAL..665%3
Chg. »
Ing:gme'.t, “rcpeliant [9233371 M9OE- [Radford Arsenal 1969 |[FA- -67.55 | .5.888
ha, B
Pramer. feriussicn  |7545173/C MAiaiEl Lr‘.lan srmy Ammo Plant 1570 |M4 2.-.22
labe., warning - [75u901L/B Jo S. Tape & :ahel Co. 1969 [Mzne
Stor ‘facking 8838116 Barry founty Precision | 1959 |Bec..2..-
Containc -, *lastic 886L657/1 M513 ["ow Chemical Co, TUnk. |lok.
"0" Ring T1.STT-417 “recision Rubber Co. Unk, (Tok.
Bex, Weod, ‘acking 9230120 M;lan Box Corp. 1967 |kc-e LsS
(Freservative treated)

'y

(MnuSF-521% & B, M37h)

ROUAKS: (SYMIOLS: eCHANGES IN PROCESS: sJEVIATIONS FROM OWG, OR SPEC: essUNUSUAL
1. 8881026 Pev. i, W/FsN 6900131 (ref).

This lo. loaded with Filler 7E”, and assembled, complete
APSA 1250 Msg. No. AFFuMA-UL-7C dtd 1-21.70,

OCCURRENCES OR O IFFICULTIES)

1y ivert, as directed by

1-3




oLPAATHERY & SEPESN0 : sean arpRevEy CELIL)
NTUNITION DATA CARD 900087 owtan 00, 20N0080 MA-SP-920B
' uTai m PACTIN @ LY )
'curt.ridge, 81MM, Inert, H37h 1 Rd./Fiber contcinor, M2524),
W/Empty M52LAS Fuze A Jungle Wrep g 3 Conteiners/Wood Box
F/Mortars Ml and M29 Dwg. 923017
CAXUPACTUR I1NG) LOADING OR ABBINDLING ASTIVITY| NLY QUARTITY 36 Wood BOX”/'-I-W'Y Pallet,
1Lt ARMY RSMUNITION PLANT 380
EIOGE CONTRACT 04 GROIA WO, 90AVING 08 BEYINION
IV ALMINM SALES, 1NC, | DA=11<173AMC-520(4) - See Note 1

0AYE STARTYID

==

SAYL conriived

3-6-70

ATC 1N8PEOTER
[ ] [ ] [ 3] -6- 0

INGLR OF Powoin

PPOR 1D JuCHEd

1088 vy sutLL

CRPLOBIVE VWY IR PHQ

ERPLCTED MUIZLE vELOGHITY

LXPLCTE0 PRESSME

ORELL VEonY
rox

03 n,)v sanpLLs stay 1o DATE AND MOOC OF ONIPREBY
; CONTIAUL 0N NEVES T
cOPCnInTS snavine wo, | moory #ANVFACTUR LN save nre]  cov wo, ] coannaty
Frojectile Metal Parts|105L3025 M37L }Hayes-Albion 1906 | ALR-5=1 29
. ALR-5-2 )
ALP.-S-ﬁ 38
AlLR-S-
ALB.jel 172
ALPLU-2 L
Alkeyw3 2
mnmm B
(35D
RN YTT (S0 0P 3. S Sure N . - L4 -
COMPONENT (CONT® FROM FRONT) omnne uo. MODEL MANUFACTURER DATE M LT MO, QUANTITY
Projectile Metal Farts|(cont'd) ALRNL o
ALF-L=5 =
AlR- .1 Y
AR-.1.2 L
AlR-_.3 :
AZP-: ?
AlF.l.5 -3
Ak 2.7 S
AP-2.L o
Ring, Obturating 1053L4925/B Reo Flastics, Inc. 1970 |REP-2 72 382
Filler "E"
Coneisting of: L
Glyceride of 12 Hydrd- PA-PD-721 sker Castor 0Oil Co, Unk. |Unk, |
xy Stesric Acid -35% ‘ "
Gyosum, Dead Burned [PA-PD-722 . S. Gypsum Co. Unk. |Unk.
-52%
Rosin - §% LLl1.R-6268 Fittsburgh Plate Olass Unk, [Unk,
Liner 7549011 naconda Americen Brass | 1959 [AAR.43-12
Fin fssembly 10551892 ML70 Etewsrt-Warner 1970 |sSW 14
Cartridge, Zgnition 9249960 M285 Becurity Signals, lnc. 1970 |so¥-1a7
Plate, Fressure 9218640 TS Corp. © ] 1969 [FTILI1.42
Increment Folder 7549026/ ink 'unter-Springs 1969 |-< .8.3
Fuze, ®.D. 9.’;‘057«';9/?1 .MB2LAS Milan Army Ammo Plant 1972 |None
- ref
(M4 .ZF..920B, M37L) - {CONTINUED ON ATTACMED CARD)
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(MA-SF-920B, M37L)

1.
2.

COMPONENT (CONT® FAQM FAONT) OAAWING MO, |MODEL MANUFACTURER ATL I¥8 LT M, QUANTITY
Increment, Propellant [8881021/Unk|M90 |Radford Arsenal 1970 [RAD-66692
Chg. A )
Increment, Fropellant {68661023/Unk] M90 |Hercules Powder Plant 1970 HEP-67312 3,040
Chg. B o e -.«y;_;,.,.,,..'.,nv PP | e o n rge - o
Primer, Percussion 75L9173/G My1A1El{Milan Army Ammo Plant 1970 MA-2-121
Bag, Protective Ass'y [9229185 Crystal=-X Corp. 1969 [None
Tape, Filament, Black [9233459 Armour Industrial Prod. | 1969
Stop, Packing 8838116 Barry County Precision |1969 [RAC-2-1i
((:ont.ainer, Fiber 9230175 K25243| United Ammo Container 1970 [None
1 Foil)
Box, Wood, Packing 9230176 J & S Box Co. 1955 |None 127
(Untreated) ' Milan Box Co,
W & W Box Co. 1957

RDURKS: (SYMBOLS: CMANGES IN PROCESSs eeDEVIATIONS FROM OWS, OA SPEC oooUlUSUA L OCOUARENCES QR DIFFICULSILS)
Dwg. 8881026, Rev. H, W/PAN 6900131 (ref).
This lot was inert loaded, assembled W/Empty MS2LAS fuze, M37L projectiles, and M9J
propellant increments, and packed &s inert control rounds as directed by APSA 1050

" Msgs AEP-MA-23-70 dtd 2-13-70 and AEP-MA-52-30 dtd 2-24-70.
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- TEST FINDINGS
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APPENDIX III - DEFICIENCIES AND SHORTCOMINGS
1. Deficiencies
None
2. Shortcomings

None
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APPENDIX IV - MAINTENANCE EVALUATION

No maintenance problems were noted. Present maintenance instructions
for 81-mm mortar ammunition should be adequate for this cartridge.
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APPFNDIX V = CORRESPONDENCE

COPY/she
DEPARTMENT OF THE ARMY
HEADQUARTERS, U.S. ARMY TEST AND EVALUATION COMMANT
ABERDEFN PROVING GROUND, MARYLAND 21005
S - 7 Mar 1969
AMSTE=-RC

3 MAR 1969

SUBRJECT: Directive for Product Improvement Test of Cartridge, 81mm, HE,
M374 with Reduced Bourrelet and Waterproofed Ignition/Propel-
lant System, USATECOM Project No. 8-9-3010-20

Commanding Officer
Aberdeen Proving Ground
ATTN: STEAP-CO-P

APG, Maryland 21005

1. Reference: Message, AMCPM-MT 02-0594 for AMSTE-BC, 12 Feb 1969,
subject: Independent USATECOM Evaluation of Product Improved 81=wm M374
Cartridge, Inclosure 1.

2. Background: Currently, Cartridge, 81mm, HE, M384 and its WP counter-
part, M375, does not feature a waterproof ignition/propellant system. As
a result, short rounds and misfires have been encountered in the field
when these cartridges have been exposed to excessive moisture. As an
interim solution relative to moisture protection, 81mm mortar ammunition
is currently supplied to the field in a fiber container, which in tumn

is “‘Jungle Wrapped.'’ As the section of the cartridge containing the
ignition/propelling charge is protected by a waterproof barrier bag, the
cartridge can be removed from its shipping container and still be water-
proof, however, once the barrier bag is removed the item is again sus-
ceptible to moisture contamination. Because of ammunition preparation
requirements at combat mortar positions, this is undesirable. Picatinny
Arsenal has been tasked to develop a moisture resistant ignition/propel-
lant system for use with current 81mm mortar ammunition. Waterproofing
of components has resulted in an acceptable ignition system; testing of
a waterproof propelling charge is currently underway at. APG and 1is
expected to provide sufticient data upon which a choice of propelling
bas materiel can he made. This command has been tasked by AMCPM-MT to
conduct an independent evaluation of the final waterproof desigsn and
submit conclusions relative to item suitability for US Army use.




P‘v—————_.i

COPY/she

SURJECT: Directive for Product Improvement Test of Cartridge, 81mm, HE,
M374 with Reduced Bourrelet and Waterproofed Ipnition/Propel-
lant System, USATECOM Project No. 8-9-3010-20

3. Description of Materiel: The test item will feature the Cartridpe,
Bimm, M374 with a reduced bourrelet; an ignition cartridge container
with 24 = 0.125 inch flash holes; a 108 grain mvlar wrapped ignition
cartridge without brass liner and primer with sealant applied to the
primer threads. The final selection of & waterproof propellant hag
materiel has not yet been made, howvever, current testing favors use of
a celcon/silk bag materiel.

4, Test Objectives:

a. To determine if the waterproofed ignition/propellant system will
provide sufficient protection against moisture to eliminate or signifi-
cantly reduce field problems with short rounds.

b. To determine if performance characteristics in temperature
extrem2s, of pressure, velocity, range, accuracy, signature, etc., are
affected by the waterproofed ignition/propellant system and the hourrelet
reduction.

c. To assure that no safety or human factors problems have been
induced into the system.

d. To determine suitabhility for US Army use as an alternate for the
induced standard cartridge.

5. Responsibilities: Aberde 1 Proving Ground will:

a. Review and analyze all data from previous tests at Picatinny
Arsenal and at Aberdeen Proving Ground.

b. Prepare a formal test plan in accordance with USATECOM Regulation
705-2 that will satisfy the objectives of paragraph 4.

¢. Conduct the Product Improvement Test, prepare the final report,
and provide this headquarters with a recommended USATECOM position rela-
tive to suitability for US Army use of the waterproofed ignitien/propel-
lant system as an alternate for the current standard system.

d. Prepare an Initial Production Test Plan to satisfy the require-
ments of AMC Regulation 700-34 and forward this plan through this head-
quarters to Picatinny Arsenal for concurrence, approval and assipnment.
The Initial Production Test will be assigned to separate USATECOM project
number upon receipt of a test request from Picatinny Arsenal.

2
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COPY/she

SUBJECT: Directive for Product Improvement Test of Cartridge, 81mm, HE,
M374 with Reduced Bourrelet and Waterproofed Ignition/Propel-
J lant System, USATECOM Project No. 8-9-3010-20

6. Coordination: Abherdeen Proving Ground is to coordinate the Initial
Production Test Plan with Picatinny Arsenal.

7. Special Instructions:

a. USATECOM Project No. 8-9-3010-20 is assisned as per STE Form
1028, Inclosure 2.

b. If actual or potential human factors problems can be associated
with the test ammunition, i.e., loading, rate of fire, handling of
charges, etc., they should be discussed with the US Army Infantry Board,
and if deemed necessary, additional tests will be imposed with the par-
ticipation of the USAIB to resolve mutual concerns. The degree of par-
ticipation of the USAIB is to be resolved at an early date and this head-
quarters is to he advised accordingly so as to permit direction to USAIB
as deemed necessary.

c. Aherdeen Proving Ground is to submit funding requirements to this
headquarters.

c. APG r=commencdations will not be included in th. test report, but
will be forwarded this headquarters under separate cover.

8. Test Plans and Reports:

a. Aberdeen Proving Ground will submit 10 copies of the formal test
rlan as stated in paragraph 5b to this headquarters no later than 7 March
1969,

b. A final test report will be prepared in accordance with USATECOM
Repulation 705-2 and 30 copies will bhe forwarded to this headquarters
for approval and distribution.

¢. As per paragraph 5d, an Initial Production Test Plan will be
prepared by Aberdeen Proving Ground. A complete formal test plan is not
required, but Section 2, *‘Details of Test’’ of USATECOM Regulation 705-2
should be included as a minimum.

9. Safetv: Sufficient testing should he conducted to provide assurance
that the product improved ignition/propellant system is as safe as the
current standard system,

10. Security: Test Materiel, data and reports will be unclassified.
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COPY/she

SUBJECT: Directive for Product Improvement Test of Cartridge, 81mm, HE,
M374 with Reduced Bourrelet and Waterproofed Ignition/Pronel-
lant System, USATECOM Project No. 8-9-3010-20

FOR THF COMMANDER:

3 Incl lv/¢ /s/ C. J. Molloy, Jr.

1. Mspg, AMCPM-MT /t/ €. J. MOLLOY, JR.

2. STE Form 1028 Colonel, GS

3. Dist List Dir, Inf Mat Test Dir

Copies furnished: (w/o incl)

Pres USAIB

CG USAMUCOM ATTN: AMSPM-MT
AMSMU-RE

CO PA ATTN: SMUPA-DA4




DEPARTMENT OF THE ARMY
UNITED STATES ARMY INFANTRY BOARD
Fort Benning, Georgia 31905

15 May 1970

SUBJECT: Initial Production Test of Cartridge, 8l1-mm, HE, M374, with

Reduced Bourrelet and Waterproofed Ignition/Propellant System
USATECOM Project No MU-001-374-039

Commanding Officer

Aberdeen Proving Ground

ATTN: STEAP-MT-TA (Mr. Lavery)
Aberdeen Proving Ground, Maryland 21005

1. Reference is made to IPT of Cartridge, 8l-mm, HE, M374, with Reduced
Bourrelet and Waterproofed Ignition/Propellant System, to include Protec-
tive Muff, (test item).

2. On 24 April 1970, representatives from USAIB inspected the test item
at the Materiel Test Directorate, Aberdeen Proving Ground, to determine
if the modifications made to the test item had any actual or potential
human factor problems.

3. No actual or potential human factor problems were detected; however,
the color of the muff (white) is tactically unacceptable.

4. It is recommended that the muff be black or brown to conform with
current camouflage techniques.

FOR THE PRESIDENT :

Aol 70lenk

ROBERT L. VICK
CW2, USA
Ad jutant
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rCommanding Officer

4

DEPARTMENT OF THE ARMY® Mr. Nclson/ajh/ 3661
BALLISTIC RESEARCH LABORATORIES
U S ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER
ABERUEEN PROVING GROUND. MARYLAND 21009

AMXRD-BEL-FT 9 Junce 1970

SUBJECT: Ballistic Match Test of Cartridges, HE,
M374A2 Versus HE, M374

Aberdeen Proving Ground
ATTN: STEAP-MT-TA
Mr. R. Holwager
Aberdeen Proving Ground. Md. 21005

l. This office was asked by Picatinny Arsenal to evaluate range data
fired at APG on 8, 9 and 10 April 1970. The cvaluation is to determine
if the subject cartriages are ballistically matched to the extent that
they can be fired effectively using the same firing tables.

2. Analysis of the data included statistical tests of the variances in
range and muzzle velocity which revealed the following:
a. Significant differences exist in the mean values for most charges.
b. No significant differences were noted in dispersion.

. Most differences in range are directly related to differences in
velocity,

d. A muzzle velocity cross~over occurs between charges six and
seven,

3. In order to provide more accurate aiming data when firing the subject
cartridges, a correction to muzzle velocity must be made for one car-
tridge when attempting to use the same aiming data for both.

4. Present firing tables for Cartridge, HE, M374 will suffice for firing
Cartridge, HE, M374A2 until more aiming data are available.

FOR THE DIRECTOR:

%HARLES H. LEB EGﬂiRN

Chief, Firing Tables Branc

Ve6
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APPENDIX VI - REFERENCES

Cheater, H. W., Test Plan on Initial Production Test of Cartridge,
81-MM, HE, M374 with Reduced Bourrelet and Waterproofed Ignition/
Propellant System, with Change No. 1, USATECOM Project No.
8-M=001-374-039., Aberdeen Proving Ground.

Cheater, H. W,, Final Report on Product Improvement Test of Cartridge,
81-MM, M374 with Modified Ignition -~ Propellant System and Reduced
Rourrelet. USATECOM Project No. 8-MU-001-374-010. Aberdeen Proving
Cround. APG-MT=3311, August 1969. (Distribution controlled hy Pro-
ject Managper, US Army Munitions Command, ATTN: AMCPM-MT, AD R58 986.)

Cheater, H. W., Final Report on Product Improvement Test of Cartridpne,
81-MM, HE, M374 with Reduced Bourrelet and Waterproof Ignition/Propel-
lant System, USATECOM Project No. 8=MU-001-374-008. Abherdeen Proving
Ground. Report No. APG-MI-3285, August 1969. (Distribution controlled
by Project Manager, US Armv Munitions Command, ATTN: AMCPM-MT,

AD 858 984L.)
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APG
Avg
BRI,
cond
cons
deg
dev
diff
¥

fps

-4

HE
ICAO
incr
1P
max
MIL STD
min
MTP
mv

No.

PE
press.
psi
QE

rd
rpm
RTV
std
T=-C
temp
USAIB
USAMUCOM
USATECOM
vel
WP

wt

APPENDIX VII - ABBREVIATIONS

Aberdeen Proving Ground
average

Ballistic Research Laboratories
condition

considered

degree

deviation

difference

Fahrenheit

feet per second

acceleration due to gravity
high explosive

International Civil Aviation Organization
increment

initial production

maximum

Military Standard

minimum or minute

Materiel Testing Pamphlet
muzzle velocity

number

probable error

pressure

pounds per square inch

quadrant elevation

round

revolutions per minute

room type vulcanizing silicone rubber
standard

between test and control rounds
temperature

US Army Infantry Board

US Army Munitions Command

US Army Test and Evaluation Command
velocity

white phosphorus

weight
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