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1.    Reference. 

a 
with 
Project 

i.    Final Report on Product Irprovenent Test of r-artric^t--, 81-::■:, 1:37^ 
Modified Trnition-Propellant System and Reduced Bourrclet, USATECOt-' 
ict No. R-:U-001-37^-010, Report No. APO-MT-3311, Ausist I969. 

b.    Letter, AlISTR-BC, HO, USAT.XC:', 2? Juno I969,  subject:    Suitability 
of Cartridge, Elnn, HS, 1:37^ with Reduced Bourrelot and Modified Icnitlon/ 
Propellant System, 

2. AnurovAl .Stntei-r'nt.    Subject report is approved. 

3. tb.r!ki>T"wnd. 

a. The Cartridnos, Blr 1, PC, f:37^ and V.T, M375 were type classific-d 
without ?. moisture proof ißnition/propellant system; protection wss dependent 
on exterior pachanln.^.     Extensive u^c of these ite;r;s in SEA disclosed thcJr 
porfornanco v.-xr. significantly dor.raded v.'hcn cxporcd to the humid and wot 
environ..eat prevalent in SEA due to p-icknp.inf lir.ltHtions or exposure after 
unpac'<r.»ir.3.    An expedited product improvencnt effort on the 1137^ cirtridn^ 
was initiate-! to provide a conplctely waterproof c.rLrid^e. 

b. Tei;t cirtridf.es incorporate:! a bourrelot reduced 0.010" as previously 
approved by r.n;;ineerinn Change Orckr A90105, dated 11 I'arch 1969, as a r.oans 
of roducinn lüisfirec duo to raniduc then prevalent with the i-^^ cotton baj 
cartridges,    ftubjoct report does not address the reduced bourrelot per so 
since this aspect was adequately explored in earlier tests,  reference la, 
did not influence velocity levels, ani wan not directly pertinent to the 
waterproofin,: nodi fications. 
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3J":3J;^T:    Final Report on Initial Production Tost of nnrtrid^e,  Blrnm, HS, 
::j7^?.t LU.vc.iccM projoct i'o. s-::u-ooi-3?^-039 

c. Aftor coloction of a moistureproof icnltion/propallant system 
consiGtin^c of a nodific-i fin asscnbly,  modified ignition cartridfco,  and 
colcon-.älk propallant Incro.otit ba^s,  i-ortar cartridrtos •.•;ei,G subjected 
to ox tensive touting a.3 reported in reference la.    U.SAT3C0M concluded the 
item as tested was suitable for U.^ Army use,  roforonce lb. 

d. The samples submitted for subject initial production test were 
designated as K3?^A2 and were identical to those previously tested with 
one exception;  the propellant increront ba^s to::tod dutd.ng the product 
i'r-.rove;.'.ont activity had a total of three heat sealed seams  to provide 
adequate moisture protection to the contents, whereas those submitted for 
the initial production test had one heat sealed and two sown seams at the 
small ends.    The  ;30;;n ends were substituted pendln» resolution of temporary 
fabrication problems. 

e. Testing was conducted by Aberdeen Proving Ground between March and 
I'ay 1970.    Personnel of the US Army Infantry Hoard inspected test cartridges 
on Zk April 1970 to determine if there were any factors resulting from tho 
modification that would introduce any bun an factors problems.    The test 
objective was to determine if the production item performed equal to or 
better than those testad during the product improvement test,  to include 
confirmation of the adequacy of polystyrene muffs to afford rough handling 
protection. 

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

b.    Test Results. 
————— & 

a. The Cartridge, 8lmn, HK, M37^A?. met completely, seven of the nine 
test criteria and mot partially, the two remaining ci'iteria. Ho deficiencies 
and two shortcomings were reported. 

b. Shortcomings (2): 

(1) The velocity levels of the test cartridges were statistically 
different at the 5^ level of significance from the control for six of the 
nine chai'ge levels. 
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(2)    The test cartridge did not pass the simulated rain exposure test. 

c. Ko problems relative to residue,  safety,  or huir.nn factor:; aspects 
were uncovered durinc testing.    I!o maintenance was required. 

d. The provision of polystyrene muffs minimised failures of increments 
during rough handling tests. 

5.    Comments. 

a. Relative to the two reported shortcoming:;; 

(1) Although the velocity levels of the test and control cartridges 
are small they arc statistically different at the 5,' level of significance, 
i.e., +6 to -0 fps. Ko.'evcr, velocity levels are adjustable as part of 
propellant acceptance procedures. 

{?.)    Failure of the cartridge to pass the simulated rain test was 
expected prior to testing bocausc of the change in sealing the propellant 
ba^s. A production accident during the heat scaling of the bag ends 
resulted in temporary termination of the process ponding corrective Imple- 
mentation. In the interim, bags wore produced with se;;ti ends which were not 
expected to afford the sar.o degree of moisture protection as those with heat 
scaled ends, 

b. It should be noted that tho standard cartridge with cotton increment 
bags was not subjected to any of the waterproofness tests because of the 
data already available. The performance of standard cotton increments is 
seriously degraded when exposed directly to storage either in a high-humid 
environment or when exposed to vjat'.r; the waterproof fabric and ignition 
system of subject cartridges are significantly more resistant. 

c. Current production mothois for propellant incroxont bags arc identical 
to those used in the manufacture of the items submitted for subjact test 
except for the closures. This cornand has been informed that the heat sealing 
process has been reinstated for al". seams using the sa :? techninues cs used 
previously. Consequently, all attributes of the cartridges tested during 
subject test are applicable to fully heat sealed increment bags. Additionally, 
tests conducted earlier as reported in reference la disclosed heat sealed 
bags afford satisfactory noisturo/water protection to tue propellant. 

j 
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d.    Although the C-.irtridf:e,  Sinn, V/p, ::j75h2 VMS not teütod, all 
stataxents and concluoiona relative to th'3 1137^2 are applicable to the 
I-.375A.2 cince the sana i^nltlon/propnlling sycton is used with both 
oartridgos. 

o.    US Airny Infantry i3oard,  aftei* inspection of the test itein at APG, 
coi.jr.Gntcd on the color of the protootlvo muff,    'i'lioso furnished uith the 
tost itc.i •.jcre v.'hite, which is objoctionVolo for reasons of caroufLaRO 
security. 

6. Conclusion.    The Cartridco, 81mm, H3, :;37^A2 and its WP counterpart, 
M375"2 is suitable for Issuo, 

7. Rflcomondations. 

a. "Hio nuffs used to protect the propelling charßo be of a color 
conpatiblu with current car.ouflane techniques. 

b. 7no veloc5.ty level of future production be adjusted during 
propallant proof acceptance testing to confor.i to existing firing tables 
or to levels currently achieved with M37^ cartridges. 

?0R TH3 COMIIANDKR: 

1 Incl ^2^    "'-'^ ii,• G.IH'M.^R. 
P-eot Uo.  Are-:jIT-35,37 'J Colonel. GS        » 
(^ cys) XS for Test and Eval 

Copies furnished: 
CO US/ilT. ATTH:    AÜC^D-V/ (W/2 cys incl) 

/J-:GRD-U (w/l cy incl) 
A::c:;R-n (u/2 cys incl) 

co PA ATHI:   s::u?A-:;n? (w/3 cys incl) 
USACDC LO, U.SATJCO:: (v;/23 cys Incl) 
CO APG ATTII:    STSAP-MT-YA (w/o incl) 
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ABSTRACT 

An Initial production test was conducted at Aberdeen Proving Ground from 
30 March to U Hay 1970 on the Sl-nm mortar cartridge, HE, M374A2 
(M374ES) which features a reduced bourrelet and a water resistant Igni- 
tion - propellent system. The cartridges tested were Inert-loaded and 
represent the initial production of Milan Aray Amunitlon Plant. Various 
tests were conducted to determine if the test item was equal to or better 
than the M374E5 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 
were 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 propellent bags 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 handling tests using 
charge protector muffs were satisfactory; solar-radiation test«! with charge 
protection were satisfactory; and cook-off hazards and maintenance 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 white increment protector muffs 
should be black or brown to conform with current camouflage techniques. 
It was concluded that the initial production M374A2 cartridges performed 
satisfactorily, r.qual to, or better than the item in the previous US Army 
Test and Evaluation Command evaluation in all phases except for velocity 
level end waterproofness. A correction to firing tables to compensate 
for velocity differences is required. 

FOREWORD 

The Materiel Testing Directorate was resoonsible for preparing the t%j% 
plan, conducting the test, and preparing the test report. 

vl 
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ABERDEEN PROVING GROUND 
ABERDEEN PROVING GROUND, MARYLAND 21005 

USATECOM PROJECT NO. 8-MU-O01-37A-O39 

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-inm, 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, 81-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 cur- 
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 Project No. 8-MU-001-374-010. Based on the 
results of these test.s, USATECOM recommended the M374E5 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 
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The control rounds for the velocity uniformity phase wert' cartridge, 81-ram, 
HEr M37A (Inert-loaded) with dolrln obturator and cotton increment baps. 
The propellant charge was asses.jed to "iie same vclocitv .'; Che test pro- 
pellant lot. 

^^^'PWWP' 

'^^m>- 

Figure 1.2-1:  Cartridge, 81-MM, HE, M374A2 (Inert-Loaded), with 
Inert M524A6 Fuze. 

Figure 1.2-2:  Cartridße, Öl-MM, HE, M374A2 (Inert-Loaded) with 
Styrofoam Clamshell Charge Protector (Top) and with Black Plastic Bag 
Charge Protector (Bottom). 



mm 

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 OBJECTIVK 

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 followlnc phases, 
tests, and evaluation: 

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

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

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

d. 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 sub- 
jected to solar radiation. 

g. 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 pieces of bag residue were found in the weapon after each 
25-round group. Test criterion was net. 

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 1.5-1. These data 
were obtained in 10-round groups. Pressures at charge 9 only are also 
shown. Velocities and pressures are corrected to a shell-weight of 9.12 
pounds, 



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 shotm in Table 1.S-II. Ranges are corrected to a shell- 
weight of 9.12 pounds, to control round average velocity, and to ICAO 
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 +70oF). 

Velocity and range dispersion for the test cartridge was 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 round« following the 
various waterproofing tests are contained in Table 1.5*111. Control rounds 
were test rounds which were not conditioned. 

Test cartridges exhibited velocity characteristics equal to those of the 
M374E5 cartridges in the USATECGM evaluation as reported In Report No. 
APG-MT-3311 during the puddle and the 10-day high-humidity teats. 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.    Comparison of Velocity and Pressure Mean and 
Standard Deviation for Test  (M374A2) and 

Control  (M374) Rounds 

Charge, 
No. Incr 

Muzzle Velocities, fps 
__    Control Test QE. 

deg  Avg  Std Dev  Avg  Std Dev 

Vel 
Difference 

T-C 

Pressure 
AVR, psi 
per 1000 

Test      Cont 

Conditioning Temperature:    +70 F. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

45 
45 
45 
45 
45 
45 
45 
65 
65 

348 
431 
507 
573 
635 
695 
750 
806 
859 

1.7 
2.6 
'1.9 
1.8 
1.2 
1.9 
'1.4 
2.0 
1.8 

344 
427 
502 

c567 
d634 
694 
752 
808 
865 

2.7 
2.2 
3.4 
1.7 
1.5 
1.8 
2.6 
2.9 
1.3 

a+ 
a+ 
a+ 
a+ 

+ 
+ 

Conditioning Temperature:    +145 F. 

2 
4 
9 

45 443 2.3 441 3.7 
45 588 1.7 585 1.8 
65  878    2.7    888    2.4 

+ 2 
^ 3 
a-10 8.8   8.8 

Conditioning Temperature:  -50oF, 

2 
4 
9 

45 
45 
65 

411 
553 
828 

4.8 
'3.6 
3.2 

403 
c540 
823 

7.8 
8.5 
5.0 

a+ 8 
a+13 
a+  5 7.1 7.3 

'Average test round velocity significantly different from control. 
Std dev of test significantly less than controls. 

"jNine 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 sllght-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. 

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

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

There was no indiration 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 rounds 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 tcipera- 
ture of +500OF.    One did not cook-off at +520oF.    A control  (M374) round 
with charge 9 cotton-hag increments failed to cook-off at +S80oF.    In 
the USATECOM evaluation of the M374F4 cartridge (Report No.  APG-Kr-3285), 
the control (N374) cartridge cooked-off at a minimum tube temperature of 
+440oF; one did not  cook-off at 44350F. 

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 
followinp 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 witli 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 M37A 
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 been 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  (M37A)  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- 
sion 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- 
pellent bag residue remaining in the tube. 

2.2.3 Method 

The mortar was elevated to 45° and fired at a /ate of 12 rounds per min- 
ute. All rounds were Inert-loaded to standard weight (9.12 + 0.1 lb) and 
fired at ambient temperature. 
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Thermocouples were attached to the Cube 36 Inches fiom 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 1 
25 2 
25 3 
25 2 
25 4 
25 2 
25 5 
25 2 
25 7 
25 2 
25 9 
25 2 

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 Co 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 M37A 
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 Che swab after each of Che  12 25-round groups were  fired. 
Table 2.2-II  indicates  remaining amounts of bag residue. 
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Table 2.2-II.  Remaininß Amounts of BHR Residue 

Chg 
Test No. Used 

1 

Misfires 

None 

Amount of Bag Residue 

1 None 
? 2 None None 
3 3 None 1 small piece 

4 2 None Small pieces 

5 4 None Large piece in bottom of tube 

6 2 None Small piece 

7 5 None None 

8 2 None None 
9 7 None Small piece 
10 7 None Small piece 
11 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 M37A 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 with the test cartridge con- 
ditioned at +1450F 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 velocity.  Copper crusher gages were 
used for measuring peak pressures. Using inert rounds with live M524A5 
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fuzes,  test  and control cartrldRcs were  fired alternately as  shown In 
Table 2.3-1  for velocity and  complete  range data.     Pressure was  measured 
only on the  charge 9 rounds. 

Table  2.3-1.     Firing Schedule 

Elev, deg 

65 

Temp, 0F 

+ 70 

No. Rds 
Chg, incr Test (M374A2) 

10 

Cont rol (M374 

9 10 
8 65 + 70 10 10 
7 45 + 70 10 10 
6 45 + 70 10 10 
5 45 + 70 10 10 
A 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 NTTP 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 46 to -6 fps at +70UF 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 +1450F and increasing at -50oF. 

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. 
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The  observed  range data obtained In the test  showed essentially the  same 
results as the velocity data.    At +70oF the  ranges  for the  test  cartridges 
were significantly  longer than  for the control cartridges_by as much  as 
41  meters at  charge  A.     Shorter ranges,  by  as much as A7 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 +70oF 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 +1450F,  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 +70oF,  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 +70oF,  two charge 4 and one charge 2  at  -50oF.    The misfires  that 
failed completely were:    one charge 4  (two attempts)  at +70oF,  two charge 
5   (one attempt)  at +70oF,   and one charge 4  (two attempts)  at  -50oF. 

2.3.5    Analysis 

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 +70oF 
by as much as +6 fps. At extreme temperatures these differences increased 
to -10 fps and +13 fps.  In 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. 
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The  range data showed a response  Co the velocities  In that   for the observed 
ranges, the test rounds were significantly different   from the control for 
six of the nine charges at +70oF by amounts of approximately +45 meters. 
After correcting the range data,  the test cartridges were different at 
+70oF 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  flifng 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. 
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Figure 2.3-2: Range and Velocity Differences versus Charge Increment. 
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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 2.4-1. 
Ten dry test cartridges were fired at each charge. 

Shaken 
Before 
Firing 

Yes 
No 
Yes 
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-II. 

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. 

22 

Table 2.4-1. Schedul 

No. 
Rds 

Chg 
Incr 

15 
15 
15 
15 

4 
4 
9 
9 



Table 2.4-II.    Schedule for Rain Test 

Shaken 
No. Chg Before Duration, 
Rds Incr 

9 

Firing 

Yes 

min 

10 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 one-half 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 2,4-1X1 summarizes the firing results. 

Table 2.4-III.    Velocity Results of the Puddle Test 

No. 
No. Rds 
Ras Cons 

10 10 
15 15 
15 15 
10 10 
15 15 
15 15 

Tvpe Rd 

Test, not conditioned8 

Test, shaken 
Test, not shaken 
Test, not conditioned8 

Test, shaken 
Test, not shaken 

Charge 

Hoi Incr 

4 
4 
4 
9 
9 
9 

MV. fps 
Mean  Std Dev Diff 

572 
559 
548 
856 
839 
806 

1.99 
5.24 
10.22 
3.83 
5.69 
14.83 

0 
-13 
-24 

0 
-17 
-50 

^Same 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.A.2 Rain Test. Table 2.4-IV summarizes the firing results. 

Table 2.4-IV. Velocity Results of the Rain Test 

No. 
No. 
Rds 
Cons Type Rd 

Charge, 
No. Incr 

MV. fps 
Rds. Mean Std Dev Diff 

10 
10 

10 
10 

Test, 
Test, 

not conditioned3 

not conditioned3 

Ten-Minute Soak 

9 
4 

855 
572 

1.77 
1.90 

0 
0 

10 
10 
10 
10 

b10 
b 9 
c 9 
10 

Test, 
Test, 
Test, 
Test, 

shaken 
not shaken 
shaken 
not shaken 

9 
9 
4 
4 

818 
824 
550 
544 

17.38 
14.00 
8.07 

12.35 

- 37 
- 31 
- 22 
- 28 

Thirty-Minute Soak 

10 
10 
10 
10 

d 9 
e 7 
10 
10 

Test, 
Test, 
Test, 
Test, 

shaken 
not shaken 
shaken 
not shaken 

9 
9 
4 
4 

805 
744 
533 
542 

27.84 
127.40 
14.05 
11.25 

- 50 
-111 
- 39 
- 30 

Two-Hour Soak 

10 
10 
10 
10 

b9 
f 7 
10 

8 9 

Test, 
Test, 
Test, 
Test, 

shaken 
not shaken 
shaken 
not shaken 

9 
9 
4 
4 

744 
769 
497 
478 

86.60 
54.24 
38.30 
80.03 

-111 
- 86 
- 75 
- 94 

aSame ammunition as test but not conditioned (dry). 
bShort-range round (approximately 50 yards) not considered. 
c0ne low velocity (442 fps) not considered. 
d0ne very low velocity (406 fps) not considered. 
e0ne 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. 
BOne 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 propellent 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 80Z 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-ininute soak, six test rounds had critically low velocitiaa 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, not shaken; one of 
10 with charge A, 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. 

2.4.4.3 Humidity Test. Table 2.4-V summarizes the firing results. 

Table 2.4-V. Velocity Results of the Humidity Test 

MV. fps No. 
Rds 

No. 
Rds 
Cons 

10 
15 
10 
15 

Type Rd 

Charge, 
No. Incr 

10 
15 
10 
15 

Test, not conditioned3 

Test 
Test, not conditioned8 

Test 

4 
4 
9 
9 

Mean Std Dev Diff 

570 2.01 0 
560 2.46 -10 
854 2.41 0 
844 3.11 -10 

aSame 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 round«; 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 USATEC0M 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 propellent 
bags were sewed and not heat-sealed as previously. 
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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 propellent increment charges from the cartridge 
fin assembly as a result of the bounce. The firing results after the 
bump test are contained in Table 2.5-1. 

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  Std Dev 

21   Test, not conditioned0 9 866 3.37 8050    825 
21   Test 9 863 2.40 8075    430 

aSame 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 expect«-« tu affc«t; the 
maintenance requirements that are presently associated vith the f>,ttmUr4 
cartridge.    Observations were made throughout the «roRram for any «fiittt»- 
nance problems with the test cartridge. 

2.6.1 Results 

Maintenance problems with the test M374A2 cartridge appear to be no dif- 
ferent from those with the standard M374 cwtvi^i'^, 

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 simulated desert 
cycle of solar radiation. 

2.7.3 Method 

The test cartridges were subjected to a simulated desert cycle for 2 
weeks (Figure 2.7-1). Twenty-seven test cartridges were conditioned in 
accordance with the procedure outlined in MIL-STD-210A (World-Wide Pro- 
gram), as follows: 

a. Nine each with bare round and clamshell (styrofoaa) 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 were 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 record peak pressures on all rounds fired. 

2.7.4 Results 

Upon completion of the 14-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 
shoved only slight discoloration of increment bags. 

c. Teat 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 teat. 

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 

Lagand: 

(A) - Rounds with the black bag charge protector. 
(B) - Rounds with the clamshell charge protectot '• 
(C) - Rounds In the fiber containers 1 

No. Chamber 
Rds 

Type Round 
Charge 

No. Incr 

9 

MV. fPf 
Mean 

8190 

ire. DSI 
Cons Mean 

872 

Std 

2. 

Dev 

22 

Std Dev 

10 Test , not conditioned* 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 

aSama »«munition as test but from a different lot and not subjected to 
solar-radlatlon conditioning. 
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2.7.5 Analysis 

Test criterion was net. The protectors on the rounds appear to have per« 
fomed with some degree of success since the Celcon/silk increaent bags 
were not brittle and broken opet. as in the previous USATECOM product im- 
provement test. Velocity levels, however, were fron 14 to 21 fps lower 
then similar rounds not conditioned. 

5i 

c^ 

< 

Spec i f i i*d radiation 

400 ■    Actual  Radiation 
I     I 1 I i 1 i i i    i [,-r 1   '   1 

i                   » 

/ \ 
t          i 

300 'P V i 

I \ 
I 

ffi 
\ 

2,1: 1       I / \ 
i 

1     ! / 
\ 

100 k \ J 
71 \        4 

/ 
\     1 

..^.i , i 
  Test Chamber Tenperature 

s 
UJ 
c 

120 

100 

80 

1 —T   T" 1 —r I  1  —rn—'—r' -1 "1 
x 

- 
^ ■* 

s 
s 

* 

* '■"—■ 
V 

X 
X 

X 
X 

X 

N 

1       1 

1 s 
s 

A i « i 1 1  1 1 1   J 1 1 i—i \ 
10        12        14        16        lo        20        22        24 

ELAPSED TIME-_Hnilf,r 
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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 cook-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 
+550oF. 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 cook-off occurred. The temperature and elapsed 
time were recorded for each cook-öff. 

The test was repeated by again heating the tube to 5S0oF 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 2.8-1. 

2.8.5 Analysis 

Test criterion was met. Results of present test Indicate that the M374A2 
test round with Celcon/silk increment bags 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 +440oF and after 89 seconds. 

The shorter 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 vas 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. Banning 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. 

2.9.3 Analysis 

The test criteria are considered to be met when the USAIB recommendation 
Is Included In production. 
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SECTION   3.     APPKNDICKS 

APPENDIX  I   -  TEST  DATA 

Items Itnder Test 

C.nrrrlH^p.  ai-ttm,  HE, XM374A?  (Inirt-loaded), with Inert M524Aft  fuze, 
lot  MA-SP-912A  (data card  lists this cartridge as M374 hut It  Is 
M374A?). 

fnrrrld^e.   81-rm,  HE, M374A2   Mnort-loaded), with rmptv M524A5   fuze, 
lot   MA-SP-920C. 

(irtrld^e,  ai-mn,  HE, M374 (Inert-loaded). with empty M524A5  fuxe, 
lot  MA-SP-«»?nB. 

SupnortlnR Facilities and Materials 

Woanon: 

Mortars,   81-mn,   M29E1,  \os. Q434   and  «H31. 
Mmmts,   mortar,  M23A1,  Mos.   7922,  4388,  and 8416. 
Baseplate.   «1-mm mortar,  HI,  No.   unknown. 

Ammunition: 

Cirtrldpe,  81-nm,  HE, M374 and M3f»2  (inert - loaded) , with duiwy fuze, 
lots various   (condltlonlnR  rounds). 

P.irilltles: 

Flrlnr. positions  (see round-hy-round data). 

Tnst niTPntat ion: 

Vnlocltles  (where pertinent) were measured hy two 30-inch solenoid 
colls  at various distances  from the mortar muzzle and  connected to 
recording chronographs. 

Heat  neasurenents of the mortar  In the  residue and cook-off phases, 
were  obtained hy two Iron-constantan thermocouples attached to the 
nortar tuhr hv ceramic (alumina)  spray,   36 Inches  from the muzzle, 
recorded by  two slnrle-channel   rontinuoua-trace  temperature 
recorders. 

Rinres were determined by transit  trianRulatlon hy observers  at 
three  or more observation points downrange. 

Chamber pressures were measured by two external T13 copper-crusher 
r.aees per round.    The averape  reading for the two r.apes was  recorded. 

Sber-t  No.   29  of   Round-bv-Ronnd  n«ta  (Tmnronerlv  Assembled Mort*r 
Test).    This 6-round firinp, was  for information only and had no 
particular bearing on the product  improvement test of the M374A2 
cartridge. 

The   round-by-round data are  filed under Firing Record No.  P-7963() 
at APC. 
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Cartridge, SIMM, Inert, M371* 1 Rd./Fiber Container. M252A3. 
W/Empty M52U5 Fuze Vk Jungle Wrapt 3 Containers/Wood Boxl 
F/Morttrs Ml end M29                          1 Dwg. 9230176; 

36 Wood Boxee/U-Way Pallet. «■tvmcTuim, utiiu M uiiHiiiM mrnif BIT «UiTITT          ., 
•1 •.•.•: AIW CMyNITION fLANT                                 1 180 
OITUCTM                         i 
trv-v «tT'N.» $»IE$, INC. 

COITItCT W «III ■•« 
0A.11.t73WkMC420(t) 

iiAwna M aiviaiN 
See Note 1 l"Wffi'IS«,'«W,     1 

tilt  11111(0                                   f OATI CtHPklTII    „ •ATI  IIIMITia Imc tail vr aaiLi   1 
3-6-70               1 3-6-70 3-6-70 r   c 

nr* 11 laemt IMH it nein                      I 

ItflOII«! WT »1«  »>|                   | ttntut nviui «tiotiTv IVICTIi MCIIWI 
1 Aoorox. 9.18 lb.«. 

• ««•It   Of TUT (thPlll               i 
0                       1 

ll«T T«                                        1 itTi «it nut w iHirnliT                                                    : 

tatmnn    {eonTii« «t *I»IM(. if iiaiim)                                      1 
eWKfltnTI                     | "*«»»• «••  1 no«  1 HtRwrtCTMIII                        IllTI M*\ LOT 10.        j ctiTirr 1 

Projectile K-.Ul Parts 105U3025     | M37li Hayes-Albion                      1 l966 ALR^-l       S 
ALH-5-2 
ALP.-5-3 
ALH-5-Ii 

29 
Ü0 

ALP-U-I 172 
AD'-U-2 A 

.  J                               1 ALF.-U-3 2 
IIMMIflM T»«» him W I8VU1HIIT III» 

/-'.^                  V    ,            ^ ,                       J*A.   fWLCPtf» HWAH 
ImS«*»..^ 4U^ ^MA;J*,„/£,,„   ■• ..-• 7. 

J   COMMNEirT (COMT» mOM rWHT) 1  OMWINSNO. [MODEL I               MANUrACTUKEII                  |0ATC MF« j    un NO. IQUANTITY 1 
Projectile Metal Parte (cont'd) 

1 

A'J?...U-!i 
ALF.-U-5 
AIP.- ^1 
ALP.-1-2 
AIR- O 
ALP-I-U 
A IF,.-1-5 
At«:-2-•' 
A-J»-2-l 

• r     1 
' ^   1 

7 

7 

5 ! 
: 1 

Ring, Obturating 1053I4965/Ö Reo Plastics, Inc. 1970 REP-2 72 380 
Filler ME" 
Consisting of: 

i    Olyceride of 12 Hydr< - PA-PD-721 baker Castor Oil Co. Unk. Unk. 
|    xy Stearic Acid -353t # 
]    Gyosun, Dead Burned PA-PD-722 p. S. Oypsun Co. Unk. Unk. 

-h% 
Rosin - 5% LLL-R-626B Pittsburgh Plate Glass Unk. Unk. 

Liner Pi9011 knaconda American Brass 1969 AA3-U3-12 
Fin Assembly p.0551892 M170 fetewart-Warner 1970 SW l-li 
Cartridge, Ignition »2^0960 M285 Security Signals, Inc. 1970 r.jK-i-? 
Plate, Pressure P2186U0 FTS Corp. 1969 5T.j.-:i-U2 
Increment Holder p5ii9026/'jnk Hunter-Springs 1969 k-- .5.3 
Fuze,  P.D. P205729/K .V 

[fref) 
p2UA5 Milan Amy Anno Plant 1970 None 

1  fMA;-SF..929B, M37I1)   • (CONTINUED ON ATTACHED CA«) 
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A/A-V-**»B 
ccrroiUNT (WIT« men mm) 0*«WIM W. MOOtt WNUrACTURM »ATI MT«. U>T NO. maiTf 
Incrrnenl, Propellant 

Chg. A 
Increment, Propellant 

Chg. B 
Primer,  Percussion 
Bag, Protective Ass'y 
Tape, Filament, Black 
Stop, Packing 
Container, Fiber 
(1 Foil) 
Box, Wood, Packing 
(Untreated) 

(MA-SF-920B, M37h) 

8881021/Unk 

8881023/ünk 

M90 

M90 

Radford Arsenal 

Hercules Powder Plant 

75W173/0 M^IAIEL 
9229185 
92331*59 
8838116 
9230175 I252A3 

9230176 

Milan Amy Ammo Plant 
Crystal-X Coip. 
Armour Industrial Prod. 
Barry County Precision 
United Anrno Container 

J & S Box Co. 
Milan Box Co. 
W & W Bex Co. 

1970. 

1970 
. . - ..,1 

1970 
1969 
1969 
1969 
1970 

1955 

1957 

RAD-66692 

HEP-67312 

MA-2-i21 ' 
None 

None 
BAC-2-11 
None 

None 

hOhO 

127 

UMMSt   (IttlWlSl   •CNAHGtt IN PNOCtttl   ••OIVUTIONS MCH OVM. OR IftCl   •••UHUUtt OGOUUlMCIS OS OlFriOUUlU) 
1. Dwg. 8881026, Rev. H, W/PAN 6900131 (ref). '" 
2. This lot was inert loaded, assembled W/Qnpty M52U5 fuze, M37U projectiles, and M90 

propellant increments, and packed as inert control rounds ss directed by APSA   1050 
'  Msgs AEP-MÄ-23-70 dtd 2-13-70 and AEP-MA-52-30 dtd 2-214-70. 
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APPENDIX II - TEST FINDINGS 
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APPENDIX III - DEFICIENCIES AND SHORTCOMINGS 

1. Deficiencies 

None 

2. ShortcominRs 

None 
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APPENDIX TV - 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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APPKNDTX V -   CORRESPONDENCE 

COPY/she 

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

ABERDEEN PROVING CROUND,  MARYLAND    21005 

S  -  7 Mar 1969 
AMSTE-HC 

3 MAR  1969 

SUBJECT:     Directive  for Product Improvement Test  of Cartridge,  Slimn, HE, 
M37A with Reduced Bourrelet  and Waterproofed Innltlon/Propel- 
lant System, USATECOM Project No.  8-0-3010-20 

Commandlnr, Officer 
Aberdeen Provlnp Ground 
ATTN:     STEAP-CO-P 
APC,  Maryland    21005 

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

2. Background:    Currently,  Cartridge,  Slrnm, HE,  M384 and Its WP counter- 
part,   M375,  does not  feature a waterproof Ignltlon/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,  Slrnm mortar ammunition 
Is currently supplied to the  field in  a fiber container, which In turn 
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.     Picatlnny 
Arsenal has been tasked to develop a moisture resistant ignltlon/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 is 
expected to provide suftlcient data upon which a choice of propelling 
bag materiel can be made.    This command has been tasked by AMCPM-MT to 
conduct an Independent evaluation of the final waterproof design and 
subnit conclusions relative to item suitability for US Army use. 
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COPY/she 

SUBJECT:     Directive  for Product  Improvement Test  of Cartridge,  Sliran,  HE, 
M374 with  Reduced Bourrelet  and Waterproofed If>nltlon/Propel- 
lant  System,  USATECOM Project No.   8-9-3010-20 

3. Description of Materiel:    The test Item will  feature the Cartridge, 
fllmra, M374 with  a reduced bourrelet;  an Ignition  cartridne  container 
with 24 - 0.125  inch  flash holes;  a 108 grain mylar wrapped iRnitlon 
cartridge without hrass  liner and primer with sealant applied to the 
primer threads.     The  final selection of a waterproof propellant bap, 
materiel has not  yet been made, however,  current testing favors use of 
a celcon/sllk bag materiel. 

4. Test Objectives; 

a. To determine  if the waterproofed ignltlon/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 
extremes, of pressure, velocity,  range, accuracy, signature, etc., are 
affected by the waterproofed ignltlon/propellant system and the bourrelet 
reduction. 

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

d. To determine suitability  for US Army use  as an alternate  for the 
Induced standard cartridge. 

5. Responsihilities;     Aberde. i Proving Ground will: 

a. Review and analyze all data from previous tests at Picatlnny 
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. 

c. Conduct Che 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 ignltlon/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-Picatlnny Arsenal for concurrence, approval and assignment. 
The Initial Production Test will be assigned to separate USATECOM project 
number upon receipt of a test request from Picatlnny Arsenal. 

2 
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COPY/she 

SUBJECT:    Directive  for Product  Improvement Test  of Cartridge,  Slnrni, HE, 
M374 with Reduced Bourrelet and Waterproofed Ipnltlon/Propel- 
lant System,  USATEOOM Project No.   8-9-3010-20 

6. Coordination;    Aberdeen ProvlnR Ground Is to coordinate the Initial 
Production Test Plan with Plcatlnny Arsenal. 

7. Special  Instructions; 

a. USATECOM Project No.   8-9-3010-20 Is assigned 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 USATR 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 be advised accordingly so as  to permit  direction to USAIB 
as  deemed necessary. 

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

c.     APC r'icommenriations will not be Included in thj  test  report,  but 
will be  forvo.rded this headquarters under separate  cover. 

8. Test Plans and Reports: 

a. Aberdeen Proving Ground will submit  10 copies of the  formal test 
plan 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 
Regulation  705-2 and 30 copies will be  forwarded to this headquarters 
for approval and distribution. 

c. 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. Safety:    Sufficient testing should be conducted to provide assurance 
that the product improved Ignltlon/propcllant system la 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,  Slmrn,  HE, 
M374 with Reduced Bourrelet and Waterproofed Ignltlon/Pronel- 
lant System,  USATECOM Project No.   8-9-3010-20 

TOR THE  COMMANDER: 

3 Incl     A^/t 
1. MSR,  AMCPM-MT 
2. STE Form 1028 
3. Dist List 

hi    C.  J.   Molloy, Jr. 
Itl    C  J.   M0I.LOY, JR. 

Colonel, GS 
Dir,  Inf Mat Test Dir 

Copies furnished:    (w/o incl) 
Pres USAIB 
CO USAMUCOM ATTN:     AMSPM-MT 

AMSMU-RE 
CO PA ATTN;     SMUPA-DA4 
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SUBJECT; 

DEPARTMENT OF THE ARMY 
UNITED STATES ARMY INFANTRY BOARD 

Fort Henning, Georgia 31905 

15 May 1970 

Initial  Production Test of Cartridge,  81-nn, HE, M374, with 
Reduced Bourrelet and Waterproofed  Ignition/Propellant System 
USATECOM Project No MU-001-374-039 

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

1. Reference is made to IPT of Cartridge,  81-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: 

ROBERT L.   VICK 
CW2,   USA 
Adjutant 
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DEPARTMENT OF THE ARMf'~Wr. Nrlsun/ajb/J66I 
BALLISTIC   RESEARCH   LABORATORIES 

U   S   ARMY    ABERDEEN    RESEARCH    AND   DEVELOPMENT   CENTER 

ABERDEEN   PROVING   GROUND.   MARYLAND   2100» 

AM\RD-BEL-FT 

SUBJECT:   Ballistu  Match TVst of Cartridm-s,  HE, 
M374A^ Versus HE.   MJ74 

9 June   1970 

Commandinß Olfirtr 
Aberdeen Proving} Ground 
ATTN:   STEAP-MT-TA 

Mr.   R.  Holwagcr 
Aberdeen Proving Ground,   Md.     21005 

1. This office was asked by Picalinny Arsenal to evaluate range data 
fired at APG on 8,  9 and 10 April 1970.    The evaluation is to determine 
if the subject cartridges 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. 

c. 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: 

CHARLES H.  LEBEG^RN.  JRi 
Chief,  Firing Tables'Branch/ 
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APPENDIX VI -  REFERENCES 

1. Cheater, H. W., Tent Plan on Initial Production Test of Cartridge, 
81-MM, HE, M374 with Reduced Bourrelet and Waterproofed Ignition/ 
Propellent System, with Change No.   1, USATECOM Project No. 
8-MU-OO1-374-039.    Aberdeen Proving Ground. 

2. Cheater, H.  W., Plnel Report on Product Improvement Tent of Cartridge, 
81-MM, M374 with Modified Ignition - Propellent Syntem and Reduced 
Rourrelet.     USATECOM Project No.   8-MU-001-374-010.    Aberdeen Proving 
Cround.    APG-Mr-3311, August  1969.     (Distribution controlled by Pro- 
ject Manager,  US Army Munitions Command, ATTN:    AMCPM-MT,  AD 858 986.) 

3. Cheater, H.  U.,  Finel Report on Product Improvement Test of Cartridge, 
81-MM, HE, M374 with Reduced Bourrelet end Weterproof Ignitlon/Propel- 
lant System,  USATECOM Project No.   8-MU-001-374-008.    Aberdeen Proving 
Oround.     Report No. APG-Mr-3285, Auguet  1969.     (Distribution controlled 
by Project Manager, us Army Munttiona Command,  ATTN:    AMCPM-MT, 
AD 858 984L.) 
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APPENDIX VII • ABBREVIATIONS 

APR ■ Aberdeen Proving Ground 
AVR ■ average 
BIO. ■ Ballistic Research Laboratories 
cond          ■ ■ condition 
cons          • ■ considered 
deR ■ degree 
dev ■ deviation 
dlff ■ difference 
P • Fahrenheit 
fpn            ■ ■ feet per second 
g ■ acceleration due to gravity 
HE ■ high explosive 
1CAD • International Civil Aviation Organization 
Incr ■ increment 
IP ■ initial production 
max           • 1 maximum 
MIL STD    • • Military Standard 
mln            • ■ minimum or minute 
MTP • Materiel Testing Pamphlet 
nv              * ■ muzzle velocity 
No. ■ number 
PE ■ probable error 
press.      • • pressure 
psl            • • pounds per square inch 
QE • quadrant elevation 
rd • round 
rpm            • • revolutions per minute 
RTV > room type vulcanizing silicone rubber 
std • standard 
T-C • between test and control rounds 
temp          • » temperature 
USAIB • US Army Infantry Board 
USAMUCOM • ' US Army Munitions Command 
USATECOM » • US Army Test and Evaluation Command 
vel • velocity 
WP ' white phosphorus 
wt • weight 
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WATRRPROOFF.U ICNTTION  -  PRnpr,U.ANT SYSTIIM 

4   DifCniPTivc Hortt (Typ* »I MPMI vid Intlutly ä*f) 
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•   mtmonr DATE 
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10.  OIITRIOUTION tTATKMCNT 

This   dor'inrnt   nav he  further fUntributcd hy any holder only with   specific prior 
npnroval of Commanding Ceneral,   I'S Army Munitions Conmand,  ATTN:     AM^Ml'-RE. 

II. «URPLCMCNTARV NOT» 

*Ionn 

la.  IRONIORINO MILITARY  ACTIVITY 

AMSMU-RK 

I».   ABITRACT 

An  tnltlnl nroductlon test was  conducted  at Aberdeen Proving riround   from 30 March  to 
14 May  1970 on  the  81-inm mortar cartridge,  Hf-,  M374A2   (M374E5)  which   features  a r«- 
dured honrrelr't   and a water resistant  Ipnltlon  - propellant  system.     The  cartridges 
tested were  Inftrt-loaded and represent  tlio  Initial production  of Milan Arny Anmunltton 
Plant.     Various  tests were  conducted  to determine  If the  test   Item was equal to or 
hrtfor than  the  M374K5  test  cartridge  suhmittfd previously  for US Army Test  and f;valiia" 
tlnn  fomnand  evaluation.     Residue  testr. wore  satisfactory;   velocity   level   differences 
of test   rounds werf significant  though  of small magnitude  compared with  the  control 
(M37A),   and velocity and range dispersion were equal  to or better than the  control; 
pressures were  satisfactory;   test  rounds  did not  perform as well   as  previously  In 
witerproofness   tests because  the  ends  of  the  Celcon/sllk  propellant  bac.s were  sewed 
md not heat-sealed as In the earlier version;  there were short  rounds In the  rain 
test,  but none  In  the puddle or hunldltv  test;   rouph  handling tests  using rhar^e pro- 
tector nniffs were satisfactory;   solar-radiation tests with  charge  protection \.'vre sat- 
isfactory;   and  cook-off hazards  and maintenance with  test   rounds were not  slpnlfleantI5 
different   froT that experienced with  control rounds.     United States  Army Infantr" 
Board  renresentatlves  found no human   factors problems except  that  the white  Increment 
protector miffs  should he black  or brown  to conform with  current  camouflaj-e techniques 
Tt was  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 except for velocity level and waterproofness.    A correction 
to firing tables to compensate for velocity differences is required. 
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