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SUBJECT: First Interim Report of Military Potential Test of 20MM and
LOMM Interim Air Defense Weapons Systems, RDT.E Project No.
Not Aveilable, USATECOM Project No. 3-5-9240-06/08/10/12/14 (U)

1.5 (FOW) BACKGROUND (u)

The primary objective of this program was to provide HQ, USATECOM
with certain engineering data on weapon system performance for their
evaluation and recommendation of a gun winner. These data were to
include basic performance characteristics of both the fire control systems
and the weapon. In addition, recommendations for system improvement and
safety considerations are to be included where applicable. No eutomotive
tests were required for any of the systems. This interim report is
intended to expediously provide the essential data required by USATECOM
to meet the AMC time commitment for their qun winner recommendation. A
final report will be submitted at a later date which will contain follow-
on test results that may be required prior to start of the planned
Engineering-Service Test of the selected system. Test dates covered in
this report are 6 Jan 65 through 2 Aug 65.

1.6 (Powo) FINDINGS (U)

For the sake of brevity only general findings and a sampling of
significant data will be included in the body of this report. Complete

and detailed supporting data and test procedures can be found in the
inclosures.

1.6.1 Evaluation of the M2 Modified vs Standard ML2.

1.6.1.1 In general, all four modifications resulted in improved perform-
ance characteristics ranging from significant to marginal. The most
significant improvements were in the gun synchronizer, the modified
power controls and the fire control. Although the suspension lock-out
improved vehicle stability slightly, the unmodified system was not

found to be cbjectiomsblyunstible diring firing.

1.6.1.2 Gun Synchronizer

a. The gun synchronizer performed satisfactorily throughout
the firing. One minor failure was noted during inspection prior to
firing. The tapered retaining pin (No. MS 24692-156) was sheared on
the right actuator lever (No. RDI-C7309) and would have prevented that
gun from firing. Bending of these pins occurred during firing of both
guns. However, this can be readily corrected by installation of a
stronger pin or a woodruff key.

b. The rate of tire for synchronized firing was controlled
by the rate of the slowest gun. However, it was found that the rate
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1.6.1.3 Gun Power Control Servos

a. Ag stated above the modified gun control servos proved more
effective in stabilizing the weapons during static firing. In tracking
smoothness they were moderately superior to the original oil gears at
high angular velocity and significantly better at low angular velocities.

b. Tracking capabilities of the modified system were definitely
superior to those at the unmodified version. Table II below shows the
test results in this area. Also see Inclosure 2-]1.

TABLE II
Weapon Max Max Max Accel Max Accel
System Traverse Vel Elev Vel Traverse Elev
M2 40%/sec 26°/sec 100°/sec® 95°9/sec?
Ms2 Mod 72°/sec 51°/sec 115%/sec®  288%/cec?

¢. A potential salety hazard was noted during tracking tests
that must be corrected in the event the weapon is adopted. It was found
that vhen the gun is elevated beyond 60° the clearance between the top
edge of the turret armor and the rear face of the MK 20 sight is insuffi-
cient to allow the gunner to maintain his normal position in relation to
the sight and a serious head injury could result. Corrective modifications
are readily apparent and could be easily incorporated.

1.6.1.4 MK 20 Lead Computer Sight.

a. The scope of local tests did not permit & meaningful or
comprehensive evaluation of the MK 20 sight vs the M2LC-M38 fire control
system. Tracking tests with both systems were inconclusive since a
direct accuracy comparison could not be made. Accuracy evaluation data
are expected to be developed from the USAADBD service test phase.

b. One obvious advantage of the MK 20 sijht is the elimination
of estimated target speed inputs by the gunner. This improves settling .
time and should theoretically improve hit nrobability if the lead angle
computer is functioning properly. In addition, the overall system weight
is reduced by approximately 200 pounds. See Inclosvre 2.3,
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TABLE V - (continued)

Evaluation LomM 20M 20MM 20MM
Criteria Mh2 Mod M6L/MII3AL __ M61A1/MI13AL HS 820/M113A1
Equivalent
Wt of ProJ 501.88 1bs 570.52 1bs 685.23 1be 659.79 1bs
per minute
Failure Rates 0.3/1000 Rds  Not .2/1000 Rds 0.9/1000 Rds
of Weapons 3000 Rd Test Tested 19,867 RA Test w/1.6mn gas
Systems ar;‘e 3300
gt
1.571000 Rds
v/1.5mn gas
port. 12,300
R4 Test
Warm Up Time
Fire Control 10 sec 10 sec 10 sec None
Power Modes
and Operation-
al Regunts
1. Gun Not Req'd  Elect U450 Elect 475 Not req'd
(Manual) Amps Amps (Manual)
2. Fire Elect 27 Elect 9 Elect 8 Hydro-mechan-
Control Amps Amps Amps ical
3. Turret Electro- Hydro-mechan-
hydrauliec Elect Elect ical
a. Max
Slew 250 Amps 65 Amps 60 Ampa N/a
b. Track- 27-250 9-65 Amps 8-60 Amps N/A
ing Amps

FOR 0¥ F10/a1, USE ONL Y.
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Evaluation LoMM
Criteria Mi2 Mod
Tracking
Accuracy Angu- .33 Horiz
lar Vel Limits .4 Vert
Rad/sec
System Weight,
Empty, as h3,725 1vs
Tested
Safety
1. Azimith and
Elev Cut-Qut None
2. Suitability
of Ammo for Satis-
f14 handling factory
3. Hazards inadequate
clnc between
sight and
turret armor
at eleva-
tigne over

TABLE V - (continued)

20MM 20MM 20MM
M61/M113A1 M61A1/M113A1 HS 820/M113A1

1l

.43 Horiz- .43 Horiz-

A Vert A4 Vert

21,250 1bs 22,100 lbs

None None

Satis- Satisfactory

factory

No cut-out Potential

device to interf{erence

prevent gun by the turret

from strik- magazine with

ing hatch driver, crew

covers and equipment
in crew com-
partment.
No cut-out
device to
prevent gun
from striking
open commander
and driver
hatch covers

«FOR OFFIOIAL USEONLY".
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21,900 1bs

None

Not Tested

None observed
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TBLE VI
System Gas Port Munber 8ystem
Malfunctions e, m of Rounds Mal£/1000 Rds
18 1.5 12,300 1.5
3 1.6 3,300 9

b. Parts breakage history was also obtained and the ﬁndingi
are shown in Table VII below.

TABLE VII
Component Round History  Gun No.
Cracked inertia bvars 2526 58118
Broken extractor 3783 58113
Broken extractor 4166 58165
Broken pushrod b726 58165
Driving spring (perm set) Ly22 58113
Cracked inertia bars 4922 58113
Cracked inertia bars 4966 58165
Cracked extractor 4976 58118
Inertia bar spring (broken coil) k922 58113

c. Vertical target accuracy dispersion at 200 meters range
and vehicle stability tests were conducted. Typical dispersion datae
is reported in Table V above, and detailed results are given in
Inclosure 1-3 along with vehicle stability data. Vehicle motion was

negligible, averaging less than 0.5 inches at all three azimuth
orientations of the guns,(0°, 90° left and 180°). See Inclosure l-3.

Sfestid
d. Overall performance of the HS 820 gun system was found to
be greatly improved over that of the towed version tested by D&PS during
Jul-Aug 6l (see Report DPS-1155). Stoppage rates, parts breakage and
magazine malfunctions were notably less with the new system.

e¢. Preliminary results received from the USAADBD service
tests reported that it was necessary to lubricate the cartridge cases

vith light oil prior to loading in order to prevent weapon stoppages.
Various combinations of gas port size and case oiling frequency were
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b. No direct evaluation of the system accuracy errors was made.
However, information furnished by Frankford Arsenal demonstrated the
technical accuracy of the computer. In view of the known positive nature
of the computer drive it is reasonable to assume that lag in predicted
lead angle does not exist in the system.

c. After the firing of approximately 3500 rounds of the
stoppage rate endurance test the sight was examined for defects. This
inspection revealed that a significant failure had occurred in the
computer drive which resulted in displacement of the sight reticle
approximately 180° out of phase. Sight checks performed prior to the
start of this test showed normal operation. Therefore, it is concluded
that the damage was caused by firing shock. Repairs could not be made
locally, so the firing was resumed and no further checks made. Sub-
sequent examination by contractor personnel, with D&PS participation,
found that the adhesive bonded Delta line reticle lens had dislodged

and rotated out of position. This would preclude use of the sight in
antiaircraft mode.

1.6.4 Discussion of Results
1.6.4,1 LOMM, M42 DUSTER, Modified

a. The modified M2 DUSTER is a distinct improvement over the
standard model and has many desirable characteristics to recommend it
ac an interim weapon, compared to the 20mm candidates. The larger
caliber projectile should prove more lethal, given a hi%, than either
20mm shell. The system is in the inventory and presumably available
for modification. Cost of these modifications should compare favorably
vith that of either 20mm system procurement. Performence characteristics
tested and reported herein also compare favorably with those of the
20mn systems.

b. The firing doctrine in effect for the LOmm MU2 systems
preccribe long firing engagements, since the gunners are instructed
to fire as soon as possible after target identification. This, coupled
with the relatively low rate of fire, affords the range input operator
an opportunity to adjust for lead angle errors or lag. Thus, the
system would not be as severely penalized as the M6l systems, should
the MK 20 sight be found to have such inherent errors.

c. Factors that can be considered against the selection of

the weapon are the overall system weight as it affects trensportability
and obsolescence of the basic vehicle. Condition of the weapons

15
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6. Firing moment errors will not adversely effect the operator.
Para 1.6.2.2, Table V

f. In the event of auxilliary power failure the system will

;g;.lloguo the capability of engaging aerial targets. Para 1.6.4.5 and
e

8. Proper use of the Gallileo sight will require more extensive

sersonml training than the other systems tested. Para 1.6.4.3 and Table

h. The sight reticle lenses will not withstand prolonged firing
3h°¢ku P&ra 1-60305

1.7.1.3 For the 20MM M61/M113A1

8. Slewing rates, angular accelerations and angular velocity
limits of this system will not meet the requirements of the proposed
QMR. Para 1.6.2.2, Table V

b. Firing moment errors are excessive. Para 1.6.2.2, Table V

c. The all-electric powered system is more likely to guffer
complete loss of operational capebilities than the other systems exam-
ined. Para 1.6.4,5 and Teble V
1.7.1.4 For the 20MM ME1A1/M113A1

8. Same as paragraphs 1.7.1.3 a, b and ¢ above.

b. The M61Al gun will function more reliably, with fewer

stoppages than the other candidates and meets the propoced QMR require-
ments. Para 1.6.2.2, Table V

c. The gun rate of fire exceeds all other candidates and meets
the requirements of the proposed QMR. Para 1.6.2.2, Table V

d. Tracking accuracy and settling times are satisfactory.
Para 1.6.2.2, Table V

e. The automatic mode feature of the MK 20 sight on the
improved M61Al will not withstand prolonged firing shock. Para 1.6.3.4

19
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C. An effort be made to improve slewing rates.
1.8.2.3 If the 2oMM M61A1/MI13A1 18 selected,

a. Vehicle hatch cover safety interlocks and an interior
protective screen for the turret be provided.

b. Redesign the angular velocity power input components for
improved reliability in automatic operation of the MK 20 sight.

c. Efforts be made to improve slewing rates.

d. Efforts be made to minimize firing moment errors.

€. A more comprehensive test be conducted with the MK 20
sight to characterize all system accuracy errors. A dynamic tracking
facility is recommended to accomplish this progrem.

1.8.2.4 If the M61/MLI3A1 1 selected the recommendations are the
same as listed in para 1.8.2.3 above except for the turret protection

requirement.
FOR THE COMMANDER:
SUBMITTED: / o
7, 4. Iy
ys/ﬁéé/ ’ i y !
/ DO K. ™ J/ A. TOLEN
Chief, Artillery Weapons Br Acting Deputy Director
: For Engineering Testing
Develorment and Proof Services
2 Incl

1. SECTION II - Details of Test
2. SECTION III - Laboratory Reports
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SECTION II -- Details of Test

Contents:

l-1 Firirig Record No's P-T159L, M-83331, M-C3332, M-83333
1-2 Hop Card Records

1-3 Engineering Data - Guns

Inclosure 1



ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005
FIRING RECORD

USATECOM Project No, 3-5-9240-12, Firing Record No.: P-71594
Ballistic Evaluation of Cartridge, Dates of Test: 3 March, 12 April,

40-MM, Mk 2 and 18 June 1965

Authority: Ltr, USATECOM,
30 September 1965

Related Firing Records: M-83331,

M-83332, and M-83333 W. 0. No, 324-016-50 aec

ITEMS UNDER TEST

Ammunition:

Cartridge, 40-mm (standard calibration).

Propellant, MP, M1, 0.0198-inch web, 10,48 ounces, lot ROW-
9356-S.

Projectile, M81A1, AP-T, lot No. FML-10-1944,
Primer, M38, mod 1, lot LS-8-87.
Case, M25, lot 302.
Cartridge, 40-mm, inert-loaded, HE, Mk 2, BL§T, with tracer,

lots No, UE-4-McA-55, UE-5-McA-55, UE-9-McA-52, UE-11-McA-55,
and UE-41-McA-52,

FACILITIES

Gun, 40-mm, M2Al, serial Nos. 2984 and 1336.

Tube, 40-mm, M2A1, serial No. 141144,

28

Mount, 40-mm, M4E1, serial Nos, 3012 and 2984.

Vehicle, self-propriled, twin 40-mm, M42, USA Registration Nos.
12H297 and 121273,

Gage, copper, Mk I, copper lot 1-54,






SUBMITTED:

P. R. GREPPS
Test Director

REVIEWED:

A KA

D. K. TA

Chief, Artillery Weapons
Branch

1 Incl
Round-by-Round Data

27
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FOR THE COMMANDER:

H. A, BECHTOL
Chief, Artillery Division
Development and Proof Services



Firing Record No. P-71594

ROUND-BY-ROUND DATA

Average
Tube Test Ammo Chamber
Rd Time Rd Lot Pressured, .
No, Fired No, No, _Ppsi/100 fps
Date Fired: 3 March 1965,
855 1322 1 9356-S 423 2859
856 1332 2 UE-5 2828
857 1333 3 UE-11 ‘ 2824
858 1335 4 UE-41 2858
859 1337 5 9356-S 452 2898
860 1341 6 UE-5 2828
861 1342 7 UE-11 2800
862 1343 8 UE-41 2859
863 1344 9 9356-S 455 2876
864 1346 10 UE-5 2830
865 1347 11 UE-11 2822
866 1348 12 UE-41 2858
867 1349 13 9356-S 409 2876
868 1353 14 UE-5 2816
869 1354 15 UE-11 2808
870 1355 16 UE-41 2851
871 1356 17 9356-S 408 2888
872 1357 18 UE-5 2809
873 1358 19 UE-11 2801
874 1359 20 UE-41 2835
875 1400 21 9356-S 405 2869
876 1401 22 UE-5 2812
877 1402 23 UE-11 2804
878 1403 24 UE-41 2866
879 1404 25 9356-S 443 288¢
880 1405 26 UE-5 2824
881 1406 27 UE-11 2816
882 1407 28 UE-4] 2858
883 1408 29 9356-S 382 2881
884 1409 30 UE-5 2816
885 1410 31 UE-11 2819
886 1411 32 Uk-41 2850
887 1412 33 9356-5 430 2876
888 1413 34 UE-5 2837
889 1414 35 UE-11 2811
890 1415 36 UE-41 2863

%Tube rounds 855 through 894 used Mk I gage; tube rounds 1408 through
1437 used T20 gage.

Inclosure 1, page 1
29






Tube
Rd

No,

Date Fired:

1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491

Note:

page 3

Time

Fired

0916
0917
0919
0921
0922
0924
0925
0926
0927
0928
0929
0930
0931
0932
0933
0934
0935
0937
0938
0939
0940
0941
0942
0943
0944
0945
0946
0947
0948
0949

18 June 1965,

Test

Rd

DIV & LN -~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Firing Record No., P-71594

Cu Gage
Model

No,

Mk I
T20
Mk 1
T20
Mk 1
20
Mk 1
T20
Mk T
20
MK 1
120
Mk T
720
Mk T
120
MK I
120

Mk I
T20

Average
Chamber
Pressure, MV,
psi/100 fps
2848
444 2890
508 2877
2870
436 2879
554 2911
2847
394 2884
503 2877
2870
442 2883
505 2874
2859
421 2890
S18 2876
2864
407 2367
525 2891
2862
393 2871
545 2899
2857
375 2863
498 2870
2848
399 2874
510 2877
2871
415 2896
508 2871

Tube life remaining before firing test was 80%.
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Date Fired:

Firing Record No., M-83331

ROUND-BY-ROUND DATA ’

10 June 1965,

Recoil Rate of

Group Test Rd No. Elev, Length, Fire,
No. L R mils in, rd/min Remarks

1 1 to 8 0 7.8 Lost At 0945, lock-out
pressure was 200
psi. No data on
brush recorder.

2 9 0 Lost Recorder check.

3 10 0 Lost Recorder check.

4 11 to 18 0 137

5 1 0 7.5 Lost Recorder check,

6 2to8 0 7.85 140 Failed to feed last
round. Round was
not in clip,

7 9 to 16 19 to 26 0 Lost Recorder failed to
pick up rounds.

8 27 to 34 1155 8.05 123

9 17 to 24 1155 8.05 127

10 25 to 32 35 to 42 1155 120 Left gun 120, right
gun, 121 rd/min,

11 33 to 40 43 to 50 0 134 Left gun, 134, right
gun, 136 rd/min,

12 51 to S8 0 136

13 59 to 67 0 132

14 68 to 71 0 Lost

15 72 0 - Rounds expended.
Lock-out jacks at
1145 hours, 185
psi; raised to 200
psi.

Note: These rounds were fired to determine the rate of fire of each gun

singly and

Inclosure 1, page 1
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both guns with the synchronizer operating.



ABERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005
FIRING RECORD

USATECOM Project No, 3-5-9240-12, Firing Record No,: M-83332
Military Potential Test of Gun, Dates of Test: 17 March to
Dual, 40-MM, M42 (Duster), 12 April 1965
Unmodified Authority: Ltr, USATECOM, 30

September 1964
Related Firing Records: P-71594, _
M-83331, and M-83333 W, 0, No. 324-016-50 es

ITEMS UNDER TEST

Vehicle, self-propelled, twin 40-mm, M42, USA Registration
No. 12H297 (unmodified),

Gun, 40-mm, M2Al, serial No, 2984,

Mount, gun, 40-mm M4E1, serial No. 3012.

SUPPORTING FACILITIES AND MATERIALS

Ammunition:

Cartridge, 40-mm, inert-loaded, HE Mk 2, BLET, with tracer, lot
VE'41-MCA‘520

Facilities:

Tubes, 40-mm, M2Al, serial Nos, 129746 (L) and 141144 (R).
Instrumentation:

Hop-board stands,

Cameras, Mitchell and Benson-Lehner motion-picture cameras to

record vehicle, gun, and turret displacement, rate-of-fire,
and target impact data.

ROUND-BY-ROUND DATA

Round-by-round data are contained in Inclosure 1,

39
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Firing Rccord No, M-8332

ROUND-BY -ROUND DATA
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Firing Record No, M-8332
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#BERDEEN PROVING GROUND
ABERDEEN PROVING GROUND, MARYLAND 21005
FIRING RECORD

USATECOM Project No. 3-5-9240-10, Firing Record No,: M-83333
Evaluation of Gun, Dual, 40-MM, Dates of Test: 9 to 12 July 1965
M42 (Duster), Unmodified Authority: Ltr, USATECOM,

30 September 1964
Related Firing Records: P-71594,

M-83331, and M-83332 W, 0. No. 377-010-12

ag

ITEMS UNDER TEST

Gun, 40-mm, M2Al, serial No. 2977.
Mount, gun, 40-mm, M4El, serial No. 3006.

SUPPORTING FACILITIES AND MATERIALS

Ammunition:

Cartridge, 40-mm, inert-loaded, HE, Mk 2, BL&T, with tracer, lot
UE-41-McA-52,

Facilities:

Tubes, 40-mm, M2Al, serial Nos. 129746(L) and 141144(R).
Vehicle, self-propelled, twin 40-mm, M42, USA Registration No,
12H298 (unmodified).

ROUND-BY<-ROUND DATA
Round-by-round data are contained in Inclosure 1,

SUMMARY OF RESULTS

Group No, Malfunction
Date Fired: 9 July 1965,
2 and 3 Left gun failed to feed,
S through 17 Left gun, rounds hung up in automatic loader.
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HOP REOCORDS
Lo~} GEP, MA2 DUSTER (MODIFIED)
WITH AND WITHOUT LOCK-OUT SHOCK ABSORBERS
VEHICLE FIRING POSITION: OVER FRONT 00 TRAVERSE

FIRING ELEVATION + 6 Mils FIRING ELEVATION 568 Mils
LEFT FRONT RIGHT FRONT LEFT FRONT RIGET FRONT
START STOP  START STOP
sToP i !
START STOP 1
— 2. W &

STAPT
ls'mn»
8TOP START ‘._ STOP
WO /LOCKOUT TP —o

VEHICLE FIRING POSITION: OVER LEFT SIDE, 900 LEF. TRAVERSE

FIRING ETEV. + 6 Mils
W/LOCKDUT  RIGET FROWT RIGHT REAR LEFT FRONT RIGHT REAR

STOP START
START

;h ST:fm S‘;’ sToP ,?

STOP
STOP START i

STOP
o START : 7
WO/ LOCKOUT "' N

fsmop

Inecl 1-2' P." ) 4 of 2 SCAIR - 1-INCH
b5




=
START T‘g'I’OP g'l’OP B'EA:P e

START
e STOP = sramr
WO /LOCKDUT ‘ q *
START 1 1 STOP

f STOP

SCALE -1 - INCH

Incl 1-2, Page 2 of 2
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1. INTRODUCTION

The Fire Control and Guidance Branch of the Electronic Control and
Guidance Division, Development and Proof Services, conducted a limited
number of tests on the fire contrel components of five forward Area Air
defense systems. The tests were conducted in conjumction with the
Artillery Division, Development and Proof Services to determine the
military potemtial of the subject systems and to establish data for use
by BRL in comparing system effectiveness.

The systems tested were the:

a. Standard M-42 Duster.

b. Modified M-42 Duster.

¢. M-61 20-mm Automatic Weapon System.

d. Modified M-61 20-mm.

e. Hispano Suiza 20-mm Automatic Weapon System.

2. DESCRIPTION OF MATERIEL

2.1 Standard M-42 Duster 4LO-mm Automatic Weapon System

This system consists of the twin 4O-mm gun mount M4El mounted on a
modified TL1El light tank chassis. The major components of the gun
mount are:

a. Local control system MLGALEl.

b. M-38 Computing Light (T154).

¢. Twin 4O-mm gun, M2Al.

The local control system comsists of the drive controller, wiring
harness and azimuth and elevation o1l gear assemblies. This system

emables one man to position the gun during power operation.

The conputing sight is of the course and speed type and is equipped
wvith the reflex sight M24C. The sight setter estimates the target course
(attack angle and climb or dive angle) and speed. From this information,
a lead angle is computed vhich physically displaces the reflex sight away
from the gun. Assuming the computed lead angle is correct and the operator
is smoothly tracking the target, the gun is aimed at the future position
of the target. Corrections to bring the fire onto the target are accomplished
by the sight setter observing the tracers and changing the value of his
estimated inputs to the computer.

81 h |



Handcranks provide a mamual operating capability as a backup to
pover operation. An additional operator is required in this mode.

Reference 1 contains a thorough descriptien of this system.
2.2 Modified M-L2 Duster 4O-mm Autematic Weapon System

Four modifications transform the standard M-L2 Puster AWS into the
modified M-L2 Duster AWS. These are:

a. The addition of a suspension lock-out system which assists in
providing a stable firing platform.

b. A mechanical synchrenizer which forces the guns to fire together.

¢. A Mark 20 Mod 7 lead computing sight in place of the M-38 course
and speed type computing sight.

d. An electro-hydraulic power control mechanism in place of the
azimuth and elevation oil gear assemblies.

Additional information on this system is contaired i{n reference 2.
2.3 Otandard M-61 20-mm Autematic Weapon System

This system consists of an M-61 six barrel gun, a Mark 20, Mod 6
gyro lead computing sight with its asséciated eircuitry and a servo
contrelled turret mounted on an M-113 vehicle. With this system, the
operater must estimate the target velocity and choose between one of
four medes of inserting range information into the system. These modes
and a brief description of each follows:

a. Manual Mode - The operator must estimate the range at vhich he
expects to engage or fire on the target before he begins tracking it.
This range estimate dictates the amount of magnet current in the Mark 20
sight and therefore, the magnitude of the lead angle.

b. Remote Mode - This mode is a duplicate of the mamual mode except
that a second operator, lecated away from the system, can estimate and
set im ranges throughout an engagement.

c. Automatic Mode - An estimated target velecity and range are
inserted by the operator. When the operator feels the target 1is at the
inserted range he depresses a switch located em the right handcontrol.
This activates the range generater unit which centinueusly computes the
futere position range up to crossover.
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k. Conclusions
It 18 concluded that:

a. The data that D&PS was required to supply BRL for use in their
effectiveness study has been provided.

b. The limited mmber of tests conducted on the fire control systems
pre-cludes an independent evalustion by this division.

c. Additicmal tests and analyses sheuld be conducted on the MK 20
sight in an effort to characterize its errers. This is considered manda-
tory if either of the M-6l systems are selected.

4. The electro-hydrsulic control system on the modified M-k2 Duster
provides a slev rate of approximately twice that of the oil gears.

e. A severe firing moment exists on the M-61 systems. It's effect
on the dynamic distribution of the projectiles should be determined and
exploited if possible, should the M-61 be selected as the interim weapon.

f. The relationship between the line and lead changes as a function
of range data exsmplifies the need for accurate boresighting of the
systems. Additional reduction of available data should be done to
establish the optimm boresight for the selected system. Also, a comparison
test of the different concepts and components providing range data within
the M-61 systems should be conducted and the best blend of these used in
any production models if this ftem is selected.

g. The scaling on the hand control unit of the M-61 system is
penalizing the systems effectiveness.

h. The synchronized guns on the modified M-k2 prevents a firing
moment error.

i. Kone of the tems tested met the requirsd or desired slew rates
specified in Para T(c)l of reference 8.

J. It is difficult to acquire and establish a smooth track of the
target with the Hispano Suisa system. A medifieation should be made to
the cemputer to limit the magnitude of the lead angle vhen slewing the
weapon.

k. A requirement exists for a study effert which would outline the

optimm test and evaluation program for integrated weapon systems under-
going develicpmental tests.
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5. Recemmendations:
It is recommended that:

a. Additional tests and analysis be performed on the system selected
as the interim forward area air defense weapon system.

b. Some agency within USATECOM be appointed the task of preparing
(with inputs from other agonciu) an eutline of an optimum test and eval-
uation program for integrated weapon systems.

SUBMITTED BY: APPROVED BY:
WALTER L. MYERS SAUL TARAGIN
Test Director Chief, Electronic Control

and Cuidance Division

REVIEWED BY:

WILLIAM M. ROBERTS
Chief, Fire Control and
Guidarce Branch
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ENGINEERING LABORATORIES
PHYSICAL TEST LABORATORY REPORT

STEAP-[DS-LP

TEST OF: Report No, 65-M-94
Various Springs from Self- Sheet 1 of 2

Propelled Twin 40-MM, M42 Dusters

M2A1, Dates of Test 1S5 to 30 April 1965

OBJECT OF TEST: Report Complote 14 May 1965
To conduct a specification Conducted for Mr, P, Grepps

check of the springs.
Artillery Weapons Branch

INSTRUMENTATION: ‘
W, 0, No. 324-016-50

Universal testing machine,
5000-pound capacity; measuring References Dwg Nos, 5222407, 5222464,
instruments and torque wrench,
0 to 100 ft-1b capacity. 5222592, 5222593, 5222646, 6260936,
PROCEDURE : 6260937, 7197113, 7165198, and

1. Initially the physical 7238632,

dimensions of all but the breech
closing springs were measurod.

They were then individually placed in the testing machine and all but the
recoil springs were compressed to the specified heights and to the solid

heights, Finally the outside diameters of the springs were measured at solid
hoight, '

2. The breech closing springs were placed in their containers and
assembled to the retaining slot on the gun. Torque was applied through the
specified angle with a torque wrench and the load noted.

3. The recoil springs were compressed six inches in one-inch incroments
and the load was noted at each increment. From these data the spring rate,
solid hoight and the loads at specified heights were computed.

RESULTS
For tabulated data see Appendix I,

1 Incl
Appendix I
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STEAP-DS-LP Report No, 65-M-94
_ Shoet -1 of 9

Rammer Lever Plunger Spring, Dwg No. 5222407

Specs, Actual Measurements
Vehicle No, 124297  12H297 121298 121298
Side Left Right Left Right
Piring status (rounds) AF 1437 AF 1370 BF at APG BF at APG
*Outside diameter solid, not 0.500 0.471 0.482 0.476 0.479
more than (in.)
Mean diameter free (basic) 0.396 0.394 0,402 0.393 0,393
(in.)
*Inside diameter froe, not
less than (in,)® - 0.314 0,322 0,313 0.313
Diameter of wire (in.) 0.080 0.080 0.080 0,080 0.080
No. of working coils 0.19 18,75 18,75 18.75 18,75
o height, approx (in.) 2,930 P2.67 bag by b 2,68
*Solid Height, not more 1.810 1.710 1.662 1.664 1.637
than (in,)
‘Load at height of 1.85 in, s4e6 54 b7 b2 Ys
(1b)
Outside diameter free (in,) - 0.474 0.482 0.473 0.473

*Mandatory requirements,

8Computed,
bbid not meet specifications,

a253 Appendix 1






STEAP-DS-LP Report No, 65-M-94
' Sheet 8§ of 9

Firing Pin Springs, Drawing No. 5222592

Specs. Actual Measurements

Vehicle No, 12H297  12H297 121298 12H298
Side Left Right Left Right
Firing status (rounds) AP 1437 AF 1370 BF at APG BF at APG
Free height, min (in.) 2,350 V2,30 b234 b227 b3y
S0lid height, max (ia.) 1.500 1,500 1.467 1,453 1,450
Wire diameter, approx (in.)  0.114 0,114 0,114 0,114 0.114
Outside diameter, max (in.) 0,646 0.638 0,632 0.638 0.637
Inside diameter (in,)a - 0.410 0,404 0.410 0,409
Total No. of coils, approx 13 13.2 12.8 12,75 12,6
Load at 1,65 in, (1b) +11,0

116.8 - 6.6 114 112 1069 112

&Computed,
Did not meot specifications.

A5s5 Appendix I






STEAP=DS-LP Report No, 65-M-94
: Sheet 5 of 9

Feed Rod Plunger Spring, Dwg No, 5222646

Specs, Actual Measurements
Vehicle No, 124297 121297 12H297 1214297
Side Left Left Right Right
Firing status (rounds) AF 1437 AF 1437 AF 1370 AF 1370
*Outside diameter solid, not 0.660 0.659 0,661 0.656 0.652
more than (in,)
Mean di:notor free (basic) 0.490 0.497 0.498 0,494 0.488
(in,)
*Inside diameter free, not 0,320 0.336 0.337 0,334 0,325
less than (in,)®
Diameter of wire (in.) 0.1551 0.161 Y o0.161 Y 0,160 b 0,163
No. of working coils 18 18.2 18 18 18
Free height, approx (in.) 4.15 4.14 4,14 4,14 4.18
*Solid height, not more 3.18 3.147  3.102 3,168 b 3,230
than (in.)
*Load at height of 3.31 in, 331 + 33 316 313 336 b 365
(1b)
Outside diameter froe (in,) - 0.658 0.659 0.654 0.651

*Mandatory requirements. e

aCﬂputOd.

bpid not meet specifications,

Vehicle No, 1211298 124298 1211298 1241298

Side Left Left Right Right

Firing status (rounds) BF at APG BF at APG BF at APG BF at APG

*Outside diameter solid, not 0.660 0,646 0.656 0,655 0,639
more than (in,)

Mean di:lotor free (basic) 0.490 0.483 0.494 0.492 0.481
(in,)

*Inside diameter free, not 0,320 0,321 0,333 0.330 0.324
loss than (in,)®

Diameter of wire (in.) 0.1551 b 0,162 b 0,161 b 0,162 0.157

No, of working coils 18 17.75 18 18 17.75

Free height, approx (in.) 4.15 b 404 Y408 4.11 b 4,03

*Solid height, not more 3.18 3.052 3.092 3.154 3.075
than (in.)

*Load at height of 3.31 in., 331 + 33 330 320 328 314
(1b)

Outside diameter free - 0.645 0.655 0.654 0.638

*Mandatory requirements.
AComputed,
bDid not meet specifications,

287 Appendix 1






STEAP=DS-LP Report No, 65-M-94
- Sheet 7 of o

Outer Rammor Tray Springs, Dwg No. 6260937

Specs. Actual Measurements
Vehicle No, 124297 120297 121298 1211298
Side Loft Right Left Right
Firing status (rounds) AF 1437 AF 1370 BF at APG BF at APG
Free hoight, approx (in.) 17 b16.26 b16,14 b16.12 b1s.97
Solid height, max (in.) 4,850 4,490 4,532 4,793 4,837
Wire diameter (in.) 0.177 0,175 0.174 0.176 0.176
Outside diamotoer (in,) 1.730 - 0,024 1.73 1.70 1.72 1.74
Inside’ diameter (in.)® - 1.380 1,352 1,368 1,388
Total No. of coils, 27.5  b2s,s  bas,7 27.3 27.3
approx b b
Load at 12,200 in. (1b) 77+ 7 Y57 61 bg7 bge
Load at 6.300 in. (1b) 160 ¥ 15 148 160 b143 144
8Computed,
bpid not meet specifications.
Appendix I
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AP-DS.LP Report Mo, 65«M=94
Sheet 9 of <«

Recoil Springs, Dwg No, 7238632

Specs. Actual Measurements
Vehicle No, 121...97 1211297 1211298 1211298 New 1 Now 2
Side Left Right Left Right New New
Firing status (rounds) AF 1437 AF 1370 BF at APG BF at APG BF BF
Free height (in,) 38 ¢ 2 37.11 36,30 37.35 37.07 37.57 37.30
Solid height, max (in,)® 11.5/8 10,914 10,932 10.968 10.857 10.950 10,932
Wire diamcter (in,) 0,600 ¢ 0,003 0.598 0.599 0,601 0.599 0,600 0,599
Outside diametor (in.) - 5.668 5.692 5,080 5.676 5,679 5,680
Inside diametor (in.)3 4<7/16 + 1/16 - 4.472 4,494 4,478 4,478 4.479 4,482
1/32
Total No. of coils, 19-1/4 19-1/4 19-1/4 19-1/4 19-1/8  19-1/4 19-1/4
approx
Load at 20,6875 in, 1320 + 88 1330 L1265 1358 1311 1359 1346
(1b) - 44
Load at 11,8125 1a,3 1980 +165 2049 1983 2081 2021 2073 2004
(ib) - 88
Spring rate (1b/in,)® - 81 81 81.5 80 80.5 81
:" Puted.

+-J not meet specifications.

Aé6s Appendix I



ENGINEERING LABORATORIES
PHYSICAL TEST LABORATORY REPORT

STEAP=DS-LP
INSPECTION OF: Report No, 65-M=153
Components of Gun, Dual Sheet 1 of 12

Automatic 40-MM, M2A1 from
M42 Vehicle, No. 12H273. (After Fire)  Dates of Inspection __ 12 through

OBJECT OF INSPBCTION: 14 July 1965

To locate possible defects Report Complete 26 July 1965
in the two guns by magnetic par-
ticle inspection after firing Conducted for  Mr, Grepps
3163 rounds on the right gun
and 3173 rounds on the left gun. Artillery Weapons Branch
INSTRUMENTATION W, 0, No. 377-010-14

Magnaflux unit; wet con- References Maﬂotic Particle an&tion
tinuous method, coil, and
central conductor energized with Criteria, Dwg. Nos, 8768747, 7309991,
low voltage to & maximum of 1800
amperes DC, fluorescent magnetic 7309992, 8769123, 8769067, PTL Report
particles suspended in s petrolewm
base distillate bath, black light. No, 65-M-108
PROCEDURE :

The components were magnetized, washed with the bath and 1nspoctocf under
black light for patterns indicative of cracks or other flaws. The components
were then demagnetized.

RESULTS ¢

1. The following listed components were inspected:

Serial No. Results
or of the

Component Ord, Part No. Gun Inspection
Arn, Remmer, Control B722101 Right No defects
Internediate Spindle,
outer, right
A, Rammer Control 85222409 Left No defects
Intermediate Spindle,
outer left
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STEAP-DS-LP

Cg=zonont

Bolt, Loader Tray
Connecting

Breechblokk
Breechb lock
Cross-piace Loader

Collar, Rammer Control
Spindle

Cover, Loader
Crosspiece

Cover, Firing Pin
Spring

Cover, Firing Pin
Spring

Catch, Breech Ring
Barrel

Catch, Breech Ring
Barrel

Crank, Breech Ring
Outer, Right

Crank, Breech Ring
Inner, Right

Crank, Breech Ring
Inner, Left

Crank, Breech Ring
Inner, Left

68

Serial No.
or
Ord, Part No.

BS222427
F6550027
Wl ON9

P6550027
Y2 N2

C7238622
B5222599
C7238620
85222588
BS222588
C7165191
C6197153
C7165178
C5595004

5595003

C5595003

Gun
Right and
Left
Right
Left
Right and
Left

Right and
Left

Right and
Loft
Right
Left
Right
Left
Right
Right

Right

Left

Report No, 65-M-153
Sheet ' 3 of 2

Results
of the

Inspection

No defects

No defects

No defects

No defects

No defects

No defects

Contained cracks (see
paragraph 4)

No defocts

No defects

No defects

No dJdefects

Contained cracks (see

parsgraph §)

Contaired cracks (see
paragraph 5)

Contained cracks (see
paragraph 5)






STEAP-DS.LP

Colgonont
Head, Feed Roller Catch

Holder, Feed Pawl, Left

Holder, Feed Pawl, Right

liolder, Stop Pawl, Left

Holder, Stop Pawl, Right

Lever, Feed Control
Lever, Rammer Cocking,
Inner

Lever, Feed Roller
Catch, Release

Lever, Rammer Catch,
Peed Control, Left

Lever, Rammer Catch,
Trigger, Left

Lever, Rammer Catch,
Tray

Lever, Rammer Cocking,
Outer Left
Lever, Rammer, Right

Lever, Rammer, Left
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Serial No.
or

Ord Part No,

C5222482

D5595007

D5595008

DS59500S

D5595006

BS2206313

85222415

B5222608

85222604

B5222650

85222452

C6197123

85222412

B5222411

Gun

Right

Right and
Left

Right and
Left

Right and
Left

Right and
Left

Right and
Left

Left

Right (2)

and Left (2)

Left
Left
Right and
Left
Left
Right and

Left

Right and
Left

Report No, 65-M-153

Sheet §

of 12

Results
of the

Insgoction

No defects

No defects
No defects
No defec:s
No defects
No defects
No defects
No defects
No defects
No defects
No defects
No defects
No defects

No defects






STEAP-DS-LP

Cg:gonont

Plunger, Feed Roller
Crosspiece

Pin, Firing

Plunger, "reechblock,
Inner Cocking Sear
Rail, Upper (Outer)
Rail, Inner

Rail, Lower (Outer)
Rail, Inner

Rail, Lower (Outer)
Rail, Upper (Outer)

Rod, Feed Control, Upper

Rod, Feed Control, Lower

Rod, Feed, Right

Rod, Feed, Left

Roller, Feed Assembly,
Right

Roller, Feod Assembly,
Left

Rod, Rammer
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Serial No,
or

Ocd, Part No,

BS222606

7309769

C6197148

C7225132
D7225130
C7225131
C5595011
C6197154
C6197140
A5222468

85222450

D5595010

D5595009

87238627

B7238626

36197115

Gun

Right

and Left (2)

Right
Left

Right
Left

Right
Right
Right
Left
Left
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

(2)

and

and

and

and

and

and

and

and

and

Report No, 65-M-153
Sheet 7 of 12

Results
of the

Inszoction
No defects
No defects

No defects

No defects
No defects
No defects
No defects
No defects
No defects

No defects
No defects
No defects
No defects
No defects
No defects

No defects






STEAP=DS-LP

Component

Spindle, Feed Control
Lever

Support, Feed Roller,
Right

Support, Feed Roller,
Laft

Shaft, Rammer, COcking
Lever

Spindle, Extractor

Spring, Rammer Catch
Lever Plunger

Spring, Rammer Control
Torsion

Spring, Feed Roller Catch

Head Torsion, Left

Spring, Pawl Torsion

Spring, Rammer Control
Torsion

Spring, Peead Roller

Catch Head Torsion, Right

Spring, Rammer Lever
Plunger

Spring Feed Roller
Plunger

Spring Firing Pin

27/

Serial No,
or

Ord, Part No.

85222402

BS222413

85222414

05222479

B6197106

A5222456

85222597

85222459

A5222595

B7225111

35222594

A5222407

A5222464

B5222592

Gun

Right and
Left

Right and
Lefe

Right and
Left

Left

(Mounted in left
gun, should have
been in right one)

Right (3)

and Left (3)

Left

Left

Right (20)

and Left (20)

Right
Right
Right and

Left
Right (2)

and Left (2)

Right and
Left

Results
of the

Inszoction
No defects
No defects
No defects

No defects

No defects

No defects
No defects
No defects
No defects
No defects
No defects
No defects
No defects

No defects

Report No, 65-M-153
Sheet 9 of

e






STEAP-DS-LP Report No, 65-M-153
Sheet 11 of 12

Serial No, Results

or of the
Co-gggcnt Ond, Part No. Gun Inspection
Pivot Crank RD1C7308 Center of Right No defects

and Left Gun

Cross Shaft RD17310 Right and Left No defects
Pillow Block RD17311 Right and Left No defects
Firing Plunger Crank RD17305 Right No defects
-Firing Plunger Crank RD1C7306 Left No defects
Teeter Bar RD1C7304 Right and Left No defects
Firdng Plunger Assembly Right and Left No defects
Trip Lever Right and Left No defects
Rammer Catch Lever Right and Left No defects

2. The left extractor arm (B7165194) frem the lef: gun contained cracks

(see the photographs in Figure 1). No defects were noted in the extractor during
the previous inspection.

3. The right extractor arm (B6197107) from the right gun contained cracks
during the previous inspection (see the photographs in reference report 65-M-108,
Figure 1), During additional firing, the cracks Progressed in length (see the
photographs in Pigure 2 of this report),

¥. The firing pin spring cover {B5222588) from the right gun contained
cracks as shown in the photographs in Pigure 3. No defects were noted in the
cover during the previous inspection,

S. The two right and the two left breech-ring inner cranks (C5595004 and
C5595003) from the right and left guns contained cracks during the previous
inspection. No change was noted in the patterns during this inspection (see the
photographs in Figures 4, S, 6 and 7).

6. The breech-ring closing-spring vover (C7165197) from the right gun

contained cracks (see the photographs in PFigure 8). The cover contained no cracks
during the previous inspection,
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STEAP-DS-LP Report No. 65-M-153
Sheet i of 13

Magnetic Particle Crack Patterns in the Left
Extractor (B7165194) from the Left Gun.

General View of the Same Area.

Figure 1

275 Appendix I




STEAP-DS-LP Report No. 65-M-153
Sheet 2 of 13

Magnetic Particle Crack Patterns in the Right
Extractor (B6197107) from the Right Gun.

General View of the Same Area.

Figure 2

276 Appendix 1



STEAP-DS-LP Report No, 65-M-153
Sheet 3 of 13

e

Magnetic Particle Crack Patterns in the Firing Pin
Spring Cover (B5222588) from the Right Gun,

General View of the Sanme Area,

Figure 3

a7y Appendix I




STEAP-DS-LP Report No. 65-M-153
Sheet 4 of 13

Magnetic Particle Crack Patterns in the Breech
Ring Inner Crank (C5595004) from the Right Gun.

General View of the Same Area.

Figure 4

278 Appendix I



STEAP-DS-LP Report No. 65-M-153
Sheet 3 of 13

Magnetic Particle Crack Patterns in the Firing Pin
Spring Cover (B5222588) from the Right Gun.

General View of the Same Area.

Figure 3

a77 Appendix I




STEAP-DS-LP ieport MNo. 65-M-153

Sheet 5 of 13

Magnetic Particle Crack Patterns in the Breech-Ring
Inner Crank (C5595003) from the Right Gun.

General View of the Same Area.

Figure S

279 Appendix I




STEAP-DS-LP Report No. 65-M-153
Sheet 6 of 13

flagnetic Particle Crack Patterns in the ireech-Ring
Inner Crank (C5595003) from the Left Gun,

General View of the Same Area.

Figure 6

ago Appendix 1




STEAP-DS-LP Report No. (65-M-153

Sheet 7 of 13

Hagnetic Particle Crack Patterns in the Breech=-Ring
Inner Crank (C5595004) from the Left Gun.

General View of the Same Area,

Figure 7

"8 Appendix I




STEAP-DS-LP Report No, 65-1-153
Sheet 8 of 13

Magnetic Particle Crack Patterns in the Breech-Closing
Spring Cover (C7165197) from the Right Gun,

General View of the Same Area.

Figure 8

*EL Appendix I



STEAP-DS=-LP Report No. 65-M-153

Sheet 9 of 13

Magnetic Particle Crack Patterns in the Cartridge-Case
Extractor (C6197126) from the Right Gun,

General View of the Same Area,

Figure 9

283 Appendix 1



STEAP-DS-LP Report No. 65-M-153
Sheet 10 of 13

Magnetic Particle Crack Pattern in the Ammunition
Charger Clip Guide (C7225110) from the Right Gun.

General View of the Same Area.

Figure 10

Appendix I



STEAP-DS-LP Report No, 65-!1-153

Sheet 11 of 13

Magnetic Particle Crack Patterns in the Rear Loader
Guide (F6550009) from the Left Gun.

Genoral View of the Same Area.

Figure 11
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STEAP-DS-LP Report No. 65-!'1-153
Sheet 12 of 13

Magnetic Particle Crack Pattern in the Breechblock Outer
Cocking Lever (C6197147) from the Right Gun.

General View of the Same Area.

Figure 12
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STEAP-DS-LP Report No., 65«!1=153
Sheet 13 of 13

Magnetic Particle Crack Patterns in the breechblock Outer
Cocking Lever (C6197147) from the Left Cun,

Genecral View of the Same Area.

Figure 13

ag7 Appendix I



ENGINEERING LABORATORIES
PHYSICAL TEST LABORATORY REPORT

STEAP-DS-LP
TEST OF: Report No. 65-M-154
Various Springs from Gun, Sheet 1 of 2

Dual Automatic, 40-MM, M2Al from
M42 Vehicle No. 1211273, (After Fire) Dates of Test 16 to 21 July 1965

OBJECT OF TEST: Report Complete 23 July 1965
To conduct a specification Conducted for Mr, P, Grepps

check of the springs.
Artillery Weapons Branch

INSTRUMENTATION:
W, 0. No. 377-010-12

Universal testing machine,
5000-pound capacity; measuring References Dwg Nos. 5222407, 5222464,
instruments and torque wrench,
0 to 100 ft-1b capacity. 5222592, 5222593, 5222646, 6260936,
PROCEDURE 3 6260937, 7197113, 7165198, and

1. Initially the physical 7238632,

dimensions of all but the breech
closing springs were measured. They
were then individually placed in the testing machine and compressed to the
specified heights and to the solid heights. Finally the ocutside diamsters of
the springs wero measured at solid heights,

2, The breech closing springs were placed in the containers and assembled
to the retaining slot on the gun, Torque was applied through the specified angle
with a torque wrench and the value noted.

RESULTS:

For tabulated data see Appendix I.
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STEAP-DS.LP Report No., 65-M-154

Sheet 1 of o

Rammor Lover Plunger Springs, Dwg No, 5222407

Specs Actual Measurements
Vehicle No, 124273 1214273
Side Left Right
Firing status (total rounds) 3134 3156
*Outside diametor solid, not 0.500 0.471 0.475
wmore than (in,)
Mean di:lotor free (basic) 0.396 0.388 0,395
(in.)
Inside diameter free, not - 0.308 0,315
less than (in,)®
Diameter of wire (in.) 0.080 0.080 0,080
No. of working coils 19 19 19
Pree hoight, approx (in.) 2,930 b2.664 b2,825
*Solid height, not more 1,810 1.695 1.662
than (in,)
*Load at height of 1,85 in, 54 ¢ 6 54 57
(1b)
Outside diameter free (in.) - 0.468 0.475
*Mandatory requirements,
SComputed,
bDid not moot specifications.
Appendix I
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STEAP-DS.LP
Sheet 3

Report No, 65-M-154

of 8

Firing Pin Springs, Drawing No. 5222592

Specs
Veliicle No, g 1211273
Side Left
Firing status (total rounds) 3134
Free height, min (in,) 2,350 2,404
Solid height, max (in.) 1.500 1,456
Wire diameter, approx (in,) 0.114 0.114
Outside diameter, max (in.) 0.646 0,642
Inside diameter (in.)® - 0.414
Total No. of coils, approx 13 12,9
Load at 1.65 in. (1b) 116.8 + 11,0 111
- 6,6

.Cmt.d .

Appendix I
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Actual Measurements

12H273
Right
3156
2,443
1.438
0.635
0.407
13
120






STEAP-DS.LP

Feed Rod Plunger Springs,

Specs
thiclo No.
Side
.Flring status (total rounds)
Outside diameter solid, not 0.660
more than (in,)
Mean diameter fres, not 0,490
less than (in,)®
*Inside diameter free, not 0.320
less than (4in,)®
Diameter of wire (1i.) 0.1551
No. of working coils 18
Jree height, approx (in,) 4,15
Solid height, not more 3.18
.. than (in,)
Load at Edight. .of “3edl.in. (1b) 331 + 33
Outside diameter free (in.) =
'Nundutory recuirerents.
SComputed,
bpid not meet specifi~ations,
Appendix I
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Report No. 65-M-184
Sheet S of 8

Pwg No. 5222646

Actual Measurements
121273 124273
Left Left Right Right
3134 3156
0.659 0.653 bo,662 bo, 661
0.504 0.498 0,505 0,500
0,350 0.341 0,348 0,343
‘0,154 0.157 0,157 0,157
18 18 18 18
4,07 4,06 4.4 4,11
3.15 3.15 3.18 3.17
302 321 321 324
0,658 0.655 0,662 0,657






STEAP- DS-LP Report No, 65-M-154
Sheet 7 of 8

Outer Rammer Tray Springs, Dwg No. 6260937

Specs Actual Measurements

Vehicle No. 1211273 121273
Side Loft Right
Firing status (total rounds) 3134 3156
Free height, approx (in.) 17 b 16,067 b 16,095
Solid height, max (in.) 4,850 4,792 4,805
Wire diameter (in) 0.177 0.177 b 0,177
Outside diameter (in) 1,730 - 0,024 1.721 1.690
Inside diameter (in.)2 - 1.367 1,336
Total No. of coils, approx 27,5 b 27.4 b‘27'25
Load at 12,200 in. (1b) 77 47 56.0 " 64,0
Load at 6,300 in. (1b) 160 ¢ 15 146,0 157.0
SComputed,
Ppid not meet specifications,

Appendix I

97






ENGINEERING LABORATORIES
PHYSICAL TEST LABORATORY RI:PORT

STEAP-DS-LP

INSPECTION OF: Report No, 65-M-155
Components of Gun, Sheet 1 of 15

Dual, Automatic, 40-MM,

M2Al1 from M42 Tracked Dates of Inspection 8 June

Vehicle, USA12H298,
through 21 July 1965

OBJECT OF INSPECTION:

Report Complete 28 July 1965

To locate possible

defects in the two guns by Conducted for _ Mr, Grepps

magnetic particle inspection

before firing at APG and after Artillery Weapons Branch

firing 1502 rounds on each of the

two guns, W, 0. No, 377-010-12

INSTRUMENTATION: Refoerences Magnetic Particle
Magnaflux unit; wet continuous Inspection “:riteria, Drawings

method, coil, and central conductor

energized with low voltage to a No, 8768747, ~309991, 7309992,

maximum of 1800 amperes DC, fluorescent

magnetic particles suspended in a 8769123, 8769067,

portoloum base distillate bath, black

lighto

PROCEDURE :

The components were magnetizoed, washed with the bath w1 inspected under
black light for patterns indicative of cracks or other flaws, The components
were then demagnetized,

'RESULTS ¢
S ——————)

1. The following listed components were inspected:

Serial or Results of
Component Ord Part No, Gun Firing Status the Inspection

Arm, Rammer, Control B722501 Right Before fire and No defects,
Intermediate Spindle, after 1502
outer, right rounds,
Arw, Rammer, Control B5222409 Left Before fire and No defects,
Intermediate Spindlo, after 1502
outer left rounds,
Arm, Feed Control B5222403 Right and Hefore fire and No defects,
Levor Spindle Left after 1502

rounds,
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STEAP-DS.LP

Report No, 65-M-155
Sheet S of 15

Results of

Firing Status the \inspection

Serial or
Component Ord Part No, Gun
Breechblook F6550027 Right Before fire,
W-6CN1
Breechblock P6550027 Left Before fire,
C-4BC8
Replacement Breech- F6550027 Right 1502 rounds,
block Al1CH10
Replacement bBreech- P6550027 Left 1502 rounds,
block X6cis
Cross-Piece Loader C7238622 Right and Before fire and
Left after 1502
rounds,
Collar, Rarmer Control B5222599 Right and Before fire and
Spindle Left after 1502
rounds,
Cover, Firing Pin B5222588 Right and Before fire,
Spring Left
Cover, Firing Pin B5222588 Right and 1502 rounds,
Spring Left
Catch, Breech C7165191 Right Before fire and
Ring Barrel after 1502
rounds,
Catch, Breech C6197153 Left Before fire and
Ring Barrel after 1502
. rounds,
Crank, Breech C7165178 Right Before fire and
Ring Outer, Right after 1502
, rounds,
Crank, Breech C5595004 Right Before fire,
Ring Inner, Right
Crank, Breech C5595004 Right 1502 rounds,
Ring Inner, Right
Crank, Breech C5595003 Right Before fire,

Ring Inner, Left

3oy

No defects,
No defects
No dofects
No defects;

No defects,
No defocts,

Contained cracks
(see paragraph 3),

Contained cracks
(soe paragraph 3),

No defects,
No d-fects,
No defects,

Contained cracks,
Replaced with one
freo of cracks,

Contained cracks
(sec figure 4),

Contained cracks,
Replaced with one
froe of cracks,







































STEAP-DS=-LP Report No, 65-M-155
Sheet 1 of 16

Magnctic Particle Crack Patterns in the Extractor Arm (B7165194) from
the Left Gun after Firing,

General View of the Same Area,

Figure 1

35 Appendix 1




STEAP-DS~LP Report No, 65-M-155

Sheet 2 of 16

Magnetic Particle Crack Patterns in the Extractor Arm (B6197107) from
the Right Gun after Firing,

General View of the Same Area.
Figure 2

3/6 Appendix I



STEAP-DS-LP Report No, 65-M=155
Sheet 3 of 16

Magnetic Particle Crack Patterns in the Replacement Cover (B5222588) from
the Left Gun after 1502 Rounds.

General View of the Same Area

Figure 3
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STEAP=-DS-LP

Report No, 65-M=155
Sheet 4 of 16

Magnetic Particle Crack Patterns in the Replacement Crank (C5595004)
from the Right Gun after Firing 1502 Rounds,

General View of the Same Area,

Figure 4

3/8 Appendix I



STEAP-DS=-LP Report No, 65-M-155
Sheet 5 of 16

Magnetic Particle Crack Patterns in the Replacement Crank (C5595003) from
the Left Gun after Firing 1502 Rounds.

General View of the Same Area.
Figure 5

3/9 Appendix I




STE: P-DS-LP Report No, 65-}M-155

Sheet 6 of 16

Magnetic Particle Crack Patterns in the Replacement Crank (C5595004) from
the Righ: Gun after Firing 1502 Rounds.

General View of the Same Area.
Figure 6

Appendix I
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STEAP-DS-LP Report No, 65-}=-155
Sheet 7 of 16

Magnetic Particle Crack Pattern in the Rear Loader Guide (F7225129) from
the Right Gun,

General View of the Same Area,
Figure 7

Jay Appendix I



STLAP=US-LP neport No, 05-1-155
Sheet 8 of 146

Magnetic Particle Crack Pattern in the Rear Loader Guide (F6550009) from
the Left Gun.

General Yiew of the Same Area,
Figure 8
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STEAP-NS=LP Report No, 65-'-155
Sheet 9 of 16

e —

Magnetic Particle Crack Pattern in the Breechblock Imner Cocing Lever
(5222586) frow the Left Cun after 1502 Rounds,

Ceneral View of the Same Area,
Fimure 9
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STEAP-DS-LP Report No, 65-M=155
Sheet 10 of 16

Magnetic Particle Crack Patterns in the Breechblock Outer Cocking Lever
(C6197147) from the Left Gun after Firing 1502 Rounds,

General View of the Sane Area.

Figure 10

Say Appendix I



STEAP=-DS-LP Report No, 65=1'=155
Sheet 11 of 16

Magnetic Particle Crack Pattern in the Breechblock Outer Cocking Lever
(C6197147) from the Right Gun after Firing 1502 Rounds.

General View of the Same Area,

Figure 11

L5 Appendix I




STEAP-)S-LP

Report No, 65-1i-155
Sheet 12 of 16

Magnetic Particle Crack Patterns in the Breechblock Inner Cocking
Sear Plunger ((5197148) from the Right Gun after Firing 1502 Rounds,

General View of the Same Area,

Figure 12
Appendix I
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STEAP=US-LP Report No, 65-M=155
Sheet 13 of 1o

L ——

Magnetic Particle Crack Patterns in the Breechblock Imnmer Cocking Sear
Plunger (C6197148) from the Left Gun after Firing 1502 Rounds,

General View of the Same Area,

Figure 13
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STEAP-DS-LP Report No, 65-M-155

Sheet 14 of 16

Magnetic Particle Crack Pattern in the Breech Ring Crank Shaft
(C6197104) from the Left Gun after Firing 1502 Rounds.,

General View of the Same Area,

Figure 14

3asg Appendix I




STEAP-DS~-LP Report No, 65-M-155

Sheet 15 of 16

General View of the Rammer Shoe (C6197122) from the Left Gun. The
Arrows Indicate the Cracked Areas Noted during the First Inspection,

Figure 15

Ja
4 Appendix I




STEAP-DS~LP Report No, 65-M-155
Sheet 16 of 16

|
|

General View of the Extractor Spindle (6197106 or 7165193). The Arrows

Indicate the Cracked Areas Noted during the First Inspection of the Spindles
from Both the kight and Left Guns.

Figure 16

330 Appendix I
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