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1'..._In Reply Re:f'~r To 
L ,.S'l'EAP•DS-T/ 2 t.UG 1965 

l1j SUBJB:T: First ~terim ReP'Jrt ot Mill tary Potential Teat ot 2a+1 and 
4Qotl Interim .~ir Defense Wet1pon1 Syatema, RimaE Project No, 

~ Rot Available, US/.TU:<11 Proje~t ~o. 3•5-'Jc.l~0-06/00/l0/'l2/14 (U) 

Comn.e.nding General 
u. s. J..rmy Teat and Ev&luation Comnand 
A'l'l'N: AMSTE-Bti 
Aberdeen Provins Ground, Maryland 21005 

(FOOO) ~TIC. I • GENERAL (U) 

1.1 (U) REFmENCES 

l.l.l Letter, J\MS'l'E•BA, dated 18 Dec 64, subject: Teat Directive, 
US/ITEV<J.1 Project No. 3-5-9240, Milltary ·Potential Teat of Four IAD 
Weapon, Sy~tema (U). 

1.1.2 Letter, /JfS'l'E•BA, dated 4 Dec 64, aubject: Coordinated Teat 
Program tor USATm<J,f Project No. 3·5-9240, Evaluation ot Four IAD Weapon, 
Systems (U), w/lat Ind, AM::PM•IADS, 4 Dec 64 and 2nd Ind, AMSTE•BA, 
7 Dec 64. 

1.1.3 Letter, AM9l'E•BA, datecl 30 Dec 64, subject: Change l to Coordi• 
nated Teat Program for USATU::<»1 ProJect No. 3.5.9240, Evaluation or Fom· 
IAD Weapona Syatema (U). 

1.1.4 Letter, 8l'EAP•OO-TA, di:,.ted 12 Mar 65, subject: Statue Report ot 
Military Potential Teat of Four IAD Weapons Systems, USA'l'D:CM ProJect lo. 
3.5.9240 (U), v/lat Ind, AMS'l'E•BA, dated 22 Mar 65. 

1.1.5 Plan of Teat, Military Potential Teat of 2(H,f and 4Qt.i Interim 
Air Defenae Weapon• &J1tem1 (U), dated January 1965. 

1.1.6 Letter, AICRD•SR, dated 25 January 1965, subject: Proposed Qualita• 
tive Materiel Re"uirement (CJIR) tor a D1vi1ion Air Detenae Weapon Syatem (U), 
v/llt In4, m'EAP•DS-T, dated 24 Pebruary 1965. 

1.2 (1000) OBJPJmVE (U) 

Under the direction ot USATr.a.t, a Mill tary Potential 'l'e1t or tour 
interim forward uea detenae weapon 1y1tft candidate• wa1 conducted to 
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4oMM Interim Air Defense Weapons Systems, RDT&E Project No. 
Not Available, USA'l'EOOM ?roJect No. 3-5-924o-06/08/10/12/14 (U) 

determine a gun solution winner tor early field issue in limited quantities. 

1.3 (U) RESPONSIBILITIES 

1be D&PS responsibilities were to investigate cert&in engineering 
characteristics of each candidate system and to support applicable data 
acqu1s1 tion requirements or the W,ea:pons System Laboratory or BRL for • 
their evaluation. 

l. 4 ( U) DESCRIPTION OF MATERIEL 
, 

'lbe weapons systems tested a.re described below: 

1.4.1 Self-Propelled, 'l'lin 4oMM Gun, M42 (DUSn:R) Antiaircraft Weapon. 
'lbis ioounts tvo 4onm guns, M2Al in parallel firing un-synchronized at 
a nominal rate ot 120 roWlds per minute from each tube. 'lhe tire control 
consist of the M24C reflex with the M38 lead computer sight. For details 
eee '1M 9-7218. 

1. 4. 2 Self-Propelled, Mn 4oMM M42 (DUSTEH) Modified. 1bis is the 
standard M42 described above .. modified by the installation of a gun 
synchronizer device, improved hydraulic powered gun control servoo, 
vehicle suspension lock-out and a MC 20 reflex computer sight. 'lhe 
modified M42 is considered to be the only 40nm contender. 'lbe standard 
model was tested only for comparison and to evaluate the perfo:nnance 
improvements effected by the modifications. 

1. 4. 3 20MM Ml, M61/Ml.1.3Al •.mich incorporates the M61 vu.lean machine 
gun and power turret roounted on the Mll3 Armored Personnel Carrier and 
equipped w1 th the MK 20 lead computing sight. 

i.4.4 20l+t Ml, M61Al/?,ll.13Al. An improved llnkleas feed mechanism 
coupled with o. new protective "tub" turret and a moditied M<: 20 sight 
comprise the principle ditterences between this and the M61/Mll3 de­
scribed above. Both versions are mounted on the diesel powered Mll3Al 
vehicle. ► 

1.4.5 20l+t Triple MJ, BS 820/«,5/lfil'jAl. 'lbe final candida.t,e is the 
Bispano-Suiza 20m machine gun HS/82f>, triple mounted in an improved 
11665 carriage and incorporating a nev model ot Gallileo lead computing 
optical ligbt. '1h11 • 1y.1tem 11 also mounted on the Mll3Al vehicle. 
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81':AP-DS-TA 
StaTECT: First Interim Report ot M111 tary Potential Test of 20MM and 4ot+t Interim Air Detense Weapons Systems, RD'mE Project No. Not Available, USMEOOM Project No. 3-5-924o-06/08/10/12/14 (U) 
1.5 (FOOO) BACICGROUND (U) 

The primary objective ot this program was to provide HQ, USATEOOM with certain engineering data on weapon system performance for their evaluation and recommendation ot a gun winner. 'lhese data were to include basic performance characteristics ·or both the tire control systems and the weapon. In addition, recommendations for system improvement and safety considerations are to be included 'Where applicable. No automotive tests were required for any ot the systems. 1'1is interim report is intended to expediously provide the essential data required by USAT.EOOM to meet the AMC time conmi tment for their gun winner recommendation. A final report will be submitted at a later date 'Which will contain follow· on test results that 'l'/aY be required prior to start ot the planned Engineering-Service Test of the sel~cted system. Test dates covered in this report are 6 Jan 65 through 2 Aug 65. 
1.6 (FOOO) FINDINGS (U) 

For the sake of brevity only general findings and a sampling ot significant data vill be included in the body ot this report. Canplete and detailed supporting data and test procedures can be tound in the inclosureo. 

1.6.1 Evaluation of the M42 Modified vs Standard M42. 

1.6.1.1 In general, all tour l'IXXlitications resulted in improved perform­ance 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 011.ghtly, the unmodified system was not found to be objecti~•ll 4ll'ing tiring. 

1.6.1.2 Oun Synchronizer 

a. The gun synchronizer performed satisfactorily throughout the f'iring. One minor failure was noted durina inspection prior to tiring. 1be tapered retaining pin (No. MS 24692.156) was sheared on the right actuator lever (No. RDI-C7309) and would have prevented that gun trom tix-ing. Bending or these pins occurred during firing ot both gun1. However, this can be readily corrected by installation of a 1tronger pin or a voodrutt key. 

b. 'lhe rate ut t'i.re tor synchronized tiring va1 controlled by the rate ot the eloveat gun. Howev r, it vu touncl that the rate 
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4or.tt Interim Air Defense Weapone Systems, RD'l!:E Project No. 
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change varied inversely w1 th the quandrant elevation, i.e., 133 rounds 
per minute per gun at o0 elevation vs 120 rounds per minute per gun at 
65° elevation. 'n1e unmodified M42 exhibited similar characteristics, 
i.e., 112 RPM vs 102 RPM. 'lbe lower average rate of t 1.nmod1fied is not 
considered significant since it is possible to adjust ~l properly 
asseri>led guns to g:1. ve the minimum nominal rate of 120 RFH .. 

c. Vertical target dispersion in o.utomatic f i re was substan­
tially less in synchronized tiring at all conditions tested than that 
recorded w1.thout. 'lbere was less difference noted when firing single 
round salvo trom both guns. Typical combined standard deviation figures 
are given in 'l'able I below. See detailed results, Inclosure 1-1. 

TABLE I 

Type No. Distance Combined Std 
of of Weapon Elev to Tgt Dev 1 mils 
Fire Rds Model !!!!.!! mils X --1_ 

Auto 32 M42 5 200 3.65 1.49 
Auto 32 M42 Mod 5 200 2.79 1.44 
Auto 32 M42 6oo 42.6 3.64 1.68 
Auto 32 M42 Mod W) 42.6 2.88 1,87 
Single 16 M42 5 200 1.47 .90 
Single 16 M42 Mod 5 200 1.83 1.29 

Note: All above groups tired forward at o0 traverse. 

d. Firing moment errors were substantially reduced with the 
modified M42 canpa.red to the standard model. However, it is difficult 
to attribute this directly to the synchronizer since the new gun power 
controls were markedly more stable than the "oil gear" servos of the 
M42. When using the latter system, the gunner tended to "over correct" 
on even small excuroions induced by asayrnetrical firing momento when 
firing at fixed targets. lt is ~ :!.te possible that the modified control& 
are capable of damping out or el:f.minating such errors w1 thout the 
benefit of synchronized tiring. 'lbe measured firing moment errors during 
automatic fire with the unmodified M42 were+ 3.5 mils laterally and a 
total ot 2.5 mils vertically. During this test the turret was in oil 
gear operation, but with the hand control mechanically locked in a t1xed 
poaition to eliminate the known bUDBn error. Under the same relative 
condition• with the modified 1142 the firing mcment1 were negligible. 
S. Incloeure 2-1. 
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1.6.1.3 Gun PO\ler Control Servos 

a. Ao stated above the modified gun control servos proved more 
effective in stabilizine the wee.pons during static firing. In tracking 
smoothness they were moderat ely superior to the original oil gears at 
high an~3.I' velocity and significantly better at low angular velocities. 

b. Tracking capabilities ot the modified system were clefini t.ely 
superior to those at the unmodified version. Table II below shove the 
test resulto in this area. Also uee Inclosure 2-1. 

TABLE II 

Weapon Max Max Max Accel Max Accel 
S:,:stem Traverse Vel Elev Vel Traveroe Elev 

M42 4o0 /sec 26°/sec 100°/sec2 95°/sec2 

M42 Mod 72°/sec 51°/sec 115°/sec2 288°/oec2 

c. A potential safety hazard wao noted duri~ tracking tests 
that must be corrected in the event the wenpon is adopted. It was found 
tha.t when the gun is elevated. beyond w0 the clearance between the top 
edge or the turret armor and the rear fa.ce of the MK 20 sight is innuff'i­
cient to allow the gunner to maintain his normal position in relation to 
the sight and a ser:f.ous head injury could re5ult. Corrective modifications 
are readily apparent and could be easily incorporated. 

1.6.1.4 MK 20 lead Computer Sight. 

a. '!be ~cope of local ter.ts did not permit a meo.ningful or 
cannrehensi ve evaluo.t::.on of the ?--U< 20 oir)lt. vs the M24C-M38 fire control 
system. Tracking teo·t;s w1 th both eystemo were 1nconclusi ve since a 
direct accuracy compar1.son could not be mad'3, Accuracy evaluation data 
are expected to be \'levcloped from the USM.i)BD cer·,,ice test phase. 

' 

b. One obvious advantage of the MK 20 sight 1u the elimination 
of estimated target speed inputs by the gunner. This improves settling . 
time and should theoretico..lly improve hit !)robability if the lead angle 
computer 1s functioning properly. In addition, the overall system weight 
11 reduced by approximately 200 pounds. See Inclol'lure 2-1. 
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1.6.1.5 Vehicle Suspension Lock-Out. 

a. Total vehicle motion, as recorded by hop cards during the 
stability and accuracy firings, was ineignificantly reduced by use r>f 
the suspension lock-out feature. However, the JDa611itude ot this motion 
was quite small in both treely sprung and locked positions. 'lbe magnitude 
and direction of the individual motion of the vehicle corners also varied 
nomal.ly Vith changes in gun orientation in respect to the vehicular axie. 
Table In shows some typical hop measurements taken in autanatic tire. • 
Also see Inclosure 1-2. 

TABLE III 

Traverse Vehicle Motioni inches 
No. Ori ent Right Right Left ~rt 

Vehicle of Gun f/Veh P'ront Re& Front Rear 
Suopension Rds lli.Y Axis X y X _L X y X y - - - -- -
Locked-out 16 00 00 1.1 .5 .73 .6o 
Pree 16 oo 00 , 75 1.0 .50 1.20 
Locked-out 16 32° 00 1.1 .5 1.05 .75 
Free 16 32° oo , 75 .73 .50 .90 
Locked-out 16 oo 90° Left .63 .25 .32 .23 .52 .25 .25 .25 
Free 16 oo 900 IA!ft .50 ,25 .37 .32 . 75 . 37 . 6o .. 37 
Locked-out 16 32° 90° Left .48 .32 .25 .13 .37 .13 .19 .13 
Pree 16 32° 90° IA!ft .37 ,32 .37 .4o . 37 ,25 ._50 .18 

b. '!he hydraulic o.ccumulotor sy3ten prooouros were found to 
vary conaiderabl.y Vi th changes in ambient temperatures. Before each tiring 
Vith the suspension lock-out engaged the pressure wao stabilized at 200 
psi , Periodic checko during each days firing shoved that the pressure 
could build up to ao high as 300 psi in less than two hours. Otherwise, 
no ditficultieo or maltunctions of the system were experienced. 

1.6.1.6 Special meJ.tunction and parts failure investigation of the M42 
weapon systems. 

a. At the request ot Project Mnnager, AMCPM-IADS, l)U>S 
conducted an additional test to determine if possible the cause or 
cauees of repeated maltunctiona reported during the USAADBD Service Test 
ot t.he Unmoditied M42 (Vehicle lo. lai298). Upon receipt ot the vehicle 
a oompl.ete tear-4own in1pection ot the weapons sy1tems vaa performed. 
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The most siGnificant findings were that many of the component pnrts such as cockinu levers, breech cranks and extractors were crocked, defo:nned or contained creel~ pattern indications. Many of the springs such as ramier and rammer lever aprinss exhibited compressive strengths below specification requirementa. 8imilar 1nspect1ono of the two D&PA test weapons, (Vehicle Nos. 12H297 and l2H273) were performed, but neither d the same high incidence of defects us No. 1211290. See Incloaure 2-2 for detailed inspection reports. 

b. Following inspections No. 12H298 and 12H273 (Mod M42) were reassembled with replacement parts and .fired 1500 rounds per gun for reli­ability. Only one stoppage was experienced with No. 12II273 but with 12H296 repeated failures of the let't gun to feed occurred early in the test. Investigation then disclosed that the left loader was either improperly unu.factured or damo.ged in a manner not rcauily detectable. The chut~ opening appeared to be appro:cimatcly .054 inch too narrow to permit reliable feeding of the cartridges through the pawls during automatic firing. In the opinion of this of'fice this condition existed at the time the weapon was isaued tor teat. After replacine the entire loader assembly the loader functioned satisfactorily. Ho\Tever, stoppages contin11ed to occur with the 1.ett SUD• Experimental adjustments of the buffer eventually eliminated the .'ailure and the last 400 rounds were fired without malfunction. ,.,, 
l.6.1.7 Ballistic Test of CertridBe, 4<ltf, TP-T, M9l. 

A ballistic check test was carried out with samples from the teot lots of the 4Cmu, M91 cartridses to detennine their suitability for uae in the M'•2 comparison test. ,~11 lots tested performed satisfactorily and there was no sisnificant difference in the velocity levels between lot,. Detailed results are contained in Inclosure l•l and Table IV below give, the veloc1 ty data eunmiary. 

TABLE IV 

Avg Muzzle Vel Std Lot No. Vel., rps Dev. 1 rps 
UE-4 2Go3 8.8 UE-5 2d22 6.9 UE-9 2012 7.1 UE-11 2810 10.0 UE-41 2656 8.7 
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1.6.2 Military Potential Compsriaon Teat of Four IAD Weapons Systems. 
1.6.2.l The primary objective of this program was to compare the engineering and fire control ch~racteristics of the four candidate nyaterus to provide data for the USATECOM evaluntion arxl recommendation of gun winner. This was done concurrently with the comparison test of the 4Qm M42 and M~2 modified weapons. The tests of the three 20mn systems Yere conducted separately. In addition, data for a comparative evnluation was gathered to meet the requirements of the Weapons Systems Laborn tory of the BRL,, 

1.6.2.2 During July 1965, USAMOO furni hed un evaluation inte:dm guide, based partially upon provisions of a proposed QMR, Ret. 1.1.6. Table V contains excerpts of these criteria applicnble to the D&PS test responsibilities. 

Evaluation 4(}.f.1 
Criteria M42 lbi 

Measured Avg 255 Rde/min 
... atea of Fire rP-65° Elev 

Assessed 2870 fps 
Muzzle 
Velocity 

Ballistic .845 on B, 
Coefficient 

Ground Tgt Std Dev,'¢ 
Accuracy Diap 1.65 vert x 

2.83 horiz 

Etfective 
Ground Range- 1500 meters 
Estimated 

Burel Lite 121 000 Rd■ 

TABLE V 

2~ 2(M.t 
~}-f!Ul~l M'51A1Lt-Ul~l 

2666 Rds/min 3202 Rds/min 

:>250 fps 3250 t'ps 

.350 on T1 .350 on '1'1 

Not Obtained Not Obtained 

800 meters 800 meters 

Gooo-8000 6ooo-Cooo 
Rda Eat Rdl Est 

~•FOBOFJ:'lO~AL OSEONLY'', 

2CM1 
HS O~O/Mll3Al 

2503 Rds/min 

3434 f'ps 

Std Dev, ~ 
45 Rd Bursts 
2.45 vert x 
2.30 horiz 

1000 meters 

8000-10,000 
Rda 



"FOB OFFJOJ AL USE ONLY". 

&'T&AP-DS-TA 
SUBJEC'l': First _Interim Report of Military Potential Test ot 20t-t1 and 1'oNc Interim Air Defense Weapons Systems, RD'l'&E Project No. 

Not Available, USA'l'EOOM Project No. 3-5-924o--06/08/10/12/14 (U) 

Evaluation 
Criteria 

Equivalent 
Wt of Proj 
per minute 

Failure Rates 
of Weapon• 
Systems 

Warm Up 'l'ime 
Fire Control 

Power tblea 
Md Operntion-
~ Rei,nm~a 
1. Oun 

2. Fire 
Control 

3, '1\irret 

a. Max 
Slew 

b, Track-
ing 

TABU: V - (continued) 

4ol+t 20l+t 2()ttf,1 
M42 Mod M61/MµJA.1. M61A1/Ml.t3Al 

501.88 lbs 570.52 lb1 685.23 lb1 

o.3/1M Rda Not .2/lM Rd.a 3000 Rd Teat Teated 19,867 Rd Test 

10 sec 

Not Req'd 
(Manual) 

Elect 27 
Amps 

Electro-
hydraulic 

250 Ampa 

27-250 
Ampe 

10 sec 10 sec 

Elect 45() Elect 475 
Amps Amps 

Elect 9 Elect 8 
Ampe Amps 

Elect Elect 

65 Amps (,o Am,a 

9-65 Amp, 8-£,o Amps 

:roa (11.'flOJAJ, USE ONLY". 
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20MM 
HS 820/Mll3Al 

659.79 lbs 

0.9/1000 Rds 
w/1.ami. gas 
port. 3300 
P.d Test 
1.5/1000 Rda 
v/l.5m gas 
port. 12,300 
Rd Test 

None 

Not req'd 
(Manual) 

Hydro-mechan-
ical 

Hydro-mecban-
ic&l 

U/A 

N/A 
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TABLE V - (continued) 
Evaluation 
Criteria 

4ot,f,f 
M42 Mod 

20t+t 
M61/Mµ3Al 

20t+1 20MM 
M61Al/Kl.13A1_ HS 8?.0 /Mll.JAJ. 

Manual Back 
Up Operation 

l. Oun None req'd None 

2. Fire 
Control None None 

3. '1\u-ret 

a. Slew Limited 
Me.nual. 

None 

b. Track Ground tgt,1 None 
only 

APU Required. Yes 

Settling 
Time 4. 5 sec 

Slewing 7-;!)/sec-
Rates Traverse 

Maximum Angu- 51°/sec ­
lar Velocity Elevation 

Slewing Rate 109°/sec2-
Acceleratione Traverse 

Maximum Angu- 288°/sec2-
lar in °/sec2 Elevation 

No 

5 tlec 

76°/scc­
Travers~ 

46°/sec­
Elevatton 

uo0/sec2-
Traverse 

350°/sec2-
Elevation 

None 

None 

None 

None 

No 

5 sec 

78°/sec­
Elev 

48°/sec­
Elevation 

2 'j00°/aec-
Traverse 

2 34o0/sec-
Elevation 

Piring 
Ncment 
lrror1 

4o ~ CCW-Trav 4o -/l CCW-Trav 
Negligible 22 ~ Down 20 ~ Down 

"FOR ClFFIOW, USF. ONLY''. 

None req'd 

Manual 

Manual 

Aerial and 
Ground Tgte 

Yes 

6 sec 

94°/sec­
Traverse 

58°/aec­
Elevation 

4~';!)/sec2-
Traverse 

744°/eec2-
Elevation 

Negligible 
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TABLE V - (continued) 

Evaluation 40l+t 20l+t 2CJ.1M 
Criteria M42 Mod M61/Ml.13Al M6lAl/Ml.13Al 

Tracking 
Accuracy Angu- . 33 Horiz .43 Horiz- .43 Horiz-
lar Vel Limits .4 Vert .4 Vert .4 Vert 
RaA./sec 

System Weight, 
Empty, as 43,725 lbs 21,250 lbs 22,100 lbe 
Teated 

Safety 

l. Azimuth and 
Elev Cut-Out None None None 

2. Sui tab111 ty 
of Amno tor Satis- Satis- Satisfactory 
tld ho.ndling factory factory 

3. Hazard& inadequate No cut-out Potential 
clnc between device to interference 
sight and prevent gun by the turret 
turret armor from strik- magazine w1 th 
at eleva-

tione over 
(JJO 

ing hatch driver, crew 
covers and equipment 

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

~l'OiOFFJOJAL OSEONLY". 
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20MM 
HS 820 /?<Ul3Al 

.6 Horiz-

.6 Vert 

21,900 'lbs 

None 

Not Tested 

None observed 
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1.6. 3 General 

1.6.3.1 201+1 M61/M113A1 

a. '!he poor condition of t!.tia gm: «l drive mechanicm of the weapon received for teot precluded adequate teat firing for gun data. 'lbe weapon hnd been f:fred approx1mately90,000rounde previously and it was found that firing moment forces were too great to permit a meaning­tul test. Inr,pection showed that the main drive gears were badly chipped an-! worn. A replacement gun "'1th a serviceable ring gear was subsequently inst.ailed and limited test firing was accomplished. 

b. Examination of the fire control system disclosed that the elevation and azimuth tachometers and power inverter were detective. 'lbese vere replaced by contractor personnel prior to comencement ot tracking accuracy testing. 

1.6.3.2 20t+1 M61Al/Mll3Al 

a. An endurance test of 19,867 rounds, in 100 round bursts, waa conducted "1th this system to determine a malfunction rate. 'Dlis proved to bP. O.?. rounds per 1000 rounds. See Inclosure 1-3. 

b. 'lhe overall performance of this weapon was significantly better than that of the towed version tested by D&PS Jul-Aug 1964 (see Report DPS-1155). 'lbe principle area of improvement lay in the new linkless feed mechanism which virtually elim.tnated stoppages caused by belt separation, emno box jams and belt end damage to feed mechanism. 
'lbe basic anmunition load has been increased from 300 to 1200 rounds which is considered to be significant improvement. 

1.6.3.3 20MM HS 820/Mll3Al 

a. 'Ibis system was also subjected to an extended endurance test in which 52<X> rounds, in 50 round bursts, were fired from each ot t.he 3 guns for a total ot 15, €,00 round.a. Tvo si zea of gas port, 1. 5mn 41ameter and 1.6am diameter, were tried to detel"liline the optimum size tor tunctioning reliability, As a result, two system malfunction rates wre 4eterm1ned u shown in Table VI. Also see Inclosure 1-3. 
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TABLE VI 

Syatem Oas Port Number Syatem 
Maltupct109t 41a. PP ot Rounds Mal.them R4s 

18 1.5 12,300 1.5 

3 1.6 3,300 .9 

b. Parts broo.ka&e history vaa also obtained and the findings 
are shown in Table m below. 

Component 

Cracked inertia bars 
Broken extractor 
Broken extractor 
Broken pushrod 
Driving spring (perm set) 
Cracked inertia bars 
Cracked inertia bare 
Cracked extractor 

'l!ABLE m 

Inertia bar spring (broken coil) 

Round Histgrz 

2526 
3183 
4166 
4726 
4422 
4922 
4966 
4976 
4922 

Oun No. 

58118 
58113 
58165 
58165 
58113 
58113 
58165 
58118 
58u3 

c. Vertical target accuracy di spersion ~t 200 meters rnnge 
and vehicle stability tests were conducted, Typical dispersion data 
is reported in Table V above, and detailed results are given in 
Inclosure 1-3 along vi th vehicle stab111 ty data. Vehicle motion was 
negligible, averaging less than 0.5 inches at all three azimuth 
orientations ot the guns (oo, 900 left and 18()0) . See Incloaure 1•3• 

~ r f' J ff , rl 
d. Overall performance of the HS 820 gun system was found to 

be greatly improved over that ot the towed version tested by D&PS during 
Jul-Aug 64 (see Report DPS-1155). Stoppage ratei:;, parts breakage and 
magazine malfunctions were notably less with the nev system. 

e. Prel1minar:, results received from the USAADBD service 
teat, reported that it vu necesaary to lubricate the cartridge cases 
vith lilht oil prior to loading in order to prevent weapon stoppages. 
Varioua combinationa ot pa port lize and case oiling trequeney were 
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tried, but the most satisfactory combination proved to be the 1.6nm dia. sa• port and 1~ oiling of the cartridge caseo. However, during the D&PS endure.nc., rtest no cases whatever were oiled and the stoppage rate, observed vere;comparable to the USAADBD experience. ~he reason for thie ditference in performance could not be properly characteri~ed by these 11mited tests. 

l.6.3.4 MC 20 Sight - M61 and M42 1'bd Systems 

a. In the process of acquiring data to satisfy the WSL-BRL requirements, many laboratory and field tests were performed and most ot the operating parameters and characteristics were obtained (see Inclosure 2-1). However, the scope of testing was limited by time and facilities available and sufficient system accuracy error data could not be obtained. 

b. Informal data from the USAADBD service tests, monitored by D&PS, indicated that significant errors my exist in the MK 20 lead angle generator system. 'Ibis was most pronounced in aircraft target engagements by the two 20nm M61 weapons on crossover targets. 'lbe ID0dified 4cm, M42 had more ouccese on these targets, using then s1141lar sight system. 1h1s may be accounted for by the presence of the second operntor who has the capability of ad.Justing range input~ during the relatively longer firing engagements typical of the 4onm weapons. 

c. A limited assessment of firing shock effects upon the MK 20 sight was made arter _the M6l.Al stoppoGe rote endurance test. A deficiency was found in the synchro resolver component of the automatic range generator which was caused by loosening of the retainer screws. 'lbis allowed the item to rotate out of position. Since the synchro resolver produces an input to the lead angle through horizontal and vertical angular velocity inputs, the sight could not be operated in automatic IIK>de. Aloo, it was found that the range generator was 1upply1ng an incol"rect range current to the MC 20 sight in the automatic mode. 'lbe co.use has not been found and the manufacturer haa recoamended return to the factory for rebuild and calibration. 
1.6.3.5 Gallileo Sight - 20?-N HS 820 

a. Laboratory and field tests, similar to those of the MK 20 eight were also performed with the Gal.l.Ueo sight of the 20mn BS 820 ayatem (aee Inclosure 2-1). Preliminary USAAimD data were also moni­tored tor 1~torat1onal purposes. 

14 
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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 reaul.ted in di3placement of the sight reticle 
approximately 18o0 out of phase. Sight checks perfonned prior to the 
start of this test shoved normal operation. Therefore, it is concluded 
that the damage was caused by firing shoclt. Repairs could not be me.de 
locally, so the firing was resumed and no turther checks made, Sub­
sequent examination by contractor personnel, with D&PS participation, 
found that the edheaive 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 4o}.f.1, M42 DUSn..R, Modified 

a. 'lbe modified M42 DUSTER is a distinct improvement over the 
standard model and has many desirable characteristics to recormnend it 
as an interim weapon, compared to the 20mn cand1dateo. 'Il1e larger 
caliber projectile should prove more lethal, given a hit, than either 
20m shell, The system is in the inventory and presumably available 
for modification, Cost of these ioodifications should compare favorably 
with that of either 20llll'l system procurement. Performance characteristics 
tested and reported herein also compare favorably with those of the 
20nm systems, 

b. The firing doctrine in ~ffect for the 40mm M42 syotecs 
prdccribe long firing engagements, since the gunners are instructed 
to fire as soon as possible after ta.rcet identification. 'Ibis, coupled 
with the relatively low rate ot 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 M61 systems, should 
the MC 20 sight be found to have such inherent errors. 

c. Factors that can be considered against the selection ot 
the weapon a.re the overall system weight as it attects transportability 
and obaoleecence ot t.he baaic vehicle. Condition ot the weapons 
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currently available tor modification 1a not known. However, two out ot the three veapono systems examined by this agency required extensive replacements ot epringa and component parts. 

1.6.4.2 20l,tf HS 820/Ml.13Al 

a. 'lhe principle advantageous features ot t..he 20nm HS 820, compared to the other candidate systems, are unusually high tracking rate capabilities, the positive and accurate hydro-mechanical sight computer and gun drive, its illlllllnity to electrical failure and the excellent manual mode operational baclt-up. In addition, the exterior ballistic profile and time of flight for the HS 20nm cartridge compares favorably With the 4oum HE-'1' MC 2 and is superior to the 20nm, HE, · M55. 

b. 'lhe disadvantages of the system, compared to the other candidates, are the SOl!le\lhat higher frequency of gun stoppages, the demonstrated fragility of the sight reticle, the relatively limited availability of amnunit1on imposed by the drum magazine teed and the awkwardly high system silhouette. In addition, the combined rate or tire as measured did not equal the prescribed 3000 rounds per minute. 

c. SettlinB time during tracking tests of the Gallileo sight proved to be high since the operators found it more difficult to acquire the target initially than with the MC 20. In some instances, the target could not be acquired at all. Once on target, tracking accuracy remained good throughout. Training operators to become proficient in use of the sight will require more time than with the MK 20. 
1.6.4.3 20r.t,t M61Al/Ml.13Al (Improved) 

a. 'lhe reconmending t'eature3 of the improved M61 include the lov frequency rate or gun failures, increased amnunition capacity and a rate of fire greater than prescribed. 'lhe turret affords limited protection ot the gunner and the weapon system transient response characteristics are acceptable, better than the M42 Mod, but not aa good u the HS 820. 

b. 'lhe magnitude ot the firing moment errors in both traverse and elevation are considered unsatisfactory and the accuracy ot the NC 20 ai)bt system baa not been established. 

1.6.4.4 2(»lt1 M61/Mll3Al 

There were not tutticient D&PS tiring tests conducted with th18 VNp0Q t.o permit a -.ntngt\11 411cua1ion ot the relUl.te. 'lboae aspect, 
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of the fire control characteristics evaluated did not adequately consider the mode differences between the tvo versions of the MK 20 sight on t he M>l systems. 

1.6.4.5 Weapon System Operational Availability - All Candidates 
a. An analysis of the operational power requirements of the four candidate systems and the results are given in Table V. 'lhc 20nir,1 HS 820/Ml.13Al is the only system that con operate effectively in both aerial and ground tnrgets without power. 'lhe nlllnual controls dr~.ve the some hydro-mechanical servos dri vcn by the integral gasoline power l1.ni t. 'lhc 40mm M42 t-bdified hao limited opcratio:1£1 copability in the ovcnt of auxilliury power f ailure since it would then depend entirely upon the condition and remaining life of the.: batteries. Mlnuul bock-up i.s provided for the hydraulic turret and gun drive scirvos and power tracking could be maintained. Power loss has no effect upon the fire power of the weapons. However, complete loso of 12 lectrical power renders th~ MK 20 sight useless. Both 20mm M61 systems dcpcild entirely upon electric power for sighting, tr.1cking and firing. Amtx:rc hour life of the batteries used in theso systems io not knowQ. 

b. Al though none of the systems tes kd would meet the sleu .:, ad elevation rate requirements of the proposed QMR (130°/acc desired, 110°/eec required in traverse ond 75°/scc dcoircd, 6o0 /scc required in eluvotion), all ore considered occeptoble for the interim gun solution. 
1. 7 (FOUO) COOCWSI0NS (U) 

1.7.1 It is concluded that: 

1. 7. 1. 1 For the 40MM, M42 Mod iffod, 

a. 'lbc gun oynchronizcr vill subr.tnntially reduce firing mori1cnt erroro and accuracy dispersion with nc cdvcrse effect upon rates of firu or functioning rcli:..~bili ty. Huwevc.-r, th(: l...:vur Ntafoing pins, Po.rt No. MS 246~·156, ohould bo strcngth~ncd. Par~ l.u.1.2. 

b. 'lhc modified gun control servo oyotc:m of th1.: modified ~ is superior t o th~ oil georo of th0 ato.nd :ird model and will pcrini t moru positive control in :ill modes of firing, omuLther tracking and :lrnprovcd tracking vcloc i tks. However, the aye ter,1 will not meet tho rcquir(:;,t(.;nts of the proposed QMR. Pora 1.6.1.3 and 'l'.J.blc V. 

c. 'n1c location of the MK 20 sight in relation tc the mcx:lifJ'--d M42 turret cnnor, at high ongks of clcvr.t.l.on, is a potcnticl safvty hazard~ P=.rc 1.6.1.3. 
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d. 'lbe vehicle auapension lock out vill not provide any 
1ignit1cant improvement in modified M42 vehicle stability and the 
syatem 1a aubject to objectionable and rapid changes in pressure under 
nonal temperate climatic conditions. Para 1.6.1.5 

•. 'lbe . 3 por 1000 rounds failure rate of the Modified M42 
iii satiltactory and will meet the proposed "4R tor Air Defense Systems. Para 1.6.2.2, Table V 

t. 'lbe range input operator tor the MC 20 sight on the Modi­
fied~ has the capability to correct for observed lead angle err ra. 
Para 1.6.4.2 

g. In the event of awd.lliary power failure the system will 
have limited operational availability, dependent upon the condition and 
remaining lite ot the batteries supplying electrical power to the MK20 
■il#lt. Para 1.6.4.5 and Table V 

b. Slewing rates, angular accelerations and velocity l1m1to 
will not meet the requirements of the proposed QMR. Para 1.6.2.2, Table V 

1. Tracking accuracy and sett ling times are satisfactory. 
Para l.6.2.2, Table V 

l. 7.1.2 For the 20r+t RS 820/Mll3Al, 

a. '.l\le measured rate ot fire will not meet the requiremento 
of the proposed (Jm. Para 1.6.2.2, Table V 

b. Under the normal temperate climate conditions the 1. &in 
diameter gas port will permit acceptable operational reliability while 
tho 1.5m diameter gas port v111 not. Para 1.6.2.2, Table V 

c. Under the same conditions as b above lubrication ot the 
cartriclge cues v111 not be required to achieve aaUstactory performance. 
Para 1.6.3.3 

d. Sleving rates, angular accelerations and tracking angular 
ftlocity l.1m1ts vill not meet the requ11'9118nta ot the proposed Q-1R. 
Bowver, it 1a tJie beat of all systems teated an4 ii o~ arginally 
un■atiltactory. Para 1.6.2.2, 'lable V 
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e. Piring moment errors vill not adversely ettect the operator. 
Para 1.6.2.2, 'l'able V 

r. In the event ot aux1111ary power failure the system will 
not loose the capability ot engaging aerial targets. Para 1.6.4.5 and 
Table V 

g. Proper use ot the Oe.l.lileo sight vill require more extensive 
personnel training than the other systems tested. Para 1.6.4. 3 and 'l'able v. 

h. 'lbe sight reticle lenses will not withstand prolonged firing 
shock. Para 1.6.3.5 

1.7.1.3 For the 20M-1 M61/Mll3Al 

a, Slewing rates, angular accelerationo and angular velocity 
limits ot this system will not meet the requirements or the proposed · 
"48. Para 1.6,2.2, Table V 

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

c. The all-electric powered system is DX)re likely to ou:f'fer 
complete loss of operational cape.bil1t1es than the other systems exam­
ined. Para 1.6.4.5 and Table V 

1.7.1.4 For the 20MM M61Al/Mll3Al 

a. Same as paragraphs 1.7.1.3 a, band c above. 

b. The M61Al gun will tunction more reliably, w1 th fewer 
stoppages than tho other candidates and meets the propooed "4l require­
ment,. Para 1.6.2.2, Table V 

c. 'lbe gun rate of tire exceeds o.11 other candidates and meets 
the requirements ot the proposed~. Para 1.6.2.2, Table V 

d, Tracking accuracy and settling times a.re satisfactory, 
Para l.6.2.2, Table V 

e. 'lbe autanatic mode teature ot the MC 20 sight on the 
1llproved M61Al ¥111 not withstand prolonged tiring ■hock. Para 1.6.3.4 
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f. 'lbe tcnporary provieions tor elir.1boting the observed •~cty hazards vill not ueet operational requirenenta in their presen-t tonn. Po.ra 1.6.2.2, Toble V. 

g. Although it could not be defined within the scope of this test, there is sor.~ reason to believe tho lend angle error exists i11 the MK 20 sight when engaging crossover targt:ta. Po.ra 1.6.3.4. 
1.8 (FM) ~Ott1F.M)ATI0NS (U) 

1.8.l In consideration of thf: results of this test, th~ 20ru-.! HS:120 is recor.u~nded as having the nost of the charnctcristics desired f or .tb1 intcrit1 wc:ipon systcu. If availabil1 ty of the weapon and overall ct sts :ire also considered, 1 t 1a then recor.umued that the 4<ku:1 M42 M:-dif h.'<-1 be adopted tor the interir.i wcopon cntl a new wapon systet1 be developed tor the tiMl gun solution. :&:,th the 20.u.1 Hs820 and th\.: 2(),11~ ltSlAl are recor.1:1endcd tor contbucd dcvclopaent as potential cand1dat.": tor tho tin:il veopon. 

1,8.2 It 1a further rcc01:1.•rndcd that: . 

1.8.2 ,l It the 40M-1, M42 OOSTER, t,t;c~ified is solocted, 

o. 'lhc gun synchronizur be odoptcc1, but reclcsigned fc..r incre~.scd po.rt■ life and reliability. 

b. 'lhc hydraulic power control servo systcr.1 be adcptec.l i:1 1 ts present configuration, but that en effort be codu to provide increase~, aleving rates. 
• 

c. 'lh\! MK 20 sight be acfoptc:d. 

d. '!he vehicle suspension lock•outa be abandoned. 
e. 'Jhc turret c.rr.ior r.nd MK 20 sight location be noditiecl to olir:dnnte the potential oc.ft1ty hazard. 

1.8.2.2 It thu 2otfl HS 82o/~C.13Al ia aoluctc.--c.1, 

a. 'lhc.: reticle lena~s be r<."<1osigncd to insure posi ti vu retention ant'\ ahock roliatnncc. 

b. Continue dosign ctfcrts tu rc.-ducu ports breakage and , 1aprow atoppago rates. 

FOR OffiCIAL UBI ONLY 

20 



9l'EAP-DS-TA 
stmJ'ECT: 1"1rst Interim Report ot Mili taey Potential Teat i,t 20l+f and ~ Interim Air Deten■e Weapons Syatema, RD'lU Project No. Not Available, USA'lECX>M Project Bo. 3·5-9240-o6/08/10/l2/l4 (U) 

c. An et'tort be made to improve slmng rate,. 
1.8.2.3 It the 201+f M61Al/Ml.l.3Al 11 aelected, 

a. Vehicle hatch cover aat'ety interlocks and an interior protective acreen tor the turret be provided.. 

b. Redesign the angular velocity paver input camponenta tor improved reliability in autonatic operation ot the MC 20 aigh"t;. 
c. Ettorta be made to improve elm.ng rates. 

d. Ettorts be IIBde to minimize tiring moment errors. 
e. A m::>re coraprehensi ve test be conducted w1 th the MIC 20 eight to characterize all eyatem accuracy errors. A ~c tracking tacil1 ty ia recoaaended to accamplhh this prograa. 

1.8.2.4 It the M61/Ml.l3A.1 ia aelectecl the reccmaendationa are the same u li1ted in para 1.8.2.3 above except tort.be turret protection requirement. 

POR ml <X»IWIDER: 

SUBMl'l'l'ED: 

y~h1d~ ,~oo~;rJ 
_: O~ ~ Cbiet, Artillery Weapon, Br 

2 Incl 

./. z,/ I I / / ,( 

JJ A. 'rou:N 
Acting Dep.ity Director 
Por Engineering !eating 
Developaent and Proot Servicea 

1. SEC'1'IOI n - Details ot Teat 2. SICTIOI nI - laboratory Report, 
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ABERDEEN PROVING GROUND 
ABERDEEN PROVING GROLND, MARYLAND 21005 

FIRING RECORD 

Firing Record No.: P-71594 
USATECOM Project No. 3-5-9240-12, 
Ballistic Evaluation of Cartridge, 
40-MM, Mk 2 Dates of Test: 3 March, 12 April, 

and 18 June 1965 
Authority: Ltr, USATECOM, 

30 September 1965 
Related Firing Records: M-83331, 

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

ITEMS ~DER TEST 

AmDluni tion: 

Cartridge, 40-• (standard calibration). 

Propellant, MP, Ml, 0.0198-inch web, 10.48 ounces, lot ROW-9356-S. 

Projectile, M81Al, AP-T, lot No. FML-10-1944. 

Primer, M38, mod I, lot LS-8-07. 

Case, M25, lot 302. 

Cartridge, 40-•, inert-loaded, HE, Mk 2, BL&T, with tracer, 
lots No. UE-4-McA-55, UE-5-McA-55, UE-9-McA-52, UE-ll-McA-55, and UE-41-McA-52. 

FACILITIES 

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

Tube, 40-•, M2Al, serial No. 141144. 

Mount, 40-mm, M4El, serial Nos. 3012 and 2984. 

Vehicle, self-propil lfld, twin 40-•, M42, USA Registration Nos. 12H297 and 12H273. 

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

aec 



Gage, copper, T20, copper, lot 1-63. 

Velocity chronograph. 

FR No. P-71594 
2 

ROUND-BY-ROUND DATA 

Rowtd-by-rOWld data are contained in lnclosure I. 

RESULTS 

Date, 1965 ~ No. 

Velocitr, f~s 
ca t el 

Avg
8 ~ .!?!!_ 

Press., 
psi/100 

Std 
~Avg8 !!!._ Gage Type 

3 March Cal 10 
UE-5 10 
UE-11 10 
UE-41 10 

2870 
2822 2822 
2810 2810 
2856 2856 

12.2 
8.9 

10.0 
8.7 

10 415 24.9 Copper Mark I 
No Gages 
No Gages 
No Gages 

12 April Cal 
UE-9 
UE-4 

9 
10 
9 

2891 10.0 
7.1 
8.8 

9 519 11.0 PEP 
No Gages 

T20 

18 Jwte Cal 
Cal 
Cal 

2833 2812 
2824 2803 

10 2860 
10 2873 
10 2866 

No Gages 

9.5 No Gages 
10.8 10 408 22.8 Copper Mark I 
13 . 5 10 SOS 18.2 PEP T20 8

Velocities and pressures corrected for presence of gages when used. 

Notes: Calibration Rowtds: Propellant, 9356, MP, Ml, 0.0198-inch web, charge weight, 10.48 owtces; projectile, M81Al, AP-T, lot FML-10-1944. 
All rounds fired from tube No. 141144. 
Calibration Values of Propellant: 2870 fps; 40,000 psi, copper; 47,200 psi, PEP. 
Weapon RMP: 40,000 psi, copper ; 48,000 psi, PEP. 
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Firing Record No. P-71594 

ROUND-BY-ROUND DATA 

Average Tube Test Ammo Chamber Rd Time Rd Lot Pressure8 , MV, No. Fired No. No. psi/100 ~ -
Date Fired: 3 March 1965. 

8S5 1322 1 9356-S 423 2859 856 1332 2 UE-S 2828 857 1333 3 UE-11 2824 858 133S 4 UE--41 28S8 8S9 1337 5 93S6-S 4S2 2898 860 1341 6 UE-5 2828 861 1342 7 UE-11 2800 862 1343 8 Uli-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 13S3 14 UE-S 2816 869 1354 15 UE-11 2808 870 1355 16 UE-41 2851 871 13S6 17 9356-S 408 2888 872 13S7 18 UE-5 2809 873 13S8 19 UE-11 2801 874 13S9 20 UE-41 283S 875 1400 21 9356-S 40S 2869 876 1401 22 UE-S 2812 877 1402 23 UE-11 2804 878 1403 24 UE-41 2866 879 1404 25 9356-S 443 288~ 880 1405 26 UE-S 2824 881 1406 27 UE-11 2816 882 1407 28 UE-41 28S8 883 1408 29 93S6-S 382 2881 884 1409 30 UE-5 2816 88S 1410 31 UE-11 2819 886 1411 32 ui;.41 28S0 887 1412 33 93S6-S 430 2876 888 1413 34 UE-S 2837 889 1414 3S UE-11 2811 890 141S 36 UE-41 2863 
aTube rounds 8S5 through 894 used Mk I gage; tube rounJ .s 1408 through 1437 used T20 gage. 

Inclosure 1. page 1 .. , 



Firing Record No. P-71594 

Average 
Tube Test Ammo Chamber 

Rd Ti■e R,J Lot Pressurea, MV, 
No. Fired No. No. psi/100 ~ - -
891 1416 37 93S6-S 390 2859 
892 1417 38 UE-S 2825 
893 1418 39 UE-11 2795 
894 1419 40 ue:.41 28S8 

Note: Tube life remaining before firing test, 95\. 

Date Fired: 12 April 1965. 

1408 1039 1 9356-S 516 2896 
1409 1047 2 UE-9 2836 
1410 1048 3 UE-4 2836 
1411 1049 4 9356-S 526 2905 
14!2 10S3 5 UE-9 2829 
1413 10S4 6 UE-4 2822 
1414 105S 7 9356-S 521 2902 
141S 10S7 8 UE-9 2839 
1416 10S8 9 UE-4 2829 
1417 1059 10 93S6-S 535 2911 
1418 1102 11 UE-9 2825 
1419 1103 12 UE-4 2810 
1420 1104 13 9356-S 544 2920 
1421 1106 14 UE-9 2830 
1422 1107 15 UE-4 2830 
1423 1108 16 9356-S 521 2898 
1424 1111 17 UE-9 2829 
1425 1112 18 UE-4 2825 
1426 1113 19 9356-S Lost 2901 
1427 1115 20 UE-9 2825 
1428 1116 21 UE-4 2810 
1429 1117 22 9356-S 539 2914 
1430 1119 23 UE-9 2843 
1431 1120 24 UE-4 Lost 
1432 1121 25 9356-S 535 Lost 
1433 1136 26 UE-9 2828 
1434 1137 27 UE-4 2823 
1435 1138 28 9356-S 547 2925 
1436 1141 29 UE-9 2844 
1437 1142 30 UE-4 2828 

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

Note: Tube life r•aining after firing test was 85\. 

1 
page 2 
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Firing Record No. P-71594 

Average Tube Test Cu Gage Chamber Rd Time Rd Model Pressure, MV, No. Fired No. No. i?Si/100 ~ 
Date Fired: 18 June 1965, 

1462 0916 1 2848 1463 0917 2 Mk I • 444 2890 1464 0919 3 T20 508 2877 1465 0921 4 2870 1466 0922 s Mk I 436 2879 1467 0924 6 T20 5S4 2911 1468 0925 7 2847 1469 09:l6 8 Mk I 394 2884 1470 0927 9 T20 503 2877 1471 0928 10 2870 1472 0929 11 ~fk I 442 2883 1473 0930 12 T20 sos 2874 1474 0931 13 2859 1475 0932 14 Mk J 421 2890 1476 0933 15 T20 518 2876 1477 0934 16 2864 1478 0935 17 Mk I 407 2867 1479 0937 18 T20 525 2891 1480 0938 19 2862 1481 0939 20 Mk I 393 2871 1482 0940 21 T20 S45 2899 1483 0941 ~2 2857 1484 0942 23 Mk I 375 2863 1485 0943 24 T20 498 2870 1486 0944 25 2848 1487 0945 26 Mk I 399 2874 1488 0946 27 T20 510 2877 1489 0947 28 2871 1490 094& 29 Mk I 41S 2896 1491 0949 30 T20 S08 2871 

Note: Tube life remaining before firing test was 80\. 

1 
page 3 
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ABERDEEN PROVING GROUND 
ABERDEEN PROVING GRO~D, MARYLAND 21005 

FIRING RECORD 

USATECOM Project No. 3-5-9240-14, 
Military Potential Test of Gun, 
Dual, 40-MM, M42 (Duster), 
Modified 

Firing Record No.: M-R3331 
Dates of Test: 10 June to 

7 July 1965 
Authority: Ltr, USATECOM, 

30 September 1964 Related Firing Records: P-71594, 
M-83332, and M-83333 W. O. No. 377-010-14 ag 

ITEMS UNDER TEST 

Vehicle, self-propelled, twin 40-mm, M42 (modified), USA Rugistra-tion No. 12H273. 
Gun, 40-•, M2Al, serial No. 1336. 
Mount, gun, 40-mm, M4El, serial No. 2988. 
Mc,dified fire control system for M42 duster. 
Lock-out shock absorbers. 
Mechanical gun synchronization device. 

SUPPORTING FACILITIES AND MATERIALS 

AnDunition: 

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

Facilities: 

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

Instrumentation: 

.J .3 

Hop-board stands. 
Cameras, 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 containad in Inclosure 1 . 
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OBSERVATIONS AND REMARKS 

FR No. M-83331 
4 

When the rate of- fire for the left gun was 120 rd/min and the right 
gun 121 rd/min at 65° gun elevation, the synchronized guns fired at the 
rate of the slowest gun (120 rd/min). With the guns at o• elevation the 
left gun fired 134 rd/min, the right gun 136 rd/min, and both guns 
synchronized fired 134 rd/min. 

When firing the durability phase (series 51 and 52) of 1500 plus · 
rounds in each gun, there were no malfunctions of the weapon; however, 
on numerous occasions the ammunition handler failed to have the next 
clip of rounds loaded in time and one gun would stop firing while the 
other gun continued. At no time did either gun fail to continue to fire 
when the other gun stopped. 

This firing record is made part of the final report on USATECOM 
Project No. 3-5-9240-12-49. 

SUBMIITED: 

P.R. GREPPS 
Test Director 

REVIEWED: 

1~ 
Chief, Artillery 
Weapons Branch 

1 Incl 
Round-by-Round Data 

FOR 'rnE COMMANDER: 

H. A. BEOITOL 
Chief, Artillery Divisio~ 
Development and Proof Ser¢ices 



Firing Record No. M-83331 

ROUND-BY-ROUND DATA 

Date Fired: 10 June 1965. 

Group 
No. 

Test Rd No. 
Recoil 

Elev, Length, 
t R mils in. 

1 

2 
3 
4 
s 
6 

1 
2 to 8 

1 to 8 

9 
10 
11 to 18 

9 to 16 19 to 26 

0 

0 
0 
0 
0 
0 

0 7 

8 
9 

10 

27 to 34 1155 
17 to 24 1155 
25 to 32 35 to 42 1155 

11 33 to 40 43 to SO O 

12 51 to 58 
13 59 to 67 
14 68 to 71 
15 72 

0 
0 
0 
0 

7.8 

7.5 
7.85 

8.05 
8.05 

Rate of 
Fire, 

rd/min 

Lost 

Lost 
Lost 
137 
Lost 
140 

Lost 

123 
127 
120 

134 

136 
132 
Lost 

Remarks 

At 0945, lock-out · 
pressure was 200 
psi. No data on 
brush recorder. 

Recorder check. 
Recorder check. 

Recorder check. 
Failed to feed last 

round. Round was 
not in clip . 

Recorder failed to 
pick up rounds. 

Left gu~ 120, right 
gun, 121 rd/min. 

Left gun, 134, right 
gun, 136 rd/min. 

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 both guns with the synchronizer operating. 

lnclosure 1, page 1 
37 
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ABERDEEN PROVING GROUND 
ABERDEEN PROVING GROUND, MARYLAND 21005 

FIRING RECORD 

USATECOM Project No, 3-5-9240-12, 
Military Potential Test of Gun, 
Dual, 40-MM, M42 (Dust~r), 
Unmodified 

Firing Record No.: M-83332 
Dates of Test: 17 March to 

Related Firing Records: P-71594, 
M-83331, and M-83333 

12 April 1965 
Authority: Ltr, USATECOM, 30 

September 1964 

W, O, No. 324-016-50 

ITEMS UNDER TEST 

Vehicle, self-propelled, twin 40-mm, M42, USA Registration No, 12H2~7 (unmodified). 
Gun, 40-mm, M2Al, serial No, 2984, 
Mount, gun, 40-111111 M4El, serial No. 3012. 

SUPPORTING FACILITIES AND MATERIALS 

Ammunition: 

es 

Cartridge, 40-mm, inert-loaded, H~ Mk 2, BL&T, with tracer, lot VE-41-McA-52, 

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 • 
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J~ERDEEN PROVING GROUND 
ABERDEEN P~OVING GROUND, MARYLAND 21005 

FIRING RECORD 

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

Authority: Ltr, USATECOM, 
30 September 1964 Related Firing Records: P-71594, 

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

ITEMS UNDER TEST 

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

SUPPORTING FACILITIES AND MATERIALS 

Ammunition: 

Cartridge, 40-11111, inert-loaded, HE, Mk 2, BL&T, with tracer, lot UE-41-McA-52. 

Facilities: 

Tubes, 40-111111, M2Al, serial Nos. 129746(L) and 141144(R). 
Vehicle, self-propelled, twin 40-11111, M42, USA Registration No. 12H298 (unmodified). 

ROUND-BY-ROUND DATA 

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

Group No. 

Date Fired: 

2 and 3 
5 through 17 ~, 

Sur.ttARY OF RESULTS 

Malfunction 

9 July 1965. 

Left gun failed to feed. 
Left gun, rounds hung up in automatic loader. 

ag 



FR No. M-83333 
2 

G_!2up No. Malfuncti_o_n ______ _ 
20 Left loader receiver replaced to eliminate hang-up of rounds. 
21 Left gun failed to feed two times. 2S Left gun failed to feed. 
31 Left gun failed to retain round in tray; round fell out on ground underneath vehicle. 33 Left gun failed to retain round in tray; round fell out on ground underneath vehicle. 36 Two failures. Left gun f~iled to fire; round laying loose in tray. Left gun failed to 

retain round in tray; round fell out on g'round underneath vehicle. 
Date Fired: 12 July 1965. 

39 and 40 Left gun failed to retain round in tray; round 
fell out on ground underneath vehicle. 41 Two failures. Left gun failed to feed. Left gun failed to fire; round laying loose in the tray. 42 Left gun failed to feed two times. 44 Left gun fai!~d to retain round in tray; round dropped out underneath vehicle. 46 Left and right flash suppressors broke. Replaced with components from vehicle No. 12H297. 48 Left gun failed to fire; round loose in tray. SO Left gun failed to fire; round loose in tray. S6 Left gun failed to feed two times and failed to fire one time with round loose in tray. 57 Left gun failed to fire; round laying loose in tray. R8JIIJler tray assembly replaced. 61 Left gun failed to feed two times. 62 Left gun failed to retain round in tray; round fell to ground underneath vehicle. 63 Left gun failed to feed. 66 Left gun failed to feed. 

OBSERVATIOOS AND REMARKS 

When investigating the reason for the rounds hanging up approximately 3 to 4 inches from the top of the automatic loader, it was noted that the clearance in the guide was approxi■ately 1/16 inch less than that of the riaht loader. These rounds could be made to feed by the anuaunition 
"' 
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handler applying a slight downward pressure on the rounds while firing. The loader receiver was replaced with one from vehicle No. 12H297. This corrected the difficulty with the rounds binding. 

When first firing the weapon, the rate of fire was extremely high. It was noted that the buffer adjustment screws were open 1-1/2 turns. The two screws were set to 1/2 turn open · thereby reducing the rate of fire to approximately 120 rd/min with the right gun slightly slower than the left. The right buffer screw was opened 1/8 turn and the two guns fired at approximately the same rate. 

It appeared that after the buffers were closed down, the left gun failed to recock and feed a round onto the rammer tray on numerous occasions. Several times the round was on the tray and the gun failed to fire. It was noted that the round was laying loose in the tray with the base of the case behind the catches. When this occurred, and the gun was elevated, the round would fall out of the tray and drop on the ground underneath the vehicle. In an attempt to correct this condition, th6 rarnmer-tray assembly was replaced with one from vehicle No. 12H297. This change did not correct the malfunction. 

The left buffer adjustment screw was then progressively opened 1/8 turn at a time until the gun appeared to function satisfactorily. At this point the adjustment screw was 1-1/8 turns open. The right buffer adjustment screw was opened in the same manner until the guns were synchronized as well as possible without the i~stallation of a synchronizing device. At this point the right setscrew was 7/8 turn open. 

After these adjustments were made, 200 rounds per weapon were fired without a malfunction of any kind. 

The rod around the circumference of the three prongs of the flash suppressor broke on both the left and right tube. The suppressors were replaced with two removed fro• vehicle No. 12H297. 

At no time throughout tne test did the right gun fail to function satisfactorily. 

This firing record is made part of the final report on USATECOM Project No. 3-5-9240-12-49. 
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Firing Record No. M-83333 

ROLND-BY-ROUND DATA 

Gun 
E1"v, 
deg 

Group 
No. 

Round No. 
L R Remarks 

Date Fired: 9 July 1965. 

1 to 45 1 

1 to 45 2 

1 to 5 3 

1 to 45 4 
1 to 45 5 

1 to 45 6 

1 to 45 7 

1 to 45 8 

1 to 45 9 

1 to 45 10 

1 to 45 11 

1 to 20 

21 to 40 

41 to 60 

61 to 80 
81 to 100 

101 to 120 

121 to 140 

141 to 160 

161 to 180 

181 to 200 

201 to 220 

lnclosure 1, page 1 
•I 

1 to 20 Rate of fire of both guns 
very fast. 

21 to 40 Rounds failed to feed after 
five rounds (left gun). 
None in tray. 

41 to 60 Rounds failed to feed after 

61 to 80 

five rounds (left gun). 
None in tray. 

81 to 100 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. 

101 to 120 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. 

121 to 140 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. 

141 to 160 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. 

161 to 180 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. 

181 to 200 Rounds hung up in automatic 
loader about 1/2 way down 
after four rounds. Both 
guns still firing very 
fast. Left buffer closed 
1 tum and right buffer 
closed 1-1/4 tum. Both 
are now 1/2 tum open. It 
was noted that the rounds 
were hanging (binding) in 
the guidos of the left 
automatic loader. 

201 to 220 Rate of fire now about 
120 rpm. Right buffer 
opened 1/8 tum. 



Gun 
Elev, 

deg 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 

1 to 45 
1 to 45 
1 to 45 
1 to 45 
1 to 45 
1 to 45 
1 to 45 

Group 
No. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 
25 
26 
27 
28 
29 

1 to 45 30 

1 
page 2 
SL 

Round No. 
t R 

221 to 240 

241 to 260 

261 to 280 

281 to 300 

301 to 320 

321 to 340 

341 to 360 

361 to 380 

381 to 400 

401 to 420 

421 to 440 

441 to 460 
461 to 480 
481 to 500 
501 to 520 
521 to 540 
541 to 560 
561 to 580 

581 to 600 

221 to 240 

241 to 260 

261 to 280 

281 to 300 

301 to 320 

321 to 340 

341 to 360 

361 to 380 

381 to 400 

401 to 420 

421 to 440 

441 to 460 
461 to 480 
481 to 500 
501 to 520 
521 to 540 
541 to 560 
561 to 580 

581 to 600 

Firing Record ~o. M-83333 

Remarks 

Both guns firing close 
together. Rounds still 
hung up unless ammunition 
handler kept pressure on 
them. 

Left loader fed with pres~ure 
on rounds. 

Left loader fed with pressure 
on rounds. 

Left loader fed with pressure 
on rounds. 

Left failed to feed round 
into tray. Recocked gun 
and pressed round down into 
tray. 

Left loader pawls tight. 
Raised cocking lever and 
pawls released. 

All rounds fired satis­
factorily. 

All rounds fired satis­
factorily. 

All rounds fired satis­
factorily. Removed left 
loader-receiver and 
replaced with one from 
vehicle No. 1211297. 

Left gun failed to load. 
Recocked gun and p~essed 
round in tray. 

All rounds fired satis­
factorily. 

Left gun failed to load 
twice. Recocked and 
pressed round down. 



~ 

t 

I 
I 
I 

' 
I 

Gun 
Elev, Group Round No. 
deg No. C It 

1 to 45 31 601 to 620 601 to 620 

1 to 45 32 621 to 640 621 to 640 1 to 45 33 641 to 660 641 to 660 

1 to 45 34 661 to 680 661 to 680 1 to 45 35 681 to 700 681 to 700 1 to 45 36 701 to 720 701 to 720 

l to 45 37 721 to 740 721 to 740 l to 45 38 741 to 750 741 to 750 
Date Fired: 12 July 1965. 

0 to 45 39 751 to 770 751 to 770 

0 to 45 40 771 to 790 771 to 790 

0 to 45 41 791 to 810 791 to 810 

1 
page 3 

s-3 

Firing Record ~o. M-83333 

Remarks 

Left gun failed to load; round 
on ground under vehicle. 
Recocked and pressed round 
down. 

Left gun failed to load; round 
on ground under vehicl t~. 
Recocked and pressed round 
down. 

Left gun, round loose in tray. 
Round removed, gun cocked, 
and round pressed down. 
After three rounds, the left 
gun failed to keep round in 
tray and round fell to the 
ground under vehicle. Gun 
recocked and rounds pressed 
down. 

Round dropped out of left 
loading tray on ground. 
Left buffer opened 1/8 turn 
(5/8 total). 

Round dropped out of left 
loading tray on ground. 

Left gun failed to load; gun 
recocked and round pressed 
onto tray. Opened left 
buffer 1/8 turn (3/4 total). 
After three additional 
rounds, left gun failed to 
fire; round laying loose 
in tray. Removed round and 
recocked gun; remaining 
rounds fired satisfactorily. 



Firing Record No. M-83333 

Gun 
Elev, Group Round No. 
del No. [ ft: Remarks 
4 42 811 to 830 811 to 830 Left gun failed to load; tray 

empty after three rounds. 
Recocked gun and pressed 
round onto tray. After 
firing four more rounds, 
the left gun failed to load 
again. Recocked and 
pressed round onto tray. 
Remaining round fired satis-
factorily . Left buffer 

4 43 831 to 850 831 to 850 
opened 1/8 turn (7/8 turn). 

4 44 851 to 870 851 to 870 Left gun failed to fire; round 
fell out of tray and onto 
ground under vehicle. 
Recocked gun and pressed 
round onto tray. 13 45 871 to 890 871 to 890 13 46 891 to 910 891 to 910 Left and right flash sup-
pressors broken; replaced 
both. 4 47 911 to 930 911 to 930 4 48 931 to 950 931 to 950 Left gun failed to fire 
fourth round; round loose 
in tray. Round removed, 
gun recocked, and rounds 
pressed down. 4 49 951 to 970 951 to 970 0 so 971 to 990 971 to 990 Left gun failed to fire 
fourth round. Round in 
tray; ruaer lever failed 
to catch round. Round 
removed, gun recocked, and 
rounds pressed down. 0 51 991 to 1010 991 to 1010 0 52 1011 to 1030 1011 to 1030 15 53 1031 to 1050 1031 to 1050 15 54 1051 to 1070 1051 to 1070 4 55 1071 to 1090 1071 to 1090 0 56 1091 to 1110 1091 to 1110 Left gun, rounds 4 and 8 
failed to fire. Rounds 
failed to drop in tray. 
Gun recocked and rounds 

1 
page 4 
ry 
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Gun 
Elev, 
deg 

0 

0 

1S 
30 
4S 

4S 

4S 

4S 

4S 

1 
page 5 
rr 

Group 
No. 

57 

58 

S9 
60 
61 

62 

63 

64 

6S 

Round No. 
t R 

Firing Record No. M-83333 

Remarks 

pressed down. Round 12 
failed to fire, with round 
loose in tray. Round 
removed, gun cocked, and 
rounds pressed down. 

1111 to 1130 1111 to 1130 Left gun, round 4 failed to 
fire with round in tray, 
loose. Round removed, gun 
cocked, and rounds pressed 
down. The rammer-tray 
assembly was replaced with 
one from vehicle No. 12H297. 

1131 to 11S0 1131 to 11S0 Left gun, rounds 4 and 10 
failed to fire; round was 
laying loose in tray. 

11S1 to 1170 11S1 to 1170 
1171 to 1190 1171 to 1190 

Rounds removed, gun cocked, 
and rounds pressed down. 

1191 to 1210 1191 to 1210 Left gun, rounds 4 and 8 
failed to fire; rounds 
failed to feed onto tray. 
Gun cocked and rounds 
pressed down. After firing, 
left buffer opened 1/8 turn 
(1 turn total). 

1211 to 1230 1211 to 1230 Left gun, failed to fire 
round 12; round fell out of 
tray, laying under vehicle. 
Gun recocked, and rounds 
pressed down. Left buffer 
opened 1/8 turn (1-1/8 
total). 

1231 to 12S0 1231 to 12S0 Left gun failed to fire round 
4; no round in tray. Gun 
cocked, rounds pressed down. 

12S1 to 1270 12S1 to 1270 After firing, right buffer 
opened 1/8 turn (1 turn 
total). 

1271 to 1290 1271 to 1290 After firing, right buffer 
closed 1/4 turn (3/4 turn 
total), 



Firing Record No. M-83333 

Gun 
Elev, Group Round No. 

deg No. [ It Remarks -
45 66 1291 to 1310 1291 to 1310 Left gun failed to fire round 

4; no round in tray. Gun 
cocked and rounds pressed 
down. Right buffer opened 
1/8 turn (7/8 turn total). 

45 67 1311 to 1330 1311 to 1330 
45 68 1331 to 1350 1331 to 1350 
0 69 1351 to 1370 1351 to 1370 
0 70 1371 to 1390 1371 to 1390 
5 71 1391 to 1410 1391 to 1410 
5 72 1411 to 1430 1411 to 1430 

10 73 1431 to 1450 1431 to 1450 
15 74 1451 to 1470 1451 to 1470 
20 75 1471 to 1490 1471 to 1490 
25 76 1491 to 1502 1491 to 1502 

Note: There was no malfunction of the weapon when firing groups 67 
through 76. 
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ENGINEERING DATA - GUNS 



MALFtJHCTION DATA HS 820/Mll3 

Le1end: 

FF - FailuN to feed, cause unknown. 
FF-BUR - Failure to feed, bolt under round. 

FBR- Failure of bolt to remain at rear after 
FF-CB - Failure to feed, case bounce 

last round. 
FF-SROB - Failure to feed, otub round on face of barrel 
FF-MJ - Failure to feed, ammuniti on jam in magazine. FBC - Failure of bolt to close ,, 
FX - Failure to extract 
FF-SR - Failure to feed, short recoil 
rJ - Failure to eject 
FBC-BPR - Failure of bolt to close, broken push rod. 

HS 820/Mll3 - SUMMARY or MALFUNCTIONS 

Barrel 
Gun Gas Malfunction Ele·tation Port System Rounds Type System Otner Total Degrees Dia. {mn) Malf./1000 Rds Fired -

FBR l l 6 1.5 36 0 FF-BUR l l 
FF-CB 2 2 
FF-SROB l .l 
FF-MJ l l 
FF l l 
TOTAL 6 l 7 1.7 
FF 2 2 6 1.6 3000 FF~BUR l l 
TOTAL 3 3 1.0 
FBR l l 20 1.5 3000 rec 2 4 6 
FX l l 
FF-SR l l 
FJ l l 
FF-BUR l 1 
TOTAL 4 7 11 1.3 
FBC 4 4 40 1.5 2700 FX 3 3 
FBC-BPR 1 1 
TOTAL 4 4 8 1.5 FBC 2 ·2 40 1.6 300 TOTAL 2 2 o.o FBR 2 3 5 60 1.5 3000 FF-SR 1 2 3 
FJ l 1 
TOTAL 4 5 9 1.3 
Incl 1-3, Pagel ot 8 ., 



[ 

I 
l 

--------

Barrel 
Gun C.a:i 

Malfunction Elevation Port System Rounds 
!xR!. System Otlier TotaI Degrees Dia. (mm) Half./ 1000 Rds Fired 

21 l.5/l.6 1.3 15600 
Sunnation 

18 l.5 1.5 12300 
3 l.~ 0.9 3300 

Rote: Sy1ta al.twaction 11 4et1ned. a■ t&ilure ot the weapon and related. 
C011J10nent1. Other alf\mction is defined. a, those caused by personnel 
or aupporting facilities. 

Iacl 1-3, Pap 2ot 8 
'10 



Type System 

*FFR 2 
Total 2 

Total 0 

FFR 1 
Total l 

FFR 
Total 

Summat i on 3 
nrrR - l'ailure to 

Source --
DPS 1155 
DPS 1155 
DPS 1155 
C· rrent 

DPS 115~ 
Current 

BBi.. 
No. -
7 
4 
6 
7 

Incl 1-3, Pap 3 ot 8 
r1 

•l1Mll3 TABLE OF ~ALFUNCTIQNS 

Gun 
Elevation System Half/ Rounds Other Total Degrees 1000 Rounds Fired -

2 6 0.2 
2 

20 
0 o.o 
l 40 
l 0.4 

1 l 60 
l l o.o 

0.2 
fire 

H.S. HEP'l' CARTRIDGE DATA 

Ve loci r.y Data 

Anno Midpoint of 
Velocit,l 1 

Temp Screens Max. Hi n . 

70°r so.a• 
10° r so.a• 
70°r so .a' 
80 . 6° F 53.0' 3436 3406 

CARTRIDGE COMPON l::NT WE IGHTS - ~ms 

Projectile 

120 
121. 7 

Propellant 

50.0 
50.7 

.EA 
3411 
3401 
3416 
3423 

10961 

2850 

2846 

'3210 

19867 

f ,12s 
txt. Std 
Var. Dev . -

9.70 
10.88 

30 

Ctg. Case 

142.4 
146.5 

9,13 
9. 0 
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HS 820/Mll3 - HOP CARD DATA* 

Target Direction of Location X y 
No. Fire of Card Axis Axis 

(readings in inches) 

2 Over front Right side (front) +0.22 +0.32 
3 +0.25 +0.18 

Average +0.235 +0.25 

2 Right side {rear) +0.32 -0.29 
3 +0.33 -0.23 

Average +0.325 -0.26 

16 Over left Right side (front) +0.19 -0.18 
side 

18 +0.12 -0.18 
Average +0.155 -0.18 

lG Right side (rear) -0.15 -0.10 
18 -0.12 -0.16 
Average -0.135 -0.13 

27 Over rear Right side (front) -0.38 -0.33 
29 -0.34 -0.39 
Average -0.36 -0.36 

27 Right side (rear) -0.44 +0.34 
29 -0.45 +0.35 
Average -0.445 +0.345 

*Measurements describe the direction of movement of the vehicle during the 
firin1 of 45 round bursts and are based on coordinates having the origin at 
the atartin1 point of the stylus trace with the x axis parallel to the ground. 
The portion of the 1tylus trace produced by the vehicle retµrning to the static 
position was not measured. 

Incl 1-3, Pap 6 ot 8 
?f 
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MAGAZINE TORQUE DATA - HS 820/Hll3 

Tor9,ue (ks at 500 nm) Magazine Number Before Af ter -19367* 5.4 5.a 19357 5.3 5.1 19354 5.7 5.5 19353 5,4 5.4 19356 5.4 5.3 19352 5. 5 5.4 

*Ma~azine torque dropped to 4.9 kg after f i r ing 1000 rounds retorqued to 5.8 kg . 

l, l 1•3, Pap 7 ot 8 .,., 



PARTS BREAKAGE 

Component 

Cracked inertia bars 
Broken extractor 
Broken extractor 
Broken pushrod 
Drivin~ spring (perm. set) 
Carcked inertia bars 
Cracked inertia bars 
Cracked extractor 
Inertia bar sprin~ (broken coil) 

Incl 1-3, Page 8 ot 8 
1, 

11S 820/Mll3 

Round Gun No. -
2526 58118 
3783 58113 
4166 58165 
4726 58165 
4422 58113 
4922 58113 
4966 58165 
4976 58118 
4922 58113 . 
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1. ivnuoucTioa

The Fire Control eod Ouldaace Breach of the Electronic Control end 
Ouldence Dlrltioa, Derelo^Mat end Proof Serrleea, conducted e llelted 
ewber of teste on the fire contrel conponenta o^ fire forward Area Air 
defense ayateen. The teats were conducted in conjunction with the 
Artillery Dlrlslon, Derelopnaet and Proof Serrleea to detemlne the 
nllltary fotentlal of the subject systens and to establish data for use 
by BRL la eoaqparlng syaten effectlreness.

n>e systems tested were the;

a. Standard M-U2 Ouster.

b. Modified M-U2 Duster.

e. N-6l 20-m Autonatle Weafon System.

d. Modified M-61 aO-mt.

e. Hlspano Sulsa aO-ai Antenatle Weapon Systen.

2. DESCRIPTIOH OF MATIRIEL

2.1 Standard M-U2 Duster >iO-hb Autonatle Weapon Systen

This systen consists of the twin 1*0-ns gun nount MUSl mounted on a 
modified T4iei light tank chassis. The major conponeats of the gun 
nount are:

a. Local control systen M16a1E1.

b. M-36 Computing Light (TI5U).

c. Twin UO-n gun, N2A1.

Ihe local control system consists of the drlre controller, wiring 
hsunsess and azimuth and eleratlon oil gear asse^lles. This systen 
enables one nan to position the gun during power operation.

nte cos^atlag sight Is of the course and speed type and is equipped 
with the reflex sight M24C. The sight setter estimates the target course 
(attack an^c and climb or dire angle) and speed. From this Infomatlon, 
a lead angle Is computed which physically displaces the reflex sight away 
from the gun. Asswing the coiquted 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 accoigtllshed 
by the sl^t setter observing the tracers and changing the value of his 
estimated Inputs to the eos^ter.



H*BdcT»nk« proTlde a aaoual opermtlj^ capability aa a backup to 
power oparatlcn. An additional operator la reared la this aode.

RefereBce 1 cootalaa a thorough deacrlptlon of thla ayatea.

2.2 Modified M-i>2 Duater UO-aan Autaamtlc Weapon Syatea

Four Bodlflcatlona traaafom the atandard M-U2 Buster AWB Into the 
■odlfled M-U2 Duater AWS. These are:

echanlsm In place of the

a. The addition of a auapenslon lock-out ayatea ahleh assists In 
prorldlag a stable firing platform.

b. A aechanlcal syachronlaer which forces the guns to fire together.

c. A Mark 20 Mad 7 load coaputlng eight In place of the M-38 course 
and speed type coaputlng sight.

d. An electro-hydraulic power control 
axlxnith and eleratlon oil gear aasMhllas.

Additional Inforaatlon on this syatea la contained In reference 2.

2.3 Ttandard M-6l 20-«a Autaaatlc Weapon Syatea

'Dlls syatea consists of an M-6l six barrel gun, a Mark 20, Mod 6 
gyro lead coeiputlng sight with Its asadelated circuitry and a servo 
contreUed turret mounted on an M-113 vehicle. With this syatea, the 
operator must eetlaate the target velocity and choose between one of 
fwT aedea of Inserting range Information Into the system. These modes 
and a brief description of each follows:

a. Manual Mode - The operator mu-nt estimate the range at which he 
■M^cts to engage or fire on the tsrget 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 nods Is a duplicate of the —i mode except 
that a aecend operator, located away frosi the syateaa, can estimate and 
■at la ranges thirou^out an engagement.

c. Autos«tlc Mode - An estimated tsLrget velocity and range are 
Inserted by the operator. Vtoen the operator feels the target Is at the 
Inserted range he depresses a switch located on the right haadcontrol.
This activates the range generator unit which ceatlnuously e<Hputea the 
futnre position range up to crossover.

I



d. CrossOTer Mode - An est1mated _target Teloci ty 1a ins~rted by the operator. Utilizing this data am the turret velocity data, as taken 
fraD tachcaeten 4r1 ven by the turret poai tioning servo ayatema, the range generator pr0Yide1 the Mark 20 sight with a current proportional to the future range ot the target. In this mode, tiring can be con4uctec!. from approxinntely 30° before cro11over to croasever. 

Refer to reference 3 tor a more ccaplete description ot this system. 

2.4 Modified M-61 

The tire control 1yatn on the IIOditied M-61 po1Beaaes one si~ificant change from that ot the 1tandard M-61. Thi• change 1a vi thin the autamatic IIIOde ot operation ot the range generator. The operator is only required to estimate the target velocity. U1i111 this an4 turret velocity 
and acceleration data, the rue• ....-rator prov14es the Mark 20 sight with a current preportional to tuture, ruge throughout each engagf!lllent. Alao added is a foot switch for shitting tram incoming to outgoing targets. This changes the calibration of the range generator and t heoretically 
1ncreue1 the system ac.curacy on outgo1.ng targets. 

See reference 4 tor a cCIIIIPlete de1cription of thi1 syatem. 

2.5 Hilpano Suiza 20-m Automatic Weapon Syatem 

The tire control 8ystem ot this item is composed of: 

a. An air-aNled guoline engine which auppliea &ll ot the pover requirN to opera e the weapon system. 

b. A hydraulic paver t.ranamiaaion systn consisting of an A-end 
P\IIIIP, B-en4 motor and associated hydraulic servo ayatema for controlling motion of the turret. 

c. A tvo degree of freedom, viacoualy 4ulpe4 jayatick vhlch proviclea 11.Jlultaneous control ot the wapon i n both uiauth and elnation. 

4. A mecbuical c<111P1ter tor solving the fire ccntrol probl•. 

e. An optical lighting 1yat•. 

The ayste require• that target velocity and the 1lant range at cro11over be inaerted u eatimated input•. The caaputer, using these quantitie1 and the operator's control ot the jayatick, 1olve1 the fire­control problem tor a:ay rect111ne&r, coutant velocity target fiight 
courae. 

See reterencea 5 and 6 tor a more c<llpl.ete de1cription ot this 
1y1tm. 

3 



SiDce three ot the ti-n ayataa teated 8111111411 the Nark 20 eight, a brief 4Ncription of it 1a .ottere4 u a aeparate •tity. 

The Mark a:> gun aigbt tlmctiODS to r ttaet the line ot light fraa the axis 6t the IUD bore by aa U&le which 1a apprmd.ately equal to the pro4uct of the tt.e-ot-t1.1pt ot the JroJectUe to the ad.Tit.Dee position &D4 the UCU].u' •'"4 ot the target &bffllt 'the I\Dl poaiticm. To do thia, an electri~ 4riftll l,)'l'08co,e and an electr-apet are -,1.oyecl u the principle el ta vithin the •ilht. A copper disk 1a attache4 to the 
uh ot the ,:rro. The Jllyaic&l location 9f theae elements is depicted 1n Figure 1. 

d,sl( 

\ 
I 

Figure 1. 

r an!Je 
m c,. Jn c t 

The el.ectroagnet ia attache4 to the cue ot the aight wich ainta1na 
a cODStut relative ,-ttian with the 8llD uh. '!be o,tical eleaent1 ot 
the eight an 110Ved by the g1 wb&ling of the ayro &D4 there tore, •intain 
a c ... tant poaition relative t o the IYl"O &Xia. A1 a reault, the lead angle between the eight and the gun 1a also the angle mating Ntveen the gyro •Pin axia and the electramapet. 

0.. ,ro,ert:, of a gyro 11 to ll&int&ia a fixed poaitian until acted upon 
by• aterm.l tore•, at vhlch tiM it vill ,receH or IIIMt it'• apin uia at right angl.ea to the direction of the force. '?he rate it preceHea 1a •roporti-.l to the apitu4e ot the force. 

In the Mark 20 eight, this force, and therefore the preceasion rate, iDcreuN u the atrength ot the mpet iacreuea u4 a, the diltance betwen the -..et and the tyro spin axi.1 increuN. It the -.pet 11 carryinc a unifOl'II eurnnt and mvt.ng at a conetant ,,..a, it mat move 
thnugh a btinite anal• tr0111 the center ot the copper disk before the preceaaiag force 11 large enough to JIOYe the l)'l'0 at the, .. ■peed. At 
that t1M, the c,yro follow the IIIIID8t vtth a tef'inite ucle of lag until the apet current or ■peed 11 altered. 



'l'be -.pet current 11 proportional. to the tille-ot-fiigbt ot the pro­
jectile to the f'utUN politiOD ot the target uA therefore, the range to 
the target. Th11 create■ the buic ,nee111Dg torce. Stace the operator 11 
tracld.Jlg an4 thereby imparting u UI\U&I' 110tion to the light cue, the 
magnet -,yea away from the co,,.r 411k vbich cnatH the 1econd ccapoaent 
ot the prece11ing force, thereby mn.nc the c,ro &D4 o,tical. 1ection away 
from ~e gun to create the buic 1-4 angle. A441 tieJl&l factors change 
the buic 1-4 angle to ccapeuate tor auperelnation, etc. 

For a c011plete de1cription ot the Mark 20 sight see reference 7. 

3. DETAILS OF TWl' 

The priary obJect.ive or the follcwing te■t1 wu to prOYide BRL 
with soae ot the buic data ""'1,recl 1D nal.uatilll the ef'tectiTeDee■ 
ot the 1yataa te1ted. 'l'hey wre not 1Jlten4ecl to be the bu11 for an 
indepen4ent naluation by thie 41Tilim; to aati■ty the ""1frementa 
ot an ET ; nor to &llov an &D&l.ysia in light ot the (l,!R. 

Where appropriate, the aipiticance &D4 capleteneaa of the clata 
11 411cua1ed. The data vu acC'\lllllated. UD4•r a ft?'iety ot con41.t1ona. 
Tbe1e included laboratory aet-upa, the tracking ot 11mulated and actual 
aircra:rt 1D the f'ield and the f ~.ring of' each VNpc!)D under static 
con41t1ons. 

].l 11t• Velocit7 and. Acceleration 

To determine the response characteristic■ or the gun po1itioning 
servo mechaniama. 

3.1. 2 Method: 

A step function vu inserted into each ot the servo mechuia• 
Tt& "1e ccmtrol mechanisms. The system velocity u4/or· position, taken 
trom tnnatucen 1NnC1 to the ayat•, were recor4e4 with an oecillo­
graph. TheN recorcla were ..alyzed to prOYide the required clata. 

3.1.3 Results: 

Tb• reault1 tor each system are •~bed. 1n Table I and are 
1hovn 1n Figure■ l through 10 of Appendiz I. 

gs 
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Table I - R"pona• Charaeterbtica 
Muiauin Maximum Average Acceleration to 

Syat• Aecelerationa Velocitz Attain Maximum Velocitl 
Up 95°/aec2 26°/■ec 18° per sec 

tandard El. Down 97°/sec2 26°/se 23° per sec 
M-l~2 Duster CW 108°/aec2 43°/aec 30° per sec 

A-t .. CCW 100°/aec2 44°/sec 31° per 3C 

El. UP 288°/sec2 51°/sec 173° per sec2 Modified Down 369°/sec2 62°/sec m9° per sec2 M-- L~2 Duster CW 109°/sec2 72°/sec 68° er sec2 Az. CCW 12<)0 / sec2 75° /sec 69° per sec2 
Up 350°/sec2 46°/oec 9-;!J per oe 2 M-6J. 20-m EL Down 2't!5°/sec2 6(:P/aec 59° per sec2 AWS 
CW uo0 /aec2 1,0 /aec 46° -per sec2 Az. 
CCW 169°/sec2 78°/sec 50° per sec2 

El. 
Up 34o0 /aec2 48°/aec 176° per 1ec2 Modified M-61 Down 2fXJ0 /aec2 6fP/1ec 76° per 1ec2 20-11111 AWS cw 300°/aec2 7~>°/sec 111~0 per sec2 Ai. ccw 310°/sec2 78°/sec 116° per aec2 

Up 744°/aec2 57.'6°/aec 633° per aec2 Hiapano .;:>uiza EL Down 82'c!'/sec2 57,8°/se 533° -per sec2 20-• Al-IS CW 470°/aec2 l0'c!'/aec 237° per 1ec2 Az. CCW 452°/aec2 9ti0 /sec 226° per 1ec2 
3.L4 An&l.l!is: 

Theae results how II signiti ant improven.ent in the reaponae cbaracteriltiea or the improved. M-1~2 and M-61 systems over their standard counterpart,. The re1ults obtained with the Hiapano , uiza are consi4ered excellent. 

P'igures 11 through 14 ot Appen4ix I .1bov the ettectin engage­ant area poaaible with each ayatem it a t1N control syatem were uaed which !!Llloved the potential or the po11t1oning servo mechanicsma to be use<l. 

Figure 15 of Inc l I 1s e or.moo curvP. of' · 1 1r c. 1) through JI~. It should be noted that II urv 1 not tncl\llllacl for the illll)roved M-61. The system wu not 11w1lable 11t De·A ' '. n ime to in td th i s teat. ItR curve vould almost duplicate that of th tandard M-61 •• the limitationa re1ult from velocity limits rather than f rom ac eleration limits. 

6 



3.2 Ratea ot Fire 

3.2.1 Purpoae: 

To detel'111ne the average rate ot tire and the Tariation or the rate 
ot tire throughout a tiring burat. 

Electrical. pulaea, generated. by blaat gages located near the 1111nle 
ot each gun, were recorded on an oacillograph. ThHe reeerd.a were anal.y-ied 
to pJVficle the data required. Where poaaible, the rate11 were obtained at 
three tiring elevation angl.e1. Firing sector liait1 precluded doing this 
tor all ayatema. 

3. 2.3 Results: 

The average firing rate for each ot the weapons 11 shovn in Table 2. 

The tiring rate or each ot these weapona can be varied approximately 
15~; the Hiapano , uiza via chuging the pa port• (a 1.5-ai gas port vas 
inatalled when theae rate1 were taken), the M-61 via the electrical. com­
ponents (ie: a different motor on an additional battery in parallel) and 
the M-42 via an adjustment or the recoil mechanism. 

Table II - Average Rates of Fire (rds/min) 

'Elevation 0 mils 000 mils 1100 mila 

Gun Oun Gun 
,..ystem Lett filght Left Right Left Right 

M-42 Duster 106 118 103 104 98 105 
, tamard Total: 224 Total: 207 1.1'otal: 203 

M-42 Duster 134 137 Not obtained 1 2 123 
Modified Synchronized 266 ,)ynchroni zed 24 3 

M-61 20 -lllll 2571 2700 727 
AWS -:itan4ard 

M-61 20-mn 3178 3":5 3204 
AE Modified 

Oun Gun Gun 
Hiapano , uiu Left Center R§~t i."ett enter R§~t Left Center ~~-;;0-11111 -a53 876 2~ -aos 868 "1[o 882 

Total: .503 Total: 21~ 11. 'l'otal: 2518 

B 'I 
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3.3 Slat Plaae Cut-ott ~ 

'.re t.enae the etteetift apgement d«-11n ot Neb of the veapon S)"lt- teated., the paruaeter ree,ona1~le for the 11Jllitat1on, an4 the phywtc&l el.eaent within the ■yatem which i s Na,aMl\le for the 11Jllit1ng panaeter. 

3.3.2 Method: 

3.3.2.1 Outer Boun4ry 

A syat- ettectin enppaent 4Clll&1n 1a defined by both an inner and outer 11Jd. t. The outer )oandry 1• dependent on : 

a. The maximum lea4 angle that can be generated by t he weapon system. 
b. The b&Ut■tic chancterhtic1 of t he g.m-azanmitton combinat1 n. 

c. The wxbmm ettecttn raage of the Ve&JJOn-•nnuottion cambination. 
4, The Yelocity ot the target. 

The wx1mum lead ug].ea quoted in the ■yat• 4e■crtpttona and aftilable b&llbtic data were uaed for thil teat. Tbe■e data vere analyzed to detuwtne the croa■onr ruge u a tunction of target Yelocity at which the wr1ee 1-.4 aagle b excNClecl, 

3,3. 2.1 Inner Boundry 

The 1nner boun4ry b defined by the maximum effective angular tracking llmtt ot the 1ystem and t he target flight course aa defi ned b target velocity, horizontal crossov r range and al tit ude . 

CQIIIIUter prograa were written which, vben values are uatgne4 to ~ u4 ~ u4 a t&rset ftloci~ 1• ■,ec1tte4, ■olvee tor point■ lying 1n the •lat ,i...e 1lbere t IM/or Ii are ac"4a4 tor ftl'lou■ &1.titwa an4 croe■-cner r c •. A tupt ftloci v ot ~50 mot• wa uae4 tor all ■yatw. 'l'he ftl.uea •e4 tor O u4 I wre the ettectbe 11111 ta eatablbhe4 1n Teat lo. 3. 8. 
3.3.3 Rulllta: 

3.3.3,1 Outv B0\1114ry 

F1pn■ lT-I, 18-I .... 19-I ot IDCl. 1 1hov the croe■OYer ruge u a tacti011 ot tarpt Telocity at vbich th• 1N4 Mil•• ot the Hi■puo hila, llatitt .. N~2 u4 'M>th M-61 1
1 vUl be ac..s.ct. Al■o aboa an anu ot -.--t 9DCQIIIU■e4 vi.thin 1,ecitte traeld.nc rat.a. Wll• nail.Mle, the t1l1.Jla accuraey ._ta Nial~ by BRL •houl.4 be c~ vi.th the■e tata t.o uai■t 1n 4ettni., the effectin ftlll,CellllDt area. 

8 



3 . 3 . 3 . 2 Inner Boundry 

Figures 20-I, 21-I and ~2-I of Incl I are contour plots showing t he region existing around each ot the systems where i t 's effectiveness is limited. due to inaccurate tracking created by high target angular velocities. Additional. data and a.nal.ysia are required to establish the effect of angular acceleration on this boundry. 

3,3,4 Aal.ysis: 

In cataonance with the engagement speed requirements stated in the li),IR, the outer boundry of each ~ystem is defined only by the me.x1mum effective range of the gun -anmunition combination. The systems inner boundry, having been computed frQm angular limits generated during the tracking accuracy test, does not necessarily reflect the systems dead zone. The angular limits at which future position accuracy l,ecomes· intolerable should be used in generatizlg the IIDt plane inner boundry. 

89 9 



3.4 Pover Requirements 

3. J.~ .1 Pul],oae: 

To 4etend.n" the amount of l ectrical power (DC) required by each system under various operating ondit1ons. 
3.4.2 Method: 

The total current drawn from the battery and the TOltage acroea the battery wre recortecl 4uring varioua operating ccmitiona. Since this 1a a DC circuit, the conauaect paver is the product ot the voltage and current rNdinp. 

3.4.3 Re■ulta: 

The reaul.ts are ahovn ill '1'a'ble rn. It 1a pointed out that the Hil)lllllo Suiu ayatem 1s not included. This syatem hu it■ own prinary power source and is purely a mechanical hydraulic eystea. 

3ystem 

MocU.ried M-42 
~-- AWS 

Moclitied M-61 
20-m AWS 

Table III - Electrical Powr RequiNMDta 

Standby Mode of Operation 
Slewing 

Not obt&inecl Not obtained 

271111p■ (640 •tts) 250 amp■({,()()() watts) 

Firi111 

n/a 

n/a 

9 amp■ (207 watts) 65 amps (1430 watts) 450 ampe (6750 wtta) 

8 upe (185 watts) {,() amps (1130 watts) 475 amp■ (950 watt■ ) 

lot applicable. 

,o 
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3.5 Firing Moaent Error 

3.5.1 Purpose~ 

To determine the amount of total system error \lhich can be 
attributed to inadequate torque in gun poaitioning servo mechanisms as 
a result of the moments created by the firing forces. 

3.5.2 Method: 

The 1ystem control mechaniau (joystick on the Hilpano Suiza and 
handcontrols on the other weapons) were locked at a null position vith 
special fixture,. Electrical trana4ucers were attached to the systems 
which provided an electrical 11pal proportional to the mechanical dis­
;l.acment between the gun and carriage. Thia signal vu recorded and 
anal~• to determine the displacement when firing the weapon with the 
servo system active. The burst lengths uaed in thiB teat are shown 
in Table IV. 

Table IV - Bunt Lengths for Test No. 2.5 

Standard 

Standard M-42 Duater 40-lllll AWS 
Modified M-42 Duster 40-mn AWS 
Standa'l'f\ M-61 Vulcan 20-mn AWS 
Modified M-61 Vill.can 20-m AWS 
Hispano Suiza 

3.5.3 Results: 

Burst Length 

16 rds/gun 
16 Na/gun 

100 rds 
100 rd.a 

30 rds/gun 

The direction and maximum displacement recordP.d for each system 
is shown in Table V. 

Table V - Firing Mcaent Errors 

St.am•r\ M-42 Duster 
Modified M-42 Duater 
M-61 20-Dlll AWS 
Modified M-61 20-11111 " IS 
Hilpano "uiza 20-1111 AWS 

3.5.4 Analysis : 

The results show that : 

Azimuth 
Dilplacement 

+3.5 mils 
Neallcible 
CCW 4o mils 
ccw 4o mils 
Negligible 

ll 

Elevation 
Dia placement 

Up & down total 2.5 
llegl.igible 
Down 22 mils 
Down 20 mils 
Negligible 



• 

•· The l)'Dchroniution ot the guns on the M-42 Dta.lter millimhea 
the 1y■t- 110tion during tiring. 'l'hil 11 undoubtably IION 1.mportant 
than the recorded. 7 mil■ ot motion indicate■ u the operator 1a not 
Joatle4 about, thereby being able to •int&in better control ot the 
ve&poll. 

b. A 1nere 1110J11ent exilt1 on the M-61 Vulcan. Thia moment and 
it's effect on the dynaai.c di■tribution ot the projectile■ will .have to 
be determiDed before it's effect on tiring accuracy can be as1eaaed. 

3.6 Aziaath Control Sen■ 1tivity 

3.6.1 Purpo1e: 

To determine the relati~nship between the 1ystem control mechanisms 
dilplaceent (Jay1toek an4 hand controll) an4 1ystem velocity in azimuth. 

3.6.2 Method: 

The control •ehani1ma were ottset from their null poaition in 2.5 
degree inereaenta, throughout their range ot operation. The 1yatem velocity 
vaa •uured at each ot the po1itiona and plot■ made ot the azimuth velocity 
n the po■ it1on or the control meehan11m. 

3.6.3 Re■ult1: 

The result■ are 1hovn 1n Figures 3 through 27 ot Incl. L 

3.6. 4 Anal.yais: 

The interpretation ot tbe■e re■ulta ii difficult u it is not known 
hov preci■ely an operator can position the different type■ of control 
meehaniau under firing conditions. An investigation and &n&l.yl11 of this 
1bould be made when all of the data ( including that from USARADBD &. BRL) 
from this program becomes available. 

Preliminary result■ of the firing te1t1 conducted. at Ft. Blis1 and 
\IDier eftluation at BRL ahov the tiring error ot the M-61. 1y1tem 2 130 (v) 2 
where v • uigular velocity ot the slant plane in ra41ana/second &n4 the 
er-ror is m1111radi&n1. 

Figure 28 of Appendix II 11 ~ plot of this curve. It's form is 
similar to that of the azimuth cGntrol sen■ itivity curves for the M-61 shov­ing a correlation to exist. It is not understood why the slope ot the firing 
error curve fails to change aa rapidly u that of the azimuth control 
1enaitivity curve beyond about .4 ra41ane/aecon4. Thia and the relationship of the firing errors and control sensitivity on each system should be pursued 
to determine t he optimum scaling or t ransfer functi011. 
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3.7 Syatem Weights 

3·.1.1 Purpoae: 

To detel'lline the weight ot each of the 1yatema tested. 

F.ach syatem, le111 the OVM equipment, amunition load and operating personnel vu weighed. 

3.7.3 Results: 

The re1ult1 are shovn in Table VI. 

Table VI - Syatem Weights 

Syatem 

Standar4 M-42 Duster 4o-m AWS 
Noclitiecl M- 42 Duater 4o-111n Aw'S 
Standard. M-61 a>-1111 A WS 
Motifted M-61 a>-1111 AWS 
Hiapano Suiza a>-m AWS 

Bot applicable. 

. . . ,. 
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Weight 

44,roo 
43,725 
21,250 
22,100 
21,900 



3,8 Tracking Accuracy 

3.8.1 Purpose: To determine the accuracy to which experienced operators 
can track a moving target under variOUI flight conditions. 

3.8. 2 Method: 

A aimulated target was uaed for this teat, thereby insuring con­
trolled and repetitive teat conditiona. The target consisted of a sphere 
approximately 5 inches in diameter ~Ying between tvo pole■ located 6o 
yards apart. All target flight Ct,U.l'se parameters {ie : target &1.titub, 
cro11over range, 'l.nd velocity) were scaled 50:1. The 6o yards of target 
travel re,resented 3,000 yata of tracking range and the angular rates 
imposed on the system were identical. to thoae of an actual target e.s vas 
the total engaaement time. 

Eight different target flight courses were used for this test. 
These cc,uraes are outlined in Table VII . 

Table VII - Target Flight Courses 

Minimum Al.tit.Illa 
Course No. Tar15et Velocit;l Grmmd FangP. Peet Meters 

l ), oo knots () 1250 362 
2 •00 knot s 290 meters 1000 290 
3 ' ..10 knots Cio8 meters 0 0 
l► knots 869 meter s 1000 290 la ~70 knots 0 1250 36"' 
2a " knots 290 meter s 1000 290 3a :170 knots 6n8 met ers 0 0 
4a "7 knot s 869 1 ters 1000 290 

Through sight cameras were uaed to record the l)OSit ion ot' the 11n 
of sight relatiTe to the target throughout the tracking engagements. Two 

, experienced operators were used and each tracked the courses des ribed 
twice with each of the systems tested. In addition, limited tracking teots 
were conducted URing a T-33 jet aircraft to a11e11 the rea.lism offered by 
the simulated target. From thio, it vas concluded that the only difference 
noted was when tracking with the Hispe.no ·:u1za. The sight pict,u-e on this 
system is illustrated in Figure 2. 

I 
I 

/ 

Figure 2 
Hispano uiza ~ight Picture 
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• 

The correct tracking point is with the interaection of the spiral 
and radial lines superimposed over the target vi.th the radial line, which 
can be rotated by joystick notion, superimpo1ed over the path of f light of 
the aircraf t. It is convenient to use the l on&i,tudinal axiB or tuaelage 
at the aircraft aa a ref erence when rotating the radial line to this 
position. 

The film data from courses 1, 2, 3 and 4 vere reduced for all but 
t he mod11'1ed M-61 system. vince t here vere 1~ different systems, a like 
number of ourae1, and two operators, each t:-acking the courses twice, a 
t otal of~ runs were r ecorded and reduced. 

In addition to the courses l is t ed in Table VII, seven additional 
courses vere used for t he Hiapano uuiza. These are shown in Table VIII 

Table VIII - Additional Hiapano vuiza Courses 

Minimum 
Target Velocity, Ground Range Altitude 

(Jll,h) (rten) (rt) 

100 730 1000 
150 730 1000 
200 730 1000 
250 730 1000 
300 730 1000 
350 730 1000 
4oo 730 1000 

These courses were added to t t e Hi1pano Suiza test as it was 
established in the previous courses t hat the tracking a~curacy has a 
definite relationship t o t ar~et vel oci t y and system motion. 

: J.so, curves : .ave been pr par !:'d rom ·..n ich the angttlar velocit i s 
in ·t.i , , tl1r ee pl anes can be .:'ound t a~• t i ne throughout t e courses and 
f rom ·i.li ~1 the acc .. leration wi tl i n t he slant plane can be ound. 

The film dat a was reduced to provide the azimuth and elevation 
tracking errors as a functi on of course time. Also, campolite curves 
vere prepared wicl, show the standard deviation of the tracking error 
f or each syst em on courses 1, 2, 3, end t . 

3.8.3 Results: 

The r esults ar e s:.own i n :.ppendix I. Tabl e IX shows t he f i gures 
within Appendix I \tr½ ich appl ~r -co ac system. One group presents t r t rack­
ing error for each individual ourse . The second group presents composite 
curves s ,owing the mean t racking error for each course . 

15 



Table IX - Location of Tr.acld.ng Accuracy Reeul ta 

Syat• 

S M-42 4o-• AWS 
Moditiecl M-42 ~-- AWS 
S rt M-61 20-- AWS 
Hia)IIIDO Suisa 20--

111111-n.dual Renlta 

Ficure• 29-I thni 44-I 
Piprea 49-·I thru ~-I 
rtcuru 69-I thru 84-I 
rtgurea 89-I thru 104-I 

C011fO!ite Reaulta 

F1gure1 45-I thru !ta-I 
Figurel 65-I thru 68-I 
F1sure• 85-I thru 88-I 
Figure1 105-I thru 108-I 

The reaulta trca thoae couraea ran excluaiftl.y vith the Hia,ano Suisa 
ml 4e■cribed 1n Table VIII are ■hovn 1n Figure■ 109-I thru 122-I. 

Figare1 123-I pre1ent1 t e target angle traa ero■■onr u a function 
of cour■e tille tor cour■e■ 1, 2, 3 and 4. 

Figure■ 124-I thru 135-I ■hov tte target angular Yeloc1ty u a 
function of the target angle trca croesOYer for each of the courses. 

F1gurea 136-I thru 139-I 1hov the target angular acceleration in 
the slant plane u a function of the target angle fran croHover for 
couraes l, 2, 3 and 4. 

3.8.4 Analysis: 

A direct eompe.rilon c&DDOt be made of the tracking accuracy clata. 
The cl&ta on the Hispano Suiza more elo1ely repre1ent1 future po■ition 
accuracy than present po■ 1t1on accuracy. leterring to Figure 2, the 
circle ahovn at the en4 or the ra41.al line NJ)re1ent■ the future poe1t1on 
of the aircratt. The 41stance between the intenect1on of the spiral an4 
ra41al 11-■ and the circle 1a the lead angle. Therefore, any error between 
the aircraft po11t1on and the intersection of the tvo lines appraxhlatea a 
tutu.re poeition error. 

The abOYe doe1 not hold true for thoae 1yatema employing the Mk. 20 
111ht. A'IJ1 tracking error obaerved by the operator cu be ~41.y corrected, 
by u inereue ( el ther IIOlllltlltary or conti.au.ua) 1n the 1yate1111 angular 
rate. Ill accelerating however, the ,aro uaumea a nev lag angle llhich ii 
not necn■artly correct, therwy all.awing accurate present po■ition tracking 
v1tb u error 1n Mure ,oe1t1•· .. little 1■ lmovn abO\lt th1• acceleration 
laC error to cbaracteriH it bat it Ullllnbtabl.y 1■ one ot the tactore lild.t­
ing the ayat• ettectivene11 OD eNHing counea. 

In much of the data on 't e ' ispano Suiza, 1t would appear an exee111Te 
error developed or that the operato1· at pped tracking dUJ"ing the course al.­
though the tracking error, vere small. Thia 1011 of data is due to the 
optical 1yat• and camera used in the teat . The contractor vu to baTe pro­
viW a through light camera capability but 414 not and the adaption uaecl 
had. a limited field of view. A. the lead angle approached 100 1 t would 
leave the field of view and the data remaining on the coune vu lo■t. Thia 
precludes selecting an angular tracking limit t'or the system. 
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The data shovn in FiB\ll'eS 110-I thru 123-I indicate the system can 
tre.ck aceurately at hi gh a.ngul.&r velecities once a smooth track 1s 
e1tablished. The problem i s to establish this smooth t ract. ,Jeveral 
courses have been tracked at angular velocities of -greater than .6 
raiiie:nB/sec. and therefore, thi s value is assigned M a limit. This and 
t he limit s selected from the dat a f or t he other systems ar e shown in 
Tabl e :. 

Tabl e I - Tracki ng J\ ccurac Lirnito 

Jystem 

t andard ?!-4° Dust er 40 -nun . ·1., 
J,!0dif ied M- l,1.2 Duster 40 -rmn A:'C. 
3to.ndard M-61 Vulcan 20-mm A',C 

Modi f ied M- 1 Vulcan m-mrn 11.· 1s 
IIispano Jui za ~-mm A'l'J 

Angular Velodty Li r.1i ts(rll4/1ec) 
Hor izont al 'tcr cal 

.3 . 4 

.33 . 1,. 

. ,~ 3 . ,~ 

.t,-3 ,, . ,· 

.6 .6 

Although d..~ta wns not obt ain~d on t he modif ed ?-i - 1 syst rn , tt is 
r e~ sonable t o asstllne i t ' s l t mi th ,~11 approxi r..ate t 1os oft 3tandard 
11 --61. 

3.9 ~ettling Time 

3.9.1 Pu.rt>ose : 

To determine the length of time required for the operator and 
Cl-miputing elements of the systems to establish a smooth track on t he 
t&rlet and it's future posi t ion. 

3.9. 2 Method: 

The methods uaed to detennine this time varied. and are discuased. 
1eparately. 

3.9. 2.1 . tan4ard M-42 Duster 4o-mm AW'' - Since the M-38 com,uting sight is 
purely mechanical, the reflex sight is offset from the gun by the computed. 
amount u soon as the sight ■etter inaert1 the eatimated data. 'l'hil can be 
done u the operator 11 slewing to the target. Therefore, the syatem 
1ettling time i1 the time re(1Ui red by the operator to initiate a smooth 
t rack on t he target. ;his tin,.:'! mo i:-ead di r ect l ? ::'rom the t ra kin accura~y 
curves of paragraph 3.0 . 

3.9 . 2. 2 Hispano vuiza 00 -nun A'.TS •· This system is complet el y settled when 
the target is beir13 tracked as descr ibed in paragraph 3. 8. _., again allowing 
the settling time data t o be r ·::id directly f rom ·'·he results of test No. 3. 8. 
In addition, a s•rate test was eenduct ed on this system as i t was oivious 
that the aett ling time has a functional relationshi p to t ar:;et velocit.,r and 
t her ef r e, he angular rat e::; and accel erat i ons dur tnc t )1~ i nitial -pa.rt of 
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the tracking enpcaant. '1h11 teat cou1■te4 or keeping the system in a 
fixed position an4 varying the targets siJllulated velocity in ' 50 knot 
increments. A through sight camera was uaed to record the data. The data 
waa reduced to shaw the tracking accuracy and 1ettliiag time aa a function 
of course tille and the kintmatica of the syatem. 

3.9.2.3 Standard M-61 20-Dlll AUS, Modified M-61 20-m AWS and Modified 
M-42 40-an AWS - Since the1e ayataa all -,loy the Mark 20 lead com,uting 
silht, the Mtho4 of obtaining aettling time vu identical. The average 
time required tor the o,erator to eatabliah a aooth track of the target 
vu taken frem the tracking accuracy curves pre■ented in test No. 3.8. 
To this was added the average time requ.irecl for the rr:,ro of the Mark 20 
sight to settle in teats con4ucted athin the laboratory. These teata 
conshted ef inserting the range and target velocity inputs uaed in the 
tracking accuracy te■ta, depresaing the slewing switches provided with 
each system (this 11.mita the lead angle when slewing), establishing a 
sy■tem angular velocity comparable tc.> that incurred when firat engaging 
the target on the counea 4Hctibed in Table III (the angular velocity 
was t hen held constant), releasing th slew button and recording the time 
required for the {!3r'O to assume a constant lag angle. 

3.9.3 Reaults: 

The average settling time required for each syetem is shown in 
Table XI. 

Table XI - Average ettling Time 

yatein 

.::,tandard M-42 Duater 4o-mm AWS 
Modif ied M-42 Du.eter 4o-m AWS 
,.)tandard M-61 Vulcan ro-m AWS 
Modifi~ M-61. Vulcan 20-m AWS 
Hiapano 'uiu. 20-11111 AWb 

Time(NC) 

2.3 
4.5 
5 
5 
~ 

*Baled only on the cour1e1 where settling vu accomplished. 

3.9.4 AJl&lyai1: 

The abOTe reaulta are bued on limited data and should be supported 
by a441tional teat■ and analysia. 

Also, a441.tional. te1t1 and analy1i1 of the settlinc time, the Air 
efenae Board.a 1yatem reaction time data, the time required to resettle 

after f1r1Dg a burst, and the effective tracking 11.mitationa should e 
performed to detennine the number of et ective bunts which can be fired 
per engagement u a function of det ection range and target velocity. 
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3.10.1 P:ur,oee: 

To depict the relationship between the change in the distance a target is led and the change in firtng elefttion angle tor a change in the estilllated range input. 

3.10.2 Method: 

An &.1111umption ,.,s IDBd.e that any change in the range input vu correctly mechanized by the ccnputer, thereby al.lowing a theoretical. &D&l.ys1a to be made. From the b&l.liatic data, a family of curves were coaatructed ahovf.Dg the superelevation angle as a function of slant rang an4 target angular &l.titude. Al10, t he lead distance required, aeed on a 450 knot target and the baWstics of the systems HI: round was comp ed and plotted as a function of rang. Thi V88 done for ach of t he guns being t~sted. 

3.10.3 Results: 

The results are shown in Figures 14o-I thru 1t~5-I. 
3.10.4 An&lyais: 

To use t e resultant curve, one needs to selec a set of -riring conditions (ie · r n.3e, target locat fon, direction of 'Pli ght and a iring el vat :!. Jn error in ls) . "'ro. ~1.l; ..,uperelevation u.rve one can r ad t e range - ange required t o bring t he firing elevation on tar et. Using t his sam range c. anue "'1th1 'tbe aame range interval on the lead distance cur,, , one an find the ~l1ange in lead distance. 

s an example, assume the elevation error on the Modified M-42 Duster b .5 mils hi(Ol when f iring at a 450 knot tar~et at 1700 meterr. range, near crossover, and at an elevation angle of 4oo mils. From the supereleV'lltion cur,e it is found tha a range chance of cOO meters (from 1700 to 1500 meters) is required to ring t he elevat on do,m to the target~ altitud. Beferr DB t o the l ead dist anc u.rve, it ~an bes n t uat the change in lead d ~tance between a ran-e of 1700 and 1500 met ers is about 80 meters. Since the tare is near cro1eover, this appears ao a c1 ange in t li e horizon t a lead o-r a o t 3° 11s sine of 3° ~ 8o -:1 • 05 . 
i5oo 

From this it can be seen ~hat the boresight of the system and the current to the ~. 20 sight are critical. If a 1ystem enploying the Mk. 20 sight is selected, ad.di ional tests and analysis 1hould be perf ormed to determined the best blend o concepts and components. 
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V. CeaclmloM

It it eonelodad that:

a. Sha data that DIfS vaa rafolrad tc nipply BRL for uaa In thoir 
•ffoetiwanass study baa baan prerldad.

b. Sia Had tad mahar of tasta eondaetad on tha fira control 
pre-cludaa an Indapandant avaluation by thla division.

syatanw

e. Addltlaaal tasta and analysas ahauld ba eonduetad on tha MC 
algbt In an affert to eharactarlsa Its arrars. Bils Is eansldarad 
tory If althar of tha M-6l syataaa ara aalaetad.

d. Sia alaetro-hydrauUe control syataa on tha aodlflad M-1^ Duatar 
provldsa a Slav rata of approxlaataly tvlea that of tha oil gaars.

a. A savare firing acBaant axlsts on tha M-6l sysxsBs. It's offset 
on tha dynaale distribution of the projaetllas should ba dotaradnad and 
axploltad If possible, should the M-6l ba aalaetad aa the Intarla vaapon.

f. Iho ralationshlp batvaan tha Una and lead changes as a function 
of range data ezaapUflas tha need for accurate boraslgbting of tha 
systaau. Additional reduction of available data should ba dona to 
astahUsh tha optljam borasl^t for the salactad systaa. Also, a eeaparlson 
test of tha dlffarant concepts and coapooants providing range data vlthln 
tha M*6l systaas should ba eonduetad and tha bast blend of these used In 
any production aodels if this Itaa Is aalaetod.

g. The scaUng on tha hand control unit of tha M-6l systaa Is 
panaUslng tha systaaa offaetlvanass.

h. Bto synehronlsad guns on tha aodlflad N-hS pravanta a firing 
it error.

1. Rone of tha 
apaclfled in Para *t(Ti

MM tasted aat tha rafolrsd or daslrad slav rates 
of rafaranea 8.

J. It Is difficult to acfoira and astatoUsh a saooth track of tha 
target vith tha Elspano Sulaa systaa. A aadlflcatlon should ba aada to 
the caaqputar to llalt tha aagnltuda of tha load angle vbeu slaving tha 
vaapon.

k. A ra^raaent axlsts for a study effort vhleh vould outUna tha 
optlaua tas\. and evaluation prograa for integrated vaapon systaaa under­

going de,«lrpaantal tests.

/Cc ao



5. Ba* •ndatloos:

It Is that:

a. Additional tests and analysis be perfenssd on the systea seleeted 
as the InterlB forward area air defense weapon systea.

b. Some a^ney within USAIECXW be appointed the task of preparing 
(with Inputs froa other agencies) an outline of an optiaua test and eval­

uation progma for Integrated weapon systeas.

SIBMITTED BT: APPROVB) BT:

WAIABt L. MTERS 
Vest Director

SAUL TARAOIN
Chief, Electronic Control 
and Guidance Division

KEVIKWO) BT:

WILLIAM M. WSKBTS 
Chief. Eire Control and 
Guldar.ee Branch
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APPENDIX 2·2 

Physical Test Laboratocy Rc1">0rts 

65-M-94 

65-M-153 

65-M-154 

65-M-155 

• 

/ 



ENGINUERING LABORATORIES 
PIIYSICAL TEST LAllORATORY REPORT 

STEAP-L'S-LP 

ThST OF: 

Various Sprinas fro■ Self­
Propellod Twin 40•til4, M42 ~,tors 
M2Al. 

OBJECT OF THST: 

To conduct a specification 
chock of the sprln&•• 

INSTRUJENTATI~: 

Universal te1tina aachino, 
5000-pound capacity; ■oasuring 
instna■ents and torque wrench, 
Oto 100 ft-lb capacity. 

PROCHDURE: 

6S-M-94 Report No. ---------·•--
Shoot 1 of 2 

Dates of Test _1_s_to_3_o_A..,p_r_U_l_96_s __ 

Report C011plote ___ 1_4_Ma_y_l_9_6_s __ _ 

Conducted for __ Mr_._P_. _c_Jro....,.pp._s __ _ 

Artillery Weapons Branch 

W. O. No. 324-016-SO 

References Dwg Nos. S2224071 5222464, 

5222592, 5222593. 5222646, 6260936. 

6260937, 7197113, 7165198, and 

l. Initially tho physical 7238632. 
diMnsions of all but tho breech ----------------
closina 1prin11 wen •a•urod. 
Thoy were then individually placed in tho testina ■achino and all but tho 
recoil s11rin11 were c011prossod to tho spocified heights and to tho solid 
hoiahts. Finally tho outside diueters of the sprinas wore moasurod at solid 
hoiaht. 

2. n,o brooch clolin& sprinas were placed in their containers and 
auellbleJ to tho retainina slot on the p.m. Torque was applied throuah the 
specified anal• with a torquo wrench and tho load noted. 

3. The recoil springs were coaprossod six inches in one-inch incro■ents 
and the load was noted at each incn•nt. Pro■ these data the sprina rate·, solid hoiaht and the loads at specified heiahts were computod. 

IWSULTS: 

For tabulated data soo Appendix I. 

l Incl 
Appendix I ,. ~-, 



STEAP-US-LP 

SUbMITTtiO: 

~. L. riALL 
D ►~torials ~VMluation s~ction 

RtVl~WEU: 

.LAu~ 
Chiof 
Materials evaluation Soction 

:1 s,. 

Report No. 65-M-94 
Shoot ·2 of 2 

APPkOVEIJ: 

~ #. ~d 
~: ~. Mc "INLcY 
Chio£ 
Physical Test Laboratory 

-



STBAP-~-LP 

Report No. 65-M-94 
Shoet • 1 of 9 - -

R .... r Lever Plunpr Sprina, Dwa No. S222407 

Specs, Actual Measureaents Vehicle No. 
12H297 1211297 1211298 12H298 

Side 
Left Ri&ht Left Riaht 

Pirlna status (raund1) 
AP 1437 AP 1370 BF at APG ISF at APG 

•~tilde dl ... ter 1olid, not o.soo 0.471 0.482 0.476 0.479 
aore than (in.) 

NHn dlueter free (buic) 0.396 0.394 0.402 0.393 o.JoJ 
(in.) 

•Inside diaaoter froe, not 
les1 than (in.)• - 0.314 0.322 0.313 0.313 

Oi~eter of wire (in.) 0.080 0.080 0.080 o.oso o.oso 
No. of workina coils 0.19 18.75 18.7S 18. 7S 18.75 
Pree· heiaht, approx (in.) 2.930 b 2.67 b 2.81 b 2. 73 b 2.68 

•solid Hei1ht, not 11e>r• 1.810 1. 710 1.662 1.664 1.637 
than (in.) 

1»47 'b42 • lits 
~Load at heiaht of 1.85 in. 54 • 6 54 (lb) -~tside di .. ter free (in.) 

0.474 0.482 0.473 0.473 •Mandatory require•nts. 

8<:oaputed. 
hoid not ••t specifications. 

Appendix I 



SThAP-OS-LJ> 

Report No. 6S-M-94 
Sheet · 2 of 9 

Feed Rollor Plunaer. Sprina, Dita No. 5222464 - -
Vehicle No. 
Side 
Firina status (rounds) 

•t\Jtside diuetor solid, not 
■ore than (in.) 

Mean Jiwaetor freo (ba~ic) (in,)'1 
Inside Jiuetor fruo, not loss than (in.) 4 

Oitu11et~r of wiro (in.) No. of working coils 
Froo hoiaht, approx (in.) 

•s0111.1 height, not 11oro than (in.) 
•Load at hoi&ht of 1.34 in. (lb) 
Outside Jiwauter freo (in.) 

•Mandatory roquireaonts. 
4COGputoJ. 
bo1J not ■eet specifications. 
Vehicle No. 
Side 
Firina status (rounds) 

*(latsiJ& dia110tor solid, not more than (in.) 
Mun diaaotor froo (basic) (in.)a 
Inside diuetor free, not 

less than (in.)• 
Diaaetor of wire (in.) No. of working coils 
Proo hoiaht, approx (in.) *Solid hoiaht, not .. ore 

than (in.) 

Specs. 
Actual Measure•nts 

0.672 

0.570 

0.469 

0.080 
14 

2.88 
1.26 

12H297 
Loft 

AF 107 
0,660 

o.574 

0.494 

o.osn 
b12.5 

2.87 
1.17 

12H297 
Loft 

AF 1437 
0,656 

0.571 

0,490 

12H297 
Right 

AF 1370 
0,657 

0.574 

0.494 

0.081 0.080 
t,12 5 b12.s l, • 

2. 79 2. fl1 
1.22 1.21 

12H297 
IUght 

AF U70 
0.661 

U.575 

0.4!)3 

0.082 
hl2,75 

2,81 
1.20 

35 • l.5 35.8 

0.654 

34,6 35.7 

0,652 0.654 

33.1 

0.657 

12U298 12U298 1211298 12H2!)8 Loft Left Right Right UF. ·at AnG ur- at APG BF at APr. UF at APG 0,672 0.658 0.658 0.662 0,663 
0.570 

0.469 

o.oso 
14 

2.·as 
1.26 

0.572 

0.490 

0.082 
h12.5 

2.90 
1.17 

0,573 

0,491 

0.082 
b12.5 

2,80 
1.21 

0.577 

0.497 

0.080 
bl2.5 

2.89 
1.17 

0.577 

0.494 

0.083 
b12.s 
b 2.77 

1.1!> *Load at heiaht of 1.34 in. (ll>) 35 • 3.5 35.S 34.S 35.S 33.4 

0.660 

n.itsido Jiaaetor froo (in.) 

*Mandatory requiro11ents. 
Dcoaputed. 
boid not ■oot specifications. 

0.654 0.655 0.657 

Appendix I 
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STBAP•OS•LP 
Report No. 6S-M-94 
Sheet S of 9 - -

Pirina Pin Sptin11, Drawing No. 5222S92 

Specs. Actual Measuro•nts 
Vehicle No. 12H297 1211297 1211298 12H298 Side lAft Right Left Ri&ht Firina status (round1) AP 1437 AP 1370 BF at APG BF at APG Pree hel&ht, ■in (in.) 2.350 b 2.30_ b 2.34 b 2.27 b 2.34 Solid hei&ht, ■ax (ia- ) 1.soo 1.soo 1.467 1.4S3 1.4S0 Win di .. ter, approx (in.) 0.114 0.114 0.114 0.114 0.114 ~tside diaaeter, au (in.) 0.646 0.638 0.632 0.638 0.637 Inside diaaeter (in.)• - 0.410 0.404 0.410 0.409 Total No. of coils, approx 1.1 13.2 12.8 12. 75 12.6 Load at 1.6S in. (lb) •11.0 

116.1 • 6.6 114 112 106b 112 
. •caputed. 
boid not •et specifications. 

Appendix I 



STEAP-US-LI' 
Ropo~t Mo. 65-~1-94 
Sheet 4 of !) -

Breech 1Uock lnnor Cocking Levor Sear Plungor Spring, 
Dw1t Im. S222593 

Spocs. Actual Mensurements 
Vohicle ilo. 

1211297 12H297 12tl298 1211298 Side 
L('!ft. Right Lt1ft Right Firina stntu~ (rounJs) AF 1437 AF 1370 OF at APG BF at APG •CA.itsi<le diameter soliJ, not O.S41 0.524 0.52S 0.530 0.5~3 1Uore thw, (in.) 

t-k:an Jiametor froc (1,asic) 
(in.)U 0.468 0.4695 o. 4715 0.4695 0.4755 

•Inside dicsactor free, not 
less than (in.) 8 

0.3!)(, 0.422 0.424 0.422 0.428 
Oiaaoter of wiro (in.) 0.0475 0.0475 0.047S o. 0475 0.0475 No. of wo~kina coils 9-1/2 8.7S s. 75 8.7S 8.75 Prco hoight, approx (in.) 2.04 b 1.85 b 1. 85 b 1.57 b 1.61 •Solid height, not 110ro o.ss O.S24 o.s21 O.S34 0.51!> than (in.) 

b 7.60 b 7.35 
•Load at 0.709 in. (lb) 10 + 1 9.65 9.20 CA!tside diaaeter free (in.) 0.517 0.519 0.517 0.523 
•Mandatory rcquireaents. 
8Caaputed. 
bold not aoet specifications. 

AJ)pendb I 



STEAP-OS-LP Report No. 65-M-94 
Sheet S of 9 - -

Food Rod Plunaer Spring, Dwa No. 5222646 

Specs. Actual Muasure■ents 
Vehicle No. 1211297 121i297 12H297 12U297 Side Left Left Right Right Firina status (rounds) AP 1437 AP 1437 AF 1370 AF 1370 •nitside diaaoter solid, not 0.660 0.659 0.661 0.6S6 0.652 ■ore than (in.) 
Mlan di ... ter free (basic) 

(in. )a 
0.490 0.497 0.498 0.494 0.488 

•Inside diaaoter free, not 0.320 0.336 0.337 0.3l4 0.32S 1011 than (in. )• 
b 0.161 b 0.160 b 0,163 

Diueter of wire (in.) o.1ss1 0.161 No. of workina coil• 18 18.2 18 18 18 Free heiaht, approx (in.) 4.15 4.14 4.14 4.14 4.18 •Solid heiaht, not ■ore 3.18 3.147 3.102 3.168 b 3.230 than (in.) 
•Load at heiaht of 3.31 in. 331 • 33 316 313 336 b 365 (lb) -
~tside di&Mter froo (in.) - 0.658 0.6S9 0.6S4 0.651 
•Mandatory requireaents. ··•- - · -·· --~ -

•coaputed. 
bold not ••t specifications. 

Vehicle No. 1211298 12H298 121i298 1211298 Sido Left Left Right Right Firing status (rounds) BF at APG BF at APG BF at APG 1'F at APG •Outside diaaoter solid, not 0.660 0.646 0,6S6 0.655 0.639 110re than (in.) 
Mlan di ... tor f roe (balic) 0.490 0.483 0.494 0.492 0.481 (if' , )• 

•1n1id• diaeter freo, not 0,320 0,321 0.333 0.330 0.324 1011 than (in.)• 
b 0.162 b 0,161 b 0.162 Oi .. ter of win (in.) o.1ss1 0.1s1 No. of workina coils 18 17.75 18 18 17. 7S Free heiaht, approx (in.) 4.15 b 4.04 b 4.08 4.11 b 4.03 •solid heiaht, not 110re 3.18 3.052 3.092 3.154 3.075 than (in.) 

•Load at hei1ht of 3.31 in. 331 • 33 330 320 328 314 (lb) 
~t1ide di ... ter free - 0.645 0.65S 0.6S4 0.638 
-Mandatory nquire•nt1. 
&cc:aputed, 
bold not ••t 1pecification1. 

:J.G'7 
Appendix I 



STcAP-DS-LP 

Roport ~o. 65-t~-94 
Shoot Ci of - -

Inner Ra.or Tray Springs, Dwg No, u2o093b 

V.-hiclo No. 
Sil.le 
Firing st.tus (rwnJs) 
Freo i,~ii&ht, approx (in,) 
Sol..i.u hoiaht, raax (in.) 
Win, ui.u.ter (in.) 
OutsiJo Jiaaoter (in,) 
In:si<le Jiuaotu1· (in. j 11 
Total No, of coils, 

approx 
LoaJ at 12.ioo in. (lb) 
Load at o.~oo in. (lb) 

Specs. 

17 
4. 750 
O,l2u 

0, 900 • 0.020 "°-
ll • 3 
75 + 7 

Acoaaputod, 0oiu not a«tot spocifications. 

1211297 
Lt,ft 

AP 1417 
b1s.n 

4. 712 
0.120 
1.1s 
0,910 

38.9 

b 26 
71 

Actual 

1211297 
Right 

AF ll70 
t,16.41 

4,675 
0.120 
1.1s 
0,910 

38, 75 

b 29 
71 

Measurements 

1211298 1211298 
Loft Right 

BF at APG BF at Arr, blti,16 015,79 
4,746 4,693 
0.120 0.120 
1.16 1.15 
O 920 o.~10 38,8 38. 75 

30 h is L. 
73 68 



S'J'tiAP-DS-LP Report No. 65-M-94 
Sheet ·_]__ of ...L.. 

~tor Raaaor Tray Sprina1, Dwa No. 6260937 

Specs. Actual Measurements 

Vehicle No. 12tt297 1211297 1211298 1211298 
Side Loft Riaht Left Right 
Pirina 1tatu1 (rounds) AP 1437 AP 1370 BF at APG BF at J\P <i 
Freo hoiaht, approx (in.) 17 b16.26 bl6.14 bl6.12 h1s.97 
Solid heiaht, ■ax (in.) 4,850 4,490 4,S32 4.7Y3 4.837 
Wire diaaotor (in.) 0,177 0,175 0,174 0,176 0, 176 
~tilde dillllOtor (in,) 1,730 • 0.024 1. 73 1.70 1. 72 1.74 
Inside•diaaetor (in.)a - 1.380 1,3S2 1,368 1.388 
Total No. of coils, 27,S b2s.s b25,7 27,3 Z7.l 

approx 
b57 b61 b57 b56 Load at 12,200 in. (lb) 77 • 7 

Load at 6.300 in. (lb) 160 + 1S 148 160 b143 b144 

&coaputed, 
bold not ••t spocifications. 

Appendix I 



Roport No . oS - -1- .l•I 
Shee t · 8 r· . -

li ru ch Closina Spring:; , Oug ~lo. 7t!J7113 

Ve i cli.; , o . 
Side 
Firin , s t.ltu-; (rounus ) 
Load .it sp~cificJ angle 

(f t l u) 

Snc s . 

54. 7 + 6.7 

Actual nsur~ill1>nts 

12112!>7 
Loft 

AF 14.37 
S!i 

l :?112!18 
Lo f t 

nr a t •\ r. 
6 ) 

llrooch Closin~ Spring!i., Dwg No. 7165198 

Vehicle ~o. 
Side 
Firin~ ,tatus (rounds) 
~oaJ at specified nnale 

(ft lb) 

Spocs 

54.7 • 6.7 

Actual ~loasure1110nts 

1211297 
Right 

AF 1370 
58 

1 11298 
Right 

BF 'It AP C: 
so 

Spocifications: Por 145.5• twist, the load is 181 + 22 pounds at a radius of 3-5/8 inches. 

181 lb x l.625 in.• 54•7 ft lb 12 in.JFt 

22 lb X 3.625 in. 
12 ln./ft • 6.6 ft lb 

Appondix I 



P-0S-LP 
noport No. 65-M-94 
Sheot 9 of ~1 

Rocoil Sprinr,s, Dwg No. 7238632 

Spocs . Actual ~teasure111c11ts 
Vohiclo No. 

12 i.:97 1211297 1211298 1211298 New l Now 2 
Side 

Left Right f..oft 'Right New Now Firing status (rounds) AF 1437 AF 1370 BF at APG OF at APG BF BF Free hoight (in.) 38 • 2 37.11 36,30 37 .35 37.07 37.57 37.30 Solid hoight, 11ax (in.)• 11-r11 10. 914 10.932 10.968 10.8S7 10.!JSO 10.932 
litre Jiuoter (in.) 0.600 • 0.003 0.598 O,S99 0.601 0.59!) 0,600 0.599 Outside dia•etor (in.) - S,668 S.692 S,680 5.676 5,679 S.680 

-Inside diaaetor (in.)a 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 l !l-1/4 approx 

t,126S 
LoaJ at 20,687S in. 1320 • 88 1330 1358 1311 1359 1346 (lb) 

- 44 Load at 11. 8125 1a. 8 198 •165 2049 198J 2081 2021 2073 2064 (lb) • 88 Spring rate (lb/in.)• 81 81 81.5 80 80.5 81 a~ iputeJ. 
L .. _J not ■eet spocif1catio111. 

AflpenJix I 



BNGINBBRING LABORATORIES 
PHYSICAL TEST LABORATORY REPORT 

STEAP-OS-LP 

INSPBCTICW OPS 

Callponats of Gun, ~1 
Autoutic 40-"4, M2Al fraa 
M42 Vehicle, No. l2H27J. (Arter '1re) 

<JUECT OP INSPBCfI~: 

To locate poaaible defect• 
in the two sun• by ■qnetic par­
ticle inspection after flrtn1 
3163 rounds on th• rl1ht sun 
and Jl 73 rounds an the left sun. 

INSTR\IEM'ATI CJh 

Mqnaflua unit; vet con­
tinuoua Hthod, coll, and 
central conductor ••r1i1ed with 
low voltq• to a aul■111 of 1100 
apen1 DC, fluon,cent ■asnetic 
partlcla 1111pended in a petrolNI 
ba1e diatillate bath, black ll1ht. 

PROCEDURE: 

6S•M-153 Report No. ------------
ShHt 1 of 12 ----------
DatH of Inspection __ 1_2_t_h_r_ou_.1._h __ _ 

14 July 196S 

Report Co■plete 26 July 1965 

Conducted for __ M_r_. _G_HP....,P_• ____ _ 

Art u lery WN))OIII Branch 

W. o. No. 377-010-14 ----·--------
Reference, Mapetic Particle Inspection 

Criteria. Dw1. No1. 87687471 73099911 

73099921 87691231 8769067. PTL Report 

No. 65-M-108 

. 
111• co■p••ts wn 11q11etl1ed, wuhed with the bath and inspected under 

black li1ht for 9attem1 lndlcatiw of crack• or other naws. Th• c•ponent1 
were then dlll&lftetl1ed. 

RESULTS: 

1. Th• followln1 listed c011pC111ent1 were lnapected: 

Serial No. 
or 

Coapon•t Ord. Part No. Gun 

Am, ~r, Control 8722101 Ri1ht 
Inter■edlate Spindle, 
outer, ri1ht 

An, Railer Control 85222409 Left 
Intenedlate Spindle, 
outer left 

Results 
of the 

Inspection 

No defect, 

No defect• 



STEAP-1"6-LP Report No. 65-M-153 
Sheet 2 of I :! -

Serial No. Results 
or of the 

Component Ord. Part No. Gun Inspection 

Am, Feed Control 8S222403 Ri1ht No defects 
Lever Spindle 

Arm, Rammer Control 13S222601 Left No defects 
Spindle, Loft 

Arm, Rammer Control B722S103 Right and No defects 
Spi ,adle, Right Loft 

Arm Peed Roller catch 85222S69 Right nnd No defects 
Release Lever Left 

Am, RUUNr Cocking 8716S190 Right No defects 
Lever Shaft, Ri1ht 

Arm, Ramler Cockin1 B5222480 Left No defects 
Lever Shaft, Left 

Ara, Peed Roller B5222471 Ri1ht and No defects 
Catch, Right Left 

Ann, Feed Roller 8S222649 Right and No defects 
Catch, Left Left 

Arm, Ruller Control 8S222603 Left No defects 
Inter,aediate Spindle 
Inner, Left 

Arm, Breech Rini Control 8S222434 Right and No defects 
Left 

Arm, Extractor, Left B716S194 Loft Contained cracks (see 
paragraph 2) 

Arm, Extractor, Right 86197107 Right Contained cracks (see 
paragraph 3) 

Al"lll, Raimer, Control B722S108 Right No defects 
Intel'llediate Spindle 
Inner, Ri1ht 



STEAP-~-LP Report No. 6S-M-1S3 
Shoot · 3 of H -

Serial No. Results 
or of the 

C011ponent Ord. Part No. GWl Inspectiaa 

Bolt, Loader Tl'ay 85222427 Riaht and ~o defects 
Connectiq Left 

Breecl\l>l*k P6S50027 Riaht No defects 
Wl CN9 

Breechbiock P6550027 Loft No defects 
Y2 Of2 

Cross-phce Loader C7238622 Right and ;'10 defects 
Loft 

Collar, Raaer Control 05222599 Riaht and No defects 
Spindle Left 

Cover, Loader C7238620 Ri;ht and No defects 
Cro11piece Lott 

Cover, Pirina Pin 85222588 Riaht Contained cracks (see 
Sprina paraaraph 4) 

Cover, Pirina Pin 05222S88 Left No defects 
Sprina 

Catch, Breech Rina C7165191 Right No defects 
Barrel 

catch, Breech Rina C61971S3 Left No defects 
Barrel 

Crank, lnech Rina C7165178 Riaht No Jefects 
~ter, R11ht 

Crank, Breech Rini CSS9S0~ Jliaht Contained cracks (see 
Inner, Riaht paraaraph 5) 

Crank, Breech Rina CSS9S003 Right Contained cracks (see 
Inner, Loft I 

para1raph S) 

Crank, Breech Rina CSS9S003 Loft Contained cracks (see 
Inner, Left paraaraph S) 



STEAP-00-LP 

Serial No. 
or 

Component Ord. Part No. 

Crank, BrHCh Rin1 CSS95004 
lnnor, R11ht 

Cut, Breech Clos in1 C1165196 
Sprina 

Case, BrH~h Closin1 C6197102 
Sprin1 

Cover, BNech Closina C7165197 
Sprin1 

Cover, Breech Closina C6197103 
Sprin1 

Crank, Dreech Rln1 C619710S 
Outer, Left 

Extractor, C&rtrld1e Ca5e C6197126 

Extractor, cartrld1e Case C6197126 

Extractor, Cartriqo Case C61,7146 

Guide, Allllunltion Charger C61~7121 
Clip 

Gulde, Aaunition Chaqer C7225110 
Clip 

Guide, Loader, !war P7225129 

Guide, Loader, Rear P6550009 

Gulde, Loador, Front D7258623 

llead, Peed Roller C5222481 
Catch, Left 

Head, • Peed Roller CS222482 
Catch, Rl1ht 
a, 61 

Report No. 6S•M-1S3 
Sheet .J__ of 12 

Results 
of the 

Gun ln1pection 

Loft Contained cracks (soe 
para1raph S) 

Ri1ht No defect■ 

Left No defects 

Ri1ht Contained cracks (see. 
para1raph 6) 

Loft Ho defects 

Loft No defects 

Ri&ht Contained cracks (seo 
paragraph 7) 

Left No defects 

Ri1ht and No defects 
Left 

Left No defects 

Rl1ht Contained cracks (see 
para1raph 8) 

Ri1ht No defect■ 

Left Contained crack■ (soe , 
para1raph 9) 

Ri1ht and No defects 
Left 

Loft No defects 

Left ~o defects 



r 
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STEAP-DS-LP 

Serial ~o. 
or Coaponent Ord Part No. 

Head, Peed Roller Catch CS222482 

Holder, Peed Pawl, Left 0S595007 

Holder, Peed Pawl, Ritht 05595008 

Holder, Stop Pawl, Left 05595005 

Holder, Stop Pawl, Ritht 05595006 

Lever, Peed Control 8522&,13 

Lever, Raaer Cockina, 85222415 Inner 

Lever, Peed Roller 85222608 Catch, Releue 

Lever, Raaer Catch, 85222604 Peed Control, Left 

Lever, Raaaer Catch, 85222650 Triaaer, Left 

Lever, Ramer Catch, 85222452 Tray 

Lever, Ra.er Cockln1, C6197123 ~ter Left 

Lever, Raaer, Riaht B5222412 

Lever, Raaer, Left 85222411 

Report No. 65-M-153 
ShNt 5 of 12 -
Results 
of the 

Gun Inspection 

Riaht No defects 

Riaht and No defects 
Left 

Ri1ht and No defects 
Left 

Riaht and No defec s · 
Left 

Ritht and No defects 
Left 

Ritht and No defects 
Left 

Left No defect, 

Riaht (2) No defects 
and Left (2) 

Left No defects 

Left No defects 

Ritht and No defects 
Left 

Left No defects 

Riaht and N defects 
Left 

Right and No defects 
Left 



STBAP OS-LP 

011ponent 

Lever, BrNchblock, 
Inner Cockln1 

Lever, Breechblock, 
Outer Cockln1 

Link, PHd Roller 
Catch Release 

Lever, Rallller Cockin1, 
Inner 

Lever, Raaer Cockin1, 
Outer 

Lever, Rudler Catch, 
Peed Control 

Lever, Ramler Catch, 
Tri11er 

Piston, Peed Roller 
Catch Release 

Pawl, Peed, Left 

Pawl, Peed, Ri1ht 

Pawl, For Stop Pawl 
Holder, Left 

Pin, Ruller Catch 
Lever, Axis 

Plunger, Peed Rod 

Serial No. 
or 

Ord. Part No. 

8S222S86 

C6197147 

8S222S63 

8716S189 

C716S188 

B722S107 

87225104 

85222418 

85222641 

85222642 

AS222652 

85222420 

Report No. 6S-M-1S3 
Sheet ..!,_ of 12 

Results 
of the 

Gun Inspection 

Ri1ht and No defects 
Left 

Ri1ht and Levers fr011 both 1uns 
Left contained cracks (see 

para1raph 10) 

Ri1ht and No <lofects 
Loft 

Rieht No defects 

Riaht No defects 

Right No defects 

Right No defects 

Ri1ht (2) No defects 
and Left (2) 

Ri1ht (S} No defects 
and Left - (S) 

Riaht (S) No defects 
and Left (S) 

Right (10) No defects 
and Left (10) 

Ri1ht and No defects 
Left 

Ri1ht (2) No defects 
and Left (2) 



STl!AP•m-LP lwport No. 65•M•l53 
Sheet 7 of 12 -

SWlal No. Results 
or of the 

C011ponent o~. Part No. Gun Inapection 

Plunger, Pffd Roller 85222606 Ri1ht (2) No defects 
Crosspiece and Left (2) 

Pin, Firin1 7309769 Ri1ht and No defects 
Left 

Plunger, reechblock, C61971'8 Ri1ht and No defects 
Inner Cockin1 Sear Left 

Rail, Upper (Ollter) C722S132 Ri1ht No defecu 

Rail, Inner D7225130 Ri1ht No defects 

Rail, Lowor (Outer) C7225131 Right No defects 

Rail, Inner CSS95011 Left ~o defects 

Rail, Lower (Outer) C6197154 Left No defects 

Rail, Upper (Outer) C6197140 Left No defects 

Rod, Feed Control, Upper AS222468 Ri1ht and No defects 
Left 

Rod, Peed Control, Lower 85222450 Right and No defects 
Left 

Rod, PHd, Right 05S95010 Ri1ht and No defects 
Left 

Rod, Feed, Left 05S9S009 Ri1ht and No defects 
Left 

Roller, Peed A11e11bly, B7238627 Ri1ht and No defects 
Right Left 

Roller, Feed Alsellbly, B7238626 Ri1ht and :fo defects 
Left Left 

Rod, Raaer ll6197115 Right and No defects 
Left 



STEAP-DS-LP 

COllpOnent 

Rini, Breech 

Rini, DrNch 

5haft, PNd Roller, 
Asseably, Lett 

Shaft, Peed Roller, 
Aueably, Ri1ht 

Shaft, Raiaer Codtin1 
Lever 

Shaft, Breech Rina 
Crank 

Spindle, Ralaer Control 

Spindle, Feed Roller 
Catch Head 

Shoe, Aaller 

Sptadle, Extractor 

Suppressor, Plash 

Spindle, PNd Roller 
Catch Releue 

Spindle, Rallller Cont rol 
lntenediate 

Serial No. 
or 

Ord. Part No. Gun -
L-1S4 Lett 
1:722514S 

R-145 Right 
l722S144 

87238630 Ri1 t and 
Left 

87238631 Ri&ht and 
Left 

324132-Staped Ri1ht 
on part 

8716S181-Should 
be 

C6197104 Riaht and 
Left 

8S222561-Staaped Right and 
on part Le ft 

85222651-Should 
be 

Report No. 6S-M-1S3 
Sheet _!_ of .,.1_2 _ 

Results 
of the 

Inspection 

No defects 

No defects 

No defects 

No defects 

No defects 

No defects 

No defects 

AS222419 Right (2) No defects 

C619:'122 

86197106 

07308575 

AS222466 

AS222460 

and Left (2) 

Ri1ht and No defects 
Left 

Riaht No defect, 

Ri1ht and Defective (iee 
Left para1raph 11) 

Riaht and No defects 
Left 

Right and No defects 
Left 



STBAP-~LP Report No. 65-M-153 
Sheet 9 of }J -

Serial No. Results 
or of the 

Collponent Ord. Part No. Gw, Inspection 

Spindle, Feed Control 85222402 Ri1ht and No defects 
Lever Left 

Support, Peed Roller, B5222413 Rl1ht and No defects 
Ri1ht Left 

Support, Peed Roller, B5222414 Ri1ht and No defects 
Left Left 

Shaft, Raaer, Cockin1 05222479 Left No defects • Lever 

Spindle, Extractor B6197106 (Mounted ln left No defects 
IWI, should have 
been in ri1ht one) 

Sprin&, Raaaer catch AS222456 Rl1ht (S) No defects 
Lever Plunaer and Left (3) 

Sprin1 1 Raaer Control 85222597 Left No defects 
Torsion 

Sprin1, PNd Roller Catch B5222459 Left No defects 
Head Tonion, Left 

Sprin1, Pawl Tonion AS222595 Ri&ht (20) No defects 
and Left (20) 

Sprin1, Raaer Control 87225111 Ri&ht No defects 
Tonlon 

Sprin1, Pe•d Roller 85222594 R11ht No defects 
Catch Head Torsion, Rl1ht 

Sprina, Raaaer Lever AS222407 Ri1ht and No defects 
Plunaer Left 

Sprina PNd Roller AS222464 Ri&ht (2) No defects 
Pll.111er and Left (2) 

Sprina Firina Pin 85222592 Riaht and No defects 
Left 



STEAP-~LP 

Report No. 65-M-153 
Sheet 10 of p -

Serf.el No. 
Results OT 
of the 

COIIJ)Ollent 
Ord. Part No. Gun Inspection Sprin1, Bnec:hblock AS222593 R11ht and No defects 

Inner Cockin1 Lewr 
Left Sear Plun1er 

Sprin1, Peed Rod AS222646 Riaht (2) No defects 
Plun1er 

and Left (2) Sprin1, Raaaer, IMer C6260936 Ri1ht and No defects Left 
Sprtn1, Raaer, ~ter C6260937 R11ht and 

Left 
No defects 

Sprin1, Breech Clolin1 C6197113 Left No defects Sprin1, Breech Clo1in1 C7165198 Right No dofects Sprin1, Recuperator D7238632 Ri1ht and No defects Left 
Tappet, Raaer Control, 87225123 Right No defects 
Pbed 

Tappet, Rllller Control, Pree . D7165183 Ri1ht No defects 
Tray, Aut011atic Loader P7305585 Riaht No defects Tappet, RuNr Control 85222602 Left No defects 
Pbed 

Tappet, Ruller Control B5222600 Left No defects 
Free 

Modified Trip Lever Pirin1 
Plun1er Altably Con1i1tin1 Of: 

Synchroni1tn1 Lever R017309 Right (2) No defects and Left (2) 



STEAP-~-LP 

Coaponent 

Pivot Cranlt 

Cross Shaft 

Pi 1 low lloclt 

Firin1 Plun1a~ Crank 

-Pirin1 Pluna•r Crank 

Teeter Bar 

Pirin1 Plun1er Alltably 
Trip Lever 

Ruuaer Catch Lever 

Sn-ial No. 
or 

OJilit, Part No, Gun 

RD1C7J08 Center of Ri1ht 
and Left Gun 

RD17310 Riaht and Left 
RD17311 Ri1ht and Left 

RD1730S Right 

RD1C7306 Left 

RD1C7304 Riaht and Left 

Ri1ht anc1 Left 

Riaht and Left 

Ri1ht and Left 

Report No. 6S-N-1S3 
ShHt 11 of 12 -

Results 
of the 

Inspection 

No defects 

No defects 

No defects 

Ho defects 

No defects 

No defects 

:io dttfects 

No defects 

No Jefecta 2. The left utnctor ani (B7165194) fNII the left II.DI contained cracks C••• the photoaraphs in Fiaure 1). No defects were noted in the extractor durin1 
the previ0111 in1pection, 

J, 1be ri1ht extractor ani (86197107) fl'CIIII the riaht gun contained cracks durina the previous inspection (see the photoaraphs in reference report 65-M-108, Pi1ure 1), Durin1 additional firin1, the cncks pro1re1sed in len,th (see the photo1raphs in Pt1ure 2 of this report), 

if. · The firina pin 1prin1 cover (85222S88) froa th• riaht aun contained cracks u shown in the photo1nphs in Pi1ure 3. No defects were noted in the cover durina the previous in1pection, 

s. 1be two riaht and th• t_, left brNeh-rina inner cranks (CS59S004 and CS59S003) frm the ri1ht and left II.DIS cont•ined cracks durtn1 the previous inspection, No chana• wu noted in the patterns durin1 this inspection (see the 
photoanphs in Piaures 4, s, 6 and 7). 

6, The breech-rin, closin1-1prin1 oover (C716S197) fl'OII the riaht aun contained crack1 (see th• photo1raphl in Pisur• 8), The cover contained no cracks 
durin1 the previous inspection, 



STEAP-~-LP 
Report No. 65-M-153 
Shfft • 12 of 12 -

7. The cartriqe cue ••tractor (C6197126) fro. the ri1ht 1un contained cncks (see the photoaraphs in Pi1un 9). The extractor contained no defects durin1 the pnYious inapection. 

a. The -unition charaer clip (C7225110) fl'OII the right gun contained cracks as shown in the photoaraphs in Piaun 10. The guide contained no defects durin1 the previous tn,p.ction. 

9. The rear-loader pide (P6550009) froa the left gun contained a crack pattern u shown in the photoaraphs in 1111ure 11. No defects were noted iA the 1uide ~rtn1 the previous in1pection. 

10. The levers (C6197147) fJ'OII both suns contained cracks (see Fi1ures 12 and 13). ~in1 the pnvious inspection, only the lever fro. the ri1ht aun was cracked. Coaparison of the photo1nph of the right lever in this report and the photograph in PTL Report No. 65-M-108 will reveal the obvious propagation of this crack. 

11. The braces around the three protrudin1 fingers of the flash suppressors (D7308575) were tom loose at the welds, No other defects wen noted. The braces wen to be repaired and the suppn11ors placed back in service. 

SUBMI1Tl!D: 

,fltf.~~ 
I.at.Sala evaluation Section 

REVIBWP.Dt 

R. L. IIUDDLBSTCW 
Olief 
Materials Evaluation Section 

' 1 Incl 
Appendix I 

APPROVED: 

r ~cKINIJ!Y 
Olief 
Physical Test Laboratory 



STEAP-DS-LP Report No. 65-M-153 
Sheet 1 of 13

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

M

General View of the Same Area. 

Figure 1

Appmdix I



STEAr-DS-LP Report No. 65-M-1S3 
Sheet 2 of 13

Magnetic Particle Crack Patterns in the Right 
Extractor (R6197107) fro® the Right Gun.

% r

General View of the Sane Area.

Figure 2

Appendix I
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Report No. 6S-M-153 
Sheet 3_  of 13

Magnetic Particle Crack Patterns in the Firing Pin 
Spring Cover (U5222588) from tlie Right Cun.

General View of the Sane Area.

Figure 3

177 Appendix I
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Sheet 4 of 13

s
I

Maf-netic Particle Crack Patterns in the Ureech 
Ring Inner Crank (C5595004) from the Right Gun.

General View of the Same Area.

Figure 4

i76 Appendix I



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

Magnetic Particle Crack Patterns in the Firing Pin 
Spring Cover (U5222588) from the Right Gun.

General View of the Sane Area.

Figure 3

0.77 Appendix I
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Sheet 5 of 13

•/ r

t
Magnetic Particle Crack Patterns in tiie Breech-IUng 

Inner Crank (C559S003) from the Right Gun.

Ik
it

General View of the Same Area.

Figure 5

Appendix I
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Magnetic Particle Crack Pattonis in tlie ilreech-Ring 
Inner Crank (C5595003) from the Left Gun.

ii
General View of the Same Area.

Figure 6

Appendix I
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i--

Mar.netic Particle Crack Patterns in the Ureech-RinR 
Inner Crank (C5595004) fron the Left Cun.

T

^ j
\ General View of the Sane Area.

Figure 7

Appendix I
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- V,. >'■

rf'f

I
riaguotic Particle Crack Patterns in the Breech-Closing 

Spring Cover (C7165197) frou the Rigljt Gun.

1

General View of the Same Area.

Figure 8

Appendix I
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A

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

General View of the Sane Area.

Figure 9

Appendix I
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, I
y

%

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

General View of the Same Area.

Figure 10

X9V
Appendix I
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^ i*Y

Magnetic 'irticle Crack Patterns in tho Rear Loader 
Guide (F65S0009) from the Loft Gun.

General View of the Sane Area.

Figure 11

Appendix I
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“If*

Mar.netic Particle Crack Pattoni in the Breechblock Outer 
Cocking Lever (C0197147) from the Right Cun.

Coneral View of the Sane Area.

Figure 12

Appendix I
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Sheet 13 of 13

Maipiotic Particle Crack Patterns in the llroochblock Outer 
Cocking Lover (C6197147) from the Loft Cun.

N'

Coacral View of the Same Area.

Figure 13

Appendix I



ENGINEERING UBORATORIES 
PHYSICAL TCST UBORATORY REPORT

STEAP-DS-LP

TEST OF: Report No. 6S-M-154

Various Springs froM Oun,
Dual AutoMatlc, 40-MH, K2A1 froa 
M42 Vehicle No. 12U273. (After Fire)

Sheet 1 of 2

Dates of Test 16 to 21 July 1965
OBJECT OF TCST: Report Conplete 23 .July 1965

To conduct a specification
e.1.^_ _ _ 1_ _ _

Conducted for Mr. P. Grepps

INSTRUhCNTATION!
Artillery Weapons Branch

N. 0. No. 377-010-12

References Dwg Nos. 5222407. 5222464.

5222592. 5222593. 5222646. 6260936.

6260937. 7197113. 7165198. and

7238632.

Univarsel testing wichine,
SU00>pound capacity; aeasuring 
instruaents and torque wrench,
0 to 100 ft-lb capacity.

PROCEDURE;

1. Initially the physical 
dlaensions of all but the breech 
closing springs were Measured. They

were then Individually placed In the testing Machine and conpressed to the 
specified heights and to the solid heights. Finally the outside dlaaeters of 
the springs were Measured at solid heights.

2. The breech closing springs were placed In the containers and asseid>led 
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 1.

X8^
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Chief, 
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Chief, 
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Raaer Lover Plunaer Sprinas, Dv1 No. 5222407 

Specs Actual Mlasun•nts 
Vehicle No. 

12Jl27l 12H273 Side 
Left Riaht Pirin1 status (total rounds) 3134 3156 •ClJtside di ... tor solid, not 0.500 0.471 0.47S aore than (in.) 

Maan diaaetor free (basic) 0.396 0.118 O.S!>S (in.)• 
Inside di ... ter froo, not - 0.308 0.11s 1••• than (in.)• 
Di ... ter of wire (in.) 0.080 o.oao o.oso No. of workin1 coil• 19 19 19 Pree hoiaht, approx (in.) 2.930 b2.664 h2.a2s •solid hoipt, not aore 1.810 1.69S 1.662 than (in.) 

•Lou at hoi1ht of 1.8S in. 54 t 6 S4 S7 (lb) 
Clltside dia•tor froo (in.) 0.468 0.47S 
•Mandatory roquireaonts. 

-Coaputod. 
bold not 110ot specifications. 

Appendix I 



S'l'BAP•DS•LP 
Report No. 65-M-154 
ShN« 2 of I -

PMd Roller Plun .. r Sprtn11, Dw1 No. 5222464 

Specs Actual Mluunant1 
Vehicle No. 

12tl27:S 12H273 Side 
I.aft Left Rlpt Ri1ht Plrlna 1tatu1 (total raund1) 

3134 J156 *a&t1ide dlaater 1olld, not 0.672 0.660 0.6S:S 0.659 0.672 aon tw (ln.) 
Mlaa di-ter free (ballc) 

(in.)• o.s,o 0.577 o.s12 0 576 O.S93 lnaid• dl ... ter fne, not 0.469 0.494 0.492 0.495 o.su 1111 than (ln.)a 
D1 ... ter of wln (in.) o.oao o.ou o.oao 0.011 o.oao Ho. of workln1 coll• 14 bu.s bu.6 hu.s b12.2 Pne M1aht, approx (ln.) 2.aa 2.79 2.91 2.89 2.11 *Solid Miaht, not aon than 1.26 1.21 1.11 1.16 1.13 (111.) 

*Load at hei1ht of 1.l4 in. :ss ! :s.s 34 36 33 32 (lb) 
~tilde dl ... ter free (in.) - 0.660 0.652 0,. 657 0.673 *Mandatory requln•nt1. 

•coaputed. • 
bold not .. , 1peclflcatlan1. 

Appendix I 
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Report No. 65-M-1S4 
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Pirin1 Pin Sprin1s, Dnwina No. 5222592 

v,i.1c1e No. 
Side 
Flrin11tatu1 (total rounds) 
Free hei1ht, ■in (in.) 
Solid hei1ht, aax (in,) 
Wire di ... ter, approx (in.) 
Outald• di ... ter, aax (in.) 
In1ide di ... ter (In.)• 
Total No. of coils, approx 
Load at 1.65 in. (lb) 

•coaputect. 

Specs 

2.350 
1.500 
0.114 
0.646 -13 

116.8 + 11.0 
- 6.6 

Appendix I 

Actual Measur...,.ta 
1211273 
Left 
3134 

2.404 
1.456 
0.114 
0.642 
0.414 

12.9 
111 

12H27l 
Ri1ht 
3156 

2.443 
1.438 

• 0.114 
0.635 
0.407 

13 
120 
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Sheet 4 of 8 -

Breech Clock Inner Cockin1 Lner Sear Plun1•r srrin11, 
Dw1 No. 5222593 

Speca Actual Meaauraent1 
Vehicle No. 

1211273 12H273 Side 
Left Ri1ht Flrln11tatu1 (total rounda) 
.3134 3156 • 

OCS34 : 0.528 
OUtalde d11Mter 1011d, not 0.541 aore than (in.) 

.Mean dl ... ter frff (baalc)(ln.)• 0.468 0.4755 0.474S lnaide dl ... ter fr••• not 0.396 0.428 0.427 1•11 than (in.)• 
Diueter of wire (in.) 0.0475 0.047S 0.0475 No. of workln1 coil■ 9-1/2 8.9 9 Pree h•i1ht, approx (in.) 2.CM bt.775 ht.878 • 

o.ss O.Sl 0.49 
Solid h•l1ht, not aore 

• than (In.) 

10 f 1 9 10 
Load at o. 709 in (lb) 
OUtaide dl ... ter frff (in.) -- 0.523 0.522 
• Mandatory reqiir111ent1. 

•c011p11tec1. 
bold not •••t 1pecification1. 

Appendix I 
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Feed Rod Plunger Springs, nwa No. S222646 

S.,.cs Actual Measur•ents Vehicle No. 
12H273 1211273 

.. 

~!de 
Left Left Richt Right 

.ririn11tatu1 (total rounds) 
3134 31S6 

Outside di ... ter solid, not 0.660 0.659 0.6S3 b0.662 b0.661 
110re than (in.) 

Mean di ... ter free, not 
0.490 0.504 0.498 o.sos o.soo 

le11 than (in.)• 
•inside diueter free, not 

0.320 0.350 0.341 0.348 0.343 
le11 than (in.)• 

Diaaeter of wire (tu.) 
0.1551 '0.154 0.157 0.157 0.157 

No. of workina coils 
18 18 18 18 18 

Free hei1ht, approx (in.) 
4.15 4.07 4.06 4.14 4.11 

• 
3.18 3.15 3.15 3.18 3.17 

Solid hei1ht, not 110re 
than (in.) 

•Load at l1ci1bt ,.af ~hll~. in. (lb) 331 • 33 302 321 321 324 
Outside diaaeter frH (in.) - 0.658 0.6S5 0.662 0.6S7 

-• Mandatory r~utrerent5. 

8<:oaputed. 
bold not •et 1peclft~..atio~s. 

Appendix I 



STEAP•DS-LP 
Report No. 6S-M-154 
ShMt 6 of 8 -

Inner Raaer Tray Sprin11, Dw1 No. 6260936 

Spec1 Actual Meaaul'tlllent1 
Vehicle No. 

1211273 1211273 Side 
Left R11ht Pirin11tatu1 (total round■) 
3134 31S6 Pree hei1ht, a rox (in.) 17 h16.021 hJ6.15S Solid hei1ht, au (in.) 4.750 4.638 4.643 Wire di ... ter (in.) 0.120 0.120 0.120 Out1ide dl ... ttr (in.) - 1.150 1.1s2 In1idt di ... ter (in.)• 0.900 • 0.020 0.910 0.112 Total No. of coll1, approx 40 38.8 38.8 Load at 12.200 in. (lb) 

33 • 3 b 27 b 28 Load at 6.300 in. (lb) 7S + 7 78 b 66 -aCollputK . 
hotd not ••t 1peclficatlon1 

Appendix I 



' STEAP- DS-LP 
Rey,ort No. 65-M-154 
Street 7 of 8 -

Outer Ru.er Tray Springs, l>wg No. 6260937 

Vehicle No. 
Si 
Firing status (total rounds) 
Free heiaht, approx (in.) 
Solid heiaht, ux (in.) 
Wire diueter (in) 
Outside diaeter (in) 
Inside diaeter (in.)A 

·Total No. of coils, appr~x 
Load at 12.200 in. (lb) 
Load at 6.300 in. (lb) 

&coaputed. 
bold not ■eet 1pecification1. 

Spec11 

17 
4.850 
0.177 

1.730 • 0.024 

27.5 
77 • 7 -160 !. 15 

Appendix I 

Actual ~leasureaents 

1211273 
Left 
3134 

b 16.067 
4.792 
0.177 
1.721 
1.367 

h 27.4 
56.0 

146.o 

1211273 
Right 
3156 

h 16.095 
4.805 

b ~.177 
1.690 
1.336 

b· 27.25 
' 64.0 
157.0 



STEAP-Ds-1.r 
Roy,ort No. 65-M-154 
Sheet · 8 of 8 - ----

Brooch Closin~ srrings, Ewr. No. 7197113 
(l,eft) 716S198 (Riiht) 

Vohiclo No. 
Sido 
Firing status (rounds) 
Torque at specifieJ angle (ft lb) 

Specs 

S4.7 • 6.6 -

Actual ~1easuromtmts 

1211273 
Left 
3134 
60 

1211273 
Ri,.ht 
3156 

55 
Spocifications: For 14s.s• twist, tho load is 181 ! 22 pounJ1 nt a raJius of l-S/8 inches. 

181 lb x 3.62S in.• S4.7 ft lb 
12 In.lit 

22 lb x 3.625 in.• 6.6 ft lh 
12 in7Ft -

Aprondix I 



ENC.INL!~RINC. LABORATORIES 
PHYSICAL TEST LABORATORY REPORT 

STHAP-DS-Lr 

INSPECTICN OF: 

Col"IJ'ononts of r.un, 
Dual, Automatic, 40-►IM, 
~12Al from ~142 Tracked 
Vehicle, USA12H298. 

OUJcCT or INSPECTION: 

To locate possible 
defects in tho two Runs by 
mngnotic pnrticlo inspection 
before firing at APG and after 
firing 1S02 rounds on each of tho 
two guns. 

INSTRUMENTATION: 

Magnaflux unit; wet continuous 
method, coil, and central conductor 
enerahed with low voltaR• to a 
maxi1111m of 1800 amperes DC, fluorescont 
•magnetic particles suspondod in a 
portoleum base dhtillate bath, black 
light. 

PROCEDURE: 

Roport No. ----------Sheet 1 of 15 

Dates of Inspection ------8 June 

throuflh 21 July 1965 

lloport Comploto 28 .July 1965 

Conducted for ~Ir. r.rcpps 

Artillery Weapons Dranch 

W. O. No. 377-010-12 

References ..!.!,agnetic Particle 

Inspection ~~iteria. Ornwings 

No. 87687471 309991 1 7309992, 

8769123, 8769067. 

The COIIIJlonentl were magnetized, washed with tho bath .ru.l inspected under 'black liRht for patterns indicative of cracks or other flaws . Tho coP.1pononts were thon demagnetized. 

iRESULTSt 

1. The following lilto<l coapononts were inspected : 

Serinl or Results of eo,,onent Ord Part No. r.un Piring Status tho Inspection 
An, Raaer, Control 0722S01 llight Before fire and No defects. lntenodiate Spindle, after 1S02 outer I right rounds. 

An, Ranner , Control 85222409 Left Before fire and No dofecu. lntenNdiatc Spindlo, after 1502 outer left rounds. 

Ara, Feed Control 85222403 !light and Before fire and No defects. Levor Spindle Left oftor 1S02 
rounds. 

J. 19 



STEAP-~-Lr 

CollJ)onent 

An, llaaer Control 
Spindle, Left 

Ara, Ruller Control 
Spindle, Right 

An, Feed Roller 
Catch Release Lever 

An, RallNr Cocking 
Lover Shaft, Ri1ht 

Arm, Ra-r Cockina 
Lever Shaft, Left 

An, Feed Roller 
Catch, RiRht 

An,Paed Roller 
catch, Left 

An, Ra ... r Control 
Intermediate Spindle 
Inner, Left 

Ana, BrHCh Ri■I ' 
Control 

Ara• F.xt ractor, 
Left 

., ra, Extractor, 
Ri1ht 

Ara, RaaNr, Control 
Interaediate Spindle 
IMer, R11ht 

Soo 

Serial or 
Ord Part No, 

8S222601 

8722S103 

8522S69 

87165190 

85222480 

8S222471 

8S222649 

B5222603 

8716S194 

86197107 

8722S108 

Qan 

Left 

Right 

Rep_ort No, 65-il-155 
Sheet 2 of 15 -

Results of 
Firin1 Status the Inspection 

Before fire and No defects. 
aftor 1S02 
rounds, 

Beforo fire and No Jefects, 
after 1502 
rounds 

Right and Before firo and No defects, 
Left after 1502 

r !>unds, 

Right 

Left 

Before fire, and No defects. 
after 1502 
rounds. 

Before fire and No defects. 
ofter 1S02 
rounds. 

Riaht and Before firo and No defects. 
Left after 1S02 

rounJs. 

Right and Before fire and No defects. 
Left after 1S02 

rounds. 

Left Before fire and No defocts. 
after 1502 
rounds. 

Right and lefore fire and No defects 
Left after 1502 

rounds. 

Left 

Right 

ftiRht 

Before fire and Contained cracks 
after 1S02 (1eo para1raph 2). 
rounds. 

Before fire and Contained cracks 
after 1502 (see paragraph 2), 
rounds. 

Before fire,and No defects. 
after 1502 
round,. 



STEAP-DS-Lr 

ReJ)Ort No. 65-M-155 
Sheet .1._ of 15 Serial or Co,enent Ord Part No. Gt:.n Results of Piring Status tho·,fnspectlon · · Breochbloak F6SS0027 Right 

W-6CN1 Before fire. No dofects. 
Breechblock P65S0027 Left 

Before fire. No <lefocts C-4DC8 
Replacement Breech- F6S50027 Right block AllOllO 1502 rounds. No dofocts 
Replaceaent nreech- P65S0027 Left block X6Cl5 1502 rounds. No Jefects. 
Cross-Piece Loader C7238622 

Collar, Rar.aer Control 05222599 Spindle 

Cover, Firing Pin 
Sprin1 

Cover, Firing Pin 
Sprin1 

Catch, Breech 
Ring Barrel 

Catch, Breech 
Rine Barrel 

Crank, Breech 
Rina Outer, Right 

Crank, Breech 
Ring Inner, Ri1ht 

Crank, DrHch 
Rina Inner, Right 

Crank, Breech 
Rina IMer, Left 

85222588 

85222588 

C7165191 

C6197153 

C7165178 

CSS95004 

C559S004 

CS595003 

Right and Before fire and No defects. Left after 1S02 
rounds. 

Right and Before firo and No defects. Left after 1502 
rounds. 

Riaht and Before fire. Loft Contained cracks 
(see paragraph 3). 

Right and 1502 rounds. Left Contained cracks 
(soe paragraph l}. 

Right 

Loft 

Right 

Right 

RiRht 

Before fire and No defects. After 1S02 
rounds. 

Before fire and Nod fects. after 1S02 
rounds. 

Before fire and No defoets. after 1502 
rounds, 

Before fire, 

1S02 rounds. 

Before fire. 

Contained cracks, 
Replaced with one 
freo of cracks, 

Contained cracks 
(sec flpn 4), 

Contained cracks, 
Replaced with one 
froo of cracks . 



STEAP-DS-LP 

Serial or 
Component Ord Part No. Gun 

Crank, Breech Rin1 CSS95003 Right Inner, Loft 

Crank, Breech Uai CSS95003 Left Inner, Left 

Crank, Breech Rina CSS9S003 Left Inner, Loft 

Crank, Breech Rina C5S9S004 1 Left Innor, Ri1ht 

Crank, Breech Ring CSS9S004 Left Inner, Ri,iht 

Case, Breech C7165196 Rir,ht 
Clo■inR Spring 

Case, Breech C716S196 Right Cloaina Sprina 

Case, Breech C6197102 Left Closing Sprin1 

Case, Breech C6197102 Left Cloelq Sprin1 

Cover, Dreech C7165197 Right Cloaing Sprina 

Cover, Breech C716S197 Rt1ht Clnlinr Sprin1 

Cover, Breech C6197103 Left Clollna Sr,rin1 

Cover,Dreech C6197103 Left Clo1ln1 Sprln1 

Crank, Breech Rina C619710S Left Outer, Loft 

Report No. 6S-~t-1S5 
Sheet 4 of 15 -

Results of 
)Plring Status the Inspection 

1S02 rounds. No dolects. 

Before fire. Contained cracka. 
Replacod with one 
free of cracka. 

1S02 rounds. Contained .crocks 
(see Figure S). 

Before fire. Contained cracks. 
Replaced with one 
freo of cracks. 

(S02 rounds. Containod cracks 
(se~ figuro 6). 

Doforo fire. No defects. 
R'>placed. 

1502 rounds. No defects. 

Defore fire. No dofecu. 
ReplocoJ. 

1502 rounds. No defects. 

Before fire. Contained cracks. 
Replaced with one 
free of cra:ks. 

1502 rounds. No defect1. 

Defore fire. Contained cracks. 
Replaced with ono 
free of cracks. 

1502 rounds. No defects. 

Before fire. No defects. 
Replaced. 



STEAP♦DS-LP 

Coaponents 

Crank, Breech Rina 
Outer, Left 

Extractor, Cartrid1e 
Case 

Extractor, Cartridge 
Case 

Extractor, Cartridge 
Case 

Extractor, Cartridge 
Case . 

Guido, Amlunition 
Charier Clip 

(}lido, Amllunition 
Charger Clip 

Q.aide, Loader, 
Rear 

f,uido, Loader 
Rear 

r..rlde, Loader 
Front 

Head, Peed Roller 
C;.tch, Left 

lload, Feed Roller 
catch, Right 

Holder, Feed Pawl, 
Left 

Serial or 

Report No. 65-~1-155 
Sheet • 5 of 15 .-

Ord Part No. r.un 
Results of 

Firing Status tho Inspection 
C6197105 Left 1502 rounds. No defects. 

C6197126 

C6197126 

C6197146 

C6197146 

C6197121 

C7226110 

f-7225129 

F6550009 

1>7238623 

C5222481 

C5222482 

D5595007 

Right and · f>efore firo. 
Left 

Right and 1502 rounds. 
Left 

Ri1ht and Reforo fire. 
Left 

Right and 1502 rounds. 
Loft 

No defects. 
Replaced. 

No defects. 

No defects. 
Roplacod, 

No defects. 

Left Before fire and No defects. 
aftor 1502 

Riaht 

Right 

Loft 

rounds. 

Before fire and No defects. 
after 1502 
rounds. 

Before fire and Contained cracks 
after 1502 (soo paragrAph 4). 
rounds, 

Before fire and Contained cracks 
aftor 1502 (soo parar,raph 4). 
rounds. 

llight and Defore fire and No defects. 
Loft aftor .t ,;,2 

rounds, 

Right and Before fire anJ No. defects 
Left after ISO~ 

rounds. 

Ri,tht and Boforo firo anJ No dofocu. 
teft 1fter~rso2 

rounds. 

Right and Before fire and No defects. 
Left after 1502 

rounds. 



STE AP-OS- LP 

Coaponent 

llolder, Feed Pavl, 
Ri11ht 

ltolder, Stop Pavl, 
Left 

Holder, Stop Pavl, 
Riaht 

Lever, Peed Control, 
Thuab 

Lever, Poed Control 

Serial or 
Ord Part No. 

0S595008 

0S59S00S 

0559S006 

5222467 

85222613 

Lever, Ralller Cockina, 8S22241S 
Inner 

Lever, Peed Roller 
Catch Release 

Lever, Raaaer Catch, 
Feed Control, Left 

Lever, Raaer Catch, 
Triaaer • Left 

Lever• RUlller Catch, 
Tray 

85222608 

85222604 

85222650-

8S222452 

Lever, R .... r Cockina, C6197123 
Outer Left 

Lover, Raaer, 
Ri1ht 

85222412 

Report No . 65-M-lSS 
Shoot 6 of 1S -

Q.an 
Results of 

Firin1 Status the Inspoction~ 

Ri11ht and Before fire and No defects. 
Loft after 1502 

rounds. 

Ri1ht and Before fire and No defects. 
Left after 1502 

rounds. 

Right and Boforo fire and No defocts. 
Left after 1502 

rounds. 

Ri&ht and Defore fire and No defects. 
~ft after 1S02 

rounds. 

Ri1ht and Before fire and No defects. 
Left after 1S02 

rounds. 

Loft Boforo fire and No dofocts. 
after 1S02 
rounds. 

Ri&ht and Before firo and No defects. 
Loft after 1S02 

rounds. 

Left 

Left 

Before fire and No defects. 
after 1S02 
rounds. 

Before fire and No defects. 
after 1502 
rounds. 

Right and Defore fire and No defects. 
Left after 1502 

rounds. 

Left Before fire and No dt1fect1. 
after 1S02 
rounds. 

1ti1ht and Ooforo fire. 
Left 

No defects. 



STEAP-DS-LP 

Coaponent 

Lever, Muaer, Ri1ht 

Lever, Raaer, Left 

Lover, Raaaer, Loft 

Lover, Breechblock 
Inner Cocking 

Lover, Breechblock 
Inner Cocking 

Lover, Broechblock 
Outor Cocking 

Lover, Breechblock 
Outer Cocking 

Link, Food Roller 
Catch Releue 

Serial or 
Ord Part No. 

8S222412 

8S222411 

8S222411 

13S222586 

8S222S86 

C6197147 

C6197147 

8S222563 

Lover, Ranaer Cockina 87165189 
Inner 

Lever, Ra-r 
Cockina, Outer 

Lover, kaaer Catch, 
Peed Control 

Lever, Ra-r 
Catch, Trigaer 

C716S188 

87225107 

8722S104 

Report No. 6S-~i-155 
Sheet • 7 of 15 -

Q.m 
Results of 

Firing Status tho Inspection 

Right and 1502 rounds. 
Left 

IUght and Before fire. 
Luft 

Right and 1502 rounds. 
Left 

Right and Before firo. 
Loft 

Riaht and 1502 rounds. 
Loft 

Right and Boforo firo. 
Le.ft 

Right and 1502 rounds. 
Loft 

No defects. 

No defecta. 

Lovor .from loft 
gun contained 
cucks (see 
paragraph 5). 

Lover from loft 
gun contained 
cracks (soo 
paragraph 5). 

Contained cracks 
(soo paragraph 6), 

Contained cracks 
(see paragraph 6), 

Right and Doforo fire and No defects. 
Loft after 1502 

rounds. 

Right 

Right 

Right 

Before fire and No defects. 
after 1502 
rounds. 

Before fire and No defects. 
after 1502 
rounds. 

i~f oro firo and No defects. 
after 1502 
i.--ounds. 

8eforo fire and No defects. 
after 1502 
rounds. 



STBAP ... OS-LP 

Sorial or 
Coaponent Ord Part No. Gun 

Piston, Feed Roller 85222418 Ri1ht (2) Catch Release and Left 
(2) 

Pawl, Feed, Left 8S222641 Ri1ht (S) 
and Left 
(S) 

Pawl, Peed, Riaht 8S222642 Right (S) 
and Left 
(S) 

Pawl, Por Stop Pawl 8S22264S Ri&ht (S) Holder, Left and Left 
(S) 

Pawl, For Stop Pawl 8S22264S Ri1ht (S) Holder, Riaht and .Left 
. (S) 

Pin, Raaaor Catch AS2226S2 Riaht (2) Lever, Axis and Left 
(2, 

Plunaor, Feed Rod, 8S222420 Right (2) Left and Loft 
(2) 

Plun1er, Feed 8S222606 Ri1ht (2) Roller Cwou- --and Left Piece (2) 

Plunaor. Rruaer Shoo S222614 Right (2) 
and Left 
(2) 

Pin, Firin1 7309769 Riaht and 
Loft 

Pin, Firi ng 7309769 Right and 
Loft 

Report No. 65-~f-155 
Shoot ~ of 1S 

Results of 
Firing Status tho Insroction 

Before fire and No defects. 
after 1S02 
rounds. 

Before fire and No defects. 
after 1S02 
rounds. 

Def ore fire and No defects. 
after 1S02 
rounds. 

Beforo fire and No defects. 
after \S02 
rounds. 

Before fire and No defects 
after 1S02 
Tounds . 

Bef oro fire and .No defects •. 
after 1S02 
rounds. 

Before ffro anc.! No defects. 
after 1S02 
rounds. 

Beforo fire and No dofects. 
after 1502 
rounds. 

Before fire and No defects. 
after 1S02 
rounds. 

Boforo fire. ·- .No defoets. 

1S02 rounds. No dofccts. 



STEAP-DS•LP 

Coaponent 

Plun1er, Breechblock 
Innor Cockina Sear 

Plunaor, Breechblock 
Innor Cockina Sear 

r1uneer, Feed Rod, 
Ri&ht 

Rail, Upper (Outer) 

Rail, Inner 

Rail Lower (Outer) 

Rail, Inner 

Rail, Lower (Outer) 

Rail, Upper (Outer) 

Rod, Foed Control, 
Uppor 

Rod, Food Control, 
Lower 

Rod, Peed, Right 

Rod, Food, Left 

3o7 

Sorial or 
Ord Part No, 

C6197148 

C6197148 

8S222420 

C722S132 

D7225130 

C7225131 

CSS95011 

C6197154 

C6197140 

A5222468 

8S222450 

l>SS9S010 

l>SS95009 

Gun 

Report Ntl. 65-M-155 
Sheet _:.!_ of 15 

Resulu of 
Firing Status the Inspection 

Right and Before fire. 
Left 

Contained cracks 
(s~e parairaph 7), 

Right and 1502 rounds. 
Left 

Contained cracks 
(soc paragraph 7), 

Right (2) 
and Loft 
(2) 

Right 

Right 

Right 

Left 

Left 

Loft 

B~fore firo and No defects, 
after 1S02 
rounds, 

Before fire and No defects. 
after 1502 
rounds, 

Boforo fire and No dofects. 
aftor 1S02 
rounds, 

Before fire anJ No dofccts, 
after 1502 
rounds. 

Before fire and No defects, 
ofter 1502 
rounds, 

Before fire and No defects, 
aftor 1502 
rounds, 

Before fire and No defects. 
after 1502 
rounds. 

Ri,tht and Bcforo fire and No defects. 
Left offer 1502 

rounds, 

RiJ?ht and 
Left 

Bofore fi~o nnd No dofocts. 
after 1S02 
rounds 

Right and Before fire and No defocts. 
Loft after 1S02 

rounds. 

Right and Before fire and No . defects. 
Left after 1S02 

rounds, 



STEAP-DS-LP 

Coaponent 
Serial or 

Ord Part No. 

Roller Peed As1eably, 87238627 
Riaht 

Roller, Feed As1eably, 87238626 
Left 

Rod, Ramer 

Rina, Breech 

Rina, Breech 

Shaft, ;eed Roller, 
Asso■blr titt· 

B6197115 

L-89 
K7225145 

R-146 
K7225144 

B7238630 

Shaft, Feed , Rcwler,. 87238631 
A11•bly Ri1ht 

Shaft, RAraer 
Cockin1 Lever 

Shaft, Breech Rini 
Crank 

87165181 

C6197104 

Report No. 65-M-155 
Sheet J.i_ of 15 

---- Pirina Status 
Results of 

the ln1poction 

r.iaht and Before fire and ~o defects. 
Left after 1502 

rounds. 

Right and Before fire and No defects. 
Left after 1S02 

rounds. 

Riiht and Before fire and No defects. 
Loft aftor 1S02 

rounds. 

Left 

Rlsht 

Before firo and -No ,l,,focts. 
after 1S02 
rounds. 

Before fire and No defects. 
after 1S02 
rounds. 

Right and Beforo firo and No defects. 
Left after 1S02 

rounds. 

Right and Before firo and No defects. 
Left after 1S02 

rounds. 

Ri,tht 

Left 

Before firG and No defects. 
after 1S02 
rounds, 

Def ore ··fire Contsined cracks 
~•ee para1raph 8), 

Shalt, Breech Rina 
Crank 

C6197104 •Right Beforo fire and No defects. 

Shaft, Breech Rina 
Crank 

Spindle, Ramer 
Control 

C6197104 

B5222651 

after 1502 
rountls. 

Left 1S02 rounds. No defects. 

Right and o,fore fire and No defects. 
Left after 1502 

round. 



STEAP•DS-LP 

Coaponent 

Spindle, Feed Roller 
Catch Head 

Shoe, Rasaor 

Shoe, Ramer 

Shoe, Ruller 

Spindle, Extractor 

Spindle, Extractor 

Suppressor, Plash 

Spindlo, Food Roller 
Catch Release 

Spindle, Raamor 
Control Intennediate 

Serial or 
Ord Part No. 

1'5222419 

C6197122 

C6l '. 7122 

C6197122 

86197106 

86197106 

0730857S 

AS222466 

A5222460 

Spindle, Food control 8S222402 Lever 

Support• Fffd- • 
Roller• Right 

Support,Foed 
Roller, Left 

Shaft• Ra ... r • 
Corking Lever 

85222413 

B5222414 

05222479 

Report No. 65-M-lSS 
Sheet ..!!.., of 1s 

ltenulu of r.un Firing Status the Inspection 
Right (2) 
and Left 
(2) 

Before fire aJ1d No dofocts. after 1502 
rounds. 

Right Before fire and No defects. 
after 1502 
rounds. 

Left Before fiTo. 

Loft 1502 round a. 

Right Doforo fire. 

Right 1502 rounds. 

!tight and 1502 rounds. 
Left 

Contained cracks 
(see paragraph 9). 

No Jefect:s. 

Contained cracks 
(see paragraph 10). 

No defects. 

No significant 
defects. 

Richt and lloforo firo and No defects. 1.8ft 11fte1' 1~02 
rounds. 

Right and Before firo and No defects. Loft after 1502 
rounds. 

Right and Oeforo fire and No defects. Loft after 1502 
round1. 

Right and Before fire and No def~cts. Loft after 1502 
rounds. 

lliRht and Before fire and No defects. Left after 1502 

Left 

rounds. 

Ooforo firo ~Qd No defects. after 1502 
rounds. 



STEAP•DS•LP 

Seat Peed Roller 
Plunaer Sprina 

Spindle, Extractor 

Spindle,eKtractor 

Sprina, Ralaer Catch 
Lev•r Plunaer 

Sprin1, Auaer 
Control Torsion 

Spring, Feed Roller 
Catch llead Torsion, 
Left 

Sprin1, Pawl 
Torsion 

Spring, Jwaer 
Control T .sion 

Sprln1, Feed Roller 
catch Head Torsion, 
Rlaht 

Spring, Ra-r 
Lever Plunaer 

Sprin1, Ruller 
Lever Plunger 

Spring Peed 
Roller Plunger 

Serial or 
Ord Part No. 

5222605 

8716S193 

D7165193 

A5222456 

8S222597 

8S2224S9 

A522259S 

D722S111 

85222594 

AS222407 

AS222407 

AS222464 

Report -No. 6S-M-155 
Sheet _!L of 15 

Results of fiiring Status the Inspection 
Ri1ht (2) Before fire and No defoct1. and Left after 1502 
(2) rounds. 

Left Before fire. 

Loft 1502 rounds. 

Contained cracks. 
Replaced with one 
fr011 spare parts 
(See paragraph 10). 

No defects. 
Right (3) Bofore fire and No defects. and Left after 1502 
(3) rounds. 

Left Deforo fire No defects. and after 1S02 
rounds. 

Left (2) Bofore fire and No defects. 
after 1S02 : 
rounds. 

Right (20) Beforo fire all4. No defects •. and Left after 1502 
(20) rounds. 

Riaht Before fi~e and No defects. aftor 1502 
rounds. 

Right (2) Before fire and No defects. after 1502 
rounds. 

Right and Beforo fire. Left 

Right and 1S02 rounds. ' Left '•,•, 

No defects. 
Replaced. 

No defects. 

ntaht (2) Dofor f ire and No defects ,nt1 Left after 1S02 
(2) rounds. 

" 
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Spring, Breech 
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Ord Part No. 

85222592 

85222592 

AS222593 

A52226!M 

AS222646 

C6260936 

5222463 

C6260937 

C6260937 

C6197113 

C6197113 

C7165198 

C7165198 

Repor~ No. 65-M-155 
Sheot 13 of 15 -

Results of Firing Status the Inspoction 
Riaht and Before fire. Left 

RiRht and 1S02 rounds. Left 

Right and :.Before fire. Left 

Right and 1502 rounds. Left 

No defocts, 
Replaced, 

No defects. 

No defects. 
Replaced. 

No dofocts. 

Ri1ht (2) 
andt Left 
(2) 

Before fire and No defocts. after 1502 
rounds. 

Right and llofore firo. Left No defects, 
Spring for right 
gun roplnced, 

Right and Before fire and No defects, Loft after 1502 
rounds, 

Right anu Defore fire, Left 

Right and 1502 rounds, Left 

Left Defore ftro. 

Left 1502 rounds. 

Right Re fore fire. 

Right 1502 rounds. 

No Jofocts. lloth 
sprinis replaced, 

No dofocts, 

No defects. 
Replaced. 

No defects, 

No defects, 
Replaced, 

No defects, 

D7238632 Rir,ht and Defore firo. J.eft No defects. 
SprinR from 
rir.ht gun 
replaced. 
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Serial or Results of CcMlponent Ord Part No. Qin Firin1 Status the In1pectio11 
Sprina, Recuperator D7238632 Riaht and 1S02 round~. No dofocu. 

Left / 

Tappet, RA.er 07225123 Right Before firo and No defects. Control Pixed, after 1S02 
rounds. 

Tappet, Raaer 8716S183 Ri1ht Before fire anJ No defects. C,:,ntrol Pree after 1S02 
rounds. 

Tray, Autoutic F7305S8S Right and Before firo. No defects. Loader Loft 

Tray, Autoutic P730S58S Riaht and 1S02 rounds. No defects. Loader Left 

Tappet, Auaer 85222602 Left Before fire and No dofocu, Control Fixed after 1S02 
rounds. 

Tappet, Auaer 85222600 Left Before fire and No defects, Control Free after 1S02 
rounds. 

2. Crack patterns were noted ~t the cornor1 of the cut out sections of each of th• two extractor aru (I 7165194 and 86197107) fro■ the two cuns. Th• patterns were noted durin« the first inspection. Durina the second inspection the crack patterns had about doubled in lenith with smaller patterns extendin1 fro■ th• lara• crack (IN the photo1raph1 on fipre 1 and '.' J), 

3, ~rina th• first in1pection of the firin1 pin cover• (B5222588), the one fro■ the riaht sun contained cracks. The cracks were si■ilar to those 1hawn in the photoaraph on fil',IH 3. The cover fro■ the left l',ln was crack fr••• Both of the covers wore replaced with crack free ones froa the spare parts. Durin1 the 11cond in1pection (1502 rounds) the cover fro■ the left gun contained crack• u 1hown on figure l. The cover fro■ the ri1ht sun was crack free. 

4. The shrinka11 type of crack pattern on the two guides (F7225129 and (P6550009) fro■ the riaht and left suns were noted durin1 the first inspection. No chan1• could bo observed in the crack patterns durin1 tho second inspection (IH the photoaraphs on fiauros 7 and 8). 



• 
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5. Durina the before fire inspection of the broechblock inner cockin1 lover (85222586) fr011 the loft gun several crack patterns were notod. The patterns started in the fillet area of the splines. Tho lever froN the riaht gun was crack fne. The two lovers wero replaced with crack free levers . Durina the second inspection (1502 rounds) a crack pattorn was noted in tho lever fro■ the loft 1un (100 photographs on figure 9). No defects wero noted in the lever fro■ the right aun. 
6. The two breechblock outer cocking lovers (C6197147) from both IIWI• contained cracks during tho before firing inspection. The two levers were replaceJ with ones which wore crack free. After firing 1502 rounds on the replaced parts the lovers were inspecteJ and crack patterns notod (see the photographs on figures 10 and 11). 

7. Crack r,atterns wore noted in each of the breechblock inner cocking sear plungers (C6197148) fro■ each of tho two guns durina the first inspection. The two plungers were replaced with two which were crack free. Durina the next inspection, crack patterns were notod on tho replacement items (see tho photographs on figures 12 and 13). 

8. Crac~ patterns wero noted in the brooch ring crack shaft (C6197104) fro■ tho left &un durina tho first inspection (see photographs on figure 14). The shaft was replaced with one which was crack froe. No d~fccts were noted in th replaco•nt shaft during the after fire inspection. 
9. Crack patterns wero noted in the raaor shoe (C6197122) from tho left gun during the first inspection. Tho location of tho cracks were inJicated by the arrows in the photograph shown on figure 15. Tho shoe was replaced and no defects wore noted in the roplacement after firing 1502 rounds. 

10. Crack patterns woro noted in tho two extractor spinJles (86197106 and 8716S193) from both aun1, during tho first inspection. See the photograph on figure 16. The spindles wore replaced with ones which contained no cracks. No Jefects were noted in the two replacements after firing 1502 rounds. 
1 Incl 
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Heretic Particle Crack Patterns in the Extractor Arm (U7165194) from 
the Left Gun after Firing.

s
General View of the Same Area,

Figure 1 

Appendix 1
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Magnetic Particle Crack Patterns in the Extractor An* (B61971071 froia 
the Right Gun after Firing,

i
General View of the Same Area. 

Figure 2 

Appendix I
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'v-ii

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

General View of the Same Area 

Figure 3 

Appendix I
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/

Im
Magnetic Particle Crack Patterns in the Replacement Crank (CS5950041 

fro* the Right Gun after Firing 1S02 Rounds. ^

General View of the Sane Area. 

Figure 4 

Appendix I
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Magnetic Particle Crack Patterns in the Replacement Crank (C5595003) from 

the Loft Gun after Firing 1502 Rounds.

r

General View of the Sane Area. 

Figure 5 
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I
I

■a r
I Magnetic Particle Crack Patterns in the Replacement Crank (CS595004) from

the Right Gun after Firing 1502 Rounds.

General View of the Same Area. 

Figure 6 

Appendix I



STEAP-DS-LP Report No. 65-M-lSS 
Sheet 7 of 16

Ntagnetic Particle Crack Pattern in the Rear Loader Cuide (F7225129) from 
the Right Gun.

General View of the Same Area. 

Figure 7 

Appendix I
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%

Magnetic Particle Crack Pattern in tlie Rear Loader Cuide (F6550009) fron 
the Loft Cun.

General View of the Saue jVrea, 

Figure 8 

Appendix I
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Li'*'-P ^ ♦

riacnetic Particle Crack Pattern in the Dreecliblock Inner Cocin" Lover 
(S222586) froa> the Left Gun after 1S02 Hounds.

General View of the Saije Area, 

Fi.^uro 9 

Apnon.lix I
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Magnetic Particle Crack Pattern in t’tc Urecchblock Outer Cocking Lever 
(C6197147) from the Right Cun after Firing 1502 Rounds.

General View of the Sane Area. 

Figure 11 

Appendix I
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Magnetic Particle Crack Patterns in tlie lireechI)lock Inner Cocking 
Sear Plunger (Cj197148) fron the Right Cun after Piring 1502 Rounds.

i
General View of the Sane Area.

Figure 12 
Appendix I
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r n
Magnetic Particle Crack Patterns in the Breecliblock Inner Cockiiip. Sear 

Plunger (C6137148) troM the Left GUn after Firing 1S02 Rounds.

33-7

Cieneral View of the Same Area. 

Figure 13 
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Magnetic Particle Crack Pattern in the Breech Ring Crank Shaft 
(C6197104) from the Left Gun after Firing 1502 Rounds.

!

General View of the Sane Area. 

Figure 14 
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STEAP-DS-LP
Report No. 65-M-15S 
Sheet IS of 16

Generel View of the Raner Shoe (C6197122) fro. the Left Gun The 
Arrows Indicate the Cracked Areas Noted during the First Inspection.

Figure IS

3jl9
^pendix I
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Genoral View of the Extractor Spindle (6197106 or 716S193). The Arrows

Figure 16
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