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,Abstract

The highest a'Yer,ll.ge rat~ _of fire observed was SJ7 shots
per minute. At this speed the rin:;' spring buffer was driven
solid and the HI feed failed to maintairi its winding. The
rd~~es at the tr~lo~s were not excessive.

'~" An average .rateorapprO~imdte.ly750 shots per lflinut'=l
lb 1:he .h~ghest rat.e ¢lat (!~n be expected with proper func­
tioning of the sun and feed .
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Ih-THODuCTION

1. The Ghief 01 urdnance d!,rected
'APG 472.5/317-790 that an investigation
hlehest possible r~t8 of fire klld sti11
tionin:.=~ of t}H.:; Lun .

in ,'n "}2 lIL'I',~~n
..... './ ....1 Ii' .• , . ,'-!->-.... u .... ,

h~\ !f1.ade to ob"!-.oJ. n tlJe
rtld:UJ,tr:iiT: Pl:'f)pl~r J"jnc-

.2. Propel' r~J.nctioniD8 of' th~~ 2~'...·tn in ti:tis t::,st 13 de.'~·ir:.el

a s "'('!l~L OV! s:

~1.. tht:re st,o·\.2_~d be ::-)~~i·';·ic:i.DnL recoll t.J r~':iLtat~'i

1;vi_lldin~.t (),' t'~s H-L ~'eed;

b. :he Vi3i.DCj"t~'· () ~,hE- ~~()1 to ~-'ho',~'I.d Ct:' low Cl~:..'~< h. so
t.h~it tr~;..~ L:~ck r',Lc~t,e .b:..t:'. c'r 'wi_·~i. l:'nt ly: "ir·L'.rp,~ ::~c.Li'l; '-'lT~Q

c. th~:: trn!;nioa reactions sho1.l1ci be reasonatJ.y ,LOW.

a. The 6:JI1 T"r::coil distance WdS dec;"'~a5ed ~iS thf;J rate
of' fire '_118,8 incl'eased by enlarf~i!J.G t~le >~~as V(~~1tS.

b. 'lc-l~ m~xim:'i.In r:j.t,,:; o~· .1.'ire !'or :':',DY CJL~~ C0L:..1iti<').::. of
dr.i\"i1l2 Spt·-'~~·i~i or t:G.;:, ve!·~t:-) occurred \V]lsr~ the ~.mn?ct bet~''';?'3n ths
bG'L t :'-·.nd the blJ~~/,'el' caL'H': just bel'()r~ t;~J::; :_.:~1r; ::L''":"-t'.lrr:c'6, i:.lto
L~~terJ df'ter ~0c0iling.

c. \.'J.~"\,c;:n the r;.~ te·' ')" :'':_rc is iDCr8~i.:seQ 1:,: ",,[1S f':, ...'rter.Lirg
oj' the drivj_nt,:, si')riD~ tall €.Lse rp..l1q,~ninlr co::..)taTlT~), the ~irnt-'
rat:Lo bet·."e(~l1 th'.:; recoil :..z.Ed the ~OLlnti;~r-reco.~,J. 0 ~ V'l-=: b-::>l t :':3
ar)";Jr().\ir:1,.~t8.~y 1:2. \'Jith a sui'ficjellt"Ly stron£ spril:~·~ t11i~ rEltio
beccJ!18S approx~nately 1:1.

d.
wi. th a coLL

':r(l'~ time of counter recoil or tIll? bol t j s shortes t
sprini; back p.lat(: buffer P).us a str'J,'!:": <lr~vinL SiJririg.

e. The coj1 sprin- h",'J."'r
"~~r()x"~"tel" b"'" "\--t~ p~r n"inu~<'do 1 -''''.1 , ',.LOl,l,Gl. ' ...'f 1_.' ;;':'v' ~ ~~ ll __ J.. U"~'

s~e~ect not to ~:o so:li~ unt5.1 ~ r~t~

r.niL'~t~ was l"'edched.,

was calpres5cd solid at
w'r-:,i.le the rin~'~ spring bll~'j'E-r

oI"' ·:"2.r(~ a,bov-e '1) ~i .':;!~ots ~~(:!r

/~. F'rorn t\::; ::.~b('·ve Oc.,servc:t"t.:lons ~_ t, J.pp{~ar·::c.. ::h,')~, ~h·,~ .i"1"l
ad.u."(',cc;:l' '/ia~ IHJt s'~d,t~·,ble .ror t.h~,s test, :'L.nasr:nJch a.~ c(·rt,:J.. ~,:r'.
ddJustd.l.8nts iI, tri€ reco:.l O.'L tne :."un :r1'u.st ".H~ ~nd.J:J ,i~ the rat(-;
or ri're 'was increased. ThtS stalldi:Jrd rro~~t ::.;pri.1"6 ~-ida:,tE:r was
sc'J..~ctdci b\-:c:;;.vse ~~t;3 l'pcoi L sprin.;..' pro:j.lced Q. ;')}uch ~~o,~tc;:-

cl-:"JlJ.~~f:!'-reco';.':' D.nd ~,.I&.S i10re easj J.y 8..djt~:-:>ted. To e1i.uinate the
high co'.mter-recoil "orces, the air piston wa~" rcplacE'd hy 3.

rins spring cocmLE:r, recoil unit.
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:" The i'olloVlin::; ma teriel an:! apparatus was used iIi this
test:

a. 20 ~ Gun, M2 (Olds), No. 30013; Tube No. 30021.
Rrmnds fired previous to thif> test, 5307.

b. Adapter,1'1l. StaEdard tront sprinG with air piE to;]
rep.laced by a rine spring counter-recoil unit.

c. Bolt, latest type extractor, solld sliJes and
floating firing pin.

d.

e.

1-50422-7.

Buffer, combination coil and ring sprine·

Feeds, MI; DrQm.

Ammunition, Ball. Lot Nos . .3-50243-259 and

g. One solenoid coil plus the cathode ray oscillograph
to obtain cyclic rate.

h. Piezo-electric ra,;es and the ci:tthode ray oscillograph
to determJrw the forces at the trurmion,s·•.

1. A displacement-time camera to record the movements
of the §:'.lU and bolt.

PROCED0HE ~l0 RESULTS

6. Two short driving springs were sel-ected: one with a
free height of 23.7 in. (k = 7.7 Ibs. per in.). and the other
with a free M;l.ght of 23.2 in. (k = 7.2 Ibs. per in.). 'When the
aize oi' the vents was varied (from .068 to .0130 in.) it became
apparent that the stronger spring produced the.better rates of
fire, there fore the weaker sprillG was discarde~.. In order to
mOlintain sui'i'icient recoil to wind the Hl feed and to keep the
impact bet',\'een bolt and buffer ;:ear the end of counter-recoil,
the assembled heitllt of the recoil spring was varied (11.94 in.,
11.44 in., and 11.31 in.). .

The hi ehest average rate of fir8 1'01' a 7 or 10 round
burst was 8.37 shots per minute. This was obtained with: driving
spring, free height, 23.7, k = 7.7 lbs/in; gas vents, .080 in.,
assembled length of the recoil spring, 11.31 in.; and. the breech
lock ground on the upper rear corners. .

7. v,'hen the above assej]bly was fired with the Ml adapter
replacing the coU and rin~ spring units, the resultingr,ates of
fire were much lower. The drum feed with a muzzle brake was,
also tried.

-3- 2



8. Tile :'ol'ces at the trunnions 'IIere determined. The
~reatest corces observed were: in the direction of recoil,
1260 lbs.; in t!:e direction 0:' countc!r-recoil, 2610 1bs.

9. The functioru1ing characteristics of each round are given
in Tables Ill. and lB. Sup.~lementinE; these tables are the fOllow­
ing charts: FigurlJ 1, Displac€r.1ent VB. time tracing of a single
round taken from a ten round burst; Figure 2, the velocity Of .
the bo.~ t at the er,u 0'- unlockinio and at the beginning of buffer
compression, the ~iring pin velocity, and the bu~fer ~ompresB1on,

all as functions of the rate of f:trej Figu,":"e J, Calibration
curves of' the recoil Sp:l"!;1t; and counter-recoil ring spring unit.

ACC:JHACl

10. The 'ollowing accuracies ap,ly to the reading of the
records OILLY.

a. Displacements, ± .03 inch.

b. Tr"mlion r",actiolls, .:':. 20 1 bs.

c. Cyclic rates, ± 3 shots per min'.lte.

DISCUSSION

1 '.... J.. ~ In the above test it was noted that:

a. As trw rct te oC 1'ire ~:;~s increased throuzh the
en!..argiIlg of the ,;as vents, tJw recoil distances became shorter.
Tilis was to be expected, however, since the increase in energy
expended to blow the bolt rearward with greater velocity detracted
.from the .0r:er,gJ-' 01:' the recoil oi' the g~~n~

til e l' i r-;:;
b. At a rate or eire 01· a bOll t aoo shot s per minute,
spI-ing bUl'fer Vias driven solid.

c. Also at the rate of fire of BOO shots per minute,
tIll;;) :~lovement o~· the b U!:' YiLiS too :-'ast to allow tl~(; l"eed to
~~llction ?roper~y. Consequently, eveIL though some ~f the recoils
were surj'_~cient::v lorl~:, the reed lost winding on every round.

d. No m~liunctions of a]lY n~ture were observed, except
the i'on-winding o~·' the feed at the, rate cd :eire mentioned.

12. Al tho\lgh cO:llI>:'"'' +;ively Cew rounds were t'ired, the re are
jncUcations that ffi'lCh hi~h8r 1'c:t~s oc' riTe could be obtained,'
depentlin~, however, upon some rather drastic changes in the gun.
Tr.s ~()st t:nportclllt ehallgf-~S ,:~cre:

I'TF •



is.. A readJ llS tm'?nt 0:" trl~ Jl udQ.pter r'or shorter
recoil dj,~t~l~lCGS.

b. J..~

c. Tnf2 use D.t: the (~t';,l;n i'i::ed or the d8Sii.~n o:~ a r~ew

:'eed (pr(=:{'erab~j d bui~ t-in feed divc.rced ~··rol.H tht: reco·'.=- C'~

the E:lln) w~~ich 'N.i~'l . .:~nncti'Jll ;:11_~ch more [r·~ickly on shor tel" recni.l
di.sL:lDces.

13. Th~ readjllst~0!lt

the :":li tial cO:-1;Jressio:l cI'
to approxiMately ~BJ Ibs,
is i3..1.::lost t'i~e ~a.m~ as that

0:' 'ti·u.? ad~T;ter wil_.1_ be sj_mr:~~s ir th~it

th(~ coil spring shoiJld b~ i!lcreas~(i

(Thc~ I'~=tte O.i' the standard coil spring
of the co).l spri.;-iE: in the Ml a,da:~t(-:l'.)

14. The bdck rla.te b~ .. .J.·':·er cu.:'", he !"edesJened to if1c.los~;o <:~.

ITl'.lch hec;<.vier coil srring. (A sketch 1.1i' a p·roposed change is
i~--.cJ.uded hsre~;;.tth.) p<j.seri C:"l [~ rate or' 1000 ~-'hot~, P~;l' r:di:jute,
tflt.~ bU.l'fpr s~'r~_l:C sho'lld have: illitia~ cO;~ljJrGssion, ~OC; lbs.;
a.nd k, 22!)<) l.b;~·~ ~)er ~_~~ch. \'J~.th !jlr~',S:.~ c!:.3.r·.:;.ctt~,'rj8tic~, the
b,j,c~ p~;;:;.~.;(:; 'r'l:l.ll 'Le able to a"hsDrb t~H; erh::rgy 0,"" the bolt when
it hits tj-:e b(1"~'l.'8r ht a.,proxil1.:-.ltel~r itO ft. ;J~Jr secund.

15. Due to thl' constrnctior: 0;' the gun there are t'·,ree
sources o~·' e:;'-Lsrgy which may be t:J.PiJcd to op~ratf) a PlechD.r~i.cal

'eed. Th"se "rs: (:J the recoil OJ' the ent:ire i;',ll, (2) thE;
:..:-as piston" aEd (3) 'U):2 bolt. Th8 Ml :'c:'(~d, wew'hi b~r t!""J.e reco:l...L
of the i~n, is i'airly f~tis;~ctory ht rutes a i'· -'ir~ up to 7jO S~G't5

per m.inut(:, b'__:.t, o.oes not ~"~I.L.cti8r~. aL speeds <.ih~iV(; seci sheots [:(":1'

rr.indte ~ \,iiH(ii G(; 0.[' the I'L_ l't,; ...:::i has bsen z..c complished tcrC:;l,,;h
th(~ action of the EaS lJiston rod, b~~t the rate 0:-' fire \Vo.::"
l·el~tiveJ.y J.ow eVe!l tho~I~~h tlle ~as vellts wer~ considerably enlarGed.
Atit;h speed, there'ore , either tne dr'll!!! ;'f)(c'U ·[!!US t be '-'sed or
a f8ed construct~d tl~t is not altogether dependent on the recoil.
The power for 5-,:..::11 '" :'eed m;<l be cbto.'_ned ei t.her from thp. "'olt
O!' from 0. con:hinD.tion of the rE:co~.l and gas c:..r:i.ind~r pistoIl red.
Fr0J11 automatic ,:;'..lHS E~lreaJy in use it appHars that power ~"r(Yn

the bolt cOJ.ld. bl::: ii-sed i'1l0r(~ 8~~jn}.lJ.y eIt.-i (:>:"'~":!~cj.€ntJ_:r; yet it is
doubtf"u.l 5.:.... d rat0 0."' -('j.re: (~4.:.i.c~I to t.I,&.t e,f ~ dl'uJIl ~'eed co~ld

be obt.ained.
>

164 Rat·~s 0 __ :trE" ab(';"'~l~ t::1C'S(~ ooserv'2d 1n t:i1is t'~st ~:la:r

also bQ ("\:)t:-14.r..c:d by:

a. C"tting ,iow!, tne time i_D whi.ch the bolt is locked.

b. 1r~cre[,sing t'·:e ,.·orw:H·d velncit.;T (r'rir.c ;."_Ii
o~' the slides~

d. I~cr£~sing the 'orward velocity 0.'" tIle ~0.~t.

-5- •.-, ~1 .;



17. In order to decrease thl.J time ~~a t the bol. t re:nains
-~l.' t" 1 c" Q' O"l·L.":r~~ .'~~ .~,.. "rc:'I:')-b-'e +0 -'r"rc,'·'<:"C +-",. d-("'-'_'~+~'r_. .1.1"-...:; "",-0 Ji.E' ~',~, .l.~__;_:', \ \~ ,'.,-Y ;._'_',-,u .....1. l.- ...:... .1 ...... "' ..... ,J ."... .1.. ._c~.;.t.. '-'-.-.

or the ca" vents, to move th,~ gas port rearward 50 that
unlocking occurs. sooner or to com.bir~e both oC V>:>3f.' l1leth(~ds.

18. If til'2 for\1dl"'{1 vt=.:J.oc::. t:,r (firirlG pin v€"~ocity) of tl~,9
~!lid(:5 :L:> increased, the 'iri~l,:; or the pJ'imGr can be accor:i.~): ished
~lore qUicld.y, tr.e:'eby rethlc'lllg the time per cycle by 2 or 3
rr.illi-s('cor;ds. l:-:creasinr:; the-::triE~ ';;ir:. V'E'Ioc:,t.y is effected
bjT cr:-niir:..g the ",.:'pp81' and lo~..!er rear ec.~~es 0 .', thf~ ~)r~ech Jock
tJ:ixl th~ 10':,:Hr roar edi.;0:s or e:;lC~-l ;'"Lic~.(;~ ::';0 u::: to 1·-;8se;'1 con­
side:::'J.b 1_'.1' tl"l8 j-IJ'Jpa::t 'be t\'~eejJ breech lock and slid(]~ whBn lock~:r.e

OCCi,lrs. ti'irill~ pin veioei ties upjJroach.Lnc the terrr:inal veloc":Lty
or the bo't.1: :llay "'c~e Ob~,3"iEC~d 1[1 this 'l\an:;.~8r.

19. T'r'.e rearY~"ard v'eJ,oci.ty O~· the .bolt is ::. runct,ion 0­
t~-t~ bJ.owbr~c!t!. preSSllre at unlocking a?';o. tll'::~ ve.Lacity ~,,'j.th which
th~.; f::dS cylinder rod ~n.oves d1frin;:; the last c.::J.i3!'tf"::r t:lch 8,' its
t:rJ.ve~. Increasi71[ t-.h ~s rear-,,:ard ve,l OC i ty CCl.!l be brought ~bO',lt
e::..thr::.c bJT enl£lrging the ;_:~"lS vents or by movin[~ the t~as port
rearVlar·j.

20. The ,'orw;:~.rd ve.1.oci_ty of ~·he :;cl t. mL::.y be ir~creased bv •
.; .

D.. A co.-Ll sprinE; in th~? blll"fer (wtth low hyste~"as~~3)
so tilat t:l€ velocity 0" t'.vo holt -;;11(';, it -leaves the b-,L-r"r :_8
---0 "'l'V'i·' e'lt to' the; \r~' Oc'i '\.' ;,'yn ,,,",oct .-......... t __ • -,_ _, \..-.. ." '-' ~_4; ... J"'" •

b. A .p.:'o~cr ~,olect-;on 0.:" the driving spring.

C()1':C1J~IlJN

21. The j'ollowiIl~ CO~~~~16ions are jr~wn:

a. The gUll as is, w;'<on equipped witi il ring spring
b~l'fer ~nd properly selected ~as vent, driving ,)~rin1 and r~coil

sp.r'inf.~, C&l'1 be lliadc t.o "'ire 7;,,';' sh·Jts per minute witi10·1t u~ld.nG

hardship DE the mechCi.nisnl.

show that
StlOts y:€r

b_ Tl1.2re i.s S")_i.~i'ici(l,nt eV~QeEce i'rom the ,,'iri::';is to
t '."J,e 1'~:~*,.r-. o,~·.~ ·~,">-\r"~ ""T!'''''' be in"'~e"(:r~d to .·,-'l ..,..:n·'-.:···l"t~:-· .. ,. _',')')','1.. _ ..... _. " --,_ r::: ""'._)'..:' _ .L- ....... U""'... c11:~ , ......J.t-..~.J-""" -=.LJ .

',1iu, t e b:r;

1) Pro~er aijusbnent of the l'ecoll Q~d drivine
Bprings .::,Dd gas vents.

2) USing the druL1 :'eed or cor:str1lct,Lnp a .feed
~1fllich \'li~.":' ojJ2rat8 ':,UC~"l :',lst,:::::r a:-~,:' -o:ot less
recoi.J. t!l,Ui t:r~G' ~'l.\... feed.

3) D2S2.CIJini; a b::.ck ~)late hJffer capa.ble; or
a1J,sorb:'2JtS Co. t '-~e~..st 14\..1() i.-d. -l.bs. ot' energy
before gOillE so~id.
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c. Lxcessive crush ot' the Cor"iard end of' the case and
gouging 0:' the rim rnd~T OCCLli' at this sp,"ed, but this w:~s not
indicdted in the ·'iriw"s.

22. The ,ullctloning 0;' tile t'"" 01:; i;ivell in tilis r8j)ort is
in relation to a very rigid !nomt. \'!h,,~re the degree Of' flexibility
is di:~fert~nt, a differe:ace 5.n ~cht:: .,.'ullction:l.ng wiL~.. l;robal)ly be
noted.

R. F. Cronin
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TA!3LE I

Results of Inc!'e2sing the Rate of Fire
20 m/rn ~,un, 1.\2 (Olds), 1;0.30013, Tube ')0. 30021; Feed, In (C.F.S.)

Buffer, Combination Ring and Coil Spring

Gun A1:u:1. ~;~ax • rrax. Velocity of nOIt firing Position of Slides Rate of Fire
Rd. Lot No. Recoil Buffer at at Pin Rn lative to the Per
No. COMpo unlocking becinning Velocity Bolt at beginninr- Round Averae:e

of buffer of unlocking
in. in. fls rls fls in. s/m

Standard Front Recoil Spring and Edgewater RinG Spring Counter-recoil unit.
Gas Vents, .063 in; Vrivin~ Serine, tree ht. : 23.7 in.; k =7.7 Ibs/in. Recoil ~pr. Ass. Ht., 11.31 in.

5310 Ball .75 .~3 26.l1 15.5 9.8 .12 652
5311 3-50243- .71 .47 26.9 - 12.0 .15 668
5312 259 .69 .42 27.9 -- 12·5 .11 660
5313 .. 79 .1,3 2.s.1 15.3 12.0 .13 653
53U .Sl .Lw 27.9 17 .0 11.9 .10 578 667
5315 .83 .43 28.3 16.7 11.5 .09 663
5316 .86 .hI 28.3 14.2 9.5 .1~ 660
5317 .83 - 26.2 -- 11.9 .10 686
5318 .84 .1,2 27.6 -- 11.9 .09 687
5319 -- - 213.9 17.6 D.O .09

Gas '.'ents, .075 in. Driving Spring, "'ree Ht. =- 23.7 in.; k =- 7.7 Ibs/in.

5320 " 085
5321 .72
5322 .74
5323 .76
5324 .77
5325 .85
5326 .85
5327 .31
5328 .85
5329 .84
5330

"~

.55

.55

.54

.51.

.52

31.8 - 9.5 .20 728
29.2 - 10.7 .11 723
30.5 - 12.6 .09 717
29.9 -- 9.7 .15 721
30.0 - 12.5 .11 712
28.6 - 10.7 .D 694 709
29.1 -- 12.2 .09 698
29.9 - 10.9 .09 692
29.1 - 11.5 .15 701
30.2 - 12.3 .09 707
31.7 -- 11.7
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T.t-.3LG~ T

Results of Increasing the ~te of Fire
20 m/rn Gun, M2 (Olds), 1'0. 300:\1, Tube :;0. 30021; Feed, III (C.F.S.)

Ruffer, Comoipation RinG and Coil Spring

Gun A:11.P'! • Hax. ~,lax. Velocity of Bolt Firing Position of Slides Rate of Fire
Rd. Lot No. Recoil f1uffer at at Pin Relative to the Per
~10. Comp • unlocking beginning Velocity Polt at beginning Round Average

of buffer of unlocking
in. in. fls fls fls in. s/m

Gas Vents, .075 in., Driving Spring, Fr.ee Ht., _ 23.2 in., k = 7~2 'lbs/in.

5331 Ball .69 .52 - 26.4 9.0 .1.4 770
5332 3-50243- .69 .54 - -- 12.6 .08 7h3
5333 259 .69 .53 - - 12.6 .11 750
5334 .71 .52 - 25.9 11.4 .08 752
5335 .77 -- -- -- 10.2 .11 733 7h3
5336 .72 - -- -- 11,0 .11 735
5337 .75 .43 - 22,6 12.6 .12 720
5333 .76 - -- - 9.9 .08 746
5339 .80 -- - - 10.1 .10 740
5340 - - -- - 10.1 .il

531.11 II .Go .45 29.3 22.8 8.7 .17 722
5342 .72 .45 30.2 23.0 10.4 .09 737
1)343 .77 .47 30.2 - 10.5 .13 716
531,4 .76 .411 31.5 -- la.1i .09 737
5345 .76 -- 29.5 - 10.6 .13 765 727
53[,6 .79 .45 29.1 -- 10.2 .13 712
53J,7 .30 .h2 30.2 - 9.9 .]JI 71.4
5348 .82 o'~6 31.3 -- 10.6 .09 727
5349 .83 .40 29.1 -- 09.9 .12 716
5350 - -- 29.3 - 9.4 .13



,/

'l'A3I.E I

?esu1ts of IncreasinG the Rate of Fire
20 rl/:-:t Gun, )Q (Olds), ';0. 300U, Tube 1:0. 30021; Feed, III (C.".S.)

Duf[e~, Combinntion l~inr, ar:d Coil S~rillb

Gun AJ:llIJ ~'''ax. tlax. Velocity of Bolt Firing Position af Slides :late of Fire
Rd. Lot :,;0. Recoil nuffer 'l£ at ?in Re1'ltive to the Per
Noo Cont;1- unlocking beginning Ve1ocit:l' Bolt at befin~ing Hound Average

of buffer of u-O"'11cckin~
in. in. fls fls fls j.n. s/m

Vents, .075 in., I:rivini! S.,rin~, J"ree Ht. = D.7, k. 7.7 ros/in.

5351 .72 -- 30.8 - 8.9 .14 747
5352 .67 - ;0.4 -- 13 .0 .03 716
5353 .70 -- 31.0 - 18.6 .09 722
53511 .78 -- 31.7 - 9.5 .21 715
53"5 .79 - 32.5 - 12.1 .11 748 725
5356 •7)~ - 31.0 - 10.3 .10 721
5357 -57 -- 32.2 - 10.6 .09 715
5358 .73 - 32.5 - 10.8 .11 711
5359 .76 - 32.0 -- 9.5 .11 .,,~

5360 - - 31.7 -- 12.8 .1:J

Gas Vents, .075 in.; Driving Spring, Free l1t. = 23.7, k = 1.1 1bs/in.; Ground Breech Lock

5361 .82 .51 30.7 23.2 9.5 .12 773
5362 .63 32.0 13.5 .09 155
5363 .63 33.0 12.1 .14 166
5364 .65 32.0 12.9 .•12 735 746
5365 .70 29.3 13 .9 .09 722
5366 .16 34.4 11.1 .10 747
5367 .75 31.7 13 .4 .08 739
5368 .19 32.0 13.7 .09 717
5369 .74 31.7 12.3 .09' 764
5370 - 33.3 13 .LJ .09

~
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TA"LE I

Rcsults of Increasing the Rate of fire
20 !'lIm Gun, E2 (Olds). :10. J0013, T'j~e Nc" 30021; Feed, 1::1 (C.f.S.)

Ruffer, Combination Ring and Coil Sprinb

Gun ATIlJ:1. Fax. Max. Velocity of Bolt Firing Position of Slides Rate 01 Fire
Rd. Lot Fa. Recoil nuffer at at Pin Rclative to the Per
Ho. Comp. tmlocking begim:ing Velocity Bolt at beginning Round Average

of buffer of unlocking
in. in. rls fls fls in. slm

5371 .71 .59 33.0 26.9 9.7 .~l 800
5372 .56 .53 31.9 - 15.4 .10 789
5373 .60 31.0 - 12.9 .08 615
53711 .67 33.6 - 11.'71 .08 816
5375 .61 33.0 - 111.8 .n 745 747
5376 .75 32.2 -- 11.;) .n 740
5377 .73 :n.6 - 10.6 .08 7'.2
5378 .79 .119 31.6 - 11.7 .10 737
5379 .79 31.9 - 11.4 .111 741
5380 -- 31.6 -- 12.8 .08

5381 .78 -- 32.2 - 9.5 .13 7117
5382 .65 - 32.7 - n.5 .12 778
5383 .66 -- 32.7 - n.4 .10 675
5384 .68 - 31.6 -- 13 .1 .10 743
5335 .75 - 32.2 - 10.9 .10 754 744
5336 .66 -- 33.2 - 15.7 .1l.l 766
5387 .78 - 31.6 - 16.0 .07 735
5388 •73 -- 34. i• - 13 .1 .07 766
5339 .85 - 29.4 - 13 .2 •IlL 71l.l
5390 - - 33.0 - 12.7 .n



TABLE I

Ileeults of IncreasinG 1:.'1e Rate of :"ire
20 m/m Gun, 1.12 (Olds), Fa. )uOD, Tube No. 3'0021; Feed, Ml (C.:.S.)

3uffer, Combination Ring and Coil Spring

Gun
Rd.
l;o.

Anun.
Lot No.

!,{ax •
Recoil

in.

Hax.
Buffer
Compo

in ..

Velocity of Dolt
at at

unlocking beeinning
of buffer

rls fls

Firing
Pin

Velocity

fls

Position of Slides
Relative to the
Bolt at begin~ing

of unloc:'::ing
in.

Eate of Fire
Per

Round Average

s./m

Assembled Ht. of Recoil Spring n.94 in. Vents, .030 in.

5391 .87 - 32.1 -- 9.9 .16
"392 .98 - 33.6 -- 12.4 .n
5393 .97 - 32.2 - 11.9 .08
5394 .98 - 33.0 - 13 .1 .08
5395 .87 - 33.2 -- 13 .3 .07
5396 .86 - 33.0 -- 13.0 .n
5397 .86 - 34.1. - 12.3 .n
5398 .86 - 31.0 - 12.0 .07
5399 .87 - 33.0 -- 12.8 .12
5400 - -- 33.0 - 12.9 .08

Assembled Ht. of Recoil Spring 11.31 in. Vents, .080 in.

5401 .59 - 34.0 -- 9.7 .11
5402 .45 - 37.3 - 11.3 .08
5403 .51 - 35.1 - 11.3 .n
5404 .56 - 31>.7 - 12.4 .n
5405 .62 - 33.0 - 13 .6 .n
5406 .63 - 33.6 - 12.8 .n
51.07 .65 - 36.6 - 13 .3 .07
5408 -- -- 35.8 - 13 .3 .06
5409 - - 39.0 -- 14.5 .04

734
715
735
733
733 ·729
728
707
722
754

•
830
812
789
807
7iJO
789 801
79,
794



7l~EIE I

Results of IncreasinG the Rate of Fire
20 "'1m Gun, li2 (Olds), no. 30013, Tube ;:0. 3::021; Feed, m (C.r-S.)

!l1ufer, ConbinCltion 'lie,g and Coil S"rine

Gun Al.1ll. ;{ax. Fax. Veloei ty of 30lt Fi.rJnG Position of Slides Rate of Fire
TId. Lot ;~o. Recoil Duffer at at Pin 'lelative to tee Per
No. Co::::p • unlockinG beGinning Velocity Bolt at ber,inrd.ng Round Averar,e

of buffer of unlockinG
in. in" fls f/s fls in. slm

Recoil Saring Asse:;;bled Ht. '" 11.31 in.; Vents, .030

5410 .59 .59 33.2 27.8 9.3 .20 8u5
54n .w .54 33.h 27.2- 1~.9 .C6 805
5412 .57 .63 33.~ 27.4 15.4 .08 8ll
5413 .9 .61 35.2 29.Ll 13 .8 .16 806
Sb:11 5c .61 34.2 23.2 15.h .08 S~3 310. ~

5415 .513 .60 3L.6 25.7 1~ .6 .87 803
5L16 lost lost 35.0 33.9 13 .l~ lost 800
5L17 -- - 34.6 - !l+0 - 735./

5418 - -- - -- 11.4 -- lost
5419 - - 34.9 31.9

Vents, .080 in.; !jnzzl" brRke and drum feed

5420 .1,7 .61 36.7 29.7 9.5 .22 848
5421 .39 - 36.4 29.7 11.6 .06 775
51.22 .41 .52 36.2 26.4 11.9 .12 775
5423 - - 36.2 30.0 15.2 .07 784
5424 - -- 35.8 26.1~ 15.0 .06 774 783
5425 .IJS .54 %.7 25.5 13 .0 .13 769
51..26 -- - 37.5 29.0 15.0 -- 774
5427 -- .56 37.9 27.3 12.0 - 794
5428 - .57 36.2 3h.B 15.0 -- 798
5429 - -- 34.7 30.0 11, .1

?
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TA3LE I

P..es 1.l1ts of Increasj nS" t':-:.e nate of ?ire
20 m/m Gun, E2 (Olds), :<0. 300J3,~T1)be no. 20031; Feed, :<'1 (C.F.S.)

Buffer, CO:i:i~iniltion Ri:lb a'11 Coil Spring

Gun il..rn.:r. " 1:iax " Eax. Velocity of Bolt fj ring ?osition of Slides Rate of Fire
Rd. Lot lio. Recoil 'luffer at at Pin Relative to the Per
r~o " Compo unlocking begir~lint3 Velocity Bolt at begin"ing Round Average

of buffer of unlocking
in. in. f/s f/s f/s in. s/m

Vents, .070 in.; llacoH Spri,W Assemled Hto, n.31 in.; 1.'1 Feed

51;30 .66 .1;6 31:.1; 15.8 9.5 .13 667
51;31 .66 .29 29.8 23.6 14.5 .10 70",

.'~

5L32 - .51 29.2 22.9 13 .6 .07 738
51;33 .65 .56 32.] 23.6 13 .1; .n 7GS
54311 .63 .50 32.3 25.9 Ilt.6 0" 176 751• 0

5U5 .711 .51 23.6 22.6 - .03 727
5!D6 .88 .51; 27.0 25.6 12.9 .03 71;2
51;37 .81 .50 25.5 21.0 n.8 .23 794
51;38 .69 .66 31.6 25.12 10.6 .17 792
51;39 - .52 31.9 26.0 10.8 .10

Vents, .070 in. "eeoil snr;.nc asser,bled :-It. 11.44 in.

5U,0 .61; .53 29.5 22.0 8.6 .13 737
51,),1 .65 .51l 27.3 23.6 15.2 .08 751
54),2 .72 .51 29.9 23.6 13 .0 .n 721
51;h3 "72 .h8 30.4 22.11 12.1 .19 710
5h1;1, .70 -- 28.4 22.8 12.1 .13 707 732
5445 .71; .60 33.2 25.9 10.6 .13 739
54116 .75 .5~ 33.2 25.6 11,. ;; ~17 71,0
51;47 .83 - 32.0 26.4 - -- 736
5448 .311 .55 33.2 26.4 - -- 739
51;49 - - 33.9 26.4 12.4 .12



'CABlE I

ResuU,s of Increasing the Rate of ;,'ire
20 m/l'1Gun, 1,'2 (Olds), ;,0. 30013, Tube 1:0.30021; Feed, La (C.r'.S.)

Billfer, Conbination Einr; and Coil Spring

Gun
7td.
no.

Pu",m.
Lot ~;o.

raxo rax.
Recoil duffer

CCHilp.

in", in.

Velocity of Dolt
at at

1mlocking beo;inning
of buffer

[Is [Is

Firing
Pin

Velocity

f/s

Position of Slides
Relative to the
301t at beginning
of unlocking

in.

?.ate of ?ire
Per

;(ound Average

aim

?

Adapter, 18.; Vents, .070 in., Driving &prine, ,ree Ht. 23.7 in., k =7.7 Ibs/in •

54:;0 .S' - 33.2 -- q '" .20 722, "
54,1 .98 -- 34.3 -- D .J 2" 73iJ. "
5h52 1.0? - 33.8 -- 15.5 .07 7J11
,h,3 1.01. - 3/••0 - D,7 .1', 720 719
54,1, 1.06 - 34.3 - D.3 .10 7Ci7
5455 1.04 -- 31,.1 -- lL.5 .11 7U
5456 1.0,3 - 32.0 - 12.6 .D 702
5457 1.07 - 33.5 - 10.6 .11 726
5458 1.07 -- 33.2 - 12.3 .D 728
5459 - - 32.7 - 18.3 .10



Adapter,

TMlLE II

Trunnion Reaction r,;axima
20 m/m Gun, J.!2 (olds), no. 30013, Tube )0021

Standard Front Recoil Sprin>; and Ring Spring Counter-recoil Unit
Feed, Ml. Temnerature 78°F (Approx.)

Gun Recoil Ctr .-~ec. Mac. ~\ja'{ 0 Rate of Vel. of bvrt
Rd. Force force Recoil Buffer fire at bebinnine
No. dist. Compo of buffer

Ibs. Ibs. in. in. shots/rr... fls

Recoil Spring Assembled Ht. , 11.31 in.; Vents, .030 in.;

"
Driving Spring, Free Ht. , 23.7 in., k = 7.7 Ibs/in.

Aver.
5463 1150 2610 .67 .59 843 30.9
5464 1250 2210 063 .61 848 )0.3
5465 1240 1990 .64 .61 827

630
29.3

5466 1160 1570 .55 .52 844 30.9
5l.t67 1300 1770 .59 .56 812 29.8
5468 1150 2100 .61 .60 S08 29.8
5469 1190 2240 .67

51.70 1170 20~0 .69 .61 339 )0.3
5Lm 1230 1550 .52 .61 871

837
29.2

sl.tn 1170 21.30 .53 .61 323 23.6
5473 1260 1200 .57 .62 320 29.8
5L7l.t 1200 1450 .56 .61 831. 32.2
5l.t75 1120 1850 .61 .63 31.0



ED




