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A hi$h velocity hfcht-gas (tun o! 2-1/4" c*Uber has been bullt an<1 put Into 

ope ration at CM Defense Reaeareh Laboratories daring the past year. Fc ur 

proof rounds lave now been find and have demonstrated a highly succe .sful 

gun operation with a projectile weighl of 0.44 lb at a velocity of 22,000 fpe as 

programmed. This report is a brief account covering the description of the 

gun, the results of the firing*, i id an evaluation of the gun’s performance. 
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INTRODUCTION 

A fcjßh «ttoctty «ua f»i ?•! 4 * raJiU’r l^.‘k »K'i n l^iK 

twt laso û|»rai«on at CU D^f RtMMrrh L)ili.,nitf.r«€'». TWa çm t» 

btmllar to 20 mro llphi.piíi «ums no* ui uaw or. GM DRL’# irrc-UtRh* rai«(«. 

ln etiret, <t rxtcod# GM DRL*n talliMK carubiiitM» !r<>m 20 rnrt to 2*) 4" 
(57 tm). 

rour rooruin tav* na* |*r«« hrrd Iron» Ihr l-l, 4” uub. Tht (irrtornuf««' of 

the «un h£k Uen so h»thljr uitutartonr liut :Uo brtrf r€pr>rt has brr« prepared 

to Rive an «cí^nt of tlir ti/:i £». A dcKrintion of the fjn a«f aa evaluation ol 
Ha perforriinee are alto IreltKkd. 

The 2-1/4” Cun Project Ht« U-en Rjvmaoird ty General Midors Cor^mm 

and by the Advanced Research Project* Ayrmy «I the Dejurtmetit of Defense. 

The desipt atid tstUdm« c»f th* yun and its Sba-iiiatcd rature ücility fr»rtt?jrr 

with the firms of the festr proof rtatíd» reponed herein Kaie lee« a CM project. 

The 20 taro scaled firm« program ard the interior hilliMir computer analysis 

have been carried «it uftder an ARPA contract. 

DESCRIPTION OP CUN AND RANGE 

The CM DHL 2-1/414 «un I* cla«»«d as an acrelerand-resenoir hpht-pu ,:jn. 

Basically this U » two-«tac« «un s itu yuitiswdrr for thr- prop-liant of the first 

sU«e and hydnoyen for the propellant of the second. A pUt>ui compresses the 

hjdroym. The hydtt>«en pn^wls the model. First and secod state» are jained 

by a heavy steel cylinder whose u»rr tapers from one end to ihc other. Ttie piston 

la heavy and, be my made t4 def^rmabte materul. pemdrate» «Vepîy mio the 

tapered bore at the end «4 tin* compression slmhe. The end <4 it* tajier is 

closed initially with a hiyh-prrssurc duphraym. 
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Th* irUoe oC ib» ht&vy piston In pent listing th« ttper gensrstcs a moving 

, Mirolr oC hlgtvprtM'Jur* hydrogen In this region The net result i& e 

e »fly conslsnt hydrogen pre«*ur« prosai» the model daring the itrlng c( the 

•«ood euge. sn optimutn eondlllon lor ürlng frsglle modßl*. This ty^ cl 

^ston action la sino the source cl tfcc wun«: accelerated-reaervolr Ught-gas 

fue. 

The overall view ci ,1* 2-l/*M gon le shown In Figure 1. The gun breech la 

la the left near foreground snd the high pressure housing and coupling secUcna 

are shown la the middle and background of the photograph. The 75-foot launch 

tuba can be eeon In position end projecting Into the blast chamber at the end of 

the pra-flight (or evaluation) range. Orthogonal spark station* can be seer, 

is the background. 

A cchematic cl the 2-1/4" pm t* <sh<w la Figure 2. The overall length to 

196*. The gua la mounted for free recoil, and 150 ton* Is the recoiling weight. 

A few dimenaioRe of Individual perl* may be of Interest. The powder chamber 

Use an I.D. of IS", an O.D. of 30", and a length of 7*. The pump tube haa an 

1.0. of 10", an O.D. of 20", and a length of 107'. Th* cylinder housing the 

accelerated-reservoir In th* coupling section has an O.D. of 38" and a length 

of 7'. Its bore fepere from 10" to 2-1/4" in a distance of 56". The reservoir 

cylinder is surrounded by & maaalv* cylindrical structure that weigh* *0 ton*. 

The launch tub* he* an l.D. of 2-1/4", an O.D. of 15", and a length of 75 . 

The pre-flight rang* conflate of three tanka connected end to end for a total 

length of 173'. Th# first tank, l»' long by 6’ In diameter, contains the blast 

of hydrogen. The middle tank, 140* long by 4' In diameter, haa three orthogonal 

epark photography stations situated along It* length. The last tank, 17 ' long by 

•• In diameter, 1* an Impact tank. 
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Figure I 2-1/4" Gun and Range 
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Mechanical Ffttur» • of Gun 

The 2-1/4- «un Us many unusual mechanical features. Three of theec are 

particularly important in the funttloiilng of the gua, namely; (1) the free* 

recoil system, (2) the welded launch tube, and (3) He,valr launch tube 

transporter. 

The (cun Is designed so that It i» free to recoil during the firing. The powder 

chamber, pump tufas, and launch tube are supported on large, plane-roller 

bearings. The high pressure housing and coupling sections are supported on 

air bering pads. The total recoiling weight Is 158 tuns and this large mass 

not a.ly reduces the recoil distance to around 2" but also holds ihe recoil 

stresses along the length of the gun to manageable values. The measured 

firing movement has shown a marlmium excursion of about 1.8- for the four 

shots fired so lar. The motion of the gun is smooth without apparent "Jcrüness.- 

Thc free-recoil system eliminates the necessity of large and heavy mount 

structures and minimizes load concentrations during the firing cycle. 

The launch tube Is fabricated from three individual 25-foot lengths ol gun tube 

by welding the three sections together to form a continuous tube of 75-foot 

length. The tube was boned to a nominal bore diameter of 2.3-. The welded 

Joints between sections show no discontinuities in the bore; In fact, a bore- 

scope inspection falls to reveal the welded region. II the launch tube continues 

to hold up under repeated firings, this technique will represent u substantial 

step forward In the manufacture of long launch lube*. 

Another unique feature of this gun Is the use of CM DRL’s Hovair* for Irans- 

porting the launch tube from the gun to the honing machine. The gun tubes are 

honed between each round; this ©[»ration requires transporting the launch tube 

and its mount quickly and easily from the gun to the hone and positioning the 

ïîüvair^ is a GM-developcd air bearing system that uccs relatively small 
airflows at low pressures to susoend loads frletirmlenKlv pressures to suspend loads frictionlesKly. 
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tube Accuiuiely tí both ttcatlui*. The prcUeai lie* to Umj 40-ton wr'.ght oí 

mount aod tube. To colv* this problem, ten iloralr pal* are situated around 

the baa* ci tte mount. When air ia auppUed to these at a pressure of 8 pel 

they rala* the mount about 2" arci support It on an air cushion. In this sute 

two men can more the unit ea*lly, derptte its 40-ton we!&ht. At the gun and at 

the hone the tube la positioned accurately by allowing the mount to settle of ;r 
pins secured in the floor. 

i i 

I ! 

$ ,* 
s 

s. 
4. 

BALLISTICS PROGRAM 

The program as tired to dite has been of a four-fold purpose: 

J. To teat the Integrity of the mechanical componen la of the gun in 

a laical ©squence with increasing f*verity of test 

2. To demonstrate the velocity capability oí U» gun v/ith cylindrical 

pk*Uc models, bore fitting ln aixe 

To establish the rclatlcnahip between velocity urd loading condUiona 

To correUte theae inttlal results with both computed and ocaled 

expert amatol resulta ao that one may proceed with confidence to 

the more difficult launching of t&boted asc*:sis. 

The firing conditions for this gun — and India 1 its major design pair meters - 

have been predicted from three sources o! Information In addition to »he 

extensiv« practical experience with the accelerated-reservoir light -gas guns 

extant at CM DHL. These information sources are: 

1. The gun design method described ln GM LRL T>’¿4-27 by John 8. Curtis, 

"An Analysis of the Interior Ballistics of the Constant Br i* Pressure 
Gun." 

2. A digital computer study referred to ln GM DHL TR0O-O1E by 

Daniel J. Colllna and David K. Sangater, "Paramcitic ßvodiea of 

a Fixed Geometry Light-Gas Gun. " 

S. An txperlmejilal program of scaled firings In 20 mm and caliber 

30 accelerated-reservoir light-go* guns. These scaled firing* wui 

be reported separately In a later report. 
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FIRIKO RESULTS 

Results oí tbo firings are so follows: 

Shot 
No. Date Light 

Css Model Type Model Mass 
(gras) 

Velocity 
(fps) 

1 

2 

3 

4 

e-io 

6-21 

8*29 

7-25 

Helium 

Hydrogen 

Hydrogen 

Hydrogen 

Cylinder, Zelux 

Cyii.ider, Polyethylene 

Cylinder, Polyethylene 

Cylinder, Zelux (BallaEted) 

400 

200 

200 

260 

11500 

18900 

22000 

21100 

Tho preflight range was evacuated for the first round (p less than 1 torr) and 

filled with nitrogen at a prccsure of 10 torr (mm o! Kg) for chota 2 and 3. 

1 I 

! 

Typical shadowgraphs from station #1, 52' from the gun muzzle, for she's 2 

and 3 are shown in Figure 3. These pictures are othogonal projections, »narked 

U (up) and D (down) respectively. They show tho contour of the polyethylene 

cylinder and the outline of the head shock wave. The cross of the reference 

grid and an arrow giving tho direction of motion can also be seen. 

Studies of high speed Impact are being carried out as a part of the gun 

development program. Various types of targets are placed in the Impact 

chamber round by round. The results of the Impact testa will ba reported 
separately. 

Stress records on various parts of the gun are being made in order to study 

this aspect of its performance. Stress levels measured to date are consistent 

with predicted values. These results will also be reported separately. 

Toe future ('.ring schedule is listed In Table I. Shot #4 has completed the proof 

testing of the gun. The program continuas under ARPA sponsorship with the 

development of techniques for firing sabeted models. 
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«P6Ï 

looco 

22000 
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A tamiunM» of !*** ♦♦ir*»*»* otouiiwtl m tí» 2-1/4* pn *r.ls t:v i* in UV 

SO •»« r» trvv» Mt} Ul» ceafwi«41*4ocsu** *r* «MMr* in Fif«r» 4. 

T** e»-«Sr» %*lotit» i» tt * I a»ri:<a at ptvte* wli<Ujr. *,*&<» Du* Un«» 

pr*AA<r i» tacjc to Du (■«*• frd^mua«*. 

Tl* *fr**t**n( Uv**«» Uw tim ttilocM«« i« «k**. f«tm*u-n*« to Uw 
ctMPpitor fr xr*ni 11111 frotoM» fn>4«e* «••«» totirr *<r*«ir«n;. 

TI» 20 i**» p*i«4 firtof* tot* Um» Mio» voterrkrixtu«i *» tt* 2-1,4* lirtrc*. 

«ab tl* 2-1/4" rrtociur* UUiftf ».huU 21 lltfto« tto« tl* 20 **ta vtiocit!«*. 

Hu 1* twtl *i«9lttr*at t*4 emmr*4\n$. f «mç;«rt* Uw eanunuai thu ’%:« 

Cut* «hoc« tto •**»« *» Uni« >tw. red» totter. * 
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