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(U) SIDEARM AND SHOTGUN AMMUNITia. 
FOR COIN AND RAC 

by 

J. R. ~borson, G. Riley, and D. V. Frink 

INTRODUCTION AND OBJECTIVES 

(U) This report summarizes tle results of studies conducted on sidearm­

and shotgun-ammunition effectiveness, iL response to requests of the Research and 

Development Field Unit - Vietnam as outlined in: 

(1) BDFU-V Memo 65, dated 23 January 1965 to RACIC 

(2) RACIC work statement for "Study of Sidearms ktt­

munition for COIN and BAC" 1 dated 19 February 1965 

(3) BDFU-V Memo 278, dated 31 MeTch 1965 to RACIC. 

(U) The objectives of these studies were to provide, from the viewpoint 

of both sidearm- and shotgun-ammunition effectiveness: 

(1) A sWIIIIary of what has been tried in the past to 

accomplish improvements 

(2) A S\.IJIIIII8l'Y of current u. s. Government, private 

industry, and foreign activity bearing on the 

problem 

(3) Suggestions for future work which might form a 

base for an SDB or ~. 

(U) In the performance of these studies, a number of papers, letters, 

reports, and books were exllllined, and visits were made to three Government 

,, 
' .... ' . . ~ v:. y - . ' - - " 
- .'.: ....... ~ ....... J 

J 
i 

' ' ' 
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arsenals and one cOIIIIDercial. f'irm. No contact with foreign small• arms researchers 

was made, primarily because of' the limited time available. 

(U) Although history records scattered instances of' concern with the 

effectiveness ot s!:iearm and shotgun 811111Wlition, it bas only been within the 

recent past that the unique problema of' ammunition effectiveness in COIN and RAC 

situations have received any systematic investigation. Tbe efforts f'or each type 

of' ammunition are SUIIID&l'ized briefly below. 

Sidearm Ammunition 

~Tbe standard sidearms are primarily inetfecti ve eltcept at extremely 

abort range. For exa~~ple, a stationary target 2 f't in diameter must be witbin 

a range of' 23 rt before the average shooter baa a 50:50 chance of' scoring a 

siDSle•round bit with a pistol. A1ming error is the maJor single factor causing 

the l1JW probability of obtaining a hit. 

(U) The maJor sidearm-.-uni tion research proJects have been directed 

toward creating am~Unition wbicb inberently compensates f'or excessive a.1m1ng error. 

These proJects have been concerned f'or the IDOat part with three types of' con• 

cepta: (1) the JIIUl.tiple-f'lecbette cartridse, (2) the · shot cartridge, ~d (3) the 

strip-bullet cartridge. Each of' these approaches provides a burst ot many proJec• 

tiles in a diaperaed pattern. 

Shotgun -'-uni tion 

Jill A ebotsun is more often aimed by "point1ng" than by the use of' 

sights. '!'he light veisbt desirable tor "quiet pointin&" tire and tbe high Ulpulae 

ot abotpn .-unitioo cc:abine to give a standard (12 sase) shotgun a recoil enerQ 
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which 11 50 per cent greater than tbat of a full-paver military rifle. Because 

greater recoil appears undesirable, most research projects on shotgun ammunition 

have been concerned with obtaining more optimum dispersion of pre&ent shot types 

and increasing the lethality of the indi~dual shot. Essentially, these efforts 

have been conae~ed with reducing dispersion, increasing sectional density, 

changing the configuration of the individual projectiles, and charging the 

indi>idual projectiles with explosive. 

REOOMMENDATIONS 

(U) Although many basic ltmltations confront the improvement of side-

arm and shotgun ammunition, it appears that significant increases i~~ectivenees 

can be attained tor OOIN and RAC operations . The recanmended approaches tor 

achieving improvements in eaeb type of 8DIIIW1ition are descri';led in the body ot the 

report. 

GENERAL DISCUSSION OF SI~ AND 
SHdi'GUN EFP'Edl'IVi!i& 

(U) This general discussion is present&d to provide basic background 

r~la~~ directlY to the subject of sidearm- and shotgun-ammunition effectiveness. 

, The mathematical measure of the effectiveness ot small arms is the 

probability that a "trigger-pull" will res\·.lt in a ''kill". A "trigger-pull" 

represents a ciecision·,·o discharge a weapon; a "kill" represents one man rendered 

ineffective, whether actuallY dead or not. The "kill" probability, tor semi­

automatic fire vith Bingle-projectile rounds, pt, is the product of }\1 th~ 

probability that a "trigger-pull" will result in a hit on the target, aQd lbJt, 

the probability that a hit will be a kill: 
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~ i'be hitting ability, or "accuracy", ~~ is :lntluenced by tbree 

factors directly and one factor iadirectly. The three tactore which directly 

infiuence Ph are aimng error, bias, and dispersion. The indirect factor in 

hittins ability is rate-of-tire (the nUIIIber of proJectiles tired at the target 

within a given period of time). The rate-of-tire factor is applietible mainly to 

automatic weapons and is not considered in this report. 

The "lethal.tty" of a proJectile, Phk, is determined by the Military 

stress Situation and the Terminal Ballistics of the proJectile. 

Accuracy 

f The accuracy, Jb1 is determined by the proJectile dispersion (the 

spread of hits), bias (the distance from th~~: center of the bit pattern to the 

center ot the target), and the aiming error (round-to-round variations in align­

ment of gun barrel). These variables are al:llost universally dealt with by the 

methods of Probability Mathematics. 

Dispersion 

J Unless specifically stated, dispersion is assumed to have circular 

normal distribution, such as is shown in Figure 1. With reference to Fisure 1, 

the axes x-y lie in the plane of tbe target. The center ot a group ot shots ( +) 

is at o (not oecessarily the center of the target). In the y•z and the x•z planes 

are shown c"Jl'ves representin& the hit density, z, as a function . of radius, r, 

from the group center, o. AsSUIIIinS the hits to have circular n0l111&1 distribution, 

and intesrating the hit density curve revolved about the z axis, the expression 

tor hit probability is: 

Ph =. 1 • e ~ J 
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where: 

a = the radius, tram the center of the group, of a 

circle enclosing 39·33 per cent of all shots 

fired 

r = the radius, from the center of the group, of 

the target (assuming that the target and group 

centers coincide, i.e., that aiming error = 0). 

C/This formula is valid ODl1' if the bias is zero and the dispersion 

and aiming errors in fact are "c1rcular nomal". While a group of single shots 

from a rifle or pistol vill exhibit circular nonl&l. distribution, a burst from 

an automatic rifle vill often exhibit a stroog vertical dispersion resulting frail 

weapon "climb". 

~ Although dispersion is usually expressed as Op (distributiOD of 

tbe projectiles) either in inChes at the target or in llils, other measures tre­

quentl,y used are: (a) C.E.P. (circular error, probable - sometimes a~eviated 
c.p.e.), which is the radius of the circle about the group center enclosing 50 per 

cent of all shots fired, (b) "dispersion", a, which is the diameter of a circle 

enclosi~ 75 per cent of all sbota fired, and (c) m.r.e. (mean radial error), 

vhicb is tbe mean radial distance f:rom tbe srcnp center to the individual shots. 

The various expressions can be related by: 

C.B.P. c 1~1714 op 

6 = 3·330 Op 

m.r.e. = 1.2533 op• 

~These tems are employed 1n discussions of dispersion whether a 

series ot individual shots or a salvo of many projectiles is under consideration. 
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Eleeept for factors (such as automatic fire) which result in non-normal distribu-

tion, the tvo cases are mathetlatically the same. 

Aiming Error 

~ AiJJing error, is the round-to round variation in the aligment of 

the alignment of the gun barrel. The ailling error arises because of inability 

to hold the weapon statiooary and illlperfect estimation and allowance for the 

effects of range aDd vind. When ODl::r a little time is available for combined 

operations of coming on target aDd aiming, the aiming error vill be large; when 

ample time is avaUable for coming on target and aiming, the ailling error vill 

be smaller ( 1 )*. 

~ The measure of aiming error vill be aAI either in inche& at the 

target, or in mils (which is the ratio of the offset on the target, inches, 

to the distance to the target in thousands of inches). 

~ Aiming error is also assumed to exhibit circular normal distribu­

tion about the group center. It is known(2
), hoWever, that in competition pistol 

shooting, various flavs in technique produce characteristic aiming errors vhieb 

are defir..J.tel:Y not normally distributee.. In Reference 1, it vas noted tbat for 

both proficient and ordinary shooters firing the cal. .45 Ml9ll pistol at targets 

exposed for periods between 1 aDd 8 seconds, aiming error sh011ed an elliptical 

distribution having a verticfil minor axis of 0.86 times the horizontal m."Jor axis. 

However, in light of the assumptions concerning target size, range, ps::rcbol~ical 

factors, etc., the use of circ:ular normal distribution for cCIIIputational eon-

venience does not create serious inaccuracies. 

... 
*SUperscript n\Uibers in parentheses refer to items listed in the Bibliography. 

**A "group" ma::r consist of a single proJectile also. 
'• It 
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Bias 

(U) Bias or offset is an error resulting from an improper sight setting, 

i.e., the weapon sights are not aligned with the center of the group of hits. 

As can be seen in Figure 2, the presence of bias greatly changes the distribution 

' of hits on the targei;. 

(U) The introd\l.ction of bias makes the mathematical expression 

for l'b veey complex. Con~equent~, solutions for the equation for l'b are usually 

generated by a high-speed couputer in terms of target radius, aiming error, and 

.dispersion(3). 

Lethality 

"' The second aspect of weapon effectiveness is lethality or wounding 

ability. Wounding ability of an individual projectile is expressed as Phk1 the 

probability that a hit will result in a "kill". A "kill" is defined as the ces• 

sation of military activity. The Phk for a particular proJectile, therefore, 

depends not only on the terminal ballistics of the proJectile, but also on the 

Military Stress Situation. 

Military Stress Situation 

~Because a "kill" is defined as the cessation of a military activity 

by the person bit, the canbat situation, in part, determines the "wounding 

ability" of a particular wound. For example, a leg wound that would incapacitate 

an assault soldier would not necessari~ incapacitate a soldier employed in defense. 

Further, a wound which incapacitated ful.ly on~ after several hours would not be 

considered a "kill" in an assault or defense situation lasting only 30 minutes. 

~ i'he Military Stress Situation, as defined 1n Reference 4, that is 

considered appropriate to ~errilla/ambush situations is "Defense, 100 per cent 
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incapacitation in 30 seconds". This stress situation, which is the moat demanding 

of the situations, is applicable even though the ''target" personnel are attacking, 

because of the necessity for quick, decisive action at close range, where a side-

ann or shotgun would DDrmaJ.ly be utilized. 

' Terminal Ballistics 

(U} Attempts to define the wounding abili t) of small projectiles in 

terms of projectile properties date from approximately 176o. The great bulk of 

work in this field has concerned itself with round balls and roughly cubical 

fragments, such as are appropriate to artillery practice(4}. 

(U} The Army, ill 1867, defined wounding capability of round balls ac-

cording to their ability to penetrate pine boards. There were three classifica-.. , . 

tiona: "slight", "dangerous", and "very dangerous" wounds, corresponding to 

0.31 in., o.63 in., and 1.2 in. of penetration(4). A common rule of thumb, found 

in a German military textbook(4} and accepted until quite recently, defines 

58 ft•lb as the minimum striking energy for fragments to be considered incapacita­

ting(4). In 1944, Gurney(4}, on the basis of the hydrodynamic shock produced by 

high-speed trasments and bullets, suggested mv3 (where m = mass and V = velocity) 

as a measure ot the wound-producing ability ot a projectile. 

(U} Studies by McMillen and Gregg(4} of the Princeton Department of 

Biology in 1945, however, disclosed that there was no abrupt change in the wound­

ing ability of balls at energy levels near 58 ft•lb. Their conclusion was that 

wounding ability did not correspond to fragment (or ball) energy (i.e., mv2), but 

rather to velocity alone. They suggested that a minimum velocity of 250 ft•·sec•l 

was required for incapacitation, provided that the hit vas l.n a "wlnerable" area 

of the (human} target. The average human target presents '4-1/2 sq ft of area, of 

which 2 sq ft is considered wlnerable. Sterne(4), based on experimental results, 
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proposed tbe use of mV/A (Where A = the cross-sectional area of the projectile) 

as a wounding criterion. Shortly atterward(5) 1 be stated that 2.5 x 101 ergs 

(1.843 ft-lb) rather than 250 ft-sec•l was the threshold of incapacitation. 

status: 

~The following paragraphs from Reference 5 BUIIIII8rize the present 

"I'D general, the experiences of the u. s. Army in the 
Philippines as well as in WW I indicate that a large 
(.45 caliber), heavy (230 grains), and low-velocity pistol 
bullet is much more effective at close(~~re as a 
manstopper than any of Blll&ller caliber 52)*. The impli• 
cation is that a vit&l. area of the body must be penetrated 
for rapid incapacitation, and given this, it is the size of 
the hole that counts. Therefore 1 the Jl&ss 1 and consequently 
the cross-sectional area, becomes of prime importance. (It 
is assumed that the bullets are of the nonexpanding type, 
and also that they are bluff shaped (i.e., do not tumble).) 
Interestingly enoush, the same conclusiOI} hf,s been reached 
by a noted big-game hunter, John Taylor, \53}* for close­
quarter situations where vital-organ shots are again a 
necessity. He bas estimated the knockout (KO) value of a 
COIIJPrehensive list of · hunting weapons varying f!Ul small 
bore (< ·30 caliber) to large bore (< .45 caliber). In 
~eneral, his findings are that tor non-magnum weapons 
(<2500 tps), the KO vo.lue varies directly with the mass to 
the two-thirds power and is relatively independent of 
velocity. This is equivalent to making the ItO value propor­
tional to cross-sectional area and therefore wound diameter. 

"The above suggests that for vital area shots, the distinc• 
tion to be ID&de between high• and lov-veloci ty impacts is 
even more tundalllental than has hitherto been realized. It 
would appear that if the velocity is sufficient for a pene• 
tration but law enough so that cavitation of the tissue 
does not take place, the wounding criterion should depend on 
a2/3 and not on velocity. It therefore seems possible that 
for rapid and total incapacitation, two comp~g~ly separate 
wounding regimes exist, as speculated 1n Bq.l' ): 

lbJt .. t(mv3/2), 

pbJt : g(._2/3) I 

pblt = o, 

v > 2,500 fpl 

4oo $ v ~ 2,500 fps 

V ~ 400 tpa." 

*References 52 and 53 referred to in this quotation are References 6 and 7 of 
this report. 

I 
l 
~ 
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~Extensive experimental work in recent years with gelatin, live goats, 

and h~~ cadavers(2,4,5) indicates that for projectiles having st~iking velocities 

above 2,500 tps, ~ction of mv3/2 is: 

where: 

• I11k ~ 1 _ e·a(mv3/2 - b)n , 

e = 2.718, the base of natural logarithms 

m = weight of projectile, grains 

V • velocity-of proJectile, ft-sec·l 

a, b, and n = experimentally determined constants as given 

in Table 1(4). 

Weapon Effectiveness 

~In the use of these mathematical tools, it is well to observe that 

should either Ph or Phk be below, say, 0.20, no increase in tbe other parameter 

will provide a significant gain in system effectiveness, that is, once the Pb and 

Phk for any particular weapon are determined, the parameter having the lower 

value represents the area in which improvement will yield tbe greatest gain in 

weapon effectiveness. For example, consider a cal· . • 45 ball projectile and a 2o­

in· target at 28 yards; these would result in the following: 

{ 

Pb. o.o1 

ca1. .45 ball Pblt .. o.09 

Pk = o.OOQ9. 

·--- ---- ---· ---.-· 
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Table 1. Recommended Values of Constants* l I a 1 b1 n in Law{ 312 ~ 

phk =.1- e•a mV - b)n ' 
I 

i 
t 
i 

I 
Military i 

Stress Time After i 
Situation . Wounding a b n ~· 

( 

I 
! 

Assault 1/2 Min. 0.0001472 55,000 0.58o5 
5 Min. o.0003253 55,000 0·5575 

I 
30 Min. o.ooo6725 45,000 0·5342 

Defense 1/2 Min. Q • .)0003262 54,000 o.6547 

r 5 Min. 0.0001527 57,500 0·5751 
30 Min· 0.0002244 47,500 0.5814 

1/2 Day 0.001020 57,500 o.4848 

I 
1 Day o.oo2447 61,000 o.427o 

Reserve 30 Min 0.001047 42,500 0.5231 

r 1/2 Day o.oo7453 62,000 o.~28 
1 Day o.o1388 64,000 0.36~ 

I 
Supply 1/2 Day 0.001010 57,500 0.5021 

lDay 0.002335 61,000 o.4463 
5 Days o.ooo1653 42,500 o.6444 

I 
I • 
I 

.I 
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It five projectiles are utilized and their total mass is 1/2 that of the cal • 

• 4; ball so that the muzzle velocity is doubled tor the same impulse, the follow-

ing results, which indicate a marked improvement, ·are obtained: 

{ 

Ph= Oo50 

5-shot pellet cartridge ·.phk = o.o4 

pk = 0.020. 

(U) In a weapon system whose wounding ability arises from the kinetic 

energy of one or more proJectiles, there are present~ two ways of imparting 

velocity to the projectile(&): (1) firearms utilizins gas pressure in the guu 

tube, and (2) systems utilizing propellant in the proJectile as in the case ot 

a rocket projectile. Given the requirement that the weapon JIIWJt be band held 

and holster carried, there is a limit placed on the energy level of each shot, 

burst, or salvo. Recoil energy is proportional to the square of the proJectile 

muzzle velocity and inversely proportional to the weight ratio ot the gun to 

proJectile. For a fiXed sidearm veigbt and a fixed level of recoil energy, 

proJectUe energy (muzzle) can be increased _by increasing proJectile velocity 

and reducing proJectile weight. .For example, the cal •• 45 Ml911 pistol and ball 

8liiiiWli tion bas the following performance characteriatics: 

Pistol veigbt = 2.; lb 

ProJectile vei;#lt' = 230 grains ( = 0.0329 lb) 

MUzzle velocity = 86o tt-sec•l 

MUzzle energy = 378 tt•lb 

Recoil energy = 4.97 ft-lb. 

~ A !cypothetical side&r'!" ot the same weight and haviq tbe sue re­

co.;J. energy could tire a 50-grain projectile at a velocity ot 31955 tt-aec•l; tb11 
I 

.... . 
I 

. 
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would have a INzzle energy ot 11 11K> tt-lb, an increase ot more thaD 350 per 

cent. Presumably this proJectile would have greater lethality than the 23<>­

grain bullet. 

" Two factors limit tbis approach to increased sidearm ettectiveness. 

First is the extreme ditticulty in achieving aeytbing like 3, 955 tt-sec•l in a 

pistol•length barrel. A ~ gas pressure ot 101000 psi is required, which 

represents a peak pressure ot perhaps 300,000 psi. 'l'bis is beyond the state ot 

tbe art in gun design (in a 2.5-lb sellliautCIII&tiC pistol). Second, a fourfold 

increase in muzzle euergy would require a tourtold increase in weight ot propel• 

lant, asSUIIIi.ng that the increased amount ot propellant co\lld be burned as et• 

ticiently. The size, weight (possibly), and cost ot amunition would necessarily 

increase. It lllight be added tbat such a weapon would have u avesa~~e muzzle blast. 

EFFICTIVEIIESS OF SIDEARM AIHJNITI(Jf 
FOR conr AliD fiAc 

(U) <h January 23, 1965, a request was received to summarize ettorts to 

improve sidearm-IIIDIIlUJlition effectiveness. Such a SUIIIII6Z'y is needed as part of a 

atatt s~ by ARPA that is to tom the basis tor rec011111endations concerning 

poesible means ot increasing tbe e~ectiveness ot sideama, partiC\llarly those 

used by U. S. advisor persoonel. This c0111plete atatt study is to include con-

aideration ot different types ot weapons, holsters, and other weapon awdllartes. 

(U) The intozmation that to:ru the basis tor the tolloving section vas 

obtained :from two sources: (1) tbe published literature, and (2) discussions 

'With technical persoDDel. The literature was obtained trcm the RACIC tile, the 

Battelle Main Libraey, and trcm acme ot tbe persozmel contacted. The moat per­

tinent intomation is referenced in the Bibllography, Items 1 thro~. '1'be 

' 
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personnel interviewed, all active in the field of small arms and ammu.nition, 

included the foliowing: 

(1) Mr. Robert E. Cam, Weapon Systems Laboratory, 

Ballistic Research Laboratories, Aberdeen Proving 

Ground, Aberdeen, Maryland· 

(2) Messrs. C. M. Dickey, B. Podolsky, and H. RosenbergJ 

Frankford Arse.i..illl, Philadelphia, Pennsylvania. 

(3) Messrs. T. G. !.orenzen, D. Wagner, and R. c. Maguire, 

Directorate of R&D, Weapons Co:mmand, .Rock Island 

Arsenal, Illinois. 

Past Development Activity 

'• 

I .. 

'IJ Although history records scattered instances of concern with pistol 

effectiveness, it has only been within the last h~-dozen years that the unique 

problems of pistol effectiveness in COIN and RAC Eituations have received any 

systematic investigation. Three sidearm-ammuni f;ior• concepts have been studied in 

various independent development efforts: (1) the multiple-flP.che+.te cartridge, 

(2) shot cartridges, and (3) the strip-bullet cartridge. 

~ Each or these concepts is embodied in a round that is interchange­

able with the cal •• 45 ball cartridge With regard to feeding, sight setting, and 

functioning in the M19ll pistol and the M-3 SMG. Each provides a salvo ot mauy 

projectiles in a dispersed pattern. Since aiming error is the maJor single fac­

tor in pistol !aeffectiveness, the dispersion of the projectiles offers an 

opportunity to increase the p~obability of hitting a briefly exposed target. By 

careful design of a multiprojectile round, the corresponding reduction of 

t 
lethality of the individual missile can be held to a level that will Yield an 
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over-all increase in weapon effectiveness. These thl·ee con~epts have represented 

attempts to make the most advantageou~; com.pranise with:'..n practical limits. 

Multiple-Flechette Cartridge 

f#J 'l'be WOWlding ability, or lethality (Phk), of flechettes has been 

hvestigated by several groups(5-8), using live goats as veil as geiatin block 

targets. Lethality was calculated both fran the mv3/2 criterion and from the 

kinetic•energy criterion (based upon gelatin-block-target experiments). 

~ The multiple-flechette cartridge for the cal. .45 pistol was 

proposed by Frankford Arsenal in 1961, and sample lots, made by Aircraft AX'maments, 

Inc., were tested at Army Chemical Ce&tter1 Maryland, during that year; The 

cartridge tested had the follaving characteriatics(6): 

Muzzle velocity: 1,650 ft•sec•1 

Projectiie: 49 !•grain steel flechettes. 

To briefly s\DIIIIIlrize the results of this test program, 18 goats vere shot with 

mult1ple-flechette cartridges and 12 with ball cartridges, all at a range of 1.6. 7 

yards (50ft). 01' these, 50 per cent o:f the goats shot with tbe ball cartridge 

died within 48 hours; : 41.7 per cent c~llapsed permanently vithin 30 seconds. Of 

tho:!P. shot 'With the flechette cartridge, 3J.3 per cent died within ~ours; 33,3 

per ce&t collapsed permanentlY within 30 seconds. (The average number of 

:flechette hits per goat vas 10.8.) Assuming that goats are equivalent to soldiers, 

this test i _ndicates that the ball round is superior to the i'lechette round by a 

i 
1. factor of 41.7/33-3 • 1.25. On the basis of calculated hit probability and 

.. 
t •• 
r 
I 

lethality, the .45 ball cartridge is superior to the multiple-i'lechette cartridge 

by .~ tactor of 0.095/0.070 • 1.35 • 

~ Additiona:a. firings of the multiple-flechette cartridge at s'canding-

man paper .... · -ve high calculated PJt values, but it 1a felt that the results 

- .. 4 • 
... , -0 I lit ......... I 



IJ ac/ll!~,fi.,f 
... ' .. • ·. . , 

-~ 

18 ., 

on the animal tr.rgets are more trustworthy. It should be noted that '!;he 

dispersion of the multiple-tlechette salvos does not appear to follow circular 

normal distribution, presumably because of aerodynamic interaction between the 

individual flechettes in flight. 

~ In an investigation of pistol effectiveness, earn.C9) found the 

proposed flecli.ette cartridge to have an average efiectiven~ss 3 per cent greater 

than the cal •• !,.5 ball round in an analysis which covered all ranges up to 50 

meters and a target radius · of 1.25 ft. On the basis of tests with both pistol 

and shotgun flechette ammunition, it was concluded that, 1n the case of the 

pistol, the dispersion obtained with flechettes would result 1n an increase in 

eff'ectiveness as shown in Figure 3. Figure J,. shows the effectiveness of tive 

different pistol-ammunition concepts, for the D-30-1~ Stress Situation and a 

aA of 20 mils. Figure 5 compares the 49 1-grain flechette cartridge, a proposeo 

64 1-grain tlechette round, and .!,.5 ball ammunition. 

'/J In addition, Carn calculated the effectiveness or, several bypotheti• 

cal tlechette cartridges<9>, with the common restriction that each must be 

capable of functioning in the cal •• 45 Ml9ll pistol. On the basis of this study, 

Table 2 was prepared which indicated that a better flechette cartridge could be 

hypothesized. The use of 66 2-grain flechettes having a muzzle velocity of 

1,000 ft-sec'"1 was found to be markedly more effective than the proposed 

multiple-flechette round. 

rJ At Frankford Arsenal, Dickey and Podolsky have done extensive work 

in the development of multi-baH and multi•flecbette cartridges for the Ml9ll 

pistol and the M-3 SMG. There have been two aspects to their work. The first 

has been the experiment$! development of a cartridge design having acceptable 

ballistics (dispersion and terminal energy) and the proper impulse for operating 

• 
' 
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INITIAL PROJECTILE VELOCITY = 1000 FPS PAYLOAD WT. = 133 GRAINS 

INDIVIDUAL Fl.ECHETTE WEIGHT = 2 GRAINS 
30 SECOND DEFENSE 100% KILL CASUALTY CRITERION 

PROJECTILES STABLE WITH~N TARGET MEDIUM 

TARGET RADIUS= 1.25 FT. AIMING ERROR <OAJ = 20 MILS ~ 

.. 

NOTE: A PROJECTILE DISPERSION OF 22 MILS IS OBTAINED 
WITH THE PROPOSED CAL 45 MULTIPLE FLECHETTE 
PISTOL ROUND 

" . RANGE :: 5 AfETE; 
~~ 

~-• 

----~ 
~ 

~Mere: 
~ ---r--. 

25 METERS 
I . .. 

50 M~ERS 
0 

0 5 10 15 20 25 50 
PROJECTILE DISPERSION ( CTp- MILS) 

.FIGURE ), PISTOL EFFECI'IVENESS Sl'UDY - BYPCY.l'HFJ.i'ICAL 
MULTIPLE·FLECHE.Tl'E ROUND (U) 

Probability of Incapacitation (PK) Versus ProJectile 
Diepersion About the Pattern Center (ap) 
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I 
1 
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30 SECOND DEFENSE 100'% KILL CASAULTY CRITERION 
TARGET RADIUS= 1.2:S FT. AIMING ERROR= 20 MILS 

RANDOM TARGET HITS 

ROUIID LECEIID 
10. PROJECTILES IIIIWIDUAL PROJECTILE PROJECTILE DISPERSIOn IIITIAL PROJECTII.f 

PER IOUID \1EICHT (CRAIIS) C UILS) VELOCITY CFPS) 

BALL 111911 X I 234 1/A 
IIULTIPI.E FLECHEnE D 41 I 22 
#' 4 LEAD SHOT -+-+ 20 3.1 22 
# 4 IIALLORY SHOT ....... 13 5.4 22 
:fl: 4 IIALLORY SHOT A 13 &.4 l 

,5r-------~------~------+----------------

.4~--~--+-------+-------+-------+-----~ 

.2 

Ol_ __ l_ __ j_ __ ~~~~~ 
0 10 20 30 40 

RANGE (METERS) 

FIGURE 4. CAL .45 PISTOL Ml9ll EFFEC!'!VENESS (U) 

Probability ot Incapacitation (PJC) Versus Range 

Extracted tram Reference 9. 

50 

830 
1&50 
1&50 
1&50 
1550 
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PROJECTILE DISPERSION ABOUT PATTERN CENTER (CTp): 22 MILS 

30 SECOND DEFENSE 100% KILL CASUAL TV CRITERION 

PROJECTILES STABLE WITHIN TARGET MEDIUM 

TARGET RADIUS= 1.25 FT. AIMING E~ROR (CJA) = 20 ~ILS 

LEGEND: a PROPOSED ROUND I.e, 49-1 GRAIN FLECHETTES 
. 0 MODIFIED ROUND i.e. 64-1 GRAIN FLECHETTES 

X BALL M1911 

.4~------r-------·r-------~------~----~ 

P. K .2 

.I 

0 
0 

FIGURE 5. 

-... -. ~ ... 

10 20 30 40 50 
RANGE (METERS, 

PISl'OL EFFEcriVENESS S1'UDY - CAL .45 MULTIPLE-FI.ECJml'TE Routm3 -
COMPARISON OF PROPOSED AND HJDIFIID Vl!BSION 01 CAL .45 H.JII:riPU:­
~E PIS'.OOL ROUNDS (U) 

Probability at Incapacitation Versus Range 

Extracted from Reference 9. 
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Table 2. Comparison of Proposed Multiple•Flecbett, Round With 
HYPothetical Multiple•Flecbette Rounds~9J (U) 

It ~ Meters 
ln5!2acitation Probab111~ 

At ~~ llil!r• Initial At 15~!irs 
Velocity, LiaUve a:lve Ll&Uw 

t'pa P)t ~fectiveneas P)t Effectiveness Pit Effectiveness 

Hypothetical - 1,000 0·32 1.23 o.u 1.25 o.o45 lo32 

~othetical • 1,500 o.~ 1oo4 OoQ91 1·03 0·036 1oo6 

Proposed - 1,650 o.26 1.00 o·.oaa 1.00 o.o34 1.00 

lflpotbetical - 2,000 0.24 0.92 o.oeo 0.91. 0·032 o.94 

B;ypotbetical - 3,000 0.17 0.65 o.oso o.66 o.o24 Oo71 Rt 

~------------------------------- . ·--------------------------------------------------------------------------



I 
I 
I 
I 
I 
I 
I 
I 
• 

! 
• 

[ 

I 

........... \"l; 
.. . . •' .... 

the pistol mechanism. The second has been the theoretical detemination of ldll 

probability tor various types and sizes of projectiles, dispersions, energies, 

etc. 

fl Tbe cartridge development on both the flechette and the ball was 

carried to the point wbere production designs having specific characteristics 

can ree.di]¥ be provided. The effectiveness study, being entire]¥ theoretical, 

18 still subject to verification. Some of their conclusions about flechette 

and/or pellet number, size, and effectiveness do not agree exactl.y with thole of 

similar .studies carried out by BRL. The disagreements are not radical, but do 

influence the choice ot t~ "moat effective" pistol cartric!ge. 

~ The Special Devices Division at Frankf'ord, under Rosenberg, has 

dooe work in microballlstic devices (1 to 4-m ritled•barrel1 high-velocity 

projectiles). 'fbese are applicable to a lightweight multibarrel pistol, but 

nothing baa been done to develop tbi s concept further. 

by: 

C/J Dickey is of tbe opinion that pistol effectiveness can be increased 

(1) A multiple-flechette cartridge employing CB-tipped 

flechettes. 

(2} Barring Item 1 tor political reasons, a multiple­

flechette cartridge employing eY.}losive flechettes 

(FLEX). 

(3) Barring Items 1 and 21 a multi-ball cartridge employ-

ing dense-metal shot. 

Shot Cartridges 

~In a piatol-ettectivenea~ atudl conducted by BRL(9) in 1961, two 

hypothetical cal. .45 shot cartridges were examined. The cartridges were similar 

. l ,1 

<.. 
~~ .. t'. 



except that lead shot was assumed in one case and ''Mallory"* shot in the other. 

They each bad an assumed total projectile weight of 8o grains, of which 'f2 

grains vas actual "payload" (i.e., shot). The muzzle velocity in e"lcb case vas 

a11sumed to be 1,650. :t't-sec·l. These assumed values result in a lover impulse, 

but a slightly higher muzzle energy than for the .45 ball round. On the basis of 

test firings of other cal •• 45 pistol shot cartridges, it was assumed that the 

dispersion was 22 mils. For the sake of thoroughness, it vas also assumed that a 

choke could reduce the dispersion to 7 mils, and the effectiveness for this value 

was calculated also. 

'/J It was concluded(9) that f~ an aiming error of 20 mils, for 2.5-

ft-diameter targets at all ranges up to 50 meters, the lead-shot ro~d would be 

19 per cent more effective, and the Mallo~sbot round 33 per cent more effective 

than the cal •• 45 ball. The optimum pellet weight for all ranges up to 50 meters 

is 4 grains each. 

~ Subsequent conversation(lO) with Cam disclosed that continued 

work in this field shows that optimum values of dispersion and pellet weight are 

5 mils and 20 grains (at 1,300 f't-sec·l ), respectively. These values ue 

relatively independent of aiming error and range. 

~ In 1963, the design of a cal. .45 dense-metal shot c~idge vas 

subjected to a cauputer study at Frankford Arsenal (ll). For a cartridge having 

the same impulse as .45 ball &JDUDition, maximum effectiveness was obtained with 

16 7-grain pellets of Mallory metal. As a result, a quantity of these cartridges 

was manufactured by Aircraft Armaments, Inc., and tested at Frankford. This first-

design 8DIIIUDition bad a dispersion of 25 to 30 mils. Refinements in the design 

*"Mallory 100011 , an alloy made. bf P. R. Mallory & Co. Inc., Indianapolis, 
Indian&· Density = 16.8 g-cm-3. 
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by Frankford personnel resulted 1n a dispersion of' 10 to 12 mils f'or either 

rified• or s:nooth-bore pistol-length barrels. These rounds bave a muzr.l.e 

veloeity of 900 to 950 ft-sec·1 and will function in tbe WDDOdif'ied cal. .45 

pistol or the M-3 Sill. No numerical values of' lethality (Pbk) or effectiveness 

(}\) were available; tbe statement was made that the Mallory-shot cartridge is 

6.3 times as "ef'i'ective" as the cal •• 45 ball. It wes also stated, bovever, that 

additional work is necessary to determine the lethality of' "small" projectl.les, 

sucb as shot and flecbettes. 

Strip Bullet 

\ '/> The strip-bullet concept originated with IfOTS early in 1962(12). 

This bullet is a projectile made up of two or more wires or prismatic&! strips 

of lead having long axes parallel to the barrel axis. These strips are swaged 

into a "bullet" and loaded into ordinary ciU'tridges. When this is fired, the 

spin of the "bul.let" cause~> it to disperse after leaving the bore, us, pre• 

sumably, increasing hit probability. 'l'his concept was tested in cal. 7.62 NATO 

as well as cal •• 45 (M-3. BIG) weapons. It is not known that it was ever tested 

in the cal. .45 pistol. 

fiJ When tested in the s.tG, lead-w1re strip-bullet aiiiiiUD on func· 

tioned properly, but caused severe bore leading, wbicb resulted in reduced 

dispersion. The bore leading in no way interfered with the use of ball 81111llllli• 

tion(l3). Reference 13 states tbat the concept was abandoned because otber 
r~ 

devices seemed to be more effective. Reference 30 indicates that tbe strip- , 

bullet concept, discontinued in F'f. 64 for lack of f'u.Dding1 was ''proven lethal and 

controllable"· Frankford is able to produce this kind of IUIIIIUDition 1n quantity. 
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Ana!ytical Lightlreight Pistol Study 
0 • 0 

~ An analytical study of a lightweight pistol system has just been 

completed at BRL under the direction of earn. The purpose of this investigation 

was to determine the feasibility of a lightweight pistol system having effective­

ness similar to that of the cal •• 45 M1911 pistol system. Four types of 

cartridges were considered: ·single ball, single flecbette, multiple ball (shot), 

and multiple flecbette. In addition, four levels of muzzle energy were con-

sidered: 751 1001 125, and 150 per cent of that of the cal •• 45 ball cartridge. 

Anthropomorphic targets, divided into six zones of varying values of~, and .. 
also circular targets were used; measures of "effectiveness". on both types of 

targets were found to b~ in reaaonable agreement. 

~ The conclusion reached by BRL,according to Cam's tentative analysis, 

was that a single ball of 5o-grain weigbt at a muzzle velocity of 21 500 tt-sec•l 

will be sligbUy more effective than the .45 ball now in use. Tbe other 
~0 

projectile types are considered interior to the single ball. Multiple-projectile 

bursts all suffer fl'QIII too much dispersion, reducing their effectiveness except 

at very short range. 

~ It was also determined that the most significant variable in the 

effectiveness equation is aiming error. This "of~set" cannot be practicall3 

compensated for by increasing the dispersion of a multiple-proJectile burst. 

Increased dispersion may increase the number of bits, but the energy of the in• 

dividual projectiles is then, necessarily, too law to be sufficiently lethal, 

because the total energy available in a hand•held weapon is limited by recoil-

energy limitations. 
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Current Development Activity 

(U) Work in the :field ot pistol aD'IIIUDition is being done at.a lev 

rate-of-effort (general.J¥ as in-house funds peilllit) by both BRL and Frankford. 

Current activity by private :f'ims is a closely guarded secret. Ko attempt was 

made to determine the existence or current programs witbin organizations like 

Aircraft Armaments, Inc•, Sll!ith and Wesson, MB Associates, etc., but it is 

probc.ble that at least same attention is being given to the subJect or pistol• 

ammunition effectiveness by these and other interested firms. 

'IJ In conversat~on w1 th Carn (lo) 1 be expressed the intention of per­

·rorming some simple experimental work to determine the effect o:f' recoil on ai.m1Dg 

error. This work, 'Which is to be done with the assistance ot Springfield ArmDry, 

will employ a 8l&&ll camera attached to a J0.9ll pistol. The camera t pped by the 

baser tall, will provide a record ot a1ming · error in three modes ot operation: 

(1) dry tire, (2) tiring with the cal •• 22 co~version, and (3) tiring ot iuue 

(ball) aaunition. 

(U) Lorenzen ot Rock l'l:l.and Arsenal (14) stated that in tbe A:nsy Weapons 

COIIIIIoiUld there is "no official requirement" for a new pistol. 

Poaaible Future Development Activity 

(U) ~ the ba4is ot the into:rmation obtained during the course ot this 

progru, it appears that developllent work should be undertaken in the tvo 

areas described briefly below. 'fbe first cOilld be the subject of an SDB, vbile 

the second vould probab~ be tbe subject of a ~. 



Dense-Metal Shot Cartridge 

'IJ This concept bas been carriei to-...a high degree'" of davelopment and .. 
appears to otter a significant increase in_effectiveness. The cartridge design 

is ready for production(ll}. It is believed that a quantity of this 811111lUJlition 

should be manufactured and subjected to user testing as soon as possible. Con-

sideration should be given to the use of spent uranium in addition to the tungsten 

alloy (Mallory 1000) which bas been tested; this suggestion is IIICLde because the 

availability of Mallory metal might became a problem, should this cartridge prove 

attractive. 

Reduction of Dispersion 

~ In each of the multiple-projectile concepts explored, it is evident 

that the projectile dispersion was greater than the optimum defined by mathematical 

theory. It is rec011111ended1 therefore, that a prosram of research in projectile 

dispersion be illlplemented. The objective of this research vould be to gain 

knowledge which would p~it the control of dispersion (pattern shape as well as 

size) in the design of .!!!!l multiple-proje~tile weapon-BIIIIIWlitioh system. 

EFFECTIVENESS OF SHO'l'GUN AllolUNITION FOR 
com .ARD RAC 

(U) On March 311 19651 a request was received to expand the study 

described above, to include shot-gun-ammunition effectiveness, and three agencies 

were suggested as possible sources of valuable information: Ballistics Research 

Laboratory and Human Engineering Laboratory 1 Aberdeen Pro'Ving Ground, Maryland, 

and Bio Physics L11.boratory1 Edgewood Arsenal, Maryland. Unfortunately, this 

request was received after two of the three scheduled project months bad passed, 

and it was decided that the effort on 'Shotgun 8llllllUDition bad to be confined 
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pri:llarily to the documents at band. Tbe items wbicb provided useful information 

are listed in tbe Bibliography • . Addit.ional information bad been obr-ned before 

March 31 in a meetin8 with Mr. Cam, BRL, in regard to tbe sidearm-IIIIIIWlition• 

effectiveness study; and some was available from Mr. Robert Raddatz of Winchester-

Western on May 12. 

(U) In hunting and sport, the shotgun bas been used asainst moving or 

briefly exposed targets at ranges be~een 10 and 6o yards. It is more often aimed 

by "pointing" tban by usi.Ds tbe sights. In police and guard work, it is employed 

in substantially the same way. The ligbt weight desirable for "quick pointing" 

fire and the high impulse of shotgun ammunition combine to give a standard (12 

gase) shotgun a recoil energy wbicb is 50 per cent greater than tbat of a :full· 

power military rifle. Because of recoil, it is impractical to inc se tbe 

effectiveness by means of more projectiles driven at bigber velocities. In 

theory, impulse can be reduced without reducing muzzle energy, by the use of a 

lighter total missile weight and higher muzzle velocity, but at the cost of higher. 

breech pressure and increased barrel length, as well as heavier, ~er 811111UDi• 

tion. -However, such a complete redesign of gun and ammunition has not yet been 

undertaken. 

Past Develop111ent Activity 

(U) More than a century aso, proprietary ammunition components were 

made that reduced the ~Spersicm of a shot r.harge(~5). Their purpose was to 

increase the effective range of the shotgun. Various means for dela;vins the 

separation of the shot charge to a point well beyond the DIUZzle were IIW'keted 

up to tbe advent of choke-boring. Frca about 1900 to about 1960, there appears to 

have . been little development of military shotgun r!IIIIWlitioo. ID about 1960,_ work 

\"Sa initiated on shotgun 8JIIIIUDition for use in special llilitary operations. This 

u . - . 
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effort has been con~erned for the most part with analyzing the effects of dif-

ferent types. of 8l1111Wli tion, reducing pellet dispersion, and increasing the killing 

~ffect of the pellets. 

General Analytical Studies 

r/> In 1961, BRL conducted an analytical study of actual end hypothetical 

shotgun weapons in "special and guerrilla" fire roles(9). A Defense 30-second, 

100 per cent incapacitation criterion was used and circular normal distributioa 

of aiming error and projectile dispersion was assumed. The effectiveness of 

various weapon systems was compared for aiming errors between 5 and 10 mils. 

Table 3 presents a summary of the parameters .considered for selected rounds. 

f> Figures 6 and 7 show the results of this comparison. The curves 

indicate the general superiority of the No. 4 "1allory (dense metal) shot in 

comparison with the other types of rounds, and the superiority of the shotgun 

to the M-14 rifle at distances less than 50 meters. Beyond 50 meters the M-14 

was found to be superior, even with "shotgun role" aiming errors. 

Evaluation of Shot Size 

f) In the above analytical study at BRL(9), consideration was also 

given to the effect of individual pellet weight (constant payload weight) in the 

12-gage Mallory round on kill probability. This computation was made for aiming 

errors of 5 and 10 mils, and a pattern dispersion ot 7 mils. The results are 

shown in Figure 8. The effect of dispersion on Pk was determined as shown in 

Figure 9· This curve substantiates the statement by Carn(lO) that all multiple-

projectile systems require an optimi?.ed dispersion. 

r/J In 1963, NOTS conducted a mathematical analysis ot shotgun effec­

tiveness(l6), In this analysis, the effectiveness of eight different loads having 
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Table 3· Shotgun-Ammuniti9n)Types 
Considered by BRL\9 (U) 

Wt. of 
No. of Individual Payload 

Bound Projectiles Proj • , grains Wt, grains 

Proposed multiple flechette 
(shotgun) 

32 12 384 

Brassie-4o-DIIl (M-79 150 2 300 
launcher) multiple 
flechette 

4o-mm No. 4 Mallory shot 100 5·4 54<> 
(hypothetical) 

No. 00 lead shot (12-gage 9 6o 54<> 
shotgun) (existing) 

No. 4 lead shot ( 12-gage 150 3·6 54o 
. shotgun) (existing) 

No • 4 Mallory shot (shot-- . 100 
gun) (hypothetical) 

5·4 54o 

7.62-mm MATO (Ml4 rifle) 1 147 147 

I 
I 

\ 

Initial Proj. 
Velocity 

f'ps 

1,26o 

\ 
2,000 

2,000 

1,26o 

1,26o 

\ 1,26o 

2,800 
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30 SECOND DEFENSE 100% KILL CASUALTY CRITERION 

TARGET RADIUS = 1.25 FT. AIMING ERROR : 5 MILS 

RANDOM TARGET HITS 

PROJECTILE PROJECTILE LAURCH guilDER OF CARTRIDGE PROJECTILES tiEl GilT DISPERSIOn VELOCITY 
CCRAIAS) CUlLS) (fPS) 

#00 LEAD .SIIOTCUD 9 10.0 7 1260 
:fl: 4 L~AD SlOT GUll 150 u 7 1260 
;'~4 llALLORT SHOTGUa -HTPOTIETICAL 100 5.4 l 1210 
#4 UALLORT -40 UU- HYPOTHETICAL 100 5.4 ll 2000 
llULTIPLE FLECHETTE -SHOTCUli-PROPDSED 32 12.0 ll 1260 
PULTIPLE FLECNEnE- 40 UU -BRASSIE 150 2.0 ll 2000 

#4 IIALLORY SHDTGUU 

.20~------+-------~------~~~r--+~~~~. 
40 II~ OGASSIE 

0~----~------_. ______ _. ____________ ___ 
0 ~ ~ ~ ~ 50 

RANGE (METERS) 

FIGURE 6. SHOl'GUN EFFEcriVENESS STUDY (U) 

Probability of Incapacitation (:EX) Venus Range 

Extracted . from Reference 9. 
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33 
30 SECOND DEFENSE 100% KILL CASUALTY CRITERION 

TARGET RADIUS: 1.2~ FT. AIMING ERROR: IOMILS 

RANDOM TARGET HITS 

lfUf.IDER OF PROJECTILE PROJECTILE uum 
li:.aT RIDGE PR OJECTILES VEIGIT DISPERSIOI VELOCITY 

ICRAinS) IIIILS) lFP$) 

~00 l£'0 SHOTGUI s 10.0 l IUD 
#4 LEAD SHOTCUI 150 u l 1260 
~4 NALLORY SHOTCUit ·HYPOTHETICAL 100 5.4 l 1260 
:/1=4 UALLORY·40 UU- HYPOTHETICAL 100 5.4 ll 2000 
IIULTIPLE FLECHETTE- SHOTGUif-PROPOSED 32 12.0 ll 1260 
IIULTIPLE FLECHETTE- 40 ltU- BRASS IE 150 t.O ll 2000 

0~----------------------._ ____________ ___ 
0 ~ ~ ~ ~ ~ 

RANGE (METERS) 

FIGURE 7. Slm'OUN EFFEcr'IVDESS S".l'UDl (U) 

Probability of Incapacitation (PI:) Versus Range 

Extracted from Reference 9· 
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30 SECOND DEFE~SE 100°/o KILL CASUALTY CRITERION -FRAGMENT LETHALITY 

MALLORY SHOT -PROJECTILE DISPERSION ABOUT THE PATTERN CENTER = 7 MILS 

TARGET RADIUS = 1.25 Ft PAYLOAD VJT.: 540 GRAINS 

LAUNCH VELOCITY = 1260 FPS 

AlrAING ERROR : 5 MILS 

1.0 
-'-., . _I 

•.-.. 0 
0 

1.00 

I 

0 
0 

\ RANGE = 5 METERS 

\__,OPTIMUM I~ METERS 

/' 2f METERS 

\ 3~ METERS 

!( Sp METERS 

10 20 ,30 . 40 50 
INDIVIDUAL SHOT WEIGHT (GRAINS) 

AIMING ERROR : 10 MILS 

.l. 

RAIIIGE : J METERS 
~ -.... 
\ 
~OPTIMUM J 

15 METERS 

( \- I 
1\ 2i METERS 

·, ![METERS rr \ l METERS 

10 20 30 40 50 
INDIVIDUAL SHOT WEIGHT (GRAINS) 

FIGURE 8. Sm1IGUN EFFEC!l'IVENESS S'l'UDl (U) 

Probability of Incapacitation (J:X) Versus Individual Shot Weight 

Erlracted frail Reference' 9. 
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#MALLORY SHOTGIJN ROUND WITH 100 SHOT WEIGHING 5.4 GRAIN EACH 

INITIAL PROJECTILE VELOCITY : !260 FT /SEC 

TARGET RADIUS • 1.25 Ft AIMING ERROR (0A) • 5 MILS 

30 SECOND DEFENSE- 100% KILLS- FRAGMENT LETHALITY 

1.0 .-----,..-------,r-----,-----r---....., 

/PROJECTILE DISPERSION: 7 NILS 

0~------~--------------~------------~· o ·to 20 30 50 
RANGE (METERS ) 

FIGURE 9. SHal'GUN EFFECliVENESS STUDI - EFFEcr OF PROJECTILE 
DISPERSION CJf INCAPAcr:rATION PROBABILITY (U) 

Extracted f'rca Rererence 9. 
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a constant impulse (namely, 17o x 103 grain-tt-sec•l) vas examined for various 

ranges. A D-30-100 per cent inca,pacitatim criterion and a rectangular target, 

1.8 x 2.7 ft, were used, and the customary circular normal distribution of 

aiJDing error and dispersion vas assumed. The conclusions from this work are 

quoted: 

"Fran the study of shotguns thus far 1 some general 
conclusions can be sUDIII8.rized1 as follows: 

1. Shotguns are generally ineffective beyond 
40 meters. Even at 4o meters, small aiming errors and 
shot dispersions are required. 

2. When maximum recoil energy is the 11miting 
factor on loading, large-size shot and high muzzle 
velocity are not especially desirable. Variations of f 
speed, number, and size of shot such that the recoil 
energy is the same do not change the effectiveness 
significantly, provided none of the quantities are too 
small. 

3· ' Chokes' for reducing shot dispersion are 
not · advisable, unless the rather marginal effectiveness 
at longer ranges is important. For shorter ranges and • 
larger aiAing errors, large shot dispersims are help:f'ul." 

(U) These conclusions are somewhat at variance with those of Reference 9· 

This may be caused in part by the slightly heavier payload and higher muzzle 

velocit,y of the hypothetical loads considered in Reference 16. 

Reduced Di!fersion 

· :~ (U) In early 1962, the Chief of Ordnance requested BRL to look at the 

subject of shotgun effectiveness. Shortly thereafter, ARPA made a s~ re­

quest, having particular interest in weapons for com. In Ifovember (1962} under 

ARPA Order No. 329, an Arfq Weapons COIIIIIIand•uoqed program began, with tasks 

performed by BRL, Frankford, and Springfield Armi:Jry. The progr811 vas composed 

or three parts. Th~ first vas to determine the most appropriate (for COIN) 
' " . ..,, " I · \~ .. . .:>~ . ,;., 
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c011111ercial shotguns end simple modifications required to increase their · suit­

ability. The second vas a study of the re~uirementa of a v1llase-defense shotsun 

system. The third part vas the determination -:Jf the characteristics of an 

opti.mum lllilltary shotgun system and development of its eo~~ponenta. 

cf> In connection v1 th the tbree•part program, three minor developments 

were mentioned(l7) concerning a reduction of dispersion. In J~1 1962, 

Remington Arms Company began the development of a dense-metal 12-gage shotshell 

(lfo. 4 buck equivalent) that resulted ~ an experimental round giving 3-11111 

dispersion at 100 yards. 

Ctp Research in shotshell construction resulted in designs of gr~atly 

reduced length, having standard 12-gage performance. Wax• or rubber-encapsulated 

shot columns were found to greatly reduce dispersicm in cylinder-bored (riot gun) 

shotguns • 

<f> Developnent work vas performed on multiple-flechette sbotgun 

rounds with 11111:zle velociti"s up to 31 500 tt-sec·1• Rubber-encapsulated 

c3-flecnette rounds were prepared vbich had an average dispersion of 7 IDils • 

not previ~sly achieved. 

(U) Further information regarding these ettorta vaa not available during 

the study of sbotgun Bllllluni tica. 

Multiple Flechettes 

<f> In the SALVO I progru(lO) 1 teats were perto:med on a l2•gage shot­

gun round vboae payload vas 32 steel flechettes we1gh1ng 13 grains each. The 

muzzle velocity vas 11 423 tt-sec•l, which gave a :recoil energy of 15.4 tt-lb. 

A tull•scale evaluation was considered desirable, and some 3,000 rounds were 

procured for tbt SALVO II prog!"IDI• 

.D f2JH.g, ~,..c3 __ 
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f> In the_. SALVO II program(l8), the 12-gage weapon-ammunition ctabina• 

tion was of "such poor technical quality that no usetu.l data CCilcerning [its] 

combat potential was collected". The technical problems were: (1) the shotgun 

(a modified commercial au~·loading model) frequently failed to eject and/or feed, 

so that it was simply single-loaded; (2) the shotshell closure, a fraagible 

plastic "card", frequently broke in handling, thus allowing the fle ttes to 

move forward; and (3) the separation of the flechettes and sabot was not reliable. 

{f) The mean dispel'sion wu 17 mils. The data obtained indicated that 

the flechette round produced 0.387 the casualties per trigger-pull and 0.201 

the casualties per lb of ammunition as compared with M·l rifle-tired ball ~ 

munition. However, the limited amount of testing done in this program does not 

provide conc.1usive results. 

Explosive-Charged Shot Pellets 

c/J In July 1 1963, Remington Arms began a special shotgun•811111Wli tion 

development program for the Army Material Command(l9). The objective was to 

develop and test 12-gage shot shells employing explosive-charged shot ~hich would 

detonate on impact with human tissue. Tests were made ·with both No. 4 buck 

pellets (o.24o-in• diameter) and No. 4 shot pellets (0.130-in· diameter) having 

diametral cylindrical holes charged w1 th explosive. The exploei ve cb&rges used 

were ccaposed of PI-62, PY•551 PY-164, lead azide (dextrinated), and lead st;yphnate, 

either singly or in combination. The No. 4 buck pellets required a velocity of 

at least 65C>-ft•sec•1 to penetrate the six•lt.Jer G.I. vinter unito:nn. At this 

velocity 6o per cent 'Jf the charged pellets (best charge compos.ition and form) 

. detonated; at an iapact velocity ot 1,100 rt-sec•l 95 per cent detonated. 

'/J In an effort to fire a, load of 22 e~losive•c:harged No. 4 buckshot 

at 1,300 ft-sec·l without prematuref(bore) ·:re~tion, a polyethylene shot cup 

' . 
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was used and the shot column was impregn!'ted~o:Wtth po~tbYlene powe!J. However, . .... 
premature explo3iona still occurred at a rate which vas not acceptable even 

in experimental ammunition. 

Proposed Rocket-Boosted Round 

#> In June, 1963, the Annour Research Foundation (now the • Illinois 

Institute of 'lecbnology Research Institute) sul:ldtted a proposal, at the request 

of ARPA, to develop a rocket-boosted 12-gage buc.kshot round. 'rbe pz\1ectile was 

to be a plastic roc.ket 110tor integrated into a cup-type sabot containing nine 

each No. 1 buckshot. ~ muzzle velocity ot 76o tt•aec•1 was to be achieved as• 

sentially by a conventional propellant charge, wbich was presumed to ignite the 

rocket propellant. Folding tins were provided to give stability during the rocket 

flight. At burnout, aerodynamic dras vas to strip the sabot•cum-rocket from the 

charge of shot and allow the latter to disperse. Thus, the start of dispersion 

was to be moved out to a point 50 to 150 ;yards tram the muzzle, and ectivel;y 

reduce dispersion. 

r/) This proposal was evaluated by the- Army Weapons C011111and1 and found 

to have serious shortcomings. Briefly, the conclusions were: 

(1) In the zone between muzzle and burnout there would 

! be no dispersion, thus reducing hit probability 

r 
I 
I 
I 

for near targets. 

(2) Only cylinder-bore weapons could be used, preclud• 

1ng the best utilization of other shotgun rounds. 

(3) The payload (9 each No. 1 buck) should be heavier 

( .. ) The proposed rocket propellant is one which tends 

to be difficult to ·ignite. Reliability of the 

round would be 1A question. 
\ 
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(5) The estimated specific impulse of the rocket 

1110tor (190 seconds) is . unrealistic&lly optillistic. 

(6) The proposed frangible closure disc has not 

proved feasible in other shotshell designs. 

(7) The cost would be excessive. 

{8) The folding-fin construction did not appear 
, 

reliable. 

Winchester-Western Flechette Round 

{U) Recently, Winchester-Western has developed a 12•gage load contain­

ing 20 flechettes weighing 7·3 grains each. The muzzle velocity of these 

flechettes is 1,750 tt-sec•l and at 100 yards the velocity is 11 200 ft-sec•l. 

This load is of interest because of its low dispersion. At 150 yards, 50 per 

cent of the flechettes will hit within a circle 6 ft in diameter. This would 

result in a value of 6 mils for ap• On May 121 1965, Winchester-Western demon­

strated this load to representatives of the Army, Marine Corps, and RACIC. 

(U) At 100 yards, the flechettes caupletely penetrated a 1/8-incb• 

thick mild-steel plate and at 200 yards completely penetrated 1•3/4 inches of 

pine. More detailed information as to the effeetiveness (PJt) of the individual 

flechettes was n~t available. The work of Winchester-Western was dane without 

Government f'unding 1 and they consider their developments proprietary~ 

• 

M-79 Grenade Launcher, 
l2•Gage Adapter 

Current Developu:ent Activity 

(U) Winchester-Western has developed an experimental adapter to permit 

the firing of 12-gage shotspells in the M-~ gren~e lauocher. This adapter is 
~ . 
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currently undergoins evaluation at th~ Limited War Laboratory at Aberdeen 

Proving Ground, Maryland. 

Possible Future Development Activity 

Dense-Metal, Reduced­
Di!fersion Shot Cartridge 

~ A development program on this subject ~ld have two primary objec­

tives: (1) to dete:nnine the best type and size of sbot1 and (2) to determine 

the best means of reducing dispersion for the shot selected. The selection of the 

type and size of shot should be relatively straightforward because of the past 

work on these general subjects. A primary decision w~uld be involved in the 

selection of cartridge size. The second objective would require considerable 

experimental work to evaluate the effectiveness of different means of reducing 

shot dispersion. However, on the basis of tbe results of past work, it should be 

possible to achieve a &ignificant reduct:l.on in dispersion within a reasonably 

short time. The inclusion of these two features, dense metal and reduced disper-

sion1 in a standard cartridge would appear to be extremely desirable for COIN 

and RAC operations. 

Winchester-Western Flechette 

~ Because of the low dispersion reported for the Winchester-Western 

nechette and its relatively long-range ettectiveness, a program to determine 

the effecti venesa of the cartridge 1n terms ot Ph' Pb1t• and Pk as related to 

OOIH and RAC operations would appear to be extremely desirable. 

I 
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Explosive-Charged Shot 

<IJ ~e development of a satisfactory cartridge using explosive­

charged shot llould be a major undertaldng. Hollever, in view of the greatly 

increased effect per round, it is believed that the potential of this approach 

should be explored further. The primary problem appel1.1"s to be premature (bore) 

detonation. Therefore, a Pha3e I program appears desirable, to investigate 

premature detonation in relation to important factors such as shot size, explosive 

t~e, and velocity. If this study were successful, follow-on work could be 

initiated. to optimize the parameters in a standard cartridge. 

OTHER SIDEARM CONSIDERATIONS 
• 

(U) In addition to the ammunition aspects discussed previously, the 

study described here disclosed a limited number of concepts related to non-

ammunition improvements of' systems effectiveness. Generally 1 these items fall 

into two categories: (1) aiming-error reduction methods, and (2) special 

weapons systems. 

Aiming-Error Reduction Methods 

(U) The most important facet of pistol effectiveness under field con­

ditions ia aiming error. Systems employing dispersion to compensate tor aiming 

error are not ·guaranteed an increase in effectiveness vhen the net energy of the 

weapon system is limited, either by recoil, in the case of conventional arms, or 

by logistic considerations, as in the case of rocket weapons. Generally, aiming 

error is consi~ered to be a fixed quantity which cannot be reduced. i n the other . 

hand, the whole aport ot pistol target shooting presupposes that a~ error 

can be reduced. The means employed in the sport to reduce aiming error fall 
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into tour categories: training, special weapons, special sights,. and special 

stocks (grips). 

(U) Training encompasses more than si.Dply ''practice". It is a well-

developed and orderly science as practiced· by serious target-pistol enthusiasts. 

Special weapons include modifications (apart from those intended to reduce 

projectile dispersion) such as sensitive, rePeatable triggers, balance weights, 

. and muzzle brakes. An example of a rather radical and highly successful special 

weapon is the U.s.s.R. "Record" cal •• 22 short pistol(20) which was used in win• 

ning the Olympic matches during the first year that it was available and was 

subsequently barred as "unfair". 

fiJ One special-weapons possibility might be a tully autanatic pistol, 

carefully compensated and firing a .22 rilllfire cartridge. At the ranges where a 

pistol is uued (i.e., under 50 meters), the lethality of the .22 long rifle 

cartridge is similar to that of one pellet of No. 1 buck fran a shotgun. A 

burst of 13 .22's has the same energy as the shotgun round. One 12-gage shotsbell 

weighs Boo grains, while 13 .22 long rifle cartridges weigh 667 grains. In 

addition, the spin-stabilized .22 bullet maintains a relatively high velocity at 

ranges greatly in excess of shotgun range and the Ilk value for even a low•power 

.22 should be superior to that of an individual shot pellet. 

(U) Special sights are primarily D;~ade to be rigidly attached to the 

barrel, to provide a long sight radius, and to be capable of tine adjustment. The 

chief virtue of the common (Patridge) pistol sights is their lov profile, which 

is convenient when the pistol is used with a holster. They are, however, not well 

suited to "quick fire" situations. 

<I> Special stock9 are made to fit the band of the firer, to provide a 

comfortable position, and to relieve the muscles of the hand from a large part 

of the job of holding the pistol. A large portion ot aiming error is due to the 
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flexibility 'of tbe shoulder-arm-hand structure. A simple shoulder-stock, as 

applied to pistols in the past, does much to reduce this flexibility, but at the 

cost of some speed in pointiDg. A t::rpe of stock wbicb byp&BBed J'.lst tbe wrist 

Joint (as the shoulder-stock b::rpasses the wrist and elbow Joints) uy offer an 

advantageous comprc.i se • Wi tb tb1 s t::rpe ot stock, the fore1Ll'111 rather than tbr. 

hand, is "pointed" 1 with a small sacrifice in speed in return for a rather sub­

stantial gain in rigidity. For close coupling between the eye and the gun, as 

necessary in "quick fire" situations, a helmet-mounted weapon system might be a 

possibility. 

Special Systems 

(U) Four special systems are described below which are not concerned 

with sidearm ammunition since they are over-all weapon systems, but~ be ot 

interest as total system concepts: (1) GyroJet, · (2) multiple-rocket pistol, 

(3) RICA Model 16 machiDe pistol, and (4) salvo-squeezebore cal. 45-9 m. 

Gyro jet 

(U) The GyroJet copcept relates to an entire weapon system c011posed1 

basically, of a spin-stabilized rocket which ia, in ita entirety, the inert 

proJectile. The rockets are launched from a short (6-inch long) tubular launcher 

of "pistol" coot1guratico having provisico for ailll1ng and tiring as a conventicoal 

pistol. X.UOchers can be made in aingle-barrel/s1Dale-lhot, multiple-barrel/ 

single-shot, or single•barrel/aemiautomatic form. 'the launcher is generally 

light in weight and inexpensive. 

(U) Miniature rockets have been under developllt'.nt by MB Associate&, 

San Rulon, California, since the Spring of 1960. GyroJet t;ypea have been made 

principally in .49, .50, and 13.- (0.512 ~·). "ealiber". 
ol ~ 
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(U) ·· '~isan with conventional weapons the Gyrojet baa several 

unique :orop~ ' 1ce the launcher does not have to sustaiD any pressure or 

recoil, it can bt. of lightveight1 inexpensive construction. The Gyrojet does 

not achieve peak velocity until it has travelled approxilllat~ Ito f't. Therefore, 

maximum lethality is not attained when the target is nearer than this distance. 

The low velocity of the Gyrojet as it leaves the launcher, the initial lov rate 

of spin1 and the fact that the individual rocket does not tightly fit the 

"barrel" of the launcher are characteristics detrimental to accuracy. In addi tion1 

the dynamic balance is affected by the initial balance of the propellant and the 

manner in wbich it burns. It must be pointed out, however, that the dominant 

factor in handgun accuracy (Ph) is not ammunition accuracy (dispersion), but 

rather aiming error. 

Cl' Early interest in the Gyrojet(22•24) related to a low-cost pistol 

of reduced accuracy for village defense by indigenous personnel. This concept 

used a plastic "pistol" (launcher) of double•barrel form that was manually loaded. 

The estimated cost of the pistol was $0.50 .• and of ammunition $0.50 per round. 

The rockets, at burnout, would have approximately the same kinetic energy as the 

cal •• 45 pistol bullet. Dispersion, when the unit was hand held, vas also 

comparable to that of the cal •• 45 pistol. The concePt later changed to that of 

a semiautomatic, single "barrel" pistol with a seven-round magazine within the 

grip. This pistol vas of die•cast aluminum construction having an estimated 

production cost of $2·00 per item. Reliability problems were concerned with h&Dg• 

fires, misfires, rocket blow-ups, and improper feeding; the dispersions, on the 

order of 10 mila, were also considered high. Wi tb a b>..:nKNt weight of 190 srains 

and a velocity of 800 to 11 200 tt-sec•l, the rockets had bumout energies of 

400 to 6oo ft•lbo 
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(U) ARPA has 1\mded continued reaearch<2,..27) "to determine the optimum 

spin-stabilized microrocket for hand weapou uae 11
• Under this program work has 

been concentrated on the 13-DIII {0.512 in.) "caliber" Oyrojet. The target of 

this research has been 90 per cP.nt reliability and a dispersion of\ot more than 

7 mils c.E.P. at 100 ft. The final results of the program are not yet available. 

(U) In an independent effort (28) ~ Ford Aeronutronic proposed a modified 

revolver :firing a 5-1/2-in.-lpng, cal •• 50 spin-stabilized (by barrel riflins 

only) rocket. Burnout weight was to be 230 grains and velocity 86o ft•aec·l , 

They also proposed a 16o-grain, 1, 500-ft•sec·l fin-stabilized rocket of similar 

proportion and also launched from a modified (long cylinder) revolver. lfo 

further work on this concept has been uncovered. 

Multiple-Rocket Pistol 
• • 

(I) A hand-held weapon firing a salvo of fin-stabilized rocket missiles 

was proposed in September, 1960, by ORD'.rECH Corporation (presently MB Associates), 

Walnut Creek, California(29). This concept involved a honeycCIIlb array of 24 

O.lo-in.•diameter r ockets within a short tubular launcher of perhaps 1·1/2-inch 

diameter, with a firing button, but no conventional "grip". This weapon was in· 

tended as a throw-away device to be airdropped to indigenous personnel. having no 

training and very little education. It was evidently not developed or investigated 

further. 

Cf In 1962, in connection with development work in the field of micro­

rockets, MB Associates submitted a concept of fin-stabilized microrockets fired 

in salvo from a pistol-type launcher(30). The performance of two sizes of fin• 

stabilized rockets, 1/8- and 1/4-in. diameter, in vuioua ~thetical salvo sizes 

was examined an the basis of the ballistic properties of single nockets and the 

• wounding abilities of stai»l(!:.fl:.-f'e~~ .~aily proposed were:' (1) a sal'\o 
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of 24 1/8-in., 2·1/2-grain rockets having a burnout velocity of 3,6oo tt-sec·l 

at 8 tt, and (2) a salvo of 9 1/'f-in., 20.grain rockets having a burnout velocity 

of 3,6oo tt-sec·1 at 17 ft. 

<I Tbe dispersion of both the 1/8- and 1/4-in~ rockets was 58 mils 

(6-in. launcher length). With such a high value CJf dispersion, a salvo of 48 

lf8-m. rockets was required to yield an effectiveness equal to that of the 

cal •• 45 ball cartridge at 25 meters. A caupariscm of the 1/8-in. rocket system 

("pistol" plus 50 48-round salvos) vi th the Ml9ll pistol and 50 rounds of ball 

ammunition showed that the weights of the two systems were comparable, but that 

the volume (bulk) of the rocket weapon system was 50 times that of the .45 pistol 

system ( 30) • 

C,f) 'l'b.e 1/4-in• rocket system, which required a salvo of 27 rockets to 

match the effectiveness of the cal •• 45 sidearm, was even less competitive in 

weight than is the 1/8-in. rocket system. I 
(U) On the basis of tlds evaluation by BRL(30), no further work was 

recommended on this concept. 

RICA Model 16 Machine Pistol 

(U) The RICA "Constant Reaction" machine pistol was developed during 

World War II by Shepard Robinson Arms Development Co., Woolwich, N.s.w. It was 

tested atter the war in England. Development was continued in the u. s. by the 

RICA Co. of Costa Mesa, California, up to 1952 when the work stoppe all of the 

development costs having been borne by private individuals. In early 1962, 

Robinson of the RICA Co. offered test samples of the Model 16 machine pistol to 

ARPA for evaluation. This offer was declined because there was 11
DO immediate 

need" for such a weapon(31}. 
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(U) Tbe pistol proposed was a one•band•beld, holster-carried pistol 

similar in size and weight to the cal •• 4') M1911 pistol. It fired 9-m Parabellum 

amunition (cal •• 45 being offered as an option), either semi· or full•automatic 
• 

(cycl1c rate, 600 rpm), frc.cn a 16-round magazine in the grip. The magazine was 

expendable and self-ejecting, allowing sustained high rates of fire. The average 

reaction force was 7·5 lb. 

(U) In this "constant reaction" system, tbe reciprocating elements of 

the gun mechanism were grounded to the weapon fru.e only by the friction of the 

sliding members and the reaction of the main (actuating) spring. Thus, the pulsa• 

tions of automatic fire (both rearward and forward impulses) were largely damped 

and the frame was subjected to a steady, average recoil force. fhi.s principle 

applied to a pistol is said(31) to permit very accurate full•autc.cnatic fire. 

(U) No further information regvding this concept has been uncovered. 

Salvo-Squeezebore Cal. .45=9 mm 

c/> The salvo-squeer.ebore (SSB) concept, in which multiple projectiles 

in a single cartridge are fired through a converging barrel, has been primarily 

a}lplied to the cal •• 50 machine gun. This concept, a development of the RICA Co., 

w~&s also proposed in cal •• 45-9 11111 "size" for use in the pistol and submacbine 

gun. The salvo-squee!!.ebore concept is one in which SSB IIIIIIWlition could be used 

in conventional, existing weapons, but conventional (ball) amunition could not 

be used in SSB weapons. 

C/> At the request of MUC<J4, a quantity or cal •• 45·9 m anmunition 

and a "squeezebore" modified M-3 SMG were evaluated ty Fran!d'ord Arsenal(ll.). The 

dispersion, of the order of 7 mils, was caused largely by the loss ot symmetry 

(balance) of the proJectiles as they . were deformed in the conical portion of the 
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bore· The use af steel projectiles resulted in severe barrel erosion, vbich is 

intolerable in a Service weapon. 

~ The effectiveness of this device, on the basis of stable projectile 

properties, was higher than that of ball 811111Wlition, but lower than that af the 

dense-metal shot cartridge. J\aauming "fragment11 projectile characteristics, the 

SSB system is somewhat mnre effective, but still inferi~r to the Malloey-

shot cartridge. It was the opinion of Dickey(ll) that further studies sbould be 

made regarding the lethality of this weapcm. The problem of bore erosion 11\lSt 

.in any case be resolved before this system can be considered for adoption. It 

baa apparently never been tested in actual pistol form • 
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