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FOREWORD

”

This study:was authorized under Project 4C99-02-002, Wound
Ballistics (U).. The work was started in January 1956 and completed in
June 1956, The report was submitted for publication in July 1959.
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DIGEST

In thesc cxperiments,"“caliber .30 and caliber .22 bullets, ,
caliber . 30 fr;xgl‘nént simulators, and 1/4-inch steel spheres were fired into.
cylinders of 20% gelatin, some of which were confined in rigid plasticized

"iiber-glass casings. The data derived lead to the following conclusions:

1. A useful measure of the cross section of the permanent
misgsile tract in 20% gelatin is afforded by the length of the longest radial
sp]1t as 1easured on the surface of the gelatin cylindey.

2. A close approximation to the'circumference of a
mporary cavity in 20% gela.tm is obtained by multiplying by 2 the sum of the
lt_ny,th of all the radial splits extending from the missile path at a given level:
3. The formation of a temporary cavity is almost com-
pletely suppressed in 20% gelatin confined in a rigid casing. Radial splitting
of the gelatin around the permancnt missile patl 15 algo greatly reduced in
con.fmed gelatin cylinders.

,: 4. Energy absorption in 20% gelatin shot with high-
yelocity missiles is independent of temporary-cavity formation, ag shown by
experiments with confined and unconfined cylinders.

. 5. Momentum transfer in 20% gelatin xs also mdependent
of temporary cavity formation.

i

i 6. More than 99% of the total energy absoibed by 20% . il
gelatin froth a nonperforating, high-velocity missile is avallable for tem-

' porary-cavity formatibn. If the formation of a temporary cavity is suppres-
sed, thls energy pres{&mably is d1351patea as heat.
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STUDIES IN WOUND BALLISTICS: TEMPORARY |
CAVITIES AND PERMANENT 1TRACTS PRODUCED
BY HIGH-VELOCITY PROJECTILES IN GELATIN

I.  INTRODUGTION o

/

Previous studies of wounds produced in excised goat 'muscles and
livers by stable, high-velocity rifle bullets have shown that the ,Eross—sectional
diameter and volume of the tem.porary and permanent cavities are relafed in a
predictable way. 1 Since most recent quantitative work on temporary cavities
has been done using 20% gelatin to simulate animal soft tissues,“ it seemed
desirable for comparative purposes to obtain data pertaining to the relation
between temporary cavities and the associated permanent tracts produced by
high-velocity projectiles in gelatin. Additionally, it has been possible to
obtain new information about the temporary cavity from experiments that
could be readily performed with gelatin models, but that could be done only
with difficulty, if at all, with soft tissue masses.

II. MATERIALS AND METHODS.

Cylinders of 20% gelatin, 12.5 cm in diameter and either 12.5
cm or 20.3 cm long, were used. For experiments in which the cylinders
were rigidly confined, the gelatin was poured into open-end cylindrics) casgings
of 1/4-inch-thick plasticized fiber glass of appropriate length, with an inside

‘diameter of 12.5 cm. In all the experiments, the gelatin cylinders were kept
.at-10°C for at leas} 24 hdurs prior to shooting to insiire uniform’ consistency

of the gelatin.’ )

Missiles used in the experiments included: calibe: . 30, 168;-grain
armor-piercing (AP M2) and 152-grain ball (M2) rifle bullets; caliber . 22
Hornet, 45-grain, full-patch and soft-nose bullets; caliber . 30, 44-grain-
fragment simulators; and 1/4-inch-diameter, 16-grain steel spheres (figure 1).

Appropriate rifle barrels, fitted into a universal receiver, were

~used to fire the different missiles. Velocities ranging from 1000 {ft/sec to

3200°ft/sec were achieved by varying the powder load. Methods used in this
laboratory for measuring and recording bullet velocities have been described
in detail by Grossman. > The instrumentation for determining entrance and
residual velocities is the same, the only diffevence being in the position of

the velocity scrcen holders with respect to the!target.
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_ radially from the missile path.
Cross -section of the permanent tract is to measure the length of the longest’
- radial spht

; ! b
Ternporary cav1t1es were visualized by means of mlcroﬁé\ ond-
exposure X rays produced by a Westinghouse "Micronex" apparatus, = Meas-
urements, of the diameters of temporary cavities were-obtained- d1r\,ctly from
the film and. corrected for the distance between the. missﬂe path and the film
at the time of exposure.. Temperature variations of the’ gela.tm cylmders ‘
following equilibration at'10°C for 24 hours were so slight that they'could be
neglected in calculating the actual temporary-cavity diameters. Measure-

“ments of the permanent tracts were made du‘eétly on the blocks, which were

cut transversely across the missile path at a level at which the temporary-
cavity diameter was found to be greatest.
all blocka were taken for a perrnanent record

‘ i
II1. RESULTS. :

Al

and Permanent Tracts in Gelatin.

e <
3

The results obtained with various projectiles fired into 12.5- cm—t";:'

long -gelatin cylinders are summarized in table 1.

The data shown in the
table pertam to nontumblmg projectiles. A ’ o

Temporary cav1t1es formed in gelatm by similar prOJectlres under
comparable circumstances are remarkably uniform in size and shapa. This
is reflected in'table 1 by the low values for the sta.ndard deviation of the ‘
diameter of the temporary cavities in the dxfferent groups. Representative

’ temporary cavities produced by dlfferent missiles are shown in figure 2.

Cross sectiOns of representative permaxient tracts are shown in"
figure 3.' The pictures show a variable number of straight cracks extending
A simple way to obtain a measurement of the

This is @ more variable quantity than the "tempﬁrary- cavity

- diameter, as 1ndlcated ‘by the magnitude of the standard deviation shown in

(”'fcawty sﬁggests)that twice the sum of the l\ength Kaf

‘table 1.

The data show, however, that for the missiles used at the._veloc1tles
given the longest radial split provides a useful measure of the cross gection
of the permanent missile tract. . In figure 4, tempora.ry cav1ty dlameter is
shown plotted against the corresponding longest radial-split measure_nent
There is remarkably. little scatter in \he point distrjibution, whxch appears to

, be essentmally J.mear. R hY . et

1 o W\

"

(i , ¥
COﬁ{SldPl‘athn of the mechan&gs of thc £ |rmat16n of a temporary
aﬁl the radial splits atany
/ ~ o

i

|
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Comparison of Cross-Sectional Diametérs of Temporar[Cawties

|

Photographs of the cut surfaces of |
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FIGURE 2 a
MICROSECOND-~ EXPOSURE X-RAYS OF TEMPOR.ARY CAVITIES
PRODUCED IN 20% GDLATIN BY VARIOUS MISSILES.
EACH EXPOSURE WAS MADE 2000 MICROSECONDS
- AFTER IMPACT. A. CALIBER .30 AP.M2. B. CALIBER
.30 M2 BALL. C. CALIBER 22 HORNET. FULL-PATCH.
D. CALIBER .30 FRAGMENT SIMULATOR.

'
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g ) . FIGURE 3

20% GELATIN CYLINDERS. A. CALIBER .30°AP M2.

B. CALIBER .30 M2 BALIL. C. CALIBER .30 FRAGMENT -

- SIMULATOR. D

Q

. CALIBER .22 HORNET FULL-PATCH.
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given leve%\

of the missile patﬁ in a géllatin’cylin;i‘ef mi’ght be expected to

approxlma.\:e the circumierence of the temporary cavity at the same level.
"Accordingly, the length of each radial split extending from the missile. path

wa.s measured.

cavity at ‘the same level.

(cauber .30 fragment simulator) in each of & number of gelatin cylinders
~The quantity so obtained was multiplied by'2.
sulting value was compared with the computed circumference of the temporary
As shown in. table 2, there is, for the most: part,

The re-

very close agreement in the values obta.med Comparable results were ob-

tained in a few other instances.in which measuréments were made in cylinders .

shot with- different m1ss11ea It 'seerns safe to agsume on-the basis of these

.results that a useful apprommatmn to the cross-sectional dimensions,of a
temporary cavity produced in 20%. gelatm by a hlgh-velocn:y mlssule can be

iy

a.clneved by the method descrlbed here.

1

TABLE 2

W

-~ . COMPARISON OF THE SUM OF THE RADIAL $SPLITS TIMES
: . 2 AND THE CIRCUMFERENCE OF THE TEMPORARY CAVITY

PRODUCED IN 20% GELATIN CYLINDERS BY CALIBER . 30,

44-GRAIN-ERAGMENT SIMULATORS AT A VELOCITY OF 1500 FT/SEC

1A

" 'Cylinder

‘Surn of radial

splits times 2

T eg'nporary '
cavity diam -

v='Temporé.ry

- cavity circum-

BTN - VRN IR . AT NP T

14,8
@ 33.6
- 24.0
_18.6
19,6

- 19.4

© o 23.8
25.0

) 4

.
<

W U D 0 N 0O o

gxogdxpxmgqo\‘moxoso\

W

)

20.7
18.9
21.4
17.9
T 20.4. L
21.4 .

20:4
20.7 -
20.1
ZO.l .

3 L

of ta.ble 1

e
e

ltﬂls Wo rthwh;le to note at 4

12

i

;15 point the‘ very grea\t dafferences in
‘the percentage of the {initial kinetic energy of the missile absorbed by’ gelatin
cylinders shot thh different types of missiles, as shown in ﬁle last column
At - \omparable vélocities, a cahber 30 Y44 gra1mfra.gment W

i v "

s

- ___._../,r__ e o ——
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simulator gives up from 71% to 83% of its energy, while the AP M2 and MZ

"ball bullets give up only from 7% to 10%. Interestingly, the caliber .22 ~

Hornet, 45-grain full-patch bullet loses a higher percentage of its energy than
does the caliber . 30 rifle bullet A.mong the factors that influence the amount
of energy a particular mlssile loses lpon penetrating-a target medium are

the shap. and area of the presented surface. 5 I the case of a x’ion’cumbhng
bullet this is dependent on the 6give of the bullet as. well ag its resistance to :
deformatxon

B. Suppressmn of TeJorary CavitL ormatmn in Gelatm

L The results presented in the preceding section suggest that fiactors
mfluencmg ‘the expansion of a temporary cavity would have a corre5p0ndmg
effect on the permanent tract. Whether the slope of the linear function is
changed 1s, however, B! fdatter for conJecture at this time.

n
It hasg been fo‘und posmble to su;)presa almost cornpletely the ex-
pa.n51on of the temporary cavity, which would otherwise occur following

" passage.of a high-velocity migsile through a medium such as 20% gelatin, by
"~ confining’ the gelatin in a rigid casing. In the present- expenments radial”

expandion’was-largely prevented by mol&mg the. gelatin in cylmderst of 1/: 4-
“inch-thick plasticized fiber glass (flgure 5a). ‘Plasticized fiber glags is

. highly nondeforming and has.an extremely h1gh resistance to shattering. - - Most

of the longltudmal componént of the expansion was suppressed by clamping

3/ 8-inchathick plates of hardened aluminum alloy to the open ends of the . ..°
. gelatin-filled cylinders. A l-inch-diameter hole was provided in the center
- of each end plate, except in the specxaloea.se to be_ described in a subsequent . - -

section, to ‘allow ummpeded passage, of ‘the projectile through the gelatrn A

o completed 20, 3~cm-cylmdcr asse‘mhly 130 shown in f1gure 5b..

, Fdr cotitrol purposes unencased gela.tm cylinders were clamped
.between end pla.tes with just sufficient prassure to hold the cylinders in-
place. Copntrol cylinders are henceforth referred to as ”unconfmed, " whlle

~ the encased cylinders a.re referred te es "confined. "

Suppreseuon of temporary cav1ty fofmation is illystrated in the
m1crosecond-exposure roentgenograms shown in figures 6 an\h 7. The .
shorttylinders (12.5 cm), shown in figure 6, were shot with caliber . 30
AP ‘M2 bulletsat a velocity of about 2800- ft/sec “The Tong cy]mders (20.37
_.cm), shown in figure 7, were shot with cahber 22 Hornet soft-nose bullets l
at a velocity of about 2400 ft/sec. The Hbrnet bullets mushroomed .and failed
to perforate the cylmders »In the case illustrated in f1gure 6, the roent-
genograms were obtained a.t' a-time, following bullet impact, at which the
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A, PLASTIC{%ED FIBER-GLASS CASING 20.3 CM LONG,

1/4-IN. O)ALL THICKNESS. B. CASING WITH
3/8-IN / ALUMINUM ALLOY END PLATES
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" ' i temporary cavity would normally achieve its maximum expansion. It can
- be seen that there is only a trace of a temporary cavity in the ¢oufined
cylinder, but in the unconfined one a temporary cavity of normal size appears,
In the series of pictures shown in figure 7, the microsecond-exposure roent-
genograms were obtained at intervals of 250 microseconds ~ from 250 to i
2500 -microseconds following bul}et impact. In no case did more than a trace
: of a temporary cavity appear in-the confined cylinders. On the other hand,
b - in the controls and in completely unrestrained cylinders the time constants

for the development of temporary cavities of nol‘ma.l size were about the

same. The X-rays covered a time span long enough to make certain that S
. cavity formation was noi simply displaced in time in the confined cylinders.
, , It should also be noted here that plasticized fiber glass, in the thickness =~ > .
I _ o employed in the casings, is sufficiently transparent to X-rays go that the
) - casing does not interfere with visualization of a cavityl_,withi"ri’the contained -

gelatin. This is demonstrated by figure 8, which shows a microsecond-

a

L . ' a l-inch- d1a,meter hole had been manually excavated. i

. . The permanent tracts in confined gelatin cylinders present a re-

1 h markablé appearance when viewed from the side or in cross section. Figures.

» l L 9 and 10 show cylmders that had been shot with caliber . 30 AP M2 bullets
[ L R at 2800 ft/sec and caliber .22 Hornet soft\ nose bullets at 2400 ft/sec, re-

Y .. eTit gpectively. It can be seen un each case’that in the confined cylinders there 3
| " is practlcally rio radial splitting.  This is in marked contrast to the unconfmed 8
! _ cylmders, in which the permanent tract is ¢haracterized by nurnerous radial -
! . sphts. It is apparfnt then, that suppressicn of the temporary cavity is

4 ‘accompamed by concomitant suppression of radial splitting a.round tha missile

q path.” L ) ' T .
T . C. = 'Energy Absorption in Confmed and Unconfined Gela.tm Cylmders o
L | Shot with High- Veloc1ty Progectlles. . - - § e
%/ e ‘ ,‘\‘ A series of 18 iZ 5-cm confined gelatin cylmders. and 13 un-
| i ' confmed cylmders of the same length,  were shot with calibér .30 AP M2

\ . bullets at,a velocity of about 2800 ft/sec. Initial and residual bullet velocities
- \‘ . "were recorded, and the amount of energy absorbed by the. gelatln in each .
""-. case was calcu.lated accordmg to the equatmn : '

4

i 4t
i - e i

where W is weight of the bullet in pounds Vo and V'r are initial and re51dua.1
o ‘ve10c1t1es, respectwely, in ft/sec, g is the acceleratmn caused byu graV1ty, '
and Eab is the energy absorbed in foot pounda. T i o

. ! o .

i . . . . : T

B,
N
e,

\
\
)
|
N :

§ M S e

‘exposure roentgenogram of a confined gelatin cylmder in the cepter of which = - }//:”v\ .
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FIGURE 8 T A

A GELATIN CYLINDER WITH A
E CENTER, CONFINED WITHIN

D FIBER-GLASS CASING
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ZE‘IGURE 10
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PERMANENT TR_ACTS N CONfINED AND UNCONFINED CYLINDERS MADE BY
CALIBER .22 HORNET SOFT-NOSE BULLETS. NOTE THE DEFORMED

BULLET EMBEDDED IN-EACH CYLINDER.

INSERTS SHOW'A MUSHROOMED

BULLET RECOVERED FROM A GELATIN CYLINDER IN COMPARISON WITH AN
UNDLFORMED ‘BULLET. A. UNCONFINED CYLINDER. B. CONFINED'CYLINDER.,

oy [}

W
- i b
n o . o R
1% -
. . W
. I3 \\ L
S
. - "o, v
It i - : : " N
. S
—_— e e

f

tir




AN

" “fired.

- gelatin,

From the data shown in table 3, it was founel, “by appiying.,‘ the -

t test, that there was no significant differente’ in the amount of energy

-~ absorbed in confined gelatin cylinders and

in unconfined cylinders when each

was shot with AP M2 bullets (p > 0.05). |Since, however, AP M2 bullets
lose less than 10% of their total kinetic energy in pasging through 12.5 cm

" of 20% gelatin at the velocities employed in these experiments, another series

of six confined and an equal number of unconfined gelatin cylinders were shot

with 1/4-inch steel spheres.

The impact velocity of the splieres was be-

tween 2400 and 2500 ft/ sec, and at this striking velocity they lost approxi-
mately 70% of their initial kmetlc energy upon traversing 12.5 cm of 20%

Again, however, the data as shown in tablé 3 indicate that there is

no significant difference, by t test (p > 0.05), between the confined cylmders
a.nd the controls with respect to the amount of energy absorbed

d

It would.appear from these results that the amount of energy

transferred from a high-velocity missile to 20% gelatm is 1ndependent of -

constraining forces that may be imposed on the geia.tm In this connection,
it should be noted that microsecond X- -rays of gelatin blocks shot wﬂ:h the

with AP M2 a.nd ca,hber ‘22 Hornet bullets

D.

'1/4-inch spheres show that temporary. cayity formation is almost. com-
‘pletely suppressed in confined cylinders, asg in the case of cyhnders shot

thnder 8.

The fact that _energy absorptmih appears to be 1ndependent of ex-

Transfer of Momentum in Confmed and Unconfined Gelatin ’

of temporary-cavity formation, raises the question of whet rer the suppression

ternal constraining forces imposed on gelaltm, and hence is also independent

of a temporary cavity is compensated for

by a-measurable difference in

momentum transfer in coinfined as compared with unconfined gelatin cylinders.

. Prelimmar“y 'expenments indicated that unambiguous results i
might best be achieved witha system in which the missile would xmpart all

- of its kinetic energy to a gelatin cylinder set up as a ballistic pendulum

Experience with the caliber .22 Hornet soft-nose bullet' had. shown that,
when fired at a velocity of about 2400 ft/sec,.it’is defeated by 15 cm to 18

cm of 20% gela.tm Defeat of th:
occurs very soon a.fter impact;

bullet is the result of mushreoming, which
figure 10b (insert) shows a soft-nose Hornet

bullet that was recovered from a gelatin cylinder into which it had been"

It can be seen, by comparison with

the" aQCOmpanymg picture of an

undeformed soft-nose Hornet bullet, that mushroommg of the bullet results

in a great increase_ in its presented area:

.-The temporary cavity produced in

an unconfined ge]atm cylinder by this bullet is very large (figure 7a), and, :as
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| notgd in a preceding fection, is almost completely suppressed. in confined [
8 ” cy}.xnders (nguxe Th-tq £). , i 0 . - ’
. . B “ . . '

e i v I G .
; ' \\ STy For the pr\ sent’ expenments, long gelatin cylmders (20\3 cm) were
N o e uSed \ Because the caljber . 22 Hornet soft-nosé bullet is ext:emely accurate L
, at theplO-yard range at\which it was used, a 3/4-inch-diameter hole in the
front {nd plate proved lyrge enough to permit unimpeded penetration of the "~
gelatm. The back end p\\ate was not provided with a hole. It seems safe to

|

‘ |

say that only an 1ns1gn1£i t fraction of the bullet eénergy was dissipated by o ’
!

blowbpck through the entrjance hole in the front plate. Inno case was a grossly
detectable amount of“gela. in lost by backsplash through the entrance hole.

o

Figure 11 shbws how the gela.tin-cyhnder assembly was suspended

o L by 10-mil piano wire from)\the ceiling of the room in which firings were held. !
: . The fixed points of the sus engion were 48 inches apart on the ceiling, and T
the vertical distance from these points to the center of the entrance hole was (I ;

‘ g 73. 5 inches.t. The assernbly swung freely inja long1tudmal direction (ifi the ‘ ;
! S direction of the biillet path), but tra.nsverse oscxllatmn was” sufflclently da.rnped : i i

to be neghgible - . o

\\

o

Honzonta.l dzspla.c.eme nt of the\\gelatm absembly wa.s recorded on
" 16-mn moving picture film, exposed at'a rate of 64.frames, .per second. The
< “horizental amplitude of swing: could be dlrectly determined by the use-of a : " o
Vanguard motion analyzer in conjunction w1th a fixed scale in each frarne of R
the film. The period-of swing was determnﬂed by gbservation at the time of
shootmg Since the veloc1ty of a bifilar peridﬂlum at the center of its Bwing . . . 7
/

~ is 'very nearlY - ST Q\E T Ty s <
- ’ | 4 o

. -4 - where d is the horizontal amplit“ude of lﬁwing, 1 is the radiug of the arc of
k ; swing, and g is the acceleration of gra.v1ty,| the velocity of the present system
( was calcula.ted a.ccordmg to- this relatmn .

' - - From the la.ws for a simple pe idulum of length 1,

“ °
a

Hence; since t was known ih the present mst> nce,-\/-%—_ could be calculated
/';‘,’45"
i
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" FIGURE 11

SET-UP FOR MOMENTUM EXPERIMENTS
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" the t test.

were shot!

n - - ’ o " ’ o

A o I

dlrectly. The weight of earh gel,@tin assei‘nbly was recorded prior to its bemg

_shot, so.that the momentum of the system could then be ca.lcula.ted accordmg

to the relation

S T

where w is ‘the weight, g the acceleration of gravity, and v the veloéﬁy The

.weight of the bullet was negligible in comparison with the weight of the cylinder

assembly and could be neglected in calcula.ting the momentum of the system.

Initial bullet veloc1t1es were recorded and bullet momentum cal-
culated. In addition to. determitxmg the momentum of the gelatin assemblies
and the bullets, their respective kinetic energles were also calculated '
according to the relation

W - : K% = —Z-mVZ. )
In the case of the gelatin system, v waé the displacement velocity. The KE }
manifested by the gelatin. assembly-as motir orWas compared with the total
energy absorbed by the system, which was ‘48’sumed to be equlvalent to the
kinetic energy of the bullet prior to 1mpa.ct g .

In-order to éliminate as many var:ables as poss1b1e in the ex-
penmenfal design, a lead sheet was attached to each controi! (unconﬂned)
8system to compensate for the difference in weight because of the ca;smg
in the confined cylmder assembljes.” : " T

: : [
_ Ten confined and an equal 1 number of unconfined gelat .cylinders
-The résults. ;3re shown i .:.ta.ble 4. The momentum acfjuired by
the gelatin systems accoiinted for from.94% to 98% (mean values) £ tie ..
momentum lost by the bullets, ‘where the latter is taken as'equal jto momentum
‘prior to’ 1mpact, while the kinetic energy of the gelatin systems rhanifested’
as motion represents-less than 0.1% of the total energy absorbed. The

statistical significance of dl‘fferences ‘between the mean values of the ratios .-
cylinder momentum cylinder. K
bullet momentum and ST RE for the two groups, was assessed“by

“In neither case were the dlﬁerences found to be sxgm.ﬁca.nt (p

u o

Imphcatzons of the results of these expenments will be con-
szdered in the following. sectxon T ({$

0

= 1}
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TABLE 4 .

IN COCNFINED AND UNCON]

RESPECT TO THE MOMENTUM

(Calikier .22 Hornet, 45—Gr§ih'Soft Nose)

L Conﬁ/AZd“cylinders

ﬁl =

Momeéntum

“of cyl -

Momentum
. lost by -
bullét -

- Ratio
cyl mioment*
bul moment

KE of |
cyl as
motion

KE of

bullet

I
it
- W
" ‘-,{‘
=
.Cyl
No. -
N " =

W

’ ft ib/sec -

47§\\

.474
.471
.510 .
, - 483
. 382
«390
451
'487

. 502

. 485
. 491
.493
.492
. 494
.488 -
. 490

. 497

: ,.‘j-l e

. 499

. .983
.965
. 955:
1.036
- 977
. 782 -
. 795
.907 -
. 991
997

o232

17,205

ft 1bs

. 229
. 239 -

. 282
. 238
.1a7.
. 164

.256
..253

-

588,
603,
608.
604.
610,
595,
600.
618.
603.
623.

Ul © 0o~ = o

-

. 939
. 082

. Unconfined éylindera

—_

1 462 | " .s08 | .909 .221 [ 64d.1 [ 4,43
i 2 ".503 . 505 . 996 272 | 637.6,| 4.26-
3 3 + .502 .501 1.001 .264 | 627.0 | 4,21
! .4 . 493 .510 o 966 - .261 | 650.8 | 4.0l
| . 5 - .502 . 496 . L.e1z- 259 | 614.5 | 4.21
‘ 6 . 488 - 499" ~.977 | o246 | 623.0 | 3.94
i 7 .493 . 499 . 987 .249 | 623.0 | .3.99-
8 «| .491 .501 % .980 ©.247 | 627.5 | 3.93
Lo 9| 480 . 495 Y.969 1,236 | 612.6 | 3.85
L 10 ], -.502. .507 L9990 .259 | 641.6 | 4.03
Mean: ~ - : /'\34,) L9797 - - 3.99
Std deV: - - -7 Y 033 = - 0.27
1. ” & S
- * “Moment = momentum \\ A ” ’
g l}\ ///z‘ RN ’
. 26 ] ' . \g )
RS ,
14 - W w »
i - s ———— —

i

COMPARISON OF MOMENTUM AND KINETIC-ENERGY TRANSFER \\, — {!
FINED 20% GELATIN CYLINDERS WITH '
AND KINETIC ENERGY OF THE BULLETS |
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‘ \\Wxthm récent years, microsecond- exposure roentgenographic _ .

techmques, toinbined with high—-speed cinematography, have been successfully
applied to ﬂme problem of assessing the wounding power of high-velocity pro-
jectiles. - These methods require elabora;e equipment and instrumentation,
and hence are not available in many s1tuat10ns where-accurate evaluation of
high-velocity missile effgets would be of 1mmed1ate s1gmf1cance. y For ex-~
ample, the surg1cal ‘problem of debr1demel.. of wounds produced by such
missiles involves assessment of the extent of tissue damage whére there may
be no grossly apparent patholog:c:xl cnarrgce e N

™

The extent to which stresses 1n1t1ated by the explosxve rad1a1

° acceleratlon of tissues, occ’zlsmned by temporary- cav1ty formation, may be -
“"directly responmble for pri

ary irreversible damage to the tissues has
recently been at least partially resolved in the case of striated muscle.
‘Secondary effects, probably mainly because of the disruption of the blood
supply in the region'of a missgile wound, are well known to occur at a distance
from the permanent cav1ty Harvey, et al;, 9. have suggexted that the region
surrounding the permanent cavity (in w wh1ch extravasated blood is seen), pro-
“duced by a high-velocity misgsile constituies a region. of pr1mary hssue
damage. The validity of this. assumf:‘x on has been recehtly questtned 10

In any event the development of valid cr1ter1a, by means of whicn the size
{especially the dzameter) of "the' temporary cavity produced by a-high-velocity -

. migsile dnj: 'soft tissue can read1ly bé approximated by a' surgeon under 'field'".

4, on.
aln #

cond1t1ons, 1s one obJecuVe of Lurrent mvestxg

By

;’“’ Studxes of ‘wounds produced by hlgh-veloc ‘iy bullets in, 1solated s
soft t1é sues of goats have shown that there is, at least under controlled con-
d1t1ond a predictable relation between the cross- sect’mnal diameters, as well
as the \rolume, of the temporary and correspondmg permanent cavities, 1

_sultg okqtaln d in the present investigation with 20% gélatm models prov1de

Re-

additional evidence that thé diameter of a maximally jlexpanded temporary cav1ty g

varies directly with'the cross-sectional dimiensions 3f the permanent missile’
tract. From the data presented in table 1, the relatxon of the’ temporary cavity
and the longest radial’split, representing the cross section of tie permanent |
tract, can be expressed as a ratio. It is of interest that, for tﬁmvanous ;
- missiles at the different velocities shown in the table, ‘this ratio varies over
a relatively small range of 1.3t0 2.0, with a mean of 1.7, coefficient of
‘In soft-tigsues (1solated liver and fuscle of a goat); ‘the cor-
responding ratio, calculated from data for wounds produc{ d by stable AP M2
bullets at different velocities;varied from 2.0 to 7.0 (mea
eff1c1ent of var1at1on being 13% to 33% L 1t is not surprlsmg that gela.tm L

A

values), the co- .~
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. models yle id mote consistent results, since they are hom¢geneous in com-

" of 'the gelatin studies provide substantial evidence that the

vl T T N i

AR o
° [

pos:,non and the dimensions of the test cylinders are constrnt. The results-

rationale of the ; L
nssue wound investigations cited“above 15 sound v . ‘; . - - |

o e \\ J . e
. The priesent results: al o suggest that a useful appxeoxlmatu nof - 3 L
the hlmensmn of d temporary cavit ty in 20% gelatin can be achieved w1thout o !
recourge to elaborate mstrumentai ion.” As shawh’here, twice the sum of the S |-
length of all of the radiating cricks, at a given levél of.a- permgnent’tract in o o ".“
gelatin, is closely equivalent to the c1rcumference of the tempora.ry ca.inty f o\

at the same level. By ut1hz1ng this simple relation, do lnpat-a.twe estimates LN

. gelatin shot with h1gh-ve10c1ty misgiles are apparently dependent of the

" nearly incompressible. Whether any appreciable degree of solation occurs . /‘t' o

" permanent tract in a confined block, is the result, in part,,v

: mtroduces a comphcating factor-in the attempt to extabush criteria for in- .~ . o

~ever, seems very sllght because of the techmca.l probler. .) mvolvod ) . R oA

of missile wounding power, in terms of temporary- CEV‘ILY dimensi fns, mlght
- be achieved] in at-least a prelimmary way, in metallatmns in whxch mic ronex :
-and hlgh- speed, mov1e equipment ¢ a.re not available. " T

W ¥ 7
K v . 4

P The phenomenon of temporary-cawty sup] ression in gelatin.: ..’ } ‘ v o
cylinders confined within a rigid casing is of conslde able: mterest It pro- P _ o
vides strong presumptive eyidence that where tissuep and organg within the - " b
hody are subjected to-constraining forces, the ternpq] 3 Ty'cawty produced by
‘a'high-velocity missile will be modified-accordingly
grgans within the body* are subjected to constramlngl : ,,er;- of va.nable mag-+
mtude, it follows that resu.lta of wounding' experlments wit“n 1aolated organs

“direct estimation of the d1mens1ons of the temporary cay :iy in an organ in :
tntu , . ‘ , o . o Sy

n

TR ’ o W

3 Ri

Thie fact that energy. a.bBOFptlon and m ménl ami transfer in 20%

formation of a temporary cav:Lty suggests that the latte “but an alternative - : A
modé .of energy d1u1pa.t1on in this system. -It-has been Hownll that" expansion e
of a tempbrary cavity in 20% gelatin is.accompanied- by aniequivalent lateral
dlsplacement of the gelatin. If this displacement is preyented by an external
constrammg force, an irternal cavity will not form beuaueeozo% gelatin is

with.the pressurés involved has niot beén'determined. It 15 poa sible that the = -
absence or near-absence of radial splitting of the gelatm urrounding the .
of a transient . =
solation of-the gelatin occurring in this region. It would seem a reasonable - :
assumpuon that by far the greater part of-the energy that; would be manifested -

_in forma.tlon of a temporary,,cavny 1n \thconfined gelatin 153, in a“conf:.ned mass,

d1sslpated as heat. The possxb;hty ‘of detecting and measuring this.héat, -how-

V2 N -
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A further pomt that deserves mention here is the fact that from
94%" l.o 98% of the momentum of the bullet wis ‘accounted for by the momercum

_.acqliired by the gelatin system actmg as a ballistic pefidulurn. Losses’ ‘because .

.of fnctxo‘n in the pendulum suspensmn, blowback through the entrance hole

(though loss of gelatm through backsplash appeared to be virtually nil), ‘and ’
bouncing-and-“other- osc:llatmns of the systém that could not be read11y meisured //
probably account for the remammg 2% to 6%. LA :

V. CONCLI’fSIONS PR

o ke

/

1. e A useful measure of the cross section of the permanent missile
tract-in 20% gelatm is afforded by the length 8f the longest ‘radial spht as’
measured on the ‘surface of the gela.tm cylmder

2. A clese approx1mat10n to the circumference of a temporarv cavity
in 20% gelatml is obtained by mult1p1y1ng by 2 the sum of the length of all the
rad1al spllts extendmg from the missile path at a given level. <=

w.

-3 3 " The formation of a temporary cav1ty is almost complet;ely sup-:- I \

..pressed ih 20% gelatin confined in a rigid casing. Radial splitting of the . _

gelatin around the permanent missile path is also greatly reduced in conflned
gela.tm cylinders. . ‘ . .. 0 s

e

Energy absorption in.20% gelatinféhot with high-velocity missiles

-is independent of temporary-cavity form;tlon, as shown by exper1rnents with

co med and unconfined cylmders

! -
il o . o

5.  Momentum transfer in 20% gelatin is also 1ndependent of tem*’
porary-cav1ty formatmn . ”

6. More than- 99% of the total energy absorbed by 20% gelatm fro
nonperforating high-velocity, missile is available for temporary-cavity for-

" mation. . If the formation of a temporary cavity is suppressed this energy

presumably is dlsszpated as heat. .
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