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ABSTRACT: This is a study of commercially available .22 caliber rimfire ammunition manufac- 
tured to explode on bullet impact. Factors considered were bullet velocity, angle of impact, mis- 
sile deformation, and depth of penetration and cavitation in ordnance gelatin. Microscopic, ra- 
diographic, and high speed motion picture photographic techniques were employed. This study 
found that the angle of impact was critical for detonation of the bullet. 
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Exploder bullets of this par t icular  type were developed for use against an imate  targets [ 1- 
3]. The purpose of the exploding projectile is to t ransfer  to the target  the combined  energy of 
the bullet  and  the explosive charge contained therein.  It is designed to detonate  on impact,  
creating a larger wound cavity than  the s tandard  bullet. In addit ion,  the projectile f ragments  
into many small particles dur ing the explosion. In theory this would preclude the bullet from 
penetrat ing the target  completely and  perhaps  str iking a second unintent ional  target. Men- 
zies and  Anderson [ l]  and  H a m m o n d  et al [4] discuss and  summarize a bul let ' s  effectiveness 
in relationship to safety in law enforcement  use. Exploding bullets are commercially avail- 
able in calibers ranging from .22 to .45 caliber. This study involves .22 caliber bullets, their  
impact  with 20% ordnance  gelating and  wounding potential .  
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Materials and Methods 

The explosive bullets studied were .22 long rifle (LR) caliber rimfire ammunition mar- 
keted under the name "Devastator" and manufactured by Bingham, Ltd., Atlanta, GA. 
This ammunition was obtained commercially in boxes of twelve cartridges insulated by poly- 
urethane foam (Fig. 1). 

The Devastator bullets were fired from the following .22 LR caliber hrearms: 

(1) RG Industries revolver, Model RG 14, 44.5-mm (1-3/4-in.) barrel; 
(2) Smith and Wesson revolver, Model 34, 101.6-ram (4-in.) barrel; 
(3) Colt semi-automatic pistol, Hunstman Model, 152.4-mm (6-in.) barrel; 
(4) Colt single-action revolver, Buntline Scout Model, 241.3-mm (9-1/2-in.) barrel; 
(5) Colt single-action revolver, Frontier Scout Model, 304.8-mm (12-in.) barrel; 
(6) Armalite semi-automatic rifle, Model AR-7 Explorer, 4.06.4-mm (16-in.) barrel; and 
(7) Anschutz bolt-action rifle, Junior Varminter Model, 5S2.5-mm (21-3/4-in.) barrel. 

For control purposes, .22 caliber LR Remington standard velocity lead cartridges, .22 cali- 
ber LR Winchester copper-coated lead cartridges (Super-Speed| and .22 caliber LR 
Omark-CCI copper-coated hollow-point lead cartridges (Mini-Mag) were also evaluated. 

One Devastator and three Super-Speed rounds were fired from each firearm through pho- 
toelectric screens connected to a computing chronograph (Model 4001, Electronic Counters, 
Inc.). At least one Devastator round from each firearm was fired at a 90 ~ angle from a 
distance of 0.6 m (2 ft) into 20% gelatin blocks (Pharmagel A, Ordnance Type 250 A, Kind 
and Knox Gelatin Co.) which measured 12.7 by 12.7 by 36 cm (5 by 5 by 14 in.). The impact 
was recorded on film (Kodak | 4-X Reversal Film 7277) using a Hycam high-speed motion- 
picture camera at 8000 frames per second. For comparison, similar data was collected using 
the control ammunition. Firing perpendicularly from 0.6 m (2 ft), the depth of penetration 
into each block and the size of the temporary cavity formed by the explosion of the Devasta- 
tor buffets were measured. Similar measurements were obtained on the control bullets. Each 
block was radiographed with a Faxitron | Model 805, Radiographic Inspection System, 
(Field Emmission Corp., McMinnville, OR) using Kodak XTL-2 film and photographed. 
Devastator bullets were then fired from the RG-14 revolver into gelatin blocks at angles of 

FIG. 1--Exploding bullets obtahzed commercially in boxes of twelve cartridges insulated by polyure- 
thane foam. 
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approximately 80, 70, 60, 45, and 30 ~ . Additionally, at 90 ~ Devastator bullets were fired 
from this revolver at distances up to 9 m (30 ft) into gelatin blocks. 

One Devastator bullet was mounted in Castolite Resin, 20-8120-009 (Buehler, Ltd., Evan- 
ston, IL) and cut with an Isomet low speed diamond saw (Buehler). Two Devastator bullets 
were disassembled, photographed, and analyzed. Portions of gelatin blocks containing par- 
ticulate materials of exploded bullets were dissolved in water at 60~ The particles were 
collected on a Whatman No. 1 filter paper, washed with water at 60~ and transferred to 
carbon discs. These were coated with carbon and examined in a Philips 501B scanning elec- 
tron microscope (SEM) with an EDAX 711 energy dispersive X-ray analysis system (EDX). 

The relative incapacitation indices (RII) for the Devastator bullets fired from the RG-14 
revolver, Colt (241.3- and 304.8-mm [9-1/2 and 12-in.I) revolvers, and the AR-7 rifle as well 
as the Winchester (Super-Speed) bullet fired from the RG-14 revolver were calculated. 

The RII was developed in 1979 by the U.S. Army Ballistic Research Laboratory (BRL) to 
study the terminal effects of police handgun ammunition. A three-dimensional computer 
code of the human body, the "Computer  Man,"  was constructed and each of many tiny 
volume units (5 by 5 by 25 mm) of the model was given a relative value ("Vulnerability In- 

FIG. 2--Cross section of cylinder with explosive charge, X 18. 
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dex") in regard to its overall importance with regards to instant incapacitation of that unit by 
a handgun bullet. This Vulnerability Index (VI) is thus a measure of the relative importance 
of body tissue to stopping power along the path the bullet travels through the body. The test 
bullets were shot into gelatin blocks and, using high-speed motion-pictures, the radius of the 
temporary cavity at 1-cm increments measured. A formula was then developed to indicate 
relative bullet effectiveness (RID [5]: 

['x = maximum penetration depth 
R I I =  ~V 1.R2cdx 

dx=O 

FIG.3--Cross section of.22 caL Devastator. • 18. 
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where 
Rc = radius of temporary cavity, cm; 
V~ = vulnerability index at x, cm; and 
x = depth of penetration into gelatin, cm. 

Results 

A m m u n i t i o n  Design 

Two Devastator cartridges were disassembled and subjected to chemical and physical ex- 
aminations. The .22 caliber LR Devastator cartridge is a modified .22 caliber LR, hollow- 
point, copper-coated lead cartridge (CCI Mini-Mag ~ manufactured by Omark-CCI, Inc., 
Lewiston, ID. The CCI Mini-Mag bullet is modified by deep drilling of the existing hollow- 
point cavity to accept a metal cylinder (length: approximately 6.35 mm [0.25 in.], diameter 
approximatley 2.1 mm [0.083. in.]) that is open on one end. The metal cylinder was identi- 
fied as an aluminum alloy. The contents of the cylinder were subjected to microscopic, infra- 
red spectrophotometric, and X-ray spectrometric techniques and identified. Before insertion 
in the bullet, the aluminum canister is filled with a lead azide composition (approximately 24 
rag) and the open end sealed with a nitrocellulose adhesive (Fig. 2). The filled cylinder 
(weight: approximately 52 mg) is then inserted into the enlarged hollow point with the open 
end down (Fig. 3). The components and construction of the Devastator projectile (weight: 
approximately 34 grains or 2.2 g) are shown diagrammatically in Fig. 4. 

" 'DEVASTATOR" BULLET 

FIG. 4--Schematic of cross section of a.  22 caliber Devastator bullet. 
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Velocity and Distance 

The velocity of the Devastator bullet increased with longer barrel lengths as expected [6], 
and ranged from approximately 210 to 390 m/s (700 to 1300 ft/s (fps). Based only upon 
these measured velocities and the bullet's weight (34 grains), the kinetic energy (KE) pro- 
duced by the Devastator bullet varied from 1.6 to 5.4 J (37 to 128 ft-lb). The Devastator 
bullet, when fired perpendicula.rly, detonated upon impact at all velocities reached in this 
study. 

Increased muzzle-to-target distances had no noticeable effect on explosion of the Devasta- 
tor bullet. Using the RG-14 revolver (44.5-mm [1-3/4-in.] barrel), detonation of the bullet 
occurred at distances up to 9.2 m (30 ft). 

Cavitation and Penetration 

The Devastator bullets that exploded upon impact with the gelatin blocks fragmented into 
mulitple small particles (Fig. 5). Temporary cavities formed measured between 5 and 8 cm 
in diameter (Fig. 6). The cavity size generally increased with higher velocities (longer barrel 
lengths). Control bullets and the Devastator bullets that failed to detonate produced tempo- 
rary cavities measuring 2.5 to 4 cm in diameter (Fig. 7). The Devastator bullets that detona- 
ted penetrated the gelatin blocks to depths between 2.5 and 4.8 cm. The control bullets and 
Devastator bullets that failed to detonate penetrated from 14 to 15.2 cm. 

In addition to forming large temporary cavities, the explosion of the Devastator bullets 
also produced large shock waves (see Fig. 6) which traveled the length of the gelatin blocks. 
The control bullets and Devastator bullets that failed to explode produced much smaller 
shock waves. 

FIG, 5--(letl) Radiograph of Devastator bullet fired from RG revolver, Model RG-14 (44.5-mm 
[1.75-in.] burreD, Gelatill penetration: 4.5 cm; X2, (Right)--Radiograph of Devastator bullet fired 
,h'om Anschut: bolt-aetioz~ r~fle. Junior Varmhlter Model 552.S-mm [21.75-in.] barrel). Gelatht pene- 
tratiott: 3.8 cm; >(2. 
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FIG. 7--(a) hzitial sequence for bullets that did not explode and produced temporary ca vities 2. 5 to 4 
cm in diameter. Arrow indicates bullet's entrance into gelatin block. Photo speed: 8000frames per 
second. Winchester (Super-Speed) bullet. (b) Tempora~ cavity of control bullet. (c) Temporary cavity 
of control bullet. (d) Tempora O, cavil, of control bullet. Arrow htdicates bullet at rest (18 cm from 
entrance pointL 
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Impact Angle 

The Devastator bullets were fired into the blocks at impact angles of approximatley 90, 
80, 70, 60, 45, and 30 ~ Reliable detonation occurred only with the bullets fired at an angle 
of 90 ~ . 

Electron Microscopy and Energy Dispersive X-Ray Analysis 

Images of rounded particles were observed and shown to contain the element lead. Polygo- 
nal platelike particles showing fracture lines were shown to contain aluminum. Some of 
these platelike particles also contained spheroidal deposits containing lead. Fig. 8 through 
11 show these images. 

Relative Incapacitation Index 

The RII calculated for each bullet is as follows: 

(1) Devastator bullet fired from RG-14 revolver--2.34; 
(2) Devastator bullet fired from Colt (241.3-mm [9-1/2-in.I) revolver--8.09; 
(3) Devastator bullet fired from Colt (304.8-mm [12.in.]) revolver--5.93; 
(4) Devastator bullet fired from AR-7 rifle--7.96; 
(5) unexploded Devastator bullet fired form Colt (241.3-mm [9-1/2-in.]) revolver--l.66; 
(6) Winchester (Super-Speed) bullet fired from RG-14 revolver--2.15; and 
(7) Omark-CCI (Mini-Mag) LR hollow point fired from RG-14 revolver--2.08. 

FIG. 8-- SEM Image of rounded particles.fi'orn exploded Devastator ballet track. EDX revealed pres- 
ence of lead. Magnification: • 
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FIG. 9--SEM image of polygonal plate-like particle with fracture lines. EDX registers presence of 
aluminum. Magn(fication: • 160. 

Discussion 

This was a limited study on the effect of .22 caliber rimfire exploding bullets (Devastator) 
in gelatin blocks. Twenty-percent gelatin blocks have been found to approximate human soft 
tissue [6-8]. It was found that this bullet exploded in the gelatin blocks, in most instances, 
when impacting perpendicularly at the distances tested (0.6 to 9 m [2 to 30 ft]). Explosion of 
a bullet occurred only in one instance when fired at an angle of less than 90 ~ 

The wounding effect of a bullet is determined not by the amount of kinetic energy it pos- 
sesses, but rather by the amount of energy it transfers to the body. Major factors accounting 
for the transfer of kinetic energy by a bullet to tissue include the bullet's shape and construc- 
tion, the impact velocity, and the change in its presenting area while passing through the 
tissues [ 9]. Thus, the explosion of the Devastator bullet, by changing its shape and increas- 
ing greatly its presenting area, would be expected to transfer quickly more energy to the 
tissue. This is manifest in the much larger temporary cavities produced in gelatin blocks by 
the exploded Devastator bullets as compared to the cavities produced by the unexploded 
Devastator and control bullets. The Devastator bullets that did explode did not penetrate 
into the gelatin blocks as far as unexploded and control bullets, but they did transfer their 
kinetic energy more quickly. Therefore, the wounding effects would probably be much 
greater with explosion. This is well demonstrated by the RII calculated for several of the 
bullets tested. 

The RII of the Devastator bullets that exploded was greater as bullet velocity increased 
(that is. RG-14, 30 J [717 fps], RII 2.34; Colt 241.3 mm [9-1/2 in.] 46.4 J [1104 fps], RII 
8.09). For comparison, the RII of a .38 Special 110 grain bullet fired at 36 J (857 fps) is 11, 
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FIG. IO--SEM image of polygonal plate-like particle with spheriodal deposits containing lead. Mag- 
nification: • 160. 

and that of a .357 Magnum 140-grain bullet at 47 J (1125 fps) is 35 [5]. The RII calculated 
for the Devastator bullet shot from the RG-14 revolver was slightly greater than the Rll of 
the control bullets shot from the same firearm (2.34 versus 2.15 for the Winchester lead 
cartridge (Super-Speed) and 2.08 for the Mini-Mag LR hollow point). Even more marked is 
the difference in RII (8.09 versus 1.66) between exploded and unexploded Devastator bullets 
fired from the Colt 241.3-mm (9-1/2-in.) revolver with both bullets having the same veloci- 
ties. This indicates that the explosion of the Devastator bullet, especially at the higher veloci- 
ties, increases greatly its RII. 

The fragments of the exploded Devastator bullet are too small to be useful for comparison 
purposes in bullet identification. The aluminun particles found in the bullet track with SEM 
and EDX indicate that this may be a way of identifying the Devastator bullet after it has 
exploded. The problems incurred by physicians in cases of human wounding by exploding 
bullets can be found in publications by Eckert [ 10], Clark et al[ 11], and Amatuzio and Coe 
[12]. 
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FIG. 11--SEM image of polygonal plate-like particles with spheroidal deposits contahthtg lead. 
Magnification: X 160. 
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