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Abstract
Since airguns can be lethal when they possess high enough muzzle energies, airguns with wounding capability are strictly
controlled by the Control Act of Firearms, Ammunitions, and Blades (the Act) in Taiwan. Forensic tests are always required to
GHWHUPLQHWKHZRXQGLQJFDSDELOLW\RIFRQ¿VFDWHGDLUJXQV7KXVWKHDFFXUDF\DQGFRQVLVWHQF\RIZRXQGLQJFDSDELOLW\WHVWVDUH
very important for the enforcement of the Act. Because muzzle energies of carbon dioxide type airguns have been reported to be
affected by the variation of ambient temperatures, the effect of temperature variation to the muzzle energies of spring piston and
pneumatic type airguns were investigated in this study. A paired Student’s t test indicated that the elevated ambient temperature
UHVXOWHGLQVLJQL¿FDQWLQFUHDVHRIPX]]OHHQHUJ\IRUERWKVSULQJSLVWRQDQGSQHXPDWLFDLUJXQV%HVLGHVWKHQXPEHURISXPSLQJ
VWURNHV RI D PXOWLSXPS SQHXPDWLF DLUJXQ ZDV DOVR IRXQG WR VLJQL¿FDQWO\ DIIHFWWKH PX]]OH HQHUJ\ RI WKH DLUJXQ7KXV ZKLOH
conducting wounding capability tests of airguns the ambient temperature should be precisely controlled and the multi-pump
SQHXPDWLF DLUJXQ VKRXOG EH WHVW ¿UHG DW YDULHG SXPSLQJ VWURNHV UHFRPPHQGHG E\ WKH RZQHU¶V PDQXDO WR DYRLG DQ\ PLVWDNHV
FDXVHGE\WHPSHUDWXUHÀXFWXDWLRQDQGLQFRPSOHWHWHVWLQJSURFHGXUHV
Keywords: IRUHQVLFVFLHQFH¿UHDUPVH[DPLQDWLRQDLUJXQVPX]]OHHQHUJ\ZRXQGLQJFDSDELOLW\

Introduction
Although airguns are usually involved in less severe
crimes such as injuries and vandalism, they can still
be lethal weapons when their muzzle energies are high
enough. Thus the civilian possession of airguns capable
of causing gunshot wounds is severely restricted by
The Control Act of Firearms, Ammunitions, and Blades
(The Act) in Taiwan. Illegal possession of airguns with
wounding capability could be sentenced to a penalty
between 3 and 10 years in prison [2]. It has been more
than 30 years since the announcement and enforcement
of the Act. At the eleventh revision of the Act, an article
stipulated that those who violated the control of airguns
less viciously could be sentenced to a reduced penalty.
However, the penalty of violation of airgun control codes
is still extremely severe. Thus domestic courts always
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ask forensic firearm examiners to test the wounding
capability of confiscated airguns to prove they are
controlled weapons.
In Taiwan, the official definition of “wounding
capability” of guns is that “at the most powerful and
appropriate shooting distance, the discharged missile has
the kinetic energy capable of perforating human skin.”
[2] A number of works concerning the terminal ballistics
of airgun pellets revealed that the muzzle energy is the
major parameter determined the wounding capability of
an airgun [3, 4, 5, 6, 7]. In order to correctly evaluate the
ability of a discharged missile to perforate human skins,
it is critical to determine the energy density or E/a value
RI D ¿UHG PLVVLOH >@ 7KLV YDOXH WDNHV LQWR DFFRXQW QRW
only the mass and velocity of the missile, but also the
cross-sectional area. Thus, the muzzle kinetic energy of
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a fired missile is transferred into energy density using
the following equations before being used to evaluate the
wounding capability of an airgun.

E = mv2/2

(1)

D ʌU2

(2)

ED = E/a

(3)

Where E is the kinetic energy, m is the projectile
weight, v is the muzzle velocity, a is the cross section
area of the projectile, U is the projectile radius.
The energy density (ED) criterion employed by
domestic firearms experts to determine the wounding
FDSDELOLW\RIWHVWHG¿UHDUPVLV-FP2 [2, 9].
According to the way that the pellet is propelled,
airguns are categorized into three major types. They are:
pneumatic type airguns, spring piston airguns, and carbon
dioxide (CO 2) airguns. For a multi-pump pneumatic
airgun, air is pumped into a high-pressure air reservoir by
several pumps of a built-in pump mechanism. A sudden
release of high-pressure air from the reservoir provides
the power to propel the pellet. Spring-piston airguns
are operated by a single stroke of a cocking lever or
the barrel to move the piston assembly to compress the
spring. Pulling the trigger releases the spring to push the
piston forward and compress the air in the chamber to
propel the pellet. The high pressure gas obtained from the
rapid evaporation of liquid CO2 is used as the power to
propel the pellet in CO2 airguns. It has been reported that
the pressure of CO2 gas is affected by the variation of
ambient temperatures. As a result, the muzzle energy of
discharged pellets is also dependent on the temperature
variation [9].
Since the muzzle energy determined by firearms
examiners is the only forensic evidence used in the
court to prove the defendant’s guilt of illegal possession
of controlled weapons, the reliability of muzzle
energy testing procedures should be assured. Thus any
parameters that might affect the testing results should
EHLGHQWL¿HGDQGSUHFLVHO\FRQWUROOHG,QRUGHUWRUHDOL]H
if the muzzle energies of pneumatic and spring piston
DLUJXQVDUHDOVRLQÀXHQFHGE\WKHÀXFWXDWLRQRIDPELHQW
temperatures, we conducted a number of test firings
using these types of airguns at three different temperature
conditions. Basing on the results, we proposed a

suggestion that the ambient temperature should be
precisely controlled while carrying out the muzzle energy
determination of any types of airguns to avoid obtaining
controversial results from the same gun by different
forensic science labs.

Materials and Methods
5HVHDUFKHTXLSPHQWVDQGPDWHULDOV
1. Chronograph, Chrony Gamma Master (USA).
2. Spring piston air pistol, 4.5 mm caliber, Model HW
45, made in Germany by the H. Weihrauch (Fig.1).
6SULQJSLVWRQDLUULÀHPPFDOLEHU0RGHO;
:LQFKHVWHUDLUULÀHPDGHLQ7XUNH\ )LJ 
4. Multi-pump pneumatic type air pistol, 4.5 mm
caliber, American Classic Model 1377 (Fig.3).
5. Diabolo type pellets (Fig. 4), 4.5 mm diameter, 0.50
g each.

2SHUDWLRQRIDLUJXQV
For HW 45 spring piston air pistol, the barrel was
lifted up to cock the spring-piston assembly and open
the breech end of the barrel. After a pellet was inserted
into the chamber, the barrel was then pushed down to the
locked position to be ready for discharging.
)RU:LQFKHVWHU0RGHO;VSULQJSLVWRQDLUULÀH
the barrel was pull downward and to the rear to a solid
stop to cock the spring-piston assembly. A pellet was
inserted into the chamber at the breech end of the barrel.
The barrel was then pulled backward to its original
closed and latched position to finish the cocking and
loading cycle.
In addition to studying the influence of ambient
temperature to the muzzle energy, the effect of pumping
times to the muzzle energy was also studied for American
Classic Model 1377 multi-pump pneumatic type air
pistol. The forearm of the pistol was opened all the way
until it stopped and it was then used to pump the air
into the air reservoir. At least 3 times but no more than
10 times of pumping was recommended by the owner’s
manual. But the air pistol was pumped for 2, 3, 5, 7, 10,
 RU  VWURNHV EHIRUH HDFK WHVW ¿ULQJ LQ WKLV VWXG\ WR
WKRURXJKO\VWXG\WKHLQÀXHQFHRIWKHQXPEHURISXPSLQJ
strokes toward the muzzle energy.
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0X]]OHHQHUJ\GHWHUPLQDWLRQ

$PELHQWWHPSHUDWXUHFRQGLWLRQV

Each of the 4.5 mm caliber airguns mentioned
above was used to discharge Diabolo type pellets 4.5
mm in diameter and weighing an average of 0.50 g. The
tested airgun was held by the shooter with the barrel
being horizontal. The start sensor of the chronograph was
placed 1 meter from the muzzle of the test weapon. A
FDUGERDUGER[¿OOHGZLWK.HYODUEXOOHWSURRIIDEULFVZDV
placed behind the chronograph to trap the discharged
pellets. The sensors of the chronograph were arranged
VR WKDW WKH\ GH¿QHG SODQHV SHUSHQGLFXODU WR WKH OLQH RI
flight of the pellet. In every test firing the passage of
pellet through the start senor turned on the chronograph.
The chronograph was shut off by the stop sensor when
the pellet passed through it. The muzzle velocity of passthrough pellet was recorded. The energy density of each
discharged pellet was calculated as described in the
introduction section of this article.

Three airguns mentioned above were all tested
on three different days in three different seasons of
winter, spring, or summer, respectively. The ambient
temperatures of testing room on these days were
PHDVXUHGWREH&&DQG&UHVSHFWLYHO\

Fig. 1 The HW 45 spring piston air pistol with
the cocking lever opened

Fig. 4 Diabolo type pellets with a caliber of 4.5 mm

&RPSDULVRQRIPX]]OHHQHUJ\
7HVW¿ULQJVZHUHUHSHDWHGIRUDWOHDVWWKUHHWLPHVIRU
HDFK WHVW ¿ULQJ FRQGLWLRQV7KH PX]]OH YHORFLW\ RI HDFK
WHVW¿ULQJZDVPHDVXUHGDQGWKHPX]]OHHQHUJ\GHQVLW\
was calculated. The mean value and standard deviation
of muzzle energies obtained from each test firing
conditions were calculated. A paired Student’s t test was
XVHGWRHVWDEOLVKWKHVLJQL¿FDQFHRIGLIIHUHQFHVLQPX]]OH
HQHUJLHVEHWZHHQWZRFRPSDUHGWHVW¿ULQJFRQGLWLRQVD
FRQ¿GHQFHOHYHORI SYDOXH  ZDVFKRVHQIRU
the test.

Fig. 2 7KH:LQFKHVWHU0RGHO;VSULQJSLVWRQDLUULÀH

Fig. 3 The American Classic Model 3177 multi-pump pneumatic type air pistol with the forearm opened
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Results and Discussion
+:VSULQJSLVWRQW\SHDLUSLVWRO
The forensic features of the barrel of HW 45 air
SLVWROZDV¿UVWO\REVHUYHGPHDVXUHGDQGUHFRUGHG7KH
results indicated that the HW 45 air pistol has a 4.5 mm
FDOLEHUULÀHGEDUUHOZLWKDEDUUHOOHQJWKRIPP7KH
+:  DLU SLVWRO ZDV WKHQ WHVW ¿UHG IRU WHQ VKRWV HDFK
at three different ambient temperature conditions. The
muzzle velocities were measured employing chronograph
and energies densities of muzzle energies were calculated
using equations (1), (2), and (3) mentioned above. The

means and standard deviations of muzzle energies of the
+:DLUSLVWROGLVFKDUJHGDW&&DQG&
DUH DOVR FDOFXODWHG DQG WKH\ DUH    -FP 2,
-FP2DQG-FP2, respectively.
They are all much higher than the wounding capability
criterion, 20.0 J/cm2, employed by domestic courts and
forensic scientists. This means that the mere possession
of HW 45 air pistol is a criminal violation in Taiwan. The
muzzle energies and their means and standard deviations
of HW 45 air pistol at different ambient temperatures are
shown in Table 1.

Table 1 0X]]OH HQHUJLHV PHDQV DQG VWDQGDUG GHYLDWLRQV RI +:  DLU SLVWRO WHVW ¿UHG DW GLIIHUHQW DPELHQW
temperatures, J/cm2

15°C

21.5°C

&

37.42

36.27

40.14





40.19




40.24
40.59
40.95
41.04
41.91

39.39
39.64
40.34
40.49
40.59
41.05
41.35
42.12

40.24
40.24
40.64
41.00
41.35
41.56
42.43
42.54

Mean



40.01

41.03

Standard deviation

1.39

1.63

0.91

Ambient temperature

Muzzle energy

The calculated p values of t test used to establish
the significance of differences in muzzle energies at
varied temperatures of 15°C vs. 21.5°C, 21.5°C vs.
& DQG & YV & DUH   DQG 
respectively. The means of muzzle energies of HW 45 at
different ambient temperatures revealed that the muzzle
energy of the pistol increased as the ambient temperature
elevated. However, only the p value of t test of 15°C vs.
&FRPSDUHGSDLULVVPDOOHUWKDQ7KLVLQGLFDWHG
that the difference of muzzle energies is significant
only when the difference of ambient temperatures is
great enough. In the case of HW 45 air pistol, more
than 10°C of temperature difference is required to result
in significant difference of muzzle energy when the

FRQ¿GHQFHOHYHORILVXVHG+RZHYHULWLVSRVVLEOH
to lead to a significant difference of muzzle energy at
& WHPSHUDWXUH GLIIHUHQFH ZKHQ WKH FRQ¿GHQFH OHYHO
LVUHGXFHGWR

0RGHO;:LQFKHVWHUVSULQJSLVWRQW\SHDLUULÀH
7KH 0RGHO ; :LQFKHVWHU DLU ULIOH KDV D 
mm caliber rifled barrel with a barrel length of 450
PP7KH;DLUULÀHZDVWHVW¿UHGIRUWHQVKRWVHDFK
at three different ambient temperature conditions. The
muzzle velocities were measured and energies densities
of muzzle energies were calculated. The means and
VWDQGDUG GHYLDWLRQV RI PX]]OH HQHUJLHV RI WKH ; DLU
ULÀH¿UHGDW&&DQG&DUHDOVRFDOFXODWHG
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WREH-FP2-FP2DQG
-FP2, respectively. They are all much higher than
the muzzle energies of HW 45 air pistol at corresponding
WHPSHUDWXUHV 7KXV WKH PHUH SRVVHVVLRQ RI ; DLU
ULÀH LV DOVR D FULPLQDO YLRODWLRQ LQ 7DLZDQ 7KH PX]]OH
energies and their means and standard deviations of
:LQFKHVWHU 0RGHO ; DLU ULIOH DW GLIIHUHQW DPELHQW
temperatures are shown in Table 2.
The p values of t test of the means of muzzle
energies at two compared ambient temperatures of 15°C
YV&&YV&DQG&YV&DUH
× 10-11, 5.52 × 10 DQG  î -11, respectively. The

PHDQVRIPX]]OHHQHUJLHVRIWKH:LQFKHVWHU0RGHO;
DLU ULÀH DW GLIIHUHQW DPELHQW WHPSHUDWXUHV UHYHDOHG WKDW
WKH PX]]OH HQHUJ\ RI WKH ULÀH LQFUHDVHG DV WKH DPELHQW
temperature elevated. The p value of all tested pair is
far smaller than 0.05. This indicated that the difference
of muzzle energies is significant when the difference
of ambient temperatures is as small as 6.5°C at the
FRQ¿GHQFH OHYHO RI  7KH UHVXOWV DOVR UHYHDOHG WKDW
WKHPX]]OHHQHUJ\RI;DLUULÀHLVPXFKKLJKHUWKDQ
that of HW 45 air pistol. And the affect of temperature
YDULDWLRQ WR WKH PX]]OH HQHUJ\ RI WKH ; DLU ULIOH LV
PRUHVLJQL¿FDQWWKDQWKDWRIWKH+:DLUSLVWRO

Table 2: 0X]]OH HQHUJLHV PHDQV DQG VWDQGDUG GHYLDWLRQV RI ; DLU ULIOH WHVW ILUHG DW GLIIHUHQW DPELHQW
temperatures, J/cm2

Ambient temperature

15°C

21.5°C

&

Muzzle energy

62.56
62.62
63.00
64.01

64.97
66.19
67.16




75.25
75.39
75.39



77.33



79.51
79.65
79.79








Mean

65.24

76.15



Standard deviation

2.29

1.32

1.13

$PHULFDQ &ODVVLF 0RGHO  PXOWLSXPS
SQHXPDWLFW\SHDLUSLVWRO
The American Classic Model 1377 air pistol
employed in this study has a 4.5 mm caliber smoothbored barrel with a barrel length of 260 mm. During
WKH ¿UVW VHW RI WHVW ¿ULQJV WKH DLU UHVHUYRLU ZDV LQLWLDOO\
pumped for only a single stroke. This resulted in the
failing of discharging the pellet loaded in the chamber.
So the American Classic Model 1377 air pistol was
pumped for at least two strokes before each test firing
in the following experiments. Three shots were fired
for each test firing conditions with varied strokes of
pumping at three different ambient temperatures. The

muzzle energies and their means and standard deviations
of American Classic Model 1377 air pistol with varied
VWURNHVRISXPSLQJDW&&DQG&DUHVKRZQ
in Table 3, 4, and 5, respectively.
It is obvious that the muzzle energy of the American
Classic Model 1377 air pistol rapidly increased as the
pumping strokes was increased from 2 strokes to10
strokes at any tested ambient temperatures. The increase
of muzzle energy became slower after 10 strokes of
pumping. This tendency is shown in Fig. 5, 6, and 7. The
results proved that the muzzle energy of the pneumatic
type airgun was affected by the number of pumping
strokes.
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Table 3: Muzzle energies, means and standard deviations of the American Classic Model 1377 air pistol with
varied strokes of pumping at 15°C, J/cm2

Pumping times

2 strokes

3 strokes

5 strokes

7 strokes

10 strokes

12 strokes

15 strokes

Muzzle energy

9.03
9.39
14.23
14.36
14.74
21.74
21.76
22.22
27.35
27.56
27.56
30.06



34.71
35.09
37.09
37.57
37.62

Mean

Standard deviation



0.73

14.44

0.27

21.91

0.27

27.49

0.12





34.73

0.36

37.43

0.29

Table 4: Muzzle energies, means and standard deviations of the American Classic Model 1377 air pistol with
varied strokes of pumping at 21.5°C, J/cm2

Pumping times

2 strokes

3 strokes

5 strokes

Muzzle energy
9.9
10
10.09

15.94
15.97




Mean

Standard deviation

10.00

0.10

15.90

0.10



0.04

9DULDWLRQWRWKHPX]]OHHQHUJ\RIDLUJXQV 53

7 strokes

10 strokes

12 strokes

15 strokes




34.62
34.99
35.60
36.22
37.09

39.44
39.74
39.59



0.14

35.07

0.49



0.53

39.59

0.15

Table 5: Muzzle energies, means and standard deviations of the American Classic Model 1377 air pistol with
YDULHGVWURNHVRISXPSLQJDW&-FP2

Pumping times

2 strokes

3 strokes

5 strokes

7 strokes

10 strokes

12 strokes

15 strokes

Muzzle energy


10.93
16.03
16.23
16.23

24.05
24.17
29.33
29.46
29.76






39.69
39.94
40.14

Mean

Standard deviation

10.63



16.16

0.12

24.04

0.14

29.52

0.22

36.02

0.11



0.17

39.92

0.23
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Fig. 5 The increase of muzzle energy with the increase of pumping strokes at 15°C

Fig. 6 The increase of muzzle energy with the increase of pumping strokes at 21.5°C

9DULDWLRQWRWKHPX]]OHHQHUJ\RIDLUJXQV 55

Fig. 77KHLQFUHDVHRIPX]]OHHQHUJ\ZLWKWKHLQFUHDVHRISXPSLQJVWURNHVDW&
The results also indicated that the muzzle energy of
the American Classic Model 1377 air pistol was higher
than the wounding capability criterion only when the
pistol was pumped for more than 4 strokes. So care must
be taken to pump the air reservoirs for enough strokes
while conducting the wounding capability determination
of the pneumatic type airguns to avoid inaccurate testing
results.
The p values of t test of means of muzzle energies

of Classic Model 1377 air pistol at compared ambient
WHPSHUDWXUHV RI & YV & & YV & DQG
& YV & ZLWK YDULHG VWURNHV RI SXPSLQJ WLPHV
are shown in Table 6. All of the p values of compared
temperatures with varied pumping times are smaller
than 0.05. This means that the elevation of ambient
WHPSHUDWXUHUHVXOWVLQWKHVLJQL¿FDQWLQFUHDVHRIPX]]OH
energy of a multi-pump pneumatic type air pistol.

Table 6 :The t test results of means of muzzle energies of Classic Model 1377 air pistol at compared
ambient temperatures with varied pumping times.

Pumping times
2 strokes
3 strokes
5 strokes
7 strokes
10 strokes
12 strokes
15 strokes

p values of t test of means of muzzle energies
15°C vs. 21.5°C

&YV&

&YV&

0.024
0.0004
0.0001
0.0001
0.0009
0.002
0.0002

0.010
0.020
0.030
0.005
0.016
0.005
0.049


0.0003
0.0001
7.66 × 10-5
0.0003
î-5
0.0002

)RUHQVLF6FLHQFH-RXUQDO9RO1R

Conclusions
The results of this study revealed that the muzzle
energies of not only the carbon dioxide airguns but
also the spring piston and pneumatic type airguns
were significantly affected by the variation of ambient
WHPSHUDWXUHV7HVW¿ULQJUHVXOWVLQGLFDWHGWKDWWKHPX]]OH
energy of an airgun increased as the ambient temperature
elevated. A paired Student’s t test indicated that the
difference of muzzle energies is significant only when
the temperature difference is great enough. Thus, in order
to obtain accurate and consistent wounding capability
test results within the same lab in different seasons
or between different labs located at varied latitudes,
the temperatures of the testing rooms should be well
controlled.
7KHUHVXOWVDOVRLQGLFDWHGWKDWWKHUHZDVVLJQL¿FDQW
PX]]OH HQHUJ\ GLIIHUHQFH EHWZHHQ ¿ULQJV ZLWK GLIIHUHQW
strokes of pumping while a multi-pump pneumatic
airgun was fired. So the muzzle energies of a multipump pneumatic airgun under varied strokes of pumping
should be thoroughly investigated before the conclusion
of wounding capability test was reached.
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