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FORENSIC CHARACTERISATION

OF THE MECHANISM OF FORMATION
OF TRACES ON BULLETS FIRED

FROM CRAFT-MADE FIREARMS

AND STANDARD TYPES OF FIREARMS

Abstract. Purpose. The purpose of the article is a forensic characterisation of the mechanism of formation
of traces on bullets fired from craft-made firearms and standard types of firearms. Results. The article describes
the mechanism of formation of traces on bullets fired from different samples of craft-made firearms. The article
also specifies a number of circumstances that characterise craft-made firearms and form a trace pattern on bullets.
The article describes the regularities revealed in the mechanism of trace formation on bullets at different ratios
of bullet diameters and barrel channel. When firing craft-made smooth-bore firearms with different values of caliber
excess, it is noted that: — with the increase of the clearence between the surfaces of the bullet and the barrel
channel, the size, location and shape of the trace reflection changes (from complete deformation of the leading
part of the bullets to a semi-oval). On such traces, it is possible to determine the approximate value of caliber
excess, enabling to establish the design features of firearms that have not been submitted for examination; —
traces on the bullet, reflected by a shot from firearms with a large caliber, can be distinguished from the traces
reflected by the use of firearms with a misaligned chamber, drum chamber or equipped with a device for silent
shooting (silencer). It is revealed that the occurrence of translationally oscillatory and translationally circular
movements of the bullet can be explained by the following reasons: — uneven fastening (segmental crimping,
coring, etc.) of the bullet in the cartridge case; — use of craft-made cartridges, in which the top in the head part
of the bullet is located eccentric to its longitudinal axis; — mismatch of the bullet and cartridge case axes; —
uneven pressure of powder gases on the bullet, due to: a) misalignment of the bullet inlet and the barrel channel;
b) defects in the barrel channel, formed during the manufacture or operation of the firearm, and manifested
in a partial reduction or increase in its diameter. Conclusions. When removing the elements of the dissector
with violation of the integrity of the barrel channel, shells are formed that change the transverse roundness
and fragmentarily increase the transverse area of the barrel channel. When the bullet crosses such a shell,
the uniformity of pressure on the bottom part changes, because of which the direction of movement changes,
and it begins to make translational and oscillatory movements. With self-made crimping, even and symmetrical
depressed traces remain. With a tight fit of the bullet, the metal may be displaced around the cartridge case bore.

Key words: craft-made firearm, caliber of the firearm, barrel channel, rifling fields, muzzle of the barrel,
bullet, chamber, trace.
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1. Introduction

By the presence or absence of specific traces
on the bullets, it is possible to establish not only
the fact of the use of craft-made firearms, but
also to determine its type (completely impro-
vised, modified or adapted).

The analysis of the materials of expert prac-
tice, as well as the results of the experiments,
allow to include among the constant conditions
of the shot, which are essential for establishing
the fact of the use of craft-made firearms, in addi-
tion to the design flaws in the parts and compo-
nents of the firearm, formed in the manufacture
of such firearms, also the mismatch of the diam-
eters of the bullet and the barrel channel.

2. Traces on bullets from craft-made fire-
arms

Traces on bullets fired from craft-made fire-
arms primarily depend on the relief of the barrel
channel. If a standard barrel from a factory-made
firearm is used in the design and standard car-
tridges for the barrel are fired, the mechanism
of formation of traces on the bullet will be
the same as when firing from a standard firearm
for which this barrel was originally intended.
If there are irregularities and burrs in the muz-
zle of the barrel caused by rough machining or
sawing of the barrel, traces of deformation are
formed on the bullet.

Traces on the bullets fired from a craft-made
revolver, unlike pistols, remain from the barrel
channel, chamber channels of the drum, as well
as from the rotating cartridge block and other
parts of the firearm. The bullet may have traces
formed on impact from a craft-made stump, as
well as from the surface of the drum chamber
in which the cartridge was located at the time
of the shot. These traces are displayed as sep-
arate traces, which helps the expert not only
to determine the design of the craft-made
revolver, but also to identify it. For example,
sometimes when fired from modified gas revolv-
ers, the length of the bullet is reduced, but its
caliber diameter is increased, while retaining
traces suitable for identifying the modified
drum (Photo 1).

Photo 1. Changing of the size of the bullet
(reducing of the length and increasing
of diameter), fired from a modified gas

revolver “Strazh”

The absence of traces of rifling on the bul-
let can be explained by the fact that the rifling
in the firearm was made without observing
the basic requirements for the manufacture
of barrels. The length of the barrel, the pitch
of the rifling and their depth were chosen by
the manufacturer arbitrarily, somewhat smaller
than necessary for such firearms. As a result,
when firing a standard cartridge with a jack-
etless bullet, the latter overcomes the barrel
channel, not having time to perceive the effect
of the rifling. When firing from such a bar-
rel with a cartridge that has a smaller powder
charge, clear traces of rifling are displayed
on the surface of the bullet (Ustinov, 1968,
p. 69-72).

Most criminologists include differences
in the diameters of the bullet and the barrel
channel to the group of constant conditions
that characterise craft-made firearms and form
a trace pattern on the bullet. For example, a bul-
let fired from a firearm with a smaller caliber
than it, crashing under strong pressure into
the barrel channel, stretches, taking its diame-
ter along the rifling, so its surface shows traces
not only on the fields, but also the entire bottom
surface of the riflings, with traces located not
only on the leading part, but also on the lower
parts of the head and tail of the bullet. In such
cases, even with a worn barrel channel, traces
of rifling fields are clearly visible. By such traces,
it is possible to easily establish the group affilia-
tion of the firearm used.

When firing a firearm with a larger diam-
eter (caliber) of the barrel channel than
the bullet, the movement of the bullet through
the barrel channel will be unstable. This fac-
tor affects the dynamics of forward motion,
so the bullet begins to make additional move-
ments, which changes the trace pattern on
its surface. Signs of the degree of influence
of the discrepancy in diameters (calibers) on
the formation of the trace pattern are nec-
essary, first of all, for experts conducting
forensic ballistics research. However, firstly,
the data published so far are not summerised
and differsignificantly in the minimum clearance
at which a change in the trace pattern occurs
(EN. Tikhonov - 0,01 mm) (Tihonov,
1974, p. 71), (E.I. Stashenko — 0,1 mm)
(Stashenko, 1973, p. 57); (V.V. Sharunov —
0,28 mm) (Sharunov, 1981, p. 95),
(V.V. Filippov — 1,0 mm) (Filippov, 1967, p. 19),
and, secondly, the authors studied the mech-
anism of trace formation on the bullet when
using only standard rifled firearms. Therefore,
due to simpler technologies, the bulk of craft-
made firearms are made with a smooth barrel
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channel. However, the forensic literature pro-
vides no information about the parameters
of the clearence at which the trace pattern on
a bullet fired from such firearms changes.

We conducted an experiment in which dif-
ferent types of smooth-bore firearms were used
with the caliber of the barrel channel exceeding
from 0.1 to 1.0 mm. To obtain more detailed
information about the mechanism of trace for-
mation on the bullet, smooth-bore firearms
with different barrel lengths were used, firing
5.45x39 (AKM) and 9x18 (PM) cartridges. The
surface of the barrel channel was processed by
machine equipment using a single technology.
The purpose of the experimental study is to
identify regularities in the mechanism of trace
formation on the bullet at different diameters
of the bullet and the barrel channel.

3. Bullet movement when the caliber
of the barrel channel is exceeded

Direct examination of the surface
of the bullets under a microscope MBS-10, as
well as the study of traces on the photo scans
found that, despite the differences in the size
of the clearence, all the bullets to some extent
had contact with the surface of the barrel chan-
nel, enabling to detect an important identifi-
cation feature of firearms, which characterises
the relative position of individual elements
in traces belonging to a group of common
features.

When the caliber of the barrel channel
exceeds +0.1 mm, the bullet moves in a trans-
lational and oscillatory motion, without full
contact with the surface of the barrel chan-
nel. In such a movement, the longitudinal axis
of the bullet does not coincide with the axis
of the barrel channel, and on the diagonally
opposite surfaces of the driven part, parallel to
the axis, well-defined traces-tracks are formed.
Traces on bullets of different designs differ in
size and location. The differences are caused
by the fact that a 9 mm bullet’s area of contact
with the surface of the barrel channel along its
circumference is larger than that of a 5.45 mm
bullet. In addition, the 5.45 mm bullet is longer,
it has a bevel in the tail part, which also affects
the differences in the length of the traces
(Photo 2).

With this excess of caliber, the traces
on the bullets are more distinct in the area
located closer to the tail part (80% — 5.45 mm,
65% — 9 mm), which is due to a deeper rifling-
ting of the shell metal. Such traces consist
of two parts that form a kind of rings. One ring
is located at the junction of the head and lead-
ing parts, the other is at the junction of the lead-
ing and tail (bottom) parts of the bullet.
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Photo 2. Traces on the surfaces
of bullets fired from a smooth-bore
craft-made firearm, in which the caliber
of the barrel channel is 0.1 mm larger
(left — bullet from a 5.45x39 mm cartridge,
on the right — 9x18 mm)

When the caliber of the barrel chan-
nel is increased (+0.5 mm), the size, loca-
tion and degree of traces' expressiveness
change (Photo 3). This is manifested in their
slight displacement (in 80% of the fired bul-
lets the traces shifted to the tail of the bullet,
while the length of the traces decreased). The
boundary of the trace, located in the head part
of 5.45 mm bullets, became wavier.

Photo 3. Traces on the surfaces of bullets
fired from a smooth-bore craft-made firearm,
with the caliber of the barrel channel
exceeding +0.5 mm
(on the left, bullet from a 5.45x39 cartridge,
on the right, from a 9x18 cartridge)

With a further increase in caliber (up
to + 1.0) of the firearm, the shape and size
of the traces also change proportionally. These
traces have the shape of a half oval, in which
the rounded part is directed towards the top
of the bullet. There is a slight shift in the direc-
tion of the traces relative to the bullet axis,
which is not typical for smooth-bore firearms
(Photo 4).
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Photo 4. Traces on the surfaces of bullets
fired from a smooth-bore craft-made firearm,
exceeding the caliber of the barrel
channel + 1.0 mm (on the left, bullet from
a 5.45x39 cartridge, on the right, 9x18)

The change of direction can be explained by
the fact that at a certain excess of the clearence,
the bullet, in addition to the translational
and oscillatory movement, can make a trans-
lational-circular movement. With this move-
ment of the bullet, its contact with the sur-
face of the barrel channel occurs at two points
located on opposite sides of the bullet (Fig. 1).
A distinctive feature of the translational-circu-
lar motion of the bullet from the translation-
al-rotational motion, which is observed when
using rifled firearms, is that the circular motion
does not occur around the axis of the bullet.

Such traces in shape may resemble
the traces formed when the cartridge chamber
(drum chamber) and the barrel channel are mis-
matched (Photo 5).

You can distinguish them according to:

1) the place of reflection (in this case, closer
to the tail part, and in case of misalignment
of the chamber or the drum store, at the bound-
ary of the slave and the main part of the bullet);

2) the shape (in case of inconsistency,
the traces have double roundness);

3) the degree of expressiveness (with
the normal arrangement of the axes, the depth
of metal riflingting is less).

i [}

Photo 5. Traces on the surfaces of bullets
that were reflected when fired from
a craft-made firearm, in which the chamber
(photo on the left) and the drum chamber
(photo on the right) are misaligned

The traces on the bullets formed with
alarger diameter of the barrel channel differ from
the traces left by firing from a firearm equipped
with a device for silent shooting (silencer).
The latter have the peculiarities of reflecting
a trace-defect (shearing of the shell) on the sur-
face of the bullet: firstly, this trace has a char-
acteristic concavity, and, secondly, it always has
significant dimensions (Photo 6) (Latyshov,
Maksimenkov, 1999, pp. 82-90).
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Photo 6. Traces on the surfaces
of bullets reflected when fired from a firearm
equipped with a device for silent shooting

(silencer)

-Figure 1. The mechanism of formation of traces at translational-circular movements
of the bullet along the channel of the barrel of larger diameter
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Bilateral deformation (within the driven
and bottom (9 mm) or driven and tail parts
of the bullets (5.45 mm), in which the cross-
section of the bullet takes an oval (ellipsoidal)
shape, was displayed in cases of use of firearms
with a barrel length of more than 120 mm. The
bullets fired from the guns with shorter barrel
lengths mostly had only one-sided deformation.
The differences in deformation are explained
by the different barrel lengths, so the number
of oscillatory movements does not correspond
to them.

4. Traces of firing a craft-made smooth-
bore firearm

Assessing the results of the experimental
firing of craft-made smooth-bore firearms with
different caliber excess, we note that:

1) with the increase of the clearence
between the surfaces of the bullet and the barrel
channel, the size, location and shape of the trace
reflection changes (from complete deformation
of the leading part of the bullets to a semi-
oval). On such traces, it is possible to determine
the approximate value of caliber excess, ena-
bling to establish the design features of firearms
that have not been submitted for examination;

2) traces on the bullet, reflected by a shot
from firearms with a large caliber, can be dis-
tinguished from the traces reflected by the use
of firearms with a misaligned chamber, drum
chamber or equipped with a device for silent
shooting (silencer).

The occurrence of occurrence of transla-
tional and oscillatory and translationally circu-
lar movements of the bullet can be explained by
the following reasons:

1) uneven fastening (segmental crimping,
coring, etc.) of the bullet in the cartridge case;

2) use of craft-made cartridges, in which
the top in the head part of the bullet is located
eccentric to its longitudinal axis;

3) mismatch of bullet and cartridge case
axes;

4) uneven pressure of powder gases on
the bullet, due to: a) misalignment of the bul-
let inlet and the barrel channel; b) defects in
the barrel channel, formed during the manufac-
ture or operation of the firearm, and manifested
in a partial reduction or increase in its diameter.

Partial (fragmentary) reduction of the diam-
eter of the barrel channel in the craft-made
manufacture of firearms can be due to:

1) incomplete removal (drilling or knock-
ing out) of the splitter in gas barrel firearms
or the locking screw during the processing
of firearms for underwater hunting (Demin,
1974, p. 41);

2) placing craft-made plugs in the gas
exhaust hole in automatic firearms or in the hole
drilled in training firearms (Gusarov, 1973,
pp. 27-29);
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3) rough processing of the barrel channel,
resulting in arched rollers and grooves on its
surface.

Under these factors, the residual elements
from the splitter or plug remaining in the bore
go inside the barrel channel, protruding beyond
its surface. When the bullet passes through
such a section, well-defined dynamic trac-
es-tracks are formed along its entire length,
which contribute to the correct determination
of the design of the removed splitter.

In the places where the residual elements
go beyond the surface of the barrel channel,
the greatest metallisation occurs, which also
affects the formation of microrelief in the traces.
This is confirmed by the H.A. Samsonov’s data
(Samsonov, 1960, p. 43), which demonstrate
that the microrelief of the traces is significantly
modified during the metallisation of the barrel
channel.

When removing the elements of the dissec-
tor with violation of the integrity of the barrel
channel, shells are formed that change the trans-
verse roundness and fragmentarily increase
the transverse area of the barrel channel. When
the bullet crosses such a shell, the uniformity
of pressure on the bottom part changes, result-
ing in a change in the direction of movement,
and it begins to make progressive oscillatory
movements. Shells in the barrel channel leave
traces on the bullet in the form of separate
tracks. E.I. Stashenko explains the formation
of these traces by the fact that when the bullet
passes the area with protruding irregularities, “...
swelling of the metal on the edges of the shells
from the action of powder gases penetrating
into the cracks of the surface layer” (Stashenko,
1973, p. 64), separate groups of tracks are
formed (Photo 7).

Photo 7. A bullet ﬁre from a craft-made
firearm that has defects on the surface

of the barrel channel (shell)

5. Conclusions
In addition, the signs indicating the use
of craft-made firearms are as follows:
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1) The absence of traces of fields and rifling
on the bullet from a factory-made cartridge
intended for rifled firearms (Photo 8);

2)

3) Photo 8. Two bullets to 9x18 cartridge
fired from a standard firearm (PM) — on the left
and from a craft-made smooth-bore pistol — on
the right.

1) Non-standard number, as well as steep-
ness and width of the riflings (Photo 9 “a”, “b”,
“c”, “d” “e”);

2) Change in the character (degree)
of roundness (ovality) or the presence of angu-
larity of the cross section of the bullet.

The listed signs, depending on the form
of manifestation, indicate:

1) craft-made production of riflings in
the barrel channel;

2) :
3) Photo 9. Six bullets (9x18 cartridges)
fired from a firearm (from left to right, top to

bottom): a firearm with four right-hand rifling
(RH TIM); a craft-made firearm with five left-
hand rifling; a craft-made firearm with five
right-hand rifling; a craft-made firearm with
six right-hand rifling; a craft-made firearm with
seven right-hand rifling.

1) larger caliber of the barrel channel than
the bullet;

2) shortening of the standard barrel near
the muzzle (Rusakov, 1981, p. 52);

3) incompleteness of factory production
of the part — crBosa the barrel (Latyshov,
1997, p. 131).

1) Elongation of the bullet by reducing
its diameter, resulting from firing a firearm
of a smaller calibre than the bullet (Ladin,
1965, pp. 196-199). In such cases, the traces
of the rifling of the barrel channel are clearly
visible, without changing the angle of their
inclination;

2) Signs of craft-made changes in the shape
of the bullet, manifested by shortening its
length, or reducing its diameter;

3) Signs of craft-made fastening of the bul-
let in the cartridge case (non-standard shape,
size, number and location of fastening marks).
Craft-made crimping leaves even and symmet-
rical depressed traces. If the bullet fits tightly,
the metal may be displaced around the cartridge
case bore.

4) Traces of “sticking” on the head of the bul-
lets, reflected from defects in the processing
of the chamber and barrel inflow in the form
of groups of arched scratches.

The article presents materials enabling
forensic experts to correctly evaluate the traces
formed on the fired bullets, while considering
the influence of various factors on the pat-
terns of trace formation and successfully solve
the issues posed to them in the study of craft-
made firearms.
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KPUMIHAJIICTUYHA XAPAKTEPUCTUKA MEXAHI3MY YTBOPEHHA
CJIAIB HA KYJIAX, BUCTPIISIHUX I3 CAMOPOBHOI BOTHEITAJIBHOI
3bPOI TA CTAHIAPTHUX BU/IIB BOTHEIIAJIbBHOI 3bPOI

Anorauis. Mema. Metoio cTatTi € 3/1ilicHeHHS] KPUMiHAIICTUYHOT XapaKTePUCTUKN MEXaHi3MY yTBO-
PEHHsI CJIJIB Ha KyJISIX, BUCTPLISHUX 13 caMOPOGHOI BOTHEIAIbHOI 30pOl Ta CTaHAAPTHUX BUIIB BOTHE-
najabHoi 36poi. Pesyavmamu.y CTaTTi BUKJIAJEHO XapaKTepPUCTHKY MeXaHi3My YTBOPEHHs CJIIiB Ha
KyJIsIX, CTPLISIHKX B PI3HKX 3pa3kaX caMopoOHOI BorHenaabHoi 36poi. TAKoxk B CTaTTi 1eTalbHO PO3LJIs/ia-
I0ThCS 11iJ1a HU3Ka 00CTaBUH, SIKi XapaKTepU3yITh caMOPOOHY BOTHENAMbHY 30pOi0 i GOPMYyIOTH CIIiA0BY
KapTUHY Ha KyJaX. B cTarTi onucani BUsiBJIeHI 3aKOHOMIPHOCTI B MeXaHi3Mi CJIiZIOyTBOPEHHS Ha KYJIIX
NPV Pi3HUX CIIBBIAHOMIEHHSX TiaMeTPiB KyJb Ta KaHaay cTBoja. [Ipw BiacTpimi camopobHOl ragko-
CTBOJIbHOI 30POI 3 PI3HOI0 BEJIMUMHOK IIEPEBUIIIEHHS KasliOPy, BIAZHAYEHO, 1110: — 31 301/IbIICHHSIM 3a30pY
MisK TOBEPXHAME KYJIi i KaHa/Ty CTBOJIA 3MIHIOETHCS PO3MIp, PO3TalyBaHH i popMa BioOpasKeHHs CJIi Ly
(Bix moBHOI fedopmartii TPOBiAHOI YacTUHY KyJIb /10 HamiBoBamty). Ha Taknx ciizax MokHA BU3HAYUTH
npubIM3HY BEJMUMHY [EPEBUIICHHS KaliOpy, 10 IOMOMOKE BCTAHOBUTH KOHCTPYKTHBHI O3HAKU 30poi,
10 He HaJiflIa Ha JOCIUKEH S, — CIiM Ha KyJIi, 0 BimoGpasuanucs Ipu MocTpii 3i 36poi 3 Besm-
KUM KaJTiGpoM, MOKHA BIZIPISHUTH Bl CJIIAIB, 110 BiI0GPasUIKCs IPU 3aCTOCYBaHHI 30pOl 3 HECTIIBBICHUM
[aTPOHHUKOM, KaMopu OapabaHa a00 yKOMILIEKTOBAHOTO TIPUJIAJIOM Jijist 6e311yMOBOI cTpiibOu (ruryHu-
KOM). 3’ICOBAHO, 1110 BUHUKHEHHS TTIOCTYNAJIbHO-KOJINBAIBHUX i MOCTYAIbHO-KPYTOBUX PYXiB KyJIi MOKe
GyTH TOSICHEHO TAKUMH TIPUYMHAME: — HEPIBHOMIPHUM KpIiTIeHHsIM (CerMeHTHe OOTUCHEHHS, KePHiHHSI
i T.IL) KyJIi B T1JIb31; — BUKOPUCTAHHSIM CaMOPOOHUX MATPOHIB, y SIKMX BEPIIMHA B FOJIOBHIII YacTUHI KyJIi
po3TaloBana eKCIeHTPUYHO i TIOB3/I0BKHBOI BiCi; — HEBIIIOBIIHICTIO Biceil KyJIi Ta riJib3u; — HEPIBHO-
MipHICTIO THCKY MTOPOXOBUX Ta3iB Ha KyJII0, BHACIIIOK: a) HECYBICHOCTI KyJIbOBOTO BXO/Y i KAHATY CTBOJIA;
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6) HagBHUX B KaHaJi CTBOJIA Ae(eKTiB, 0 YTBOPUIINCS TIPU BUTOTOBJIEHHI a0 eKcrryarartii 36poi, i 1o
BUSBUJIMCS B YaCTKOBOMY 3MeHIleHHI abo 30iiblieHHi foro aiamerpa. Bucnoexu. Ilpu BujasienHi ee-
MEHTIB po3cikaya 3 IOPYIIECHHSIM I[ITiCHOCTI KaHaJIy CTBOJIA, YTBOPIOIOTLCS PAKOBHMHU, 1O 3MIiHIOIOThH
MOTIEPEYHy OKPYIJICTD i (pparMeHTapHo 361MbIIYIOTH MOTIEPeYHy MIIONTY KaHaxy cTBoja. [Ipu mepernHi
KyJIet0 TaKol paKOBWHM, PIBHOMIPHICTh THCKY Ha JIOHHY YaCTHHY 3MiHIOETHCS, BHACTIZIOK YOTO 3MiHIO-
€ThCSI HAIIPSIMOK PYXY, | BOHA IOYKMHAE 3IHCHIOBATH [IOCTYIIAIBHO-KOIMBAJIbHI pyxi. [Ipu camopoGHOMY
00THCKY 3aJIMIIAIOTRCS TTAPHi i cuMeTprdHi BAasseHi cigw. [Ipu utiapHii mocaai Ky MOKIUBIN 3CYB
MeTaJTy HaBKOJIO JIyJIbI[A T1Ib3H.

Kiouosi cioBa: caMmopoOHa BorHemnajibHa 36posi, Kasiibp 30poi, KaHa CTBOJIA, T10JIs HAPI3iB, 1yJIbHA
YaCTUHA CTBOJIA, KyJIs, TATPOHHUK, CJIiJL.
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