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Microstructure and Properties of Different Preforms for Cartridge
Case Production
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The aim of this work was to evaluate properties of two different preforms for production of 23mm steel cartridge case. Full
scale testing, including chemical composition, macrostructure, microstructure and hardness were used. It was assumed that
both metallurgical properties, presence of slag and coarse inclusions, as well as process parameters affected those defects that
appeared during production of cartridge case from CR2. In the macrostructure and microstructure of the C10E steel bars,
different defects were observed which may have decrease formability during deformation.

Key words: steel, cartridge case, 23 mm caliber, microstructure, chemical composition, slag, production technology.

Introduction

HE most of the steel cartridge cases are produced of low

carbon steel. Plate or rod materials as a preform are used
[1]. Low carbon steel shave moderate strength and hardness in
the as-rolled or extruded condition and good formability in the
annealed condition. It can be hardened and strengthened by
cold work. The formability of these steels allows high
reduction of the wall thickness during manufacture of a
cartridge case. It also has fair machinability and good
weldability [2].

During production of cartridge cases various kinds of
defects can occur, related either to material (microstructure,
impurities) or technology parameters (unadequate load,
temperature, cooling rate, lubricants etc.). These defects can
be deleterious to the manufacture of a quality cartridge case
[3-6].

The main objective of this paper is to characterize two
steels for the manufacture of 23mm cartridge case and reveal
the cause of defects during theirs production.

Experimental work

Material and technology

The materials used in this study were C10E and CR2
steels, used for the manufacture of the cartridge case of
23mm. Steel C10E was supplied as bars (¢p40 mm) and steel
CR2 was supplied as cups. During manufacturing process,
when a preform (blank $58.2x13 mm) was formed into a cup
shape with wall thinning (1** drawing), in some specimens
defects were observed. For this investigation two bars and two
cups with surface defects supplied.

The nominal chemical composition of the used steels C10E
and CR2 are given in Table 1.

Table 1. Nominal chemical composition of the C10E steel and CR2

Mass. % CI10E steel CR2 steel
According to SRPS EN 10084 SORS 1648
C 0.07-0.13 0.09-0.13
Si Max 0.40 Max 0.13
Mn 0.30-0.60 0.30-0.50
P Max 0.035 Max 0.025
S 0.035 Max 0.025
Cr / Max 0.20
Ni / Max 0.15
Cu / Max 0.20
Al / 0.03-0.07
Methods

Visual observation performed by naked eye and stereo
microscope Leica 205A.

Dimension measurement was performed using a
comparator.

The chemical composition was analyzed by the Optical
Energy Spectrometer (OES) Belec Compact Port.

Hardness was measured by the Brinell method (HB
2,5/187,5), according to SRPS EN ISO 6506-1.

A transverse cross section of the bars and cups was taken
and prepared for microstructure examination.

Macrostructure was revealed after etching in 50 % solution
of HCl at 70-80°C after 60 min, according to SORS 1710.

The content of the inclusions estimated according to SRPS
EN 10247 (Annex A).

Microstructure was examined on the cross section of the
bars and longitudinal section of the cups, using light
microscopy (LM) and 3% nitalas etchant.

Energy dispersive X-ray spectroscopy (EDS) was used in
conjunction with SEM to characterize the composition of' the
chosen area.
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Results and discussion

Visual examination and dimension measurement

The specimens of the cups after 1 drawing are shown in
Fig.1. The surface defects, such as wavelength on the top of
the wall, as well as notch in circumference in the inner side of
the cups, were observed. At higher magnification these defect
are shown in Fig.2.

b)

b)
Figure 2. Defects of the cup 2: a) on the top of the wall; b) notch in the inner
side.

The results of dimension measurements of the cups
revealed the difference in the wall thickness on the
circumference, as designated in Fig.1 (tolerance £0.1 mm).

Larger dimension deviation was found on the cup 2.

All these defects suggest non-regular material flow during
drawing. This can be attributed to larger load, due to contact
between tool and workpiece or poor lubrication, as well as
unsupported or noncentric tools.

Chemical composition

The chemical composition of the bars and cups tested in this
work are given in Table 2. Results showed that chemical
composition of the bars is according to chemical composition
CI10E steel (SRPS EN 10084). However, the composition of the
cup 2 does not correspond to the requirements of the standard
for the steel CR2 (SORS 1648). The content of carbon of 0.55
mas. % is lower than required (0.09-0.13 mas. %).

Hardness

Results of the hardness measurements of the tested
specimens are given in Table 3. It was found that the hardness
of the bars correspond to annealed C10E steel according to
requirements of standard SRPS EN 10084. It is assumed that
higher values of hardness in cup 1 and cup 2 are due to cold
plastic deformation.

Table 2. Chemical composition of the tested C10E steel and CR2

Mass. % C10E steel CR2 steel
Bar 1 Bar2 Cup 1 Cup2
C 0,089 0,092 0,10 0,055
Si 0,094 0,094 0,049 0,003
Mn 0,39 0,39 0,33 0,37
P 0,006 0,007 0,004 0,004
S <0,001 <0,001 <0,001 <0,001
Cr 0,086 0,086 0,132 0,011
Ni 0,083 0,083 0,095 0,029
Cu 0,18 1,18 0,17 <0,001
Al 0,012 0,012 0,021 0,030
Table 3. Hardness of the bars and cups, HB
Bar 1 Bar 2 Cup 1 Cup 2
120 118 182 179

Macrostructure

In the macrostructure of the bar 1 defects type D, intensity
D1, observed (Fig.3a), while in cup 2 defects type A, i.e. Al.
The macrostructure of the cups is shown in Fig.4. The regular,
continuous material flow in the cup wall observed in cup 1
(Fig.3a), while in the inner side of the cup 2, in transition zone
between bottom and wall side, the notch in circumferential is
visible. Also, at the same specimen, along the wall, close to
outside, cracks are observed. At higher magnification the
notch, where stretching of the material occurred, is shown in
Fig.5a and cracks and voids in bottom in Fig.5b.
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Figure 3. Macrostructure of the bars: a) bar 1; b) bar 2.

b)

Figure 4. Macrostructure of the cups: a) cup 1; b) cup 2.

!
|
|
i
!
i
E
"
:

a)

Figure 5. Defects on the cross section of the cups 2: a) notch in the transition
wall/bottom; b) cracks and voids in bottom.

Microstructure

Microstructure of the bars is ferrite-perlite with small
grains. Grains are poligonal in the center and towards outside
of the bar (Fig.6a), but between these area banded
microstructure was observed. (Fig.6b).

ROl

b)
Figure 6. Microstructure of the bar: a) in the center; b) 2 mm from the
outside surface.

Microstructure of the cup material is ferrite-perlite with
spheroidized perlite. This microstructure is expected after
applied thermo mechanical treatment of the CR2 steel. On the
other hand, a large longitudinal voids in the vicinity of outside
surface of the cup 2 (app. 600 um) were visible. The voids
extend from the top to the bottom. Typical appearance of the
voids is shown in Figures 7a-c.

The origin of these voids can be related to orientation of
grains in the vicinity of the voids and material flow in the
tools during plastic deformation. During plastic deformation,
on the top of cup wall, large “open* voids form, as shown in
Fig.7a. As deformation proceeded the voids become “closed”
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and elongated. This is supported by local microstructure, i.e.
similar material flow around the voids (Fig.7b). These defects,
observed in the macrostructure (Fig.5b) are caused by initial
defects which were present in the preform.

EDS analysis

Light optical microscopy revealed the presence of coarse
inclusions in the microstructure of the bars (Fig.8). It was
found that they are mostly type globular oxide, group ED,
type o. Some of them were over 40 um. EDS analysis gave
their composition (Fig.9).
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Figure 7. Defects in the cup 2: a) at top of the wall; b), c¢) on the bottom.

Also, large content of different size inclusions, as shown in
Fig.10, is observed. It was found that their composition
(Fig.11) correspond to slug composition [7]. The presences of
such nonmetallic oxides inclusions, as alumina and calcia-
alumina, or slug, have negative effect on formability,
mechanical properties and generate many defects in the steel

products [7-8].
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Figure 8. Oxide inclusions in the bar (LM).
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Figure 9. EDS analysis of the oxide inclusions: oxide inclusion and
corresponding spectra.

200 pm

Figure 10. Slug inclusions in the bar (SM).
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Figure 11. EDS analysis of the slag inclusions: slag inclusion and
corresponding spectra.

Conclusion

The chemical composition and hardness of the tested bars
correspond to annealed C10E steel according to SRPS EN
10084 standard. The chemical composition of one of the
tested cups (cup 2) does not correspond to the requirements of
the standard for the steel CR2 (SORS 1648).

Macrostructure examination revealed different defects in
the tested specimens. In the bars, inclusions series D, D1
intensity, as well as central defects series A, Al intensity,
according to SORS 1710, were observed. In the cup 2 voids
and cracks are present, and unregular material flow during
plastic deformation occured.

In the microstructure of bars, large content of coarse
inclusions, most globular oxides and slugs were found.
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Mikrostrukture i osobine razliCitih pripremaka za
izradu cCelicnih ¢aura

Cilj ovog rada bio je da se izvrsi karakterizacija pripremka za izradu ¢aura 23mm od dva razli¢ita Celika. IzvrSeno je
ispitivanje hemijskog sastava, makrostrukture, mikrostrukture i tvrdoée. Utvrdeno je da su metalurske osobine, prisustvo
$ljake, grubi ukljudci, kao i procesni parametri, uticali na pojavu greaka i loma tokom proizvodnje ¢aure od &elika CR2. U
makro i mikrostrukturi Sipki od ¢elika C10E su takode, utvrdene razlicite greSke koje su smanjile sposobnost oblikovanja pri
deformaciji.

Kucne reci: €elik, ¢aura, kalibar 23 mm, mikrostruktura, hemijski sastav, §ljaka, tehnologija izrade.

MHuUKPOCTPYKTYPbI H CBOMCTBA PA3JIUYHBIX MOJATOTOBOK K
MU3TOTOBJICHUIO THJIb3 U3 CTAJIH

Lenbo 1aHHOIT PaGoThl ObLIO 0XapAKTEPU30BATh MOATOTOBKY K M3rOTOBJEHHMIO 23 MM IHJjb3 M3 ABYX Pa3HBIX cTajei.
XHMHYeCKHI COCTAB, MAKPOCTPYKTYPA U TBEPAOCTb ObLIH NPOBepeHbl. BhIsICHUIOCH, YTO MeTALTypruiecKne cCBOIiCTBa,
HaJIM4He I1AKa, rpy0ble BK/IIOYEHHs1, 2 TAKKe H IapaMeTPhl Mpolecca BJIHSIM Ha BOSHHKHOBEHHE Pa3/I0MOB, TPEIHH 1
CTPY:KKH NIPH NPOM3BOACTBE MMiIb3 u3 craqu YP2. B MakpocTpyKType H B MUKPOCTPYKTYpe cTalbHbIX cTepaHel C10E
TaKiKe ObLIH BBISIBJICHbI PA3/IHYHbIE OLIHOKH, KOTOPbIe CHU3HIIH CII0COOHOCTH K (POPMHPOBAHUIO BO BpeMsl Jedopmanuu.

Kniouesvie crosa: crallb, rniib3a, KAJIMOP 23 mm, MUKPOCTPYKTYPa, XUMHYECKHI COCTaB, IIJIAK, TEXHOJIOTHS H3T0TOBJICHUS.
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Microstructures et caractéristiques de différentes pieces pour la
fabrication des douilles en acier

Le but de ce travail était de faire une caractérisation de la piéce pour la fabrication des douilles de 23mm en deux sortes
différentes d’acier . On a effectué I’examen de la composition chimique , de la microstructure et de la dureté. On a constaté
que les caractéristiques métallurgiques, la présence de méchefer, des branchements rudes ainsi que les paramétres du
processus font influence sur Papparition des erreurs et des fractures lors de la fabrication de la douille en acier CR2. Dans les
macro et micro structures des barres en acier C10E on a constaté aussi les différents défauts qui diminuent la capacité de
formation au cours de la déformation.

Mots clés: acier, douille, calibre 23 mm, microstructure, composition chimique, machefer, technologie de fabrication.



