UDK 621.777

Analysis of die Shape Influence on Al-Cu Bimetal Charge
Yield during Extrusion Process

S. Berski, G. Banaszek, H. Dyja

Czestochowa University of Technology
Institute of the Modelling and Automation of Plastic Working Processes
Al Armii Krajowej 19; 42-200 Czestochowa, Poland

In the work an analysis of backward Al-Cu bimetallic rod extrusion process from the value of charge yield in
final product was done. The range of research included FEM modeling of the process with programm Forge
2008®. For the chosen parameters of the process, simulation investigations for range of die and punch angle
from 0=30° to 0=70° in the room temperature and extrusion speed v = 10 mm/s were carried out. On the base
of the research the character of bimetal flow and values of nose crop and tail crop were obtained. Such inves-
tigations allowed to choose an optimal shape of the dies. Moreover the analysis of strain, stress and velocity
of bimetal in all cases from the research range was realized to obtain the detailed analysis of metal flow into

the deformation zone.
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1. Introduction

In the extrusion process like in other processes
of metal forming a very important economical pa-
rameter is a productivity of the process. The produc-
tivity is strict connected with charge yield on which
the significant influence has an amount of the techno-
logical discard.

During the extrusion process in the conical die
exists two different type of discards: a nose crop and
a tail crop. Moreover in the process of simultaneous
extrusion of different materials which flows in non-
uniform way like copper and aluminum, the length of
discards (both tail crop and nose crop) increases and
the charge yield is decreasing.

The length of the tail crop and nose crop was
measured for all shape die variants (half angles of
conical die 0=30+70°) during the numerical analysis
of bimetal flow.

The characteristic place of measurement was
showed in Figure 1. The length of tail crop could be
measured directly because this is the same values as
the length of plastic deformation zone (conical die
zone). To obtain the length of the nose crop the proc-
ess of extrusion should be operated until the steady
state (the particular layers of the bimetal are flowing
almost uniformly through the calibration zone [1]).

2. Aim of the work

The numerical research were conducted to analyze
the backward extrusion process of bimetal round rods

from the discard forming point of view. The bimetal
billet was consisted from copper sleeve (CW004A) and
aluminum core (1050A). The modeling was conducted
for following parameters of the extrusion process: the
initial diameter of bimetal charge was 22 mm and
extrusion ratio equal 5, range of die angles:
0=30+70° (Figure 1a), percentage fraction of sleeve
was 15%, ram speed v = 10 mnv/s, all the variants of
modeling were done in the condition of cold deforma-
tion. The main aim of the work it was establishing the
optimal half die angle for the extrusion process.

3. Analysis of discard forming

In the Figure 2 all the analyzed variants of die
shape with lengths of discards were presented. Along
with increasing the angle of slope of extrusion die,
the length of the nose crop is decreasing. Such ten-
dency is more visible for cases until o = 50° for
higher values of angles (a = 60° and 70°) the decreas-
ing the nose crop is less intense (Figure 3).

The character of the phenomena is strictly con-
nected with the friction forces which appears on the
surface of moving die. It could be stated that the
longer zone of plastic deformation, the influence of
friction forces on the nose crop is more intense. And
the smaller differences between flow velocities of
particular layers on the cross-section of the bimetal
caused by smaller values of the resistance of plastic
flow of outer layer of bimetal resulted insignificant
decrease of the length of the nose crop for cases
where o = 50°, 60°1 70°.
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Figure 1. Model of backward extruded Al-Cu bimetal before the process (a) and after with characteristic values of discards (b)
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Figure 2. Length of discards for particular variants of extrusion process: @ — o = 30% b— a.=40% c— a=50% d—a = 60% e — a. = 70°

26
24
22
20
18
16
14
12
10

8

Lenght of A and B, mm

6
4
2

30 40 50 60 70
Angle of die, deg

Figure 3. Relation between die angle and length of the discards
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Figure 4. Total discards for investigated die angles

The charge yield and the length of total discard
is composed also of the tail crop which is increasing
along with increasing the angle of die surface (o) [2].

Total values of the discard was presented in
Figure 4. The character of the curve allow to estab-
lish a local maximum for extrusion process of bi-
metal rod with 15 % fraction of copper layer which is
located for the angle a=50°.

4. Conclusions

On the base of the analysis of numerical re-
search it could be stated that:

1. High nonuniformity of bimetal flow during
extrusion process for composition: hard sleeve and
soft core (bimetal Al-Cu) is increased along with
decreasing of die angle.

2. During bimetal layers flow in non-steady
stage of extrusion process it is created the part of
extrusion which would be treated as a nose crop. And
higher resistance to flow in the outer layer exists the
longer nose crop is created.

3. The amount of the discards depends on bi-
metal composition, for Al-Cu (type of flow B [3]) the
main part of the discards is forming during non
steady stage of extrusion process and the proper
extrusion is forming during steady stage of the proc-
ess and it can be assumed that this part of product
perform conditions according to standards for bimet-
als [4].

4. On the base of the numerical analysis of par-
ticular layer flow the optimal angle of the die was
chosen. The angle a = 50° allows to obtain the small-
est amount of discards and the biggest charge yield
for final product.

References

1. Berski, H. Dyja, A. Maranda, J. Nowaczewski, G.
Banaszek,: Analysis of quality of bimetallic rod after extru-

sion process. Journal of Materials Processing Technology,
volume: 177, 2006, pp. 582-586.

2. Lucki B, Optimal shape of die for extrusion proc-
ess of Al-Cu bimetal rods, Czestochowa 2009, (non-
published).

3. Laue K., Stenger H.: Extrusion. Ohio 1981. Ameri-
can Society for Metals, Metal Parks.

4. ASTM B 566 copper clad aluminum wire.

AHanu3 BAusIHUSA POPMbI MATPULIBI
Ha BBIX0/I FOJHOI'0 B IIpoLecce
NpeccoBaAHUN OUMeTANINYEeCKUX
AJIOMUHMIi-MeTHBIX PYTKOB

bepcku C., banamek I'., JIp1sa X.

B pabore mpoBenen ananu3 mporecca oOpaTHO-
ro npeccoBanusi Al-Cu OMMeTauIM4ecKoro MmpyrkKa ¢
TOYKH 3pEHUsI BBIXO/Ia TOAHOTrO. MccnenoBanus mpo-
BOJAWINCH NIpH HoMoiu nporpaMMel Forge 2008 ®,
OCHOBaHHOW Ha METO/Ie KOHEYHBIX 3JIeMEHTOB. Mo-
JIeTMPOBaHUE TPOBOIWIOCH NP CIEAYIOMNX Iapa-
MeTpax IpolLecca: Yrojl MaTpHlbl B JWAma3oHe OT
a=30° o 0=70°; KOMHaTHas TeMIepaTypa; CKOpOCTh
nepemMelieHus: npecc-mremmens v = 10 mm/c. B pe-
3yJAbTaTe MOJETUPOBAHUS OBUI MONYYEHBI JIaHHBIE O
XapakTepe TeueHusi OMMeTaula, JUTMHE IepeJIHEro
MOHOMETAILTMYECKOT0 KOHIA W 00beMe Ipecc-
ocrarka. [IpoBeneHHBIE HCCIIENOBAHUS TTO3BOJIMIN
OIIPEJICTINTh ONTUMAIILHYI0 TEOMETPUIO MAaTpPHUIBL.
Tarxke ObLT NMPOBENEH aHAIN3 paCIpeneNeHHs [e-
(dbopmarmii, HaNpsDKCHUA U TIOJNeH CKOPOCTEH Tede-
HUs OMMeTasuia BO BCEX TOYKAX JKCIEPUMEHTa, 4TO
TIO3BOJIJIO YCTAHOBHUTH XapaKTep TeUEeHHs MeTalia B
00’)KMMHOM 4YacTH TJIacTHYecKoi 30HBL KiroueBble
CJIOBA: METOJ] KOHEYHBIX JJIEMEHTOB, OMMeTauInye-
cKkas TpyOa, IpeccoBaHHUe, IEPEeIHUI KOHEIl, Mpecc-
0CTaTOK, MaTpHIIa, o4ar JeopMariuu.
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