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Process Design to Prevent Internal & External Defects of
Cold Extruded Products with Double Ribs

D. J. Kim and B. M. Kim

Abstract

Internal and external defects of an inner pulley for automobile air conditioner are investigated in this
study. Inner pulley is a part of compressor clutch assembly of automobile air conditioner. In cold forging
of inner pulley, the design requirement are to keep the same height of the inner rib and outer one and
to make uniform distribution of hardness in the forged product. At the end of the forging of inner pulley,
the piping defect as an external defect begins to form at the back center of the billet. The internal crack
as an internal defect also occur at the adiabatic shear band which usually has maximum ductile fracture
value. It is important to predict when the internal and external defects occur during the deformation
process, in order to minimize the amount of discard that is generated. The finite element simulations
are applied to analyze the defects. The validity of the computational results are examined by experi-
ments. These computational results are in good agreement with the experimental ones.
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(a) Internal and extermal defects of extruded pulley

(b) Photograph of internal crack for extruded pulley

(c) Photograph of piping defect for extruded pulley

Fig. 1 Internal and external defects for inner pulley

& 9% A3 I AT W2 A &4
. Mol AAHA Y F2] AF] 4EF ¥
J-—% —’F el o|ZA FHE 9oz EelE YT &
AA 97 Do njh Ao BT, AX K
<% @&3}1 e aAje] viehiof ol AdH fAMG
% Aol Fig. 13 o] ZABIATE. 0|23t &4 7
o LG vld WL AFA W AEEE F
48 AT2E AT Z=] At A EH, 2A] bt
oo BAE goly AL 71F T AFY uik
Ho| 2A5t] A& 4= 2 $Hol @A AT 3o
2 gerEdot

uebd o] g Eele o - oF AFgEe] YA
PR o] e 7go wgt B dAFEe B8 B2 &
deh P zr a8 DEFORMME AM&sle] AEF
3 Fo TAse oled ZTEL ANz, AFEY
WAPANE FAE o) ARE uiE oz Ago] WA
&2 e AEFFLS JLAT g, Ad3 v, AF

a9,

3 AFL TH ol HPstEo] A7 2ol 3] AL
A

(2

[

2. Zgh ard 201 I F7E 24 oM

2.1 Wz Zat ,-<sa|$7%

E2)o] A48 ABL AISI 1008015 Al dhel
FEUYS ol e 2e —z—a ARE BANE 93
ThO 229 39 Alole] WAL QAU ATF Bew
9 (Bond Lube) £BAE 4k 3 45 Aol I

lL
-
0=>=

F8A 9] v A 0,101
=677.388%2'% (N/mm?) o))
Z2)9] 714 7}E& ©HL Fig. 23 o] o}& gBE
7K€ deolth. Fgd 875 AAZRAL JAZ
T 2lB dol7} VAV EHE n e Ao|irE WA B
deflof et EXE EE RE0E A Wi F
F 4EF o5 Huyy 72!5—— Y g&F dold
w3 Exgojok gt Yt YEFEY AE EXE 4
Ao) A=o} FEHRFE Alold] 4B AA A& &
T e, B AT HF A F diF o]F =
5ol Axrt dEHo 94X o wet Fddtn LI E
w7 fsle) fes A9 f8 WIE B
o} A& B3] s Anr AARAE WHESheA v

SR e oA

BT AYTIESEX| /A8 A63, 19999 /613



965.7
654.6
D
o « 5 >~
e} < I % Xen 2
M
J
Aty v
450
3101.5
3110

Fig. 2 Dimension of machined pulley
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Fracture value = gf (0" /o)de . @)

where g is the tensile maximum principal stress
o is the effective stress
de is the effective strain increment
€, is the fracture effective strain
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Fig. 3 Dimension of extruded pulley
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Fig. 4 Schematic diagram of forward extrusion for inner
pulley
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Fig. 5 Distribution of effective strain and ductile fracture
value for extruded pulley with outside flange
(Small boxes are maximum value : max. effective
strain=3.0114, max. fracture value=0.1685)

o Gold § 2 WHS Lo Fow AztEt oHe 2
BE )R AYH g A% Ae] YATHA, g Furh
LR G2Rol AT 7hsAel B

Fig. 69 44 $E4% BRARA 3 FET2)
EAFF] FANA Loluhy sioly Aol BAT
&k 5N T 47 99tk sl AFE Bk
FRA %37 Astel 27108le R EAY
A 7hel = 3809 A Adale] 4 AHE F4
stk 3TN 4 A4S F599S BR AA)
FEFNN BAF ¢ 60449 BUE] Fig. 7% 2
ol U7 JEZon FA3 fEUA BA6 BA ¥
geie £Al7h WER G5ete] olq A £ ¢
Qo] B & 4 ek,

Radius

Fig. 6 Flow lines at part where piping defect can be
occurred
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Fig. 7 Calculated displacement of the points, selected on
the upper billet surface for extruded pulley illus-
trates the formations of a piping defect
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Fig. 8 Dimensions of the modified pulley for preventing
defects

' % 15263 ¢ ¥ 0.0893
173207 | 0.0820
19376 .0 |\ 00948

2assedd | 8 onss

=k scun

Height

T

g
ey T

0,70595 l
2
- 09095 0.0311
3 rusiEl | Bl ooass
T £32073 | i ooses
&

[ ¥
i
e

-60.0 -500 -400 -30.0 -200 ~-100 00 100 200 3006 400 500 800

Radius

Fig. 9 Distribution of effective strain and ductile fracture
value for extruded pulley for preventive defects
(small boxes are maximum value : max. effective
strain=2.5800, max. fracture value=0.1319)
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Fig. 10 Flow lines extruded pulley for preventive piping
defect
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Fig. 11 Calculated displacement of the points, selected on
the upper billet surface for extruded pulley, illus-
trates the formations of none piping defect

Fig. 12 Photograph for extruded pulley for preventive

piping defects
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Fig, 13 The distribution of hardness(HrB) for extruded
pulley for preventing defects
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