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Abstract

The composite clad rod is a rod composed
of two or more materias. It is applied
extensively in industry because of its
outstanding mechani cal characteristics.
However, when subject to extrusion the
composite clad rod tend to develop
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non-uniform deformation because of these
differences in materials mechanical properties.
In certain cases, core fracture appears.

The man object of this project is to
investigate the criterion of core fracture for
composite clad rod in extrusion. Upper-bound
method was adopted for the analysis with a
kinematically admissible velocity field to
simulate the core and the sleeve’s uniform
deformation under sound process parameter
combinations, while a deviation-velocity field
simulates the radial flow of core material.
These two velocity fields are combined
together with a parameter applied to the
deviation velocity component. When the total
minimized power of extrusion indicates an
existence of deviation velocity component, the
initiation of the core fracture is deemed positive
to occur. With this criterion for core fracture
established, the extrusion work parameter
combinations is systematicaly investigated,
and the work limit diagram for the composite
clad rod in extrusion can be constructed.

Keywords. Composite Clad Rod, Upper Bound
Method, Admissible Velocity Field
N LY
@b TR - FLRAT TR AR
Eﬁmnxﬁﬁf’v“d”ﬁﬂ i
R RS R A | Aoy
oo g EHE P)@q’#’f’%ﬁxﬁﬁ}%/&f’ mod
3 F RGeS o IR F t‘éf:kifk
AL b A R SR RN b Abr
ARFy o Flp B E - e g2 B AR
HiR b g o A ARG I e
PR RE iR o Ao S AF B AL R * b o

EE 2 T RFER G PR



PR SRS A & P A

Sl P KAR g £ & AR
Boa AR & Ml ehde 1 3 2 4 kg

(forging) ~ & 2t (rolling) ~ 4 4= (drawing) -

R4 (press) ~ #% (extrusion) ~ RF =
25 (exploding) % » @ #8410 £ %3 2

B3 86 2 £ A SDEL S
# & & 5 H (clad materials) @ ik~ SR
At 1l A { 4727 2w
B o

R S R R

A2 chi B P a3 AL ¢ S HEE
2RI R R AP CH D
E‘Lw’rq% ks o “ﬁt‘ 3 ”ﬁ‘ffﬁﬁt 7 etE iR

SRR T gl R A B
fﬂﬁﬁﬁﬂ% Hmr%—&i*éﬁm
FISHOBETETE oA d N E Bl iFER
SRR TR R E gl Slp J ¥
v Higir ok R A AR R T B
UTh e SRETEE S P REBRR
/F FERENA A BRI F L L
PEE S e A S %3-9 N AT s L T e
BHOSH S Rep R o JEd 3 i
Co LA RAE RS IS e Sk
TS AR .

3.1 - i B HFahdhe foit e # R
ﬁ%ﬁ—@%%’%%ﬁﬁﬂ@ﬁé%

EEARE S RS H IR R 523 %A
TR phe R IR - RO 4 AL
BEUAGwRFERL oD RpHHE- L
BRI ARJRIT N U e F G ETo L) 0 T
t“ MR R G Ped BSwR R B

CSHIr R s - EEEFEH 0 3B AR
ﬂﬁﬁ% B g ind > #30E R g
M- BpERy BRI ER o L85 fféz’?ifkf
23 PlAeBl- (b) #r - SHIPR R
AR EEARRE > B 3 AR o %‘F‘f*“
Y > '?’E‘ﬂ:iﬁimi"‘i( °

2R XFHAUFCHZER A T

o ApCR b h b EliE e T o
SHF AT AL P SH e fedhe
ﬂ&»ﬁodﬁﬁ?u%m’@iﬁﬁﬁﬂ

‘r” oM BRI v R L (>5%)

FR G o Flotd B "fmﬁt %t i
K%ﬁ:‘ii@'ff%é FEREFT AR oA A
I LI Ty T
FXErikyg ok BAERIE T A B ET
KHERT B e T A ARG b o
DA RHN A F L R
B Bl R ARG AP 1A
RARIL > S H bl R Ao R ¢
A P o
33 te 1 S BH S P RLET R R
A G R o e 5‘. HHA %5
E’—f—,ﬁi_?}

FS A X SRl o RAR R AR $E
%’Wﬁm 7}" v A o R H ETa ﬁﬁ}é“ i S
g

HERLFC] o g A
4;_#3-*?5—‘9 Jy oo L ek, F)AH R R R
""y\ﬂ‘ﬁt %ﬂ“’;kz\#lg%q ’p?ﬁt ’H’]éz'

f’fa?ﬁmf“‘&u)é“ o) 5—%‘7 4’T1§fié»j~j’€
VIR U ERE - R TR A
M= 5% i Ld RS-l B Lk
B fllE % o § SH TSR] DR > 4
» i Lk BB (s SR R R kB
Berh & ngn, TR g RS o T E G S
Tl E s B h RS 2
w’%mﬁ>%£@&%*ﬁ§€”@*i
ke > REFTRERL A 5T (R
%miﬁmiﬁﬁﬁ%m)’mﬁéiﬁﬁ
TG o FIP i L ik R HE e AL
4 ol eniE T o H o B R BB ik B
AR agF L L > B R A 2
BT 7 OUREF R o
FE]%"’FL_Z fenSH s pF o f b
hmAFRESTHS Nl mli v R L 0 A
FPRERAZT AV REESHY S E2E
@lm‘*w’

332*&@#%%“&%@@@%%m%
WL e U ik B e
% Ja)imﬁﬂwwl%WWWVJ”ZF’
g g HREFFERLDOT R FH
FLenvE kA RO PE 0 S b 2 )
g o BNk R AP AR 2 Y R R &
L i R FI B H R
EARIRTE SE 9 % XN 3 E VRIS o



Bl enp R W e 0 R RS R )
BTE o RF ORI AESE

FE A Bt 1ER T 5 A 3F ) 4L
For b BRI F A B e oo f LHCE

B R E MR E MR R o A

P F LAERT R AR Fln

PR P iR AL L SR
T i 7 5 wﬁﬂ4t°* LR HRLTE R
B ARl o E R AR RS H AR S ends A 3
%ﬂ%+#ﬂﬁwU%*%ﬂ%ﬁ?ﬁk“‘€Fﬂ°

MT 57 e erm R o5 0 5] i gL
5 ood BT ¥ ar fde X AR P
L AN R R LR L
P Se @ HEo) o F ALY 596 & HIETRE
BXHCE A EE S SHR§ A2 AR
I

Bl- T 5 a3 e Hobpr o el th4
S A E VR i o R R L I A ‘3;@
PERE el R L OB R T4
HSH T st 2HlaR .

N
A

333 BESMHA LY L
L_Wﬁt ’H 7_E R ] ’L”H b 1 1'33
ERLERI & ’Hﬁ'&% %ﬂ/ﬂﬁb DINRY 32 mﬁ’i
= m@a‘fﬂi FHT G o R AR R
B oo het i R bb‘ SRR AR é ‘Tﬁ
oo TRWHCE G BTG RS T UL
2HH A F 2o

FOEETIEE SRR W

M R TER LS VR AL 4
N A RH2 (5 HEAH K g R A
s R ki o B R IR
Pro OB MRS ERIFR L o A KRS

ood HAFREFRT B R A
(ﬂzr;i)ign) | % 3.5% & 3] 5% o

ST

>~ BwmAEY

A2 AR PP O R - BRDRL
@R H R D HRA R ek R T

Péﬂlﬁﬂwﬁﬁ%’_kﬁ B R
i%‘nﬂﬁiéi.. s LA IR KR F H
w Py %A ﬁ&aa— ESERIS
FUREE T R FE RS ﬁé—ﬂ(L#)L
%?*jﬁ&% ¥oohigg E S H A S BT

et - A AEE A P L BLEA
Fhfgma it B Y L - BV g
R R S RS A s'r:;; R
trord 2 @hT R A oA d PR IER
e ) L f’%u;&_ iLa"ﬂ
b e R R A foin £ i }*};i}i—mé@ A) A
P FVAE S H AT § AL R 0 A
EAB N AR B T 2 f Hde
#RAFLCHBRET DU E > L7
T - B e
BE G RITET FRET DR
3o L_‘ft”ﬂ\"‘a.%?_ti AT R f #BF"ﬁk’
FUEIGAE S SHBEUR > e~ B
ﬁ;};‘i—mﬁ L
1 Jf?'ﬂ\ SH g W2 BLETEE AR R oS
g sh¥drrtadRL nid kLo
R AL ERGE LA R ALY
BTeE B E oy i B £ X390 oo jih
FIET LR o d AR BT U
*o ’&'?mﬁ*f%ﬁi Hm—J Vol R
TR A RBUHE B T S G A% Bk
'%i‘“mﬂm%w’ﬂﬂ?iié
T )I#’? M EIE o
P EET

el 3

: s A A
B? Hoord R H|Erpghd v R L B
A Bicts AR A B0 E TE 28Tk
Fgo PRA-T I A% i‘mﬁ'ﬁﬁlu [ER e Vi
ﬁ%)i 4 5 ﬂﬁ%
AKREH
1. ’ér_j\:’zzﬂjj P B B AR RN G
S A fe U e B2 2R o2 30 il <
BRAFYapio b f ok & 8- H R
ER R i e ET) 0

NHAFRDBERXELR I g HREE
BT R ETEART LR m{}g‘j

A E e ”ﬁﬁ*@lﬂ*ﬁﬁéﬁﬁﬁiﬁ PR
i ¥ ﬁ'l HphH A & e SHEAFSH
mfi%mpk T R RV P\»‘"mﬁ*ﬁ
2 (he2b gt it o 5 M i AF & 55 H)
B FRE

=
Rk d RPN
90- 2212 E-009-034) 5 7 4% B5 » 4 pt 33 1’



by

10.

. g.;g-;,;?e

Osakada, K., Lim, M. and Médllor, P. B.,
“Hydrostatic extrusion of composite rods
with hard cores,” International Journa of
Mechanical Sciences, Vol. 15, 1973, pp.
291-307.

J. M. Story, Avitzur B. and W. C. Hahn, Jr.,

“The Effect of Receiver Pressure on the
Observed Flow Patten in the Hydrostatic

Extrusion of Bimetal Rods,” Trans. ASME,

Journal of Engineering for Industry, Vol.
98, No. 3, Aug. 1976, pp. 909-913.
Avitzur, B., Wu, R., Tabert, S. and Chou,
Y. T., “Criterion for the Prevention of Core
Fracture During Extrusion of Bimeta
Rods,” Trans. ASME, Journa of
Engineering for Industry, Vol. 104, No. 3,
Aug. 1982, pp. 293-304.

Avitzur, B., Narayan, C. and Chou, Y. T.,
“Upper-Bound Solutions for Flow Through
Conical Converging Dies,” Int. J. Machine

Tool Design Research, Vol. 22, No.3, 1982,

pp. 197-214.

Avitzur, B., WuR., Tdbert S. and Chou, Y.

T., “An Anaytica Approach to the
Problem of Core Fracture During

Extrusion of Bimetal Rods,” Trans. ASME,

Journal of Engineering for Industry, Vol.
107, Aug. 1985, pp. 247-253.

Avitzur, B., “Anaysis of Central Bursting
Defects in Extrusion and Wire Drawing,”
Trans. ASME, Journal of Engineering for
Industry, Vol. 90, No. 1, Feb. 1968, pp.
79-91.

Alcaraz, J. L. and Gil-Sevillano, J., “ Safety
maps in bimetallic extrusion,” Journal of

Materias Processing Technology, 60, 1996,

pp. 133-140.

Manabu KIUCHI and Sumihiko ITOH,
“Limit Analysis of Drawing and Extrusion
of Composite Material 1% Report”, % 7 +
g A AHET % 238, 31 % 125,
12, 1979, pp.763-766.

Zoerner, W., Austen, A. and Avitzur, B.,

“Hydrostatic Extrusion of Hard Core Clad

Rod,” Trans. ASME, J. Basic Eng., Vol. 94,

No. 1, 1972, pp. 78-80.
Lr B, e i ¥ O Q;';ﬁ, a R
SR IR E Rl 30 SN el

11.

12.

13.

14.

15.

15, pp. 723-729. 1974.

HIE, 8 Y LEY, FEEA, AL
R, P BEHAT R, L& BAE & HE
SOE LRI skl BN M- SN S ¥ IR Al
R gk 41, 33, pp. 537-542.
1992.

Avitzur, B., “Meta Forming: The

Application of Limit Anaysis,” Marcel
Dekker, New Y ork, 1980.

Avitzur, B., Wu, R., Tabert, S. and Chou,
Y. T., “Criterion for the Prevention of
Sleeve Fracture During Extrusion of
Bimeta Rods,” Trans. ASME, Journal of
Engineering for Industry, Vol. 108, 1986,
pp. 205-212.

J L. Jeng, C. W. Wu, R. Q. Hsu,
“Extrusion of Three-Layer Composite
Clad Rods’, IPMM, 1997, p103.

SR L S HIFEAREBYA
7, L 2B, LT, 1990



i IES

0.3
m=0.05 R=Rso
o2sl  ML=1.0 — AR
a =5.0° -— <H
02 r=30%
odoc=0.08
] Rc/Rs= 0.6 R=R§i
£ 015
E -
s
0.1 -
0 osé - - -
R - _ R=D
0 - - - L - L L [
0 22.8601 45.7202 68.5803 91.4404
Length (mm)
0.3
0.25
7
0.2} 7
3.
25}
—~ 2r
: p
£ **
F
Z 15 ¥
o
A+ T
A
st
0.5 . . . :
0 22.8601 45.7202 68.5803 91.4404
Length (mm)

B- (D) i 23
fhe 2w duE B

Vr (mm/sec)

0 22.8601 45.7202 68.5803 91.4404
Length (mm)

Bl-(b) 2 >p@irit—
HRL B 3 e G B

o6 m=0.05
ml=10
a =5
0.14}
r=30%
§’0127 n =01
H Sound
§ 0.1}
%oosf — Ay e B X K|
2 = Mg £ R R B AT
3 0.06L
© Defect
0.04 1
0.02 L L L L )
0.3 0.4 0.5 0.6 0.7 0.8

Relative Core to Sleeve Radius

Bz =W eI AT HE %A
ﬁﬁﬁ‘*mﬁm

VY (mm/sec)

m=0.05
°r m1=1.0
a =50°
Lol 1=30%
YsYc=0.07
Rc/Rs= 0.6
2|
1.5
1
0.5 . . . ]
0 22.8601 45.7202 68.5803 91.4404
Length (mm)

6
m=0.05
T mi=10 Defect
a =5
4r =30%
n =01
sl
2r — FendiviER L
— RAhdic@E R L
i Sound
o ‘ ‘ ‘ ‘ .
0.3 0.4 0.5 0.6 0.7 0.8

Relative Core to Sleeve Radius

=@ FEIRAFET
PR p = e i R

Blw B3R 2 E (0
AR B HSH BT R




Relative Sleeve to Core Strength

0.1

m = 0.05

ml=10 — 4’?%*&;;&;*4**
r=30% —— Esi*%‘*'l
Rco/Ro=0.7
n =01

5 10 15 20 25
Semi Die Angle( )

BT feh 2 fcdfors Rag v 4

Pl % g

m=0.05 Defect Sound
—mi=10—
r=30% Defect

— v R A
— RAchdiCE R A

L
10 15 20
Semi Die Angle (" )

ml=10 Defect Sound

— jrendir @ R L
i Sound — RAchdvc@d B E
05 0‘15 0‘25 0‘35 0.'45

Friction Factor between the Sleeve and the Die

Ve

EU%Z J?L'f; i(j v R L)




	page1
	page2
	page3
	page4
	page5
	page6

