gAY FEEA A 17d A2% (20009 2Y)
Journal of the Korean Society of Precision Engineering, Vol. 17, No. 2, February 2000.

dA#AME ol St SO FHetE S

Corner Cavity &4

o, MENT, HAE”

Analysis of the Corner Cavity of Axisymmetric Backward Extrusion
by the Upper Bound Approach
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ABSTRACT

In this paper, the formation of a corner cavity in the final stage of axisymmetric backward extrusion process is

studied by means of upper bound analysis using kinematically admissible velocity. The quantitative relationships
between comer cavity formation and process parameters are studied. And analytical results are compared with those of
experiment to which plasticine is used. It is found that the analytical results agree well with experimental one. In

addition, to restrict the formation of a comer cavity, driven container is applied to backward extrusion and the results are
compared with those of FEM.

The critical thickness of the bottom of the billet decreases with increase in reduction of area, and increases with

decrease in friction. To prevent the formation of corner cavity, the concept of moving container was applied. Throughout
this process, the occurrence of a corner cavity is delayed and forming limit area is enlarged.

Key Words : Backward Extrusion (3*$%), Comer Cavity (2 7 ¥] E]), driven container (75 Z €] ©]]), Upper
bound analysis (A 7] 81 4), Critical thickness of the bottom of the billet (¥ 71 F 7))
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A, = contact area between punch and material
D, = diameter of initial billet

H, = height of initial billet

J* = total power consumption rate

m = friction factor

r, 0, z = cylindrical coordinate

R, =radius of container

R; = radius of punch
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U,, Uy, U,= velocity components

V; =ram velocity

Wy = friction energy consumption rate
W: = inter energy consumption rate
W. = shear energy consumption rate

& = dimension of corner cavity

“e= effective strain

~& = effective strain rate

‘o= flow stress

2a = nose face angle of punch
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B = relief angle of punch
1. M&

FRIETAS we HUAD

AEL A AQ 59 o)H Qi) F3E 4,
NEEHY N, 7B, BV F, AFARE 5 4F

E”
& o}
P zte

of # P4 ¥ = ZIAIRFS HFA
BE S AxFPOZE Ho] o]RHA gom,
AR T 2% AAAF A= e o]
gy e FAd Uk ol FIUd A
B¢ 47 ddME 3A Fol veide XY Z
&S dS3e= Fo| we FasH, od AFE
& Y & e THAAY A7t FPHA Aok
gt J1E9 FUAEsME Wd drE23 A
AA AFd b=, 59 5& FHo2 AF
o, d#d o8 =§E° A& $EIHI
AT olE AFE Fol A2FNAHA BE ATE
& A¥RY wWulle2 FUUE ¢ HFTDA
A BP=EE ZY AREE 45317 Y84 F
49 o FidURo|EH FEAYE AL
£3ta] dwnld e} sjule] FA4L AT
7 AAZAE AAFGL o] &IHrye s
aksla Wty AA e GEE 4 A
283 Li2]5e HAWAEA F4F(central
cavity)?] A& SHNMEEEFS AL Al
Yoz M3l HAPFFE AAAUT. 2
AISI2024 & 7§ AAE A&t 43t ¥
Z3tlth Avitzur[3]152 EUY HAYLEAAN F
HEE A4 Al FAEAE o] &3t 7FEA|
29 7MEAE aget IFEFY dgE FEF
22 #HAEY. e, $AFE 44 124
AEE v a2 AFE EFHA 784 £
'}, Zhen[4]52 FHYE FAHAAM GEHE AF
2 R g JYelvs 3 &% (cracking) U
AulEle] P E Fad FF8AY NS
FA3A Y. a8y 1€y A7 FFHEL Y
FEPANA HAF ) ATE] o] FYHAL
], AHES AAs 7] 4 YAES V)7 ¥
E0h wEA B AR E FHEEt A
delld A" E 39 siRlElE AXe zWZ
(nose face angle)ll THEtA] JAEA & o] &3] AF
g3, AgE 4TS T HJ¥HYY dAE
W dgs Eole Weks gt a8:

7
¥

145

AeH88A ZE=SQ DEFORM £ AME3td A E
Aol s FASM 2 v wdct o] HHE
o] B3-S AF3Y) st Age] At
2. o[ElY

FUAEY 27|FHAME L&A vigdRE S,
A9 38 tho]o HEREL A9 Wde
Aux] e HlFEGge] Ha, HEGAdA ¥
ol YA =Y AuEZF A FHEEE
HAANNT, & Pl 2V FAHAME AR89
FUE 2 ¢Fo] Folx X gt Hol 37} w
g 4ol HHY #AdA 0 o EBEHA Hu
olif FUFENA A7} s TholzRE &Y
Hol 7Y AuElE Yol

o] 3AAZ AL =3y 8 YurFHe
2 FaAAr 7MFI}FE SZAHORE Hrlee
g Yoz & AAZAN AFIFZHE WF
B SRS ERE ol gatel 1B 4
£ A& 5 dE AU AN & AT ¥

dETAE AAMs=T ol & AT

L

o

2.1 AHAEEY
FHNEEEF o2 RE AAIFHAN 87
e oAb ge AW ;B A3 AA
78 & 3io.
=S Wi+ Y Wet YWy )
FHNESEAL 7122 o AN F
AR AHE&EE AN T8 + Utk 2n
7} 849 S50 RE FEUYESEE AN
o Uz LulgE 7 5 ok
Wi = J};e av @)

d71M, o FESHOIN, Tt FENIESE
oo}
T 84409 3o EdS o3 A

UAEd gL ohlg 2ot
W= | -Zivy
[ e

AEe} FrAtols] wpAz Q1 npE YA &
<% 2k

W= Lfm%leLdS

(€))

[e]
age

@



2EE3 A A 174 A2

A7IA, m e npRAFolH 2 HYEO0<m< 1
o]t}

AR L0 & HE F3E 71FH PE T
& 4 9ok

211 SIS

Figl & S48 $U¢2FHe) F048 nol

Fa glodl 249 $2E 998 EAsn

ul
=

I

Ly

HyAL 79907 slglon o
VE AQAPIHLE 333, °é‘ Vit VI
ZAZ 7t s o] U=, Tk ZH
ol £57 Hero)d W HYg Vig} Vi #2
dgo] Ho ZL E£x& 7MY A 2
g2 AMulE AAE A SHolWE & &
Zt & £x3S JHAA HY, f4Y HolAds
A3l YFATACSDE A3 z}Z e o
dol met FANLEEERS F3d vk 2t
1) 991

U= LVP )
2T

91,01,V

&)
(2) 991

Ry
Ur=AQ+-0),
49

(6
3)

Q)
@ 9

®)
&)
1 1, R

Ur= R,,U.[——B(- )}

U= 2RpUl

(z— T)+—

qhof %‘—}E11°IL1 $x7t 94 o
6 B9 Vit Vi

U-=0,

®

2
\%
U.=Re¥r (10)

ZHolurt £EE 7HAZ 4AAe ol Aol

7 et o

146

. |
=777
R, | Vil

i; T
I

//M 72

Fig. 1 Schematics of upper bound analysis in axi-
symmetric extrusion
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Fig. 2 Backward extrusion : punch dimensions

Table 1 Process conditions for the simulation in
axisymmetric extrusion
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unch die dnvgn velocity
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Fig. 4 Comparision of Plasticine deformation and effective strain of FEM simulation in Axisymmetric
Backward Extrusion with respect to punch-stroke : Y=50%, m=0.4, 2a =160°
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Fig. 5 Relationship between the critical relative thickness
of the bottom of the billet and reduction in area :
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Fig. 7 Comparison of Backward Extrusion load between
upper bound analysis and experimental
(m=0.4, 2a =160° ,without a moving container)
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punch : m=0.4, 2a =160°
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