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Abstract

The major objective of the present paper is to estabilish finite element simulation technique in order to further
analyze the shearing process. For this the ductile fracture criterion and element kill method arc used in the present
work. It is postulated that a fracturc initiation is based on the magnitude of local cffective strain. The features of
sheared surfacc arc casily obscrved by the clement kill method. The simulation results arc compared with existing
cxperimental results. It is found that the results of the present work are in closc agreement with the cxisting
results.
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Table 1 Process condition in rigid-plastic FE-smiulation

material AISI 1010

“flow stress o= 226.5(1 + /0.0054)" % ’
friction coefficient | 0.1 =~ R

| clearance 10%t

Table 2 Features of the sheared surface obtained from

ngld plaS[lC FE-simulation

" ref{15] | FE-simulation
8-10%t 10%t :

e angle | 7-11° | 16°
rollover 6-8%t 48.9%t )
burnish 25-40%t | 0.5%t ]
fracture 50-60%t 457% }

Table 3 Simulation conditions and results using DEFORM

case problem punch speed (m/s)i rollover (%1) \
thermovisco proser e ‘1
1 ; 20 104 :
| -plastic FEM =~ B e
thermovisco ' 1
2 i 0.001 24.7
-plastic FEM o
3 visco—plastic FEM ' 20 7.2
4 | visco- plasm FEM 0.001 289

Table 4 Process condition in thermo-visco plastic

FE-simulation

| material AISI 4340 ‘
i - R S
(flow stress | = a,(1- £/0.000°0 & e T
Friction T

) 0.1
‘coefficient | e
clearance 20%t
punch speed 0.1m/s
“thermal o

33. 49N/mm/ °C

_conductivity

i heat capacity | 3. 94N/mm/ C

‘ : heat transfer

ggefﬁslsm .

Table 5 Features of the sheared surface obtained from

thermo-visco plastic FE-simulation

T ref.[15] i FE-simulation
clearance | 17-21%t | 20%t
* fracture angle 14-16° | 20° )
; rollover 10-20%t 157%t
tbumish | 10-20%t_| 27 4%t
fracrure 70-80% 56.5%t
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stripper punch

(c) Distribution of effective strain
Fig. | Initial mcsh system

Fig. 3 Results of rigid-plastic FE-simulation
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Fig. 5 Distribution of cffective strain
for Case |

—— .
APPLY EBLEMENT KILL METHOD

END L00F ON STEPS |

sToP

Fig. 2 Flow chart for analysis of shearing process

Fig. 6 Distribution of temperature Fig. 7 Grid distortion for Casc 2
for Casc 1

S

punch

i AN BTN

0
(a) Grid distortion at final deformation | i

(Hatched elements refer killed elements}

Fig. 8 Distribution of cffective strain Fig. 9 Grid distortion for Casc 3
for Case 2
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109 207 Erain{ Eracme

Fig. 10 Distribution of effective strain

(b} Configuration of sheared surface Fig. 11 Grid distortion for Case 4

for Case 3
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Fig. 12 Distribution of cffective strain

for Case 4

(@) Punch srroke : 54.5% (b) Punch stroke : 70.5%

Fig. 14 Distribution of cffective strain for punch stroke in FE-simulation

(a) Punch stroke @ 54.5%

(1) Punch stroke @ 54.5% (b) Punch stroke : 70.5%

Fig 15 Distribution of temperature for punch stroke in FE-simulation

300 i }
= i |
S ‘ !
= 200 b o
i i
100 | ‘
(b) Punch stroke : 70.5% i
i I
Fig. 13 Grid distortion for punch stroke in FE-simulation 00 0"25 0»‘50 0_‘75 i.l)o L:«:ﬁ 50
(Hatched clement refers killed clements) punch stroke

Fig. 16 Variation of the load with punch stroke
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