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ABSTRACT
In this paper the technique to predict tool wear theoretically in the sheet metal shearing process is

suggested. The wear in sheet metal tool affects the tolerances of final parts, metal flows and costs of
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processes. In order to predict the tool wear the deformation of workpiece during the process is analyzed

by using non-isothermal finite element program. The ductile fracture criterion and the element kill
method are also used to estimate if and where a fracture will occur and to investigate the features of
the sheared surface in shearing process. Results obtained from finite element simulation such as node
velocities and node forces are transformed into sliding velocity and normal pressure on tool monitoring
points respectively. The monitoring points are automatically generated and the wear rates on these points
are accumulated during a process. It is assumed that the wear depth on the tool surface are linear
function of the lot sizes based upon the known experimental results. The influence of clearance between
Ad7bE F3), Finite Element Analysis(
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die and punch upon tool wear is also discussed during the process
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Fig. 1 Types of tool wear in sheet metal shearing.
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Fig. 2Flow chart to analyze shearing process and
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AE7bE TN Addy d4APLE £33
2 FJI37) Azt oW B 849 4

9 o] A7 Ee EF3H o] 240 e &
2AAZIEE HL3HTh F, AAHE 829 FA
o) reduction factor® F3td ZA4 gL w¢ 7



A BrEel e add A IFE vAA RIE
£ Atk oAF WY Z1PL #AIsF dojue ¥
Hel zt dAdA AA FHY7t dojd 828 HY
HJo R AAsGE o] opyEmE WFLA
Adg Al A Favt vk Oa3M ANE F
ol MAY WyERTE AR ATPd L8HE
e Y F JeEE YA L8HE ATE
oJ . olsh T2 MWL HEid ADIHE
& Agdeldstd AAVES 2F}ste 825
FATo2ZN HAostEd dehde e 7E
A FEa dade d4nge 228 5+ Ao
ool A AFE AAGFAAEFH s2AAVIEE
ol &8t Mty FHFE AEIAEY] AL F
34 Mo ZEXE Fig 29 Zoh. HFAPRY
7 z=glolAM Add FAEESG ATFTELE WA
HE7 AgHR, FE FPEL AYFRE oY
Aedo. 9832 4 2o AgEFLE A
sael A4S @Ay H3 H009 A4
H7NENE Al o gdd. wy AAYE
ZHstE Q47 dEUE, 2 84004 A7 o
ol Aoz FaI A AAMNT 22AANYE
ol &3t A&LHA AEHAE FHNA Y =
g 2x9 JFES 1Er] Hstd WPAH 23
AME 3 AAE nEdygE F
P37 A5t ¥ e FPHE AT AAH&A
on WMoz dojxl ARERH rndLE,
FAEY 58 FAFAN Ry FH FX 2 &

[

L ook

ot

Qo
=

il

fo
by
ol
lo

4. £97 39 A4 A oAy

Axsh tholatelel B UAIL 5%t 10%t,
209t AY7HE FHol thted Fig. 201 AAD
Haxg wed ABdolde FAsAc WA 2
Ezas Aggel B Bodx de Art 4
@ duNge wong VA% tholo oA 3}
A7 BAG F AR WRESZ 45 Fig. 30
Gebd whsh gol zztel Fojuzel wal HA
~EZA 4133%, 4618%, 6261%014 fA3 de
9k ABANHAE B ABZY ARE A7
d@M olggos fEYL B 4 den, 2
Yolgizzt 31845 B9 2UES HE =) @
BAEZ AWrbEY z7] @Al dEus o
o9 9ol F748S B & UUTh EW Fig. 39 A%
22 H3A7F 4EULEY e 2AHE 84
g 2AgoR AurtE 44 et e
AeH F¥% Avdd FAHYLS 2N & AS

Cis i
34 38 42 46 50

o
33 37 4y 45 48

(a) clearance:5%t (b) clearance:10%¢ (c) cleorance:20%t
(punch stroke:41.33%) (punch stroke:46.18%) (punch stroke:62.61%)

Fig. 3 Deformed mesh at final stage.
(Hatched elements refer killed element)

2tzte] FHoluzol wisted Fig. 3o vheba W
B guolAe fE WHER exo RIS Fig 4,
59 uehgich. shebe] WAEE FUE o WY
o] AFHT AT ¢ F Uon, WY YFH:
Roeld X7t 45YL BRY 5 AUtk £¥ 2
goldart 4242 FE AYEF} LEE 0% 2
Yas RE@T ole@ AHETH Fojdxst
1245 Zelojda $9d YYHE vARTUS
9 Zol Fu AYUWE Ve =¥l HE At
= Ae 2 4 Uk

-1.8 4y —  -15 A !

i T T i T T —
3.2 36 40 44 48 3.3 3.7 41 45 49 3.4 38 4.2 456 50

(a) clearance:5%t (b) clearance:10%t (c) clearance:20%t

Fig. 4 Effective strain distribution.

Fig. 6o ztzte] 2ozl di# 4F-282
2 A2 YUY 2dsst 2252 Ay
Aade g =i dehue, 22 F9eA sg
of Aol Wl sFo UL B & A ol
toshute) Aol e WEgele s gAY
ME Yo eEAgsoz A AHASAY wEol
2 4zar

- 808 -



25 - .
20— |
- 7
s -
10 -
0.5 -4
0.0 %*‘-&1, g
e -o. ; -05 - P
9 - /
i ' - ; - [
-1.8 L . -1 - -5

T ] T 1
32 3.6 40 44 48 3.3 37 &1 45 a8 34 38 42 45 SO

(a) clearance:5%t (b) clearance:10%t (c) clearance:20%t

Fig. 5 Temperature distribution.

600 -

‘
500 /-/3*\ i

/_/« \ clegronce:20%t |
4004 |

z
5 i
4 300« clagrance:! szn \ N i
= ; Ny |
200“1 clegrance:10%¢ i
1004 {
P —

[} 12.5 250 375 500 625 75.0
punch stroke(%)

Fig. 6 Load-punch stroke diagram.

Fig. 7€ Zt7te] Edjojd o dis) AFHA YA
odlx #Hxs}t thole] vfEFE EAIG AoZ A HA
gt ttol9] vt ZFe A9 FAYES ¢ F den &
Zojd 27t 10%<d 7349 vtE ol Harge ¥ F
Aom FEojuzrt 20%Q FFoleE WAY thol
o] REFY TGN wpEZo] A3 FES &
T AU

01 . 01
1 i i
) | £ i
~ p.o8 ‘ — 0.084
E ! A-KA PUNCH ; =3 FRC 1
4 B 4 |
£ i 5 A-A < 1 E ! s B-D DIE D ‘
= o084 s B-B & I = 0089 s E-E :
- i =
= - -8 b T FF i
o oy
T 0044 T on4
. ' =
] 1 3
@ 3
= o0z = ooz
1
T T 1 T T T y
0 5 10 15 20 5 10 15 20
Clearance [%t] Clearance {7t}
(a) punch (b) die

Fig. 7 Wear depth of tool with various clearances.

Fig. 8~10& Bx8Qel Aol gt 229 o}
Rase SA9ReEA A% AS HEAADY
AAS B A B ma oL g
WsFe SN RQolth FeojUxst Fes
A 3g Aol BAYHe] Aoz fong sail
Bge A3t A FH vhAgo] WA Ay

rﬁ.‘l

~ 809 -

oﬂ'.
EJQ.
2 B
[

shgo] the ASRT FA8 AWy
thole] ERAR ntPe =2 awa

°)~
"‘Fﬁ S
2
fo
il

; 7 L
| i o
i ;/
08 0.8 4 w2
ﬁé 7o
x 4 : % | 5
g oe #f i ERCLY ‘,A/ §
| / o E
{ :{: A AB PUNCH : x i 7/ P
> 04 ! > A-A AL i }047 ,’/vDD DIE DYD .
[/ e VPR i
0.2~ ;s C-C oz4i K7 =FF !
», . |
/ / |/ l
VAV L N
0 125 25 375 50 625 75 0 125 25 375 A 625 73

punch stroke(%) punch stroke(%)

(a) punch (b) die

Fig. 8 Normalized wear depth of tool.(clearance:
5%t)

w/w_max

T T T T T J T -
0 125 25 375 50 €25 75 0 125 25 875 50 685 75

punch stroke{%) punch stroke(%)

(a) punch (b) die

Fig. 9 Normalized wear depth of tool.(clearance :
10%t)

'y 1= F g
i AkA PUNCH | ! = i
B ; P> I
[ i
0.8+ i 08{ DIE D i
c I i | ,
g 4 : ;7: ! ’,/" g oa-i : ‘;72 "
£ 08 - i S 4 E-
2 c-c | w—// = @ F-F »/
X ;4 Z 04~f “
0.4+ “ . 5
s > ;
0.2+ 024 ) ;
| M
! {
22 : + P
0 125 25 375 50 825 75 0 125 25 a75 50 625 75

punch stroke(%) punch stroke(%)

{a} punch (b) die

Fig. 10 Normalized wear depth of tool.(clearance :
20%t)

Fig. 11¢ #FBAYPoIH At thole] nha
Y4e AR o2 A chEge) Alzte] tig MY
e JHgsted 1008 o} shaEe ALE ol
o ohEge QM AFE vhst gol Felolaxzt
20%9 A%olH AYe B & Ak



A Q/

:i:\/ 0
N
N

Fig. 11 Wear profiles of tool.

5. 4&
E R B AT FR LA
gatel BA @ cholel PN L FAstn

g dAAFAVEH 22AAYHE Edf&
Q4 ZRIPS olfsHen HAdrtEFe %
AN HF SAARA A FTFH FaoiHzd
o] f3ta s AlEHHE FIFEHUT AR u
g% 2 rloje] wlEIFS Ao oz AT
& = ATk AA-the] e FEojHaFL F
vpde] 2 G2 AL B F JNed HgAs
g d 27t 10%) B9 59 mtEo] Had
E F Stk B dFdME BA AGFAHANA
ol LA3E vlE oS 7IEE AAT AR %
viEEE AT oR oF35r] YsiMe wEAE S
B3t vpEAFe EFHo] A= ojof jr).

UU N\° ol

6. ZnE3d

1. Failure Analysis and Prevention, Metals
Handbook, 8th ed., Vol.1l0, ASM Handbook
Committee, ASM, Metals Park, Ohio, p.134,
1975.

2. R. Holm, Electric contacts,
Wiksells, Stockholm, p.203, 1946.

3. J. F. Archard, “Contacts and Rubbing of Flat
Surfaces”, ]J. of Appl. Phys., Vol.24, p.981, 1953.

4, M. J. Liou, H. S. Hsiao, “Prediction of Die
Wear in High Speed Hot Upset Forging”,
ERC/NSM Report, No. 99~33, OSU, 1989.

5. P. H. Hansen, P. H. Bay, “A Flexible Computer
Based System for Prediction of Wear
Distribution in Forming Tools”, Advanced

Almqvist and

Technology of Plasticity, Vol. 1, pp.19~26,
1990.

6. E. Doege, P. Groche, Th. Bobke, “Application of
Adhesion Theory to Friction and Wear

Processes in Hot Die Forging”, Advanced
Technology of Plasticity, Vol. 1, pp.27~32,
1990.

7. B. W. Rooks, “The Effect of Die Temperature
on Metal Flow and Die Wear During High
Speed Hot Forging”, Proc. 15th Inter. MTDR
Conference, Birmingham, England, No.4, pp.48
7~495, 1974.

8. S. M. J. Ali, B. W. Rooks, S. A. Tobias, “The
Effect of Dwell Time on Die Wear in High
Speed Hot Forging”, Proc. Inst. Mech. Engrs,
vol. 185, p.1171, 1971.

9. M. P. Miles, L. Fourment, J. L. Chenot, “Inertia
Effects in Finite Element Simulation of Metal
Forming Process”, ]J. of Materials Processing
Technology, vol. 45, p.19~24, 1994.

10.Y. Tronel, J. L. Chenot, “Prediction of Tool
Wear using Finite Element Software for the
Three-Dimensional Simulation of the Hot
-Forging Process”,J. of Mater. Proc. Tech, Vol.
31, pp.255~263, 1992,

11. 7R, =38, Huy, “2x458 n8g
%‘%"%’4 ntR A", FdFALFEA A 134
A 1%, pp.116~122, 1996.

12.ARE, “27 0 AMITHRE BT/ EITR
& THOBEREN", J. JSTP. Vol. 29, No. 330,
pp. 695~700, 1988.

13.C. M. Choy and R. Balendra, “Effects if punch
wear on blanking”, Proceeding of the 10th
national conference on manufaturing research,
pp.582~586, 1994.

14.1. Aoki, "Tool wear in shearing of amorphous
alloy foils -shearing of amorphous alloy foils
O-", J. JSTP, Vol. 27, No. 308, pp. 1078~1083,
1986.

15. ANSYS wuser’s guide, Revision 5.0 tutorials
Volume I, Swanson analysis system, Inc,
1994 i

16. Zienkiewicz, O. C., The finite element method,
3rd Ed., McGraw-Hill, New York, 1977,

17. Kobayashi, S., Oh, S. 1. and Altan, T., Metal
forming and the finite element method, Oxford
University Press, 1989.

18. AAE, AAA, 959, "FIIAYL o] &
At gl Fel g A, T4 EEF
A Eds =%, pp. 211-223, 1995.

19. 783, ATy, "I A7 =9 {7 24 3
A digriAss =83, Aled, A8E,
pp.1519-1529, 1992,

20. M. G. Cockcroft and D. J. Latham, "Ductility
and the workbility of metals”, J. Inst. Metals.,
Vol. 96, pp. 33-39, 1968.

- 810-



