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Friction Model for Finite Element Analysis of Sheet Metal
Forming Processes

Y. T.Keum and B.H.Lee

Abstract
In order to find the effect of lubricant viscosity, tool geometry, forming speed, and sheet material properties on the

friction in the sheet metal forming, friction tests were performed. Friction test results show that as the lubricant viscosity

becomes lower, the friction coefficient is higher. When surface roughness is extremely low or high, the friction coefficient

is high. The bigger die comer radii and punch speed are, the smaller is the friction coefficient.

From the experimental observation, the friction model which is the mathematical expression of friction coefficient in

terms of lubricant viscosity, roughness and hardness of sheet surface, punch corner radius, and punch speed is constructed.

By comparing the punch load found by FEM using the proposed friction model with that obtained from the experiment in

2-D stretch forming, the validity and accuracy of the friction model are demonstrated.

Key Words : Friction Model, Friction Coefficient, Sheet Metal Forming Process, Finite Element Analysis, Friction Test,
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Table 1 Surface roughness and hardness of friction
test specimens

Specimens roughness(pm? hardness
average maximum

SPCC 0.3780 3.3679 94.9
AL5052 0.1250 3.2154 115.5
AL1050 0.1312 2.5196 85.5
GADQ 0.7480 9.8518 103.1
GACQ 0.5030 8.3631 118.7
ALCQ 1.1850 10.9489

Zn-Ni 1.3150 12.0154 130.0
Zn-Fe 1.4120 9.8513

Table 2 Friction test conditions

Roller radius(mm) 3,5,10, 15,20, 25, 30
Pulling speed 100, 200, 300, 400,
(mm/min) 500, 600, 700
Pulling time(sec) 10
Flat die material N SKD11
Holding force(N) 600
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Fig. 1 Friction coefficients associated with lubricant
viscosity in various sheet roughness
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Fig. 2 Friction coefficients associated with sheet surfa

-ce roughness in various punch corner radii
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Fig. 3 Friction coefficients associated with punch corn
-er radii in various sheet surface roughness
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Table 3 Comparison of friction coefficient among fric

-tion test, 5 variable description, and 3
variable description
Friction Coefficient (u)
Cases
Test | 5variables | 3 variables
GADQ, Drawingoil7 [0.0637| 0.0598 0.0532
SPCC, Drawingoil2 ]0.1487] 0.1445 0.1233
AL5052, Rust preventive oil} 0.2530| 0.2376 0.2079
Zn-Ni, Dry 0.3370| 0.3268 0.3207
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Fig. 7 Tooling geometry of 2-D stretch forming

Table 4 Friction coefficient associated with both friction
models and drawbead friction test

1
Model type Current Drawbead
Speci Friction Friction
pec1rT1en. . Model Test
/ Lubrication condition
ALDQ / dry 0.2608 0.3294
ALDQ/ lubricated 0.0860 0.1162
GICQ / dry 0.2216 0.2810
GICQ / lubricated 0.0730 0.0840
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Fig. 8 Comparison of punch forming loads of ALDQ
sheet in dry condition found by FEM using
current friction model and drawbead friction
model with that of the experiment

10
ALDQ 0.8t —!
lubricated

Drevbeed modal

b3 Experiment

Current model

Punch load(KN)

0 20 40 60

Punch stroke(mm)
Fig. 9 Comparison of punch loads of ALDQ sheet in

lubrication condition found by FEM using
current friction model and drawbead friction
model with that of the experiment

ol AZ AiE FIld Agd vEndo]
YJazwrg Adyer 7dzs AIxAS
Zve E§ 2% d#AM 52&Foz awjn A
3] nEEAAS BARIL eS¢ 4 deoH,
E3 Azxdertds 2404 B2d 2393
de & F UAT

5.4 B

2 dFdAE £8F A5, 2419 #4H &5,
FT A 9, 89X &5, Tda 29 W
Ax7t vt zZA Sz vAe dEgS Huksr) g

p=d

HBEEL FYRT ol F HBRFEE dolH
2 AleHstoier. oleld

EESEREREETE

10
GICQ 0.8t
dry

8 [~ : Vs

)
Orawbead modal 4
/.

Experiment

Current model

Punch load(KN)

0 20 40 60
Punch stroke(mm)

Fig. 10 Comparison of punch loads of GICQ sheet in
dry condition found by FEM using current
friction model and drawbead friction model
with that of the experiment

10
GICQ 0.8t

lubricated

o~
E Drawbead model
&= 6 Experiment
T
[
o Current model
S 4
c
3
o
2 i
/y‘
0o i
0 20 40 60

Punch stroke(mm)
Fig. 11 Comparison of punch loads of GICQ sheet in

lubrication condition found by FEM using
current friction model and drawbead friction
model with that of the experiment

gde] ATeHEH Ogd e A2 e £
ARt

1) 8% H=
Agl wkgol 4¥ e, zl

(2) 37 BEAE §Ao] Frtstar AA £kt
F7MgE vlEASE 2.

Q) T4 4 AN =29H|= wpE A
@71, JigEE vk Ag7), | onkE AJE7)e «

Moz vt As ghol At

BrAMIIEEE X /A 137 Mo6E, 2004'9/533



T EAY W3 adn 94 $2g 9w ey
3 ol vhAS Re & 5 AT o) e 7@
aa8Mel AHeggozn B dAHA I

Kol Fh581T).

i
&

@

©)
*
®

(6

2
h
kil

% 7

ATE Y8 HolHE ATHE &
89] Richard Boge A9} dd o
AR A A= EY T

#H1ZH

Terumasa Hisakado, Kentarou Miyazaki, Akiyoshi
Kameta and Satoru Negishi, 2000, "Effects of
surface roughness of roll metal pins on their friction
and wear characteristics", Wear239, pp. 69~76.
Alfred Zmitrowicz, 1995, "Constitutive models for
anisotropic frictional heat", Int. J. Heat Mass
Transfer, Vol.38, pp. 563~574.

R.C. Parker and PR. Marshall, 1948, "The
measurement of the temperature of sliding surfaces,
with particular reference to railway brake blocks",
Proc. Inst. Mech. Engrs 158, pp. 209~229.

M. Teodorrescu, G. Frumusanu, and L. Teodorescu,
1996, "Study about the nature of the friction-
lubrication process during the deep drawing of thin
sheets", 19th IDDRG Biennial Congress, pp.541~546.
R.JJIM. and H.A.A. Smits, 1997,
"Experimental set-up and data processing of the
radial strip-drawing friction test", Journal of
Materials Processing Technology 66, pp. 216~223.
M. Jonasson, A. Whilborg and L. Gunnarsson, 1998,
"Analysis of surface topography changes in steel

Sniekers

534 /BB AMIIBEEX|/M 13 M63, 20044

sheet strips during bending under tension
frictiontest", Int.J.Mach. Tools Manufact., Vol.38,
NO.5~6, pp.459~467.

(7) S.R. Bhonsel and K.J. Weinmann, 1990, "The
Significance of the workpiece sample in the strip-
tension friction test", Transactions of NAMRI/SME,
pp. 46~51.

(8) J.M. Lanzon, M.J. Cardew-Hall and P.D. Hodgson,
1998, "Characterising frictional behaviour in sheet
metal forming", Journal of Materials Processing
Technology 80~81, pp. 251~256.

(9) X.J. Wang, J.L. Duncan and M.L. Devenpeck, 1983,
"Punch friction tests for sheet metal forming",
American Society for Metals, Vol.3, NO.1, pp.3~11.

(10) A4, w7) A, 1991, “Zn-Ni A =2
o vlZEA B AT, WAL =
E3,15H 6 Z, pp. 1807~1818,

(an 294, GAE, H44, 1990, “AFAE F9
A el whREAC #F A3, dEy
AgE =%, 14 H 6 Z, pp. 1474~1486.

(12) AL, ol AE, $48, Hold, 1999, “FF <]
2=t A g wE AR npE 547,
=2 71E e8] A, 8 H 3 &, pp. 245~251.

(13) AAS, AAF, 1992, “ZtF =F7d A%
YA wpBAF 50, dFLY7HEEE A,
18 13Z, pp. 75~86.

(14) S.S. Han, 1997, “Influence of tool geometry of
friction behavior in sheet metal forming”, Journal of
Material Processing Technology, Vol.63, pp. 129~133.

(15) ol 8-&, F9, 2002, “hwg Y M op2
24 (1 5 A9y, @5247H88EA Al 1
A A 4 Z, pp. 349~354.

(16) &R, F9E, 199, “F)axng nes =
a9 Ay 349 2 Ad {3 2% 8
Ar, A EAF LI =T A 43 A6 T,
pp. 27~38.



