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Effect of Punch Design and Friction Condition on Deformation
Pattern in Boss and Rib Test

Y. W. Yun, S. H. Kang®

Abstract

Recently, boss and rib test based on backward extrusion process was proposed to quantitative evaluate the interfacial
friction condition in bulk forming process. In this test, the tube-shaped punch with hole pressurizes the workpiece so that
the boss and rib are formed along the hole and outer surface of the punch. It was experimentally and numerically revealed
that the height of boss is higher than that of the rib under the severe friction condition. This work is focused on the effect
of the punch design and friction condition on deformation pattern in boss and rib test. From the boss and rib test
simulations, it was found that there is slight variation in both the heights of boss and rib according to the length of punch
land, nose radius, and face angle. However the hole diameter of the punch and the clearance between the punch and die
have a significant influence on the heights of the boss and rib. In addition, the effect of flow stress was also investigated
on the deformation patterns through FE simulations.
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Fig. 1 Shape of punch and die used

in simulation and experiment

Table 1 Dimension of punch and die

Punch Land (h) 1.9mm

Nose Radius(R,) 1.6mm
Punch face angle(2 a ) 180°

Punch face diameter(Dy) 3.3mm
Punch hole diameter(Dy) 3mm
Clearance (C) 3mm
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Table 4 Summarized K and n value

K n
186.9
700 0 0.2 0.426
1200

60
—m——o——m—K=189MPa  n=0.0

—— — O —&—K=700MPa

50 e A —a—K=1200MPa

n=0.2
490 4

30
20 n=0.426

Height of Boss(mm)

10 4

0

0 5 10 15 20 25 30 35 40
Height of Rib(mm)

Fig. 10 Effect of strength coefficient and strain-
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agoA AT F ARl BEAF] WE B
29 glH 9] Fo] A WA gon, ¥kd 7}
ERB8ATT FIHg uiel B9 Fole Ta
stk whebr], B9} glBHe] Fol¥dE ZAx
Ao bt EfGHol, 713738 Aol Wi
9 EA o] ¥ Aog woH)

4. 4 E

£ dFe B2gr NIHdN 9x A
FE5&Eol W& 2A HYYLE nEHQ T,
94 gFE TEE7] A9 AP E 938
At gL oz By gy e FEL
&3

(1) WAY J=5 Zolg AW HZEE
BAgl gjH9 Fold & 4L nXX
258 U3

(2) ®©A9 FYF-9 WAE =7|7F 0.77mm
d o, vl dgol gg AAxs Fohst
A}

(3) VA UFARZI @Y FYPAlel9 zH
0] 3mmg o vl i ug=
7t F7bshd, ¥ @x R Ag =2
o] 3mm oj&td Wl vlEAd4o] dig 9
HE 24o] gasit),

4) Hz9 B YYFole HEAF9
FEFS A9 @x goy NFAIFAS
o] Pgol AEA wkSFic

- 336 -



% 7|

B ATE ¥F/ALTY B4 ARATFLY
FAYYAYY d@oz Sagon oo A}
=gy,

S

[1] P. Hartley, C. T. N. Sturges and G W. Rowe, 1979,
friction in finite-element analyses of metal forming
Processes, Int. J. Mech. Sci., Vol. 21, pp. 301~311.

[2] W. L. Xu, K. P. Rao, 1997, Analysis of the
deformation characteristics of spike-forging process
through FE simulations and experiments, Journal of
Materials Processing Technology, Vol. 70, pp. 122-
128.

[3] G Shen, a. Vedhanayagam, E. Kropp, and T. Altan,
1992, A method for evaluating friction using a

- 337 -

backward extrusion-type forming, J. Mater. Process.
Technol., Vol. 33, pp. 109~123,

[4] T. Nishimura, T. Sato, Y. Tada, 1995, Evaluation of
Frictional Conditions for Various Tool Materials and
Lubricants using the Injection Upsetting Method, J.
Mater. Process. Technol., Vol. 53, pp. 726~735.

(5] T. Schrader, M. Shirgaokar, T. Altan, 2007, A critical
evaluation of the double cup extrusion test for
selection of cold forging lubricants, J. Mater.
Process. Technol., Vol. 189 36-44.

(61 AARE, d£4, 2002, AEY Fo] | AP
A Qo] g FEeLHY, gIrF
33 =F A, A26d, A 73, pp. 1340~1347,

(71 ARE, &98, °19d, ARAYIYAANY
A2 ePEAEY AL, 20009 = FFAad7)
33 A%t =84, pp. 445~449.

[8] http://camp kaist.ac.kr/campseries.



