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Effect of Punch Design and Flow Stress on Frictional
Calibration Curve in Boss and Rib Test
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Abstract

Recently, boss and rib test based on backward extrusion process was proposed to quantitatively 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 flow stress 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 calibration curves showing the heights of the boss and rib. In addition, the effect of flow stress
on the calibration curves was investigated through FE simulations. It was found that there is no effect of strength
coefficient of the workpiece on the calibration curves for estimation of friction condition. On the other hand, the strain-

hardening exponent of the workpiece has a significant influence on the calibration curve.
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Fig. 1 Shapes of punch and die used in simulation and
experiment
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Table 1 Dimension of punch and die

Punch Land (h, mm) 1.9
Nose Radius (R,, mm) 1.6
Punch face angle (20, °) 180
Punch face diameter (Dg, mm) 33
Punch hole diameter (Dy,, mm) 3.0
Clearance (C, mm) 3.0
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Fig. 3 Deformed shapes according to the punch stroke
(a) when the grease was applied and (b) under
the dry condition
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Fig. 4 Deformed shapes according to the punch
strokes when the shear friction factors of (a)
0.1 and (b) 0.9 were applied
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Fig. 5 Calibration curve for estimation of friction
condition
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Table 2 Change in length of punch land, nose radius
and face angle

Punch Land (h, mm) 0.995 1.68 1.90
Nose Radius (R,, mm) 0.77 1.10 1.60
Punch face angle (20.,°) 160 170 180
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Fig. 6 Effect of the punch land length
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Fig. 7 Effect of the punch face angle
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Fig. 8 Effect of the punch corner radius
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Table 3 Change in diameter of punch hole and
clearance between the punch and die

hole diameter of punch (D, mm) 3 4
Clearance (C, mm) 3 4
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Fig. 9 Effect of hole diameter of the punch
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Fig.10 Effect of strength coefficient and strain-
hardening exponent
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Table 4 Summarized K and n values
K (MPa) n

186.9 0.2

700 0.2

1200 0

0.426
0.426

0.2 0..426
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Fig.11 Effect of strength coefficient and strain-
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hardening exponent
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