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Mathematical Friction Model for Sheet Metal Forming Analysis

Y. T. Keum and M. J. Song

Abstract
Based on the experimental observation, the mathematical friction model, which is an essential information for

analyzing the forming process of sheet metal, is developed considering lubricant viscosity, surface roughness and
hardness, punch corner radius, and punch speed. By comparing the punch load found by FEM with a proposed friction
mode! with experimental measurement when the coated and uncoated steel sheets are formed in 2-D geometry in dry and
lubricant conditions, the validity and accuracy of the developed friction model are demonstrated.
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Table 1 Surface hardness of friction test specimens.
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Fig. 1 Friction coefficients associated with sheet
surface hardness in various punch corner

radii.
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Fig. 2 Friction coefficients associated with sheet
surface hardness in various punch speed.
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Table 2 Friction coefficients associated with friction

models.

model type| drawbead current
specimen & friction friction
lubrication condition model model
ALDQ dry 0.3294 0.2608

ALDQ lubricated 0.1162 0.086
GICQ dry 0.281 0.2216

GICQ lubricated 0.084 0.073
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Fig. 3 Tooling geometry of 2-D stretching process.
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Fig. 4 Comparison of punch forming loads of ALDQ
sheet in dry condition found by FEM using
current friction model and drawbead friction
model with that obtained from experimental

measurement.
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Fig. 5 Comparison of punch forming loads of ALDQ
sheet in lubrication condition found by FEM
using current friction model and drawbead
friction model with that of experimental

measurement.
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