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Effect of Change of Surface Morphology on Press-formability of Steel Sheets

Yasuomi MORIKAWA, Jun KATOH, Hiroshi IRIE and Masafumi SHIMIZU

Synopsis : To clarify the influence of plastic deformation of asperities under contact with forming tool on press-forming behavior, the relationship be-

tween drawing force and bead holding force was evaluated for various types of steel strips. The result showed that the friction coefficient be-

tween the steel strip and the forming-tool decreased as the bead holding force was increased. However it was found that, particularly for low-

strength steel strips, the friction coefficient decreased considerably as contact pressure became near to the yield-strength. A number of micro-

holes were observed after the drawing tests of low strength steels, which were formed by the plastic deformation during the drawing process.

We conclude that these holes acted as micro oil reservoirs during the drawing and were responsible for drop of the friction coefficient. The

above-mentioned dependency of friction coefficient on bead holding force was not observed for galvannealed steels (GA) and organic lubli-

cant film coated GA. To evaluate the effect of contact pressure dependent friction coefficient on the drawing force, a finite element method

analysis, which incorporated the effect of contact pressure dependent friction coefficient was developed. Using this finite element analysis,

we confirmed that the increment of the drawing force could be suppressed by choosing a suitable range of the bead holding force.
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Table 1. Materials tested.

No. Type YP(MPa) | Ra(um) | Thickness(mm)
1 140 1.01 1.0
2 310 1.06 10
3 Cold 370 0.86 1.0
4 710 0.93 1.0
5 GA 160 1.09 07
6 GAR 160 1.09 0.7
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Fig. 1. Appearance of press forming tester and schematic
drawing of forming method.

Holding force ‘@;‘

=220

b 174
L 128
15 o

Drawin

05 o

L 105
g force

(ww)uswaoedsig

B 59

-05 -03 -01 0.1 03 05 07 09 1.1 13 15
Time(s)

Fig. 2. Example of sampling data for press forming tester.
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Fig. 3. Bead shape for evaluation of formability.
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Fig. 4. Effect of yield stress of steel sheet and holding
pressure on drawing force. (a) Cold, (b) galvan-
nealted steel sheet (GA), (¢) organic lublicant film
coated GA (GA-R).
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Fig. 5. Relation between friction coefficient and contract
pressure. (a) Cold, (b) galvannealed steel sheet
(GA), (c) organic lublicant film coated GA (GA-
R).
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Fig. 6. Surface morphologies of steel sheets and the schematic drawing after the forming test with different conditions. (a) Cold,
(b) galvannealed steel sheet (GA), (c) organic lublicant film coated GA (GA-R).
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Fig. 7. Approximate function of friction coefficient for
FEM simulation.
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Fig. 8. Distribution of contact pressure on mold under
drawing of steel sheet.
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Fig. 9. Comparison of drawing force between measure and
FEM simulation with two friction coefficient.
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