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Fig. 1 Types of die shape and geometry
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Fig. 2 Schematic illustration of slit method measuring
residual stress
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Fig. 3 Experimental results of slit method for bar drawn
with angle type die
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Fig. 4 Experimental results of slit method for bar drawn
with circle type die
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Fig. 5 Distribution of residual stress of bar drawn with
angle type die
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Fig. 6 Distribution of residual stress of bar drawn with
circle type die
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Fig. 7 Experimental results of slit method of bar drawn with
type dies
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Fig. 8 Distribution of residual stress of bar drawn with |
combined type dies
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Fig. 9 Experimental results of slit method of bar drawn
with bearing lengths
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Fig. 10 Distribution of residual stress of bar drawn with
bearing lengths
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Fig. 12 Measurement result of undershoot
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Fig. 13 Schematic die and bar shape before and during
drawing by FEM simulation
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Fig. 14 Axial plastic strain at surface and center of bar
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Fig. 15 Experimental drawing method in tandem pass
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Fig. 16 Relationship between the diameter thickening and
the second pass reduction changing total reduction
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Fig. 17 Measurement results of diameter under changing

total reduction
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Fig. 18 Relationship between diameter thickening ratio and
second pass reduction by changing approach semi-angle
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Fig. 19 Relationship between drawing time and die
temperature

Fig. 20 Relationship between drawing time and die
temperature / diameter thickening ratio
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Fig. 21 Relationship between weight of drawn bar and
diameter thickening ratio
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Fig. 22 Effect of drawing velocity on die temperature A

Fig. 23 Effect of drawing velocity on diameter thickening
ratio
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Fig. 24 Schematic view of separate-type protrusion die
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Fig. 25 Stress distribution of protrusion die by FEM
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Fig. 26 Mechanism of smoothing surface in protrusion die
drawing using low carbon steel bar(lh =40um, f=15°)
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Fig. 27 Surface condition of Al-Si alloy bar in protrusion
die drawing



Fig. 28 Effect of protrusion die on surface roughness of
Al-Si alloy
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Fig.29 Comparison of surface condition between before
and after protrusion die drawing
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Fig.30 Schematic illustration of size effect of drawing
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Fig.31 Hardness distribution from outer surface comparing

various wire size
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Fig.32 Schematic crystal orientations in center and surface
layer
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Fig. 40 Optimal value of plastic ratio by FEM analysis

Fig. 41 Relationship between number n of bending and
straightness actual manufacturing roll's number no
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Fig. 46 Reducing method for limit value of straightness by
changing angle of each roller leveler plane.

Fig. 47 New straightening method changing angle of each
roller leveler plane
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Fig. 49 Comparison of ovality of each wire for tension and
warm heating straightening
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Fig.53 Small wave of wire by rotational blade straightener
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Fig. 55 Schematic illustration of current bending method
and new twisting method for fine wire straightening
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Fig. 56 Schematic illustration of combinatorial
straightening
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Fig. 57 Comparison of straightening between bending
method and twisting method
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Fig. 58 FEM simuration of rotational blade straightening
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