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Deep Drawability and Stretchability of Pure-iron Single Crystals "‘

Mitsunobu ABE, Masayuki OKAMOTO,

Nobuichi ARAI, and Satohiro Havawmi

A stydy has been made of the orientation dependence of drawability and stretchability, using pure-
iron single crystals. Disk specimens (thickness : 0.5 mm, diameter : 20 mm) with various planar orien-
tations have been prepared and subjected to deep drawing and stretching by means of mini press
machine. The results show that the variation of deep drawability and stretchability can be explained
in terms of plastic strain ratio (7 ) and work-hardening exponent (7), respctively, and that both deep
drawability and stretchability are excellent for planar orientations {111}, {122}, and {123} having high
values of n as well as 7. It is also shown that the variation of deep drawability with planar orien-
tations in the single crystals is directly related to the texture dependence of deep drawability in com-

mercial steels. Contrary to this, the texture dependence of stretchability is not obvious because the
exponent n depends markedly upon the grain size of steels.
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Table 1. Impurities in pure iron used for the experiment (wt%).

C Si Mn P S

O N Cu Ni

0.003 0.007 <0.0005 0.0003 0.003

0.0242 0.0023 <0.01 0.028
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Fig. 1. Planar orientations of disk specimens (thi-
ckness: 0.5mm, diameter: 20mm) prepared
from single crystals using an electric spark
cutter.
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DS : disk specimen,
DI : die,
PC : punch,
BH : blank holder,
PN and PH : Pin and pin hole for centering,
CG : circular grooves for slip resistance,
BL and SH : bolt and screw hole for ensuring the blank
holder force.

Fig. 2. Testing machine for deep drawing (a) and
stretching (b).
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(a) (b)
Photo. 1. Specimens after deep drawing (a) and
after stretching (b).
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Fig. 3. The relation between load and cup-height
in the deep drawing test.
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Fig. 4. The relation between load and cup-height
in the stretching test,
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Table 2. Calculated D and 7 values.

Orienta- ]{001} {011}] {012} |{111}|{112}|{122}|{123}

tion

—0.50/ 0.16/—0.17| 0.41; 0.13] 0.31| 0.16
0.33| 1.38| 0.70| 2.38 1.29; 1.89] 1.38
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Fig. 5. The dependence of cup-height to cracking

on the maximum load P, in the deep draw-
ing test.
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Fig. 6. The relation between r value and maxium
load P, in the deep drawing test.
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Fig. 7. Logarithmic plot of maximum load P, in
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(7 +1)/V27 +1 (see equation (4) in the
text).
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Fig. 8. The variation of deep drawability and
stretchability with 7 values.
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Fig. 10. The dependence of cup-height to cracking
on ng values (work hardening exponent)
which were determined at a strain gqy=
0.6 in the curves of Fig. 9.
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Fig. 11. The variation of 7 value and n value
with the orientation of single crystals.
Note the small dependence of # value in
commercial steels on the 7 value which
is closely related to the texture.
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