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Effect of Plastic Anisotropy on the Bore Expanding Behavior of Cold Rolled Steel Sheets
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Synopsis :

To study the effect of plastic anisotropy on the bore expanding behaviour of cold rolled
steel sheets, correlations of the normal or the planar anisotropies determined by a
uniaxial tension test with the strain distribution or the expanding limit in a bore
expanding test were examined on the decarburized rimmed steel sheets having different
crystallographic orientations. Results indicate that the bore expanding limit of a cold
rolled steel sheet is affected substantially by its crystallographic orientation through
the effects of the minimum value of the plastic strain ratio, rmin, and its planar
distribution. These two effects are of the same order of importance for the bore
expanding limit. The circumferential stable strain along the periphery of the bore can
be approximated to the theoretical value (1+rmin)n. Unstable strain up to fracture is

small in the specimen having large planar anisotropy of r.
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Synopsis :

To study the effect of plastic anisotropy on the bore expanding behavicur of celd rolled steel sheets,
correlations of the normal or the planar anisotropies determined by a uniaxial tension test with the str-
ain distribution or the expanding limit in a bore expanding test were examined on the decarburized
rimmed steel sheets having different crystallographic orientations. Results indicate that the bore expa-
nding limit of a cold rolled stesl sheet is affected substantially by its crystallegraphic orientation thre-
ugh the efifects of the minimum wvalue of the plastic strain ratio, rmin, and its planar distribution. These
two effects are of the same order of importance for the bore expanding limit. The circumierential

stable strain along the periphery of the bore can be approximated te the theorstical value (1 4 #min)

n. Unstable strain up to fracture is small in the specimen having large planar anisotropy of 7.
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Table 1 Chemical composition of specimen® (wt%))

C

‘”ﬁ;‘wp s ‘ 0 | N

0.006 | 0.37 } 0.009 ' 0.024 ¥ 0.0254 ‘0.0006

* C and N were analyzed for the cold rolled sheet
after final annealing and others for the hot-
rolled mother sheet.
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Fig. 1 Reiation between the directions of cold roll-

Table 2 The preparing processes of specimens having different crystallographic orientations

ing and hot rolling {Marks Ao, Bo, Co, Do
etc. denote the signs of specimens)

Group D

Group A ‘ Group B | Group C |
Major . — B . s _
com- (111D [L11) Random (511)([(149) (110)[001)
_ ponent
Minor T sy - )
A11H012) (110)[001] T
com- . — 211011
ponent (110 (001) A11)[112) SRR
Hot rolled sheet(9mm) | Hot rolled sheet(9mm) | Hot rolled sheet(9mm) Hot rolled sheet(9mm)
| }
Prepar- ¢ 1000°C x 30min W. Q. 1000°C x 30min A.C. 1000°C x 30min A.C. 1000°C x 30min W. Q.
ation 300°C x 1hr F.C. 1
l
process 67% C.R. (31% C.R. & 900°Cx 10 67% C.R. 67% C.R.
min A.C)x3 l
620°C x 3hr {Slow heating
& W.Q) 780°C x 3hr
300°C < 1hr F.C. (31% Cross C.R. 1 (Rapid heating & W.Q.)
| &900°C x 10min A. C.)x3 | i
679% Cross C.R.(1mm) 67% Cross C.R.(Imm) | 67% Cross C.R.(lmm)
Final de-C annealing ‘ Final de-C annealing Final de-C annealing Final de-C annealing
710°C x 20hr in wet H, | 680°C x 20hr in wet H, | 720°C x 20hr in wet H, | 690°C x 20hr in wet H;
(slow heating} | (rapid heating)
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Fig. 3 The plastic strain ratios, 7, the work
- hardening exponents, #, and the values
of (1+r) n, measured by the unijaxial

tensile testing
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Table 3 The average values of bore expanding limits and the plastic strain ratios (7, rmin, ¥s)

measured by uniaxial tensile testing

Specimen /| Group A ‘ Group B E Group C Group D
* LI . —_ e ——
0 150.6 | 141.4 | 122.8 87.4
15 142.6 1346 } BLe | 807
Bore expanding limit(2 %3 |0 | 1% ‘,, 35, 10 - %0
(Average value of 2 test _457 - 165.0 143.5 I 116.2 i _84'7 o
pieces) 60 | 155.7 7.5 | 117.0 | 87.2
T | ez | 7§5§74%(___é55__“! 86.5
_g;;],} T i 135.3 ‘_ 126.3 | w00
- A\-rerage .value of 2, (1) R 154.4 ‘ 137.5 \ o 1;.75__‘7 ‘3'32.4
_ Average value of 7 (1) | L4l rﬁ 0.83 T 051 J—]{ 1
N Minimum valué of 7, (rmi;)i 1.07____ lii _0?9_ Tﬂ _042 ‘ 7 0.43
"“Standard deviation of the | 7;)735 - 0_2; 77|‘ _0:10 R |_ 0.50

__planar dist dlstrlbutlon of r, (rs)
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Photo. 1 Typical features of specimens after
bore expanding test
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Fig. 4 Histograms of the breaking positions after
bore expanding test
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Table 4 The obhserved and the calculated values of
the circumferential stable strains along pe-
ripheries of bores

Group Sherit
SpeZifmell Obs. value I@%?/GZ N,
A 0.603 ‘ 0.557
B 0.492 0.449
¢ | eam | o.ms
o T o | e
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Number of element 108
Number of joint ] I L p
Thickness Clmm | "
Modulus of clasticity 21 000k&/] !
Poissons rativ ] 0.30 P I .
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Fig. 6 Description of the model for F. E. M. analy-

sis of the stress distributions in bore expand-
ing specimens
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Fig. 7 Radial distributions of stresses in bore expanding specimens, calculated by F. E. M. analysis
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