it g 3

$ & $8 Tetsuto-Hagané Vol. 91 (2005) No. 10

2 h S BR s LOHRBYIREERICH TS
UhBEDET IV

M KRR - B HF* - BE

2

Bl

The Neck Growth Model in a Smooth Round Tension and a Circumferentially Notched Tension

Keitaro ENaMI, Kotobu NAGAI, Shiro Tor1ZUKA and Tadanobu INOUE

Synopsis : The neck growth by plastic working was investigated by circumferentially notched tension test and smooth round tension test
at room temperature. The neck ratio, defined as the radius of the neck section divided by the radius of the neck curvature,
changes with the true strain. The initial notch shape affects the neck growth by plastic working before local necking but it has
no effect after local necking. Therefore, changes in the neck ratio with the true strain before and after local necking were ex-
pressed by different neck growth models for the circumferentially notched tension. The neck growth models on the smooth
round tension and the circumferentially notched tension are in reasonable agreement with the experimental results.
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Table 1. Chemical compositions and tensile properties of
the materials tested.

(a) Chemical compositions

Material C Si Mn P S

FP1

0.16 0.44 1.46 0.013 0.004
FP2
FCI 0.15 0.30 1.45 0.010 0.001
QT1
QT2 0.20 0.08 0.96 0.008 0.007
QT3

(b) Tensile properties

Material 0 ys T MEL FEL Structu
(MPa)  (MPa) (%) (%) re
FPI 251 470 20.0 34.0 F-P
FP2 341 522 18.5 34.0 F-P
FC1 921 13.4 F-C
QT1 701 763 7.1 20.0 ™
QT2 1027 1073 4.0 14.0 ™
QT3 1182 1307 3.0 14.0 ™

Oys: Yield stress, o,¢: Tensile strength, MEL: Elonga-
tion at maximum load, FEL: Elongation at failure, F-P:
Ferrite—Pearlite, F~C: Ferrite—Cementite, TM: Tem-
pered Martensite

MI2 R

¢ 10 R= 12510
L_ﬂ_.l
110 Unit: mm

Fig. 1. An illustration of circumferentially notched tension
specimen.
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Fig. 2. Evaluation method for the radius of the neck curva-
ture.
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Fig. 3. Model of the notch shape change by plastic work-
ing; (a) 1R or 2R notched specimen; (b) 5R or 10R
notched specimen.
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Fig. 4. Relationship between the neck ratio, a/R and the
inverse of coefficient, g in Eq. (15).

e —
: Materials A 1
© :FP1
® :FP2 v
7 1} A :FCl e © -
& A LQTI 2o ®8
«© o :QT2 o ®
y | QT3 [
& ["00 .
< 05} -
L o)
m [o] . . 4
| m& ° L4 Symbols: Experiments |
A ¢ Line: Approximation
09 @ ) . 1 A plp NN
0 0.5 1 1.5

€ €1

Fig. 5. Change in a/R—a,/R, with €—¢&, in smooth round
tension and notched tension after local necking.
a/R: neck ratio. a,/R;: neck ratio at local necking.
€: true strain. &;: true strain at local necking. Sym-
bols: experimental data. Lines: calculation.
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Table 2. Summary of the neck growth model in smooth round tension and circumferentially notched tension tests.

Specimen Neck ratio, a/R True strain at local Neck ratio at local
Before local necking After local necking necking, ¢ necking, ai/R,
Smooth round 0 Eqn.(24) 2.0n 0
Ro'1mm notched Eqn.(9) Eqn.(24) 1.2n Eqn.(19)
Ro:2mm notched Eqn.(9) Eqn.(24) 1.3n Eqn.(19)
Ro:5mm notched Eqn.(13) Eqn.(24) 1.5n Eqn.(20)
Ro:10mm notched Eqn.(13) Eqn.(24) 1.7n Eqn.(20)

n: strain hardening exponent, Ro: initial radius of the neck curvature
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Fig. 6. Change in neck ratio, a/R with true strain together with its approximation models in the circumferentially notched tension
and smooth round tension. Symbols: experimental data. Lines: calculation based on the models.
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