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Effects of Testing Conditions on Serrated Deformation of Austenitic
Steels at Very Low Temperatures

Koji SHIBATA, Hisaki SAKAMOTO, Kouzou FUJITA and Toshio FusiTA

Synopsis :

Tensile deformation behavior of metals at very low temperatures has been investigated using mainly
Fe-42%Ni alloy in order to make sure the applicability of the computer simulation method presented by the
authors and to clarify effects of testing conditions on serration. The amount of elongation accompanied with
each load drop in serration increased with the increase in deformation rate and with the decrease in gauge
length. Hourglass type specimen showed serration similar to that observed in specimens with smoothly re-
duced section. Serration was smaller in liquid He( [I ) than in liquid He(I). All these characteristics of
serration observed experimentally were produced by computer calculation. Using computer simulation, it
was clarified that the increase in thermal conductivity and diffusivity decreased the amount of elongation
accompanied with load drops in serration. Simulation also showed that work hardening played an important
role in determining serrated deformation behavior at very low temperatures. Howerver serration was
observed even when work hardening was not considered in calculation and specimen was deformed only at
the central region of the specimen. Deformation behavior observed experimentally was discussed using such
results obtained by simulation.

Key words: tensile deformation; computer simulation; low temperature; liquid helium; serration; stress-

strain curve; testing conditions; high alloy steel.
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Fig. 1. Elements for calculation of the hourglass
type specimen.
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N
alculation of plastic strain
=Ao exp(-U/RT)
U=f(oeff) (Mott-Nabarro's eq.)
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¢

2.calculation of stress
assuming that the cross head velocity
is constant

3.calculation of temperature
from thermal balance among heats
converted from plastic work,
conducted in the specimen,
diffused to 1liquid helium
and gene{ated by the transformation

values of thermal constants and their
temperature dependence:
data by TPRC or NBS were used

Fig. 2. Basic flow of calculation.
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Fig. 3. Effect of strain rate on serration

observed experimentally. Subsequent parts of the
curves are left out.
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Fig. 4. Effect of strain rate on serration obtained
by calculation.
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Fig. 5. Effect of gage length on serration
observed experimentally. Subsequent parts of the
curves are left out.

— 145 —



898 % ¢ W

# 74 4F (1988) £ 5 5

HEMICHBENZ S,
3-2 FITHREOEE

Fig. 5 WERICB O -MUHKRERT. FAT
WPEL BT Ll —2a YHRELS B L
Wohh. B, HHEEEEBOEROES BETHE
EPRELRBIEENEL EDTWES. Zhid, EEHD
BEESTE2FAHZFTRLRBIFDCHUEL T A
720, ITRRSHPEVERBSIADERED S bR
TOERRBOEEHEL kbl ELONS. Fig. 6
BEHEERTHS. (a) RERFHBRBOELLED T
EFEArEFBRELABAICHNEL, (b) WETHOADEHR
PR LGA YT 5. Fig 5 & Fig. 6(a) %1
T 5 L B OB ER BRI & MBI BT
THRFOBFIHENROND DO, FITHE S
LRI CHEEEREBOEROBE I/hE <D,
L= ayOKRESHEHICKELLZOTNT, EHE
RBIEBERTR(BEALTCWLEVWEZ S, TTIIH
Rz k), ~RICHFRBRFCZEYICCwELL—
VarhNhEL BB EICEIZONDL, LAL, TOX
HREZIZFFICH ETIFE, FATHMESHKELL 2B L,
WHROBENRNKEL 2HDT, BEEOHEHK
EL 2 ThL—2a v R/AEL B ERNTFEESR

(a)

139’“ ~ S /‘/‘J\/ /

0.1GPa

i
(B

- g, o~/
- sy s~/

~2x107%"
calculated
1 1

[#S 100

1 2
Elongation /%

% (b)

[ < . S

L B AVAYAY A /
\g .

m

Stress

22x107°s™
calculated
i ]
% ] Z 3
Elongation /%

Fig. 6. Effect of gage length on serration
obtained by simulation (a) with and (b) without con-
sidering fillet in elongation calculation.
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Fig. 8. Load-elongation curve observed using an
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Fig. 9. Load-elongation and temperature -elonga-
tion curves obtained by simulation using an hour-
glass type specimen.
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Fig. 10. Effect of work hardening and dislocation
generation on serration obtained by simulation.
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Fig. 11. Profiles of diameter of the specimens de-

formed to the elongation shown by arrows in Fig. 10.
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Fig. 13. Effect of thermal conductivity on serra-
tion obtained by calculation.
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Fig. 14. Effects of test temperature and thermal
diffusivity on serration obtained by simulation for
specimens with holes.
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