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On the Temperatufe and Strain-Rate Dependence of Low Carbon

Steels and an Ultra Low Carbon 2% Aluminum Irdn.

Synopsis:

Isao Gokyu and Junji KiHara

The authors measured resistances to deformation, ““ Ky *, of low carbon steels, with contained 0°C2~
0°09% carbon, 0°0~0°9% nickel and 0*0~1°5% chromium, and of an ultra low carbon 29 Al iron at
various temperaturés i.e. from room temperature to 1,000°C. The order of strain rate was of 10%[sec.
Deformation was done by a “ Counter-blowing ” type forging tester.

The results are as follows.

N

(1) Below 500°C., the strain-rate and temperature dependence of the ““ Ky » are large. The value
of Alog Ks/4logé is about 0°2. The difference of “K ;> between at room temperature and at 500°C.
reaches 25~30 kg/mm?2. It is concluded that this phenomenon has the same nature as that of yield and
flow stress of iron below room temperature at low strain rate i. €. 1074~1072 /sec. It is also found that the
temperature dependence of ¢ Ky ” of some 0°059% carbon steels containing nickel, 0°02% carbon steel and.
204, Al iron decreases between 100°C and room temperature. However, the reason is yet unknown.

(2) From 500°C to 600°C, * Ky’ -temperature curves show a peak in the case of carbon steel. It
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is concluded that at this strain rate and terperature the velocity of moving dislocations is favourable
for the dislocations to be dynamically locked by Cottrell atmosphere, the need of dislocation multiplica-

tion increases, and therefore, work hardening rate is much larger than at other temperature.

It is also

found that the strain-rate dependence becomes 1/3 smaller.

(3) This phenomenon is disscussed from the point of view of the interaction between interstitials
and dislocations, whereas the dragging mechanism does not seem to explain it well.

(4) At 7-a coexisting temperature range, no peak of “ K¢ ”~temperature curves is found at strain rate

~10%sec., but a peak is found at lower strain rate.

It is concluded that as the strain-rate dependence of

“Kr” of a-phase is 2~3 times larger than that of y-phase, any peak is not found at the higher strain rate,
(5) The strain-rate and temperature dependence of “K;” of the 29, Al iron are very small between

500°C and 900°C. Above 900°C., they become larger,

and it seems reasonable to think that self-diffusion

or recovery becomes effective for deformation process.
(Received 1 Nov. 1965)
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Table 1. Conditions of experiments.
Specimen Testing temp. °C | Strain rate sec™! Lubrication Tester
room temp. ~1073, 400~1080 MoS; | grease Olsen, Forging tester
0°09% Carbon steel 200~860 300~1080 MoS;+grease Forging tester
900 300~1080 glass Forging tester
0°029% QCarbon steel room temp. to 850 300~1000 MoS;+ grease Forging tester
0°04% Carbon steel 700~ 1000 300~1000 MoS;+grease Forging tester
0°05% Carbon steel—1 700~1000 300~1000 MoS;+ grease Forging tester
0°05% Carbon steel—1 and room temp. to
0°05% carbon steel contain- 600 p- 300~1000 MoS;+-grease Forging tester
ing Ni and Cr
2% Aluminiuum Ferro Alloy | room temp. to 1000 300~1000 MoS;+ grease Forging tester
The forging tester is of “ counte-blowing hammer > type. See Ry. (2).
Table 2. Chemical compositions and grain diameters of specimens.
weight 25 Grain
Specimen diameter
C Si Mn P S Al Ni Cr N mm
0°099% Carbon steel 0°09 0°01 030 | 0°02 l 0°05 — — — — -
0°029% Carbon steel 0°02 0°01 0°*07 | 0°005 | 0°011 0°2 — — — —
0°04%, Carbon steel 0°04 001 0°28 | 0012 | 0°016 ‘ 002 | — — — —
0°059% Carbon steel— I 0°05 — — — — — — — — —
0°05% Carbon steel— I 0°05 — — — — 0°02 — — — 0071
0°059% Carbon steel con-
taing Ni and Cr
N—1 0°05 — — — — 0°01 | 0°50 — — 0°041
N—1I 0°05 — — — — 0°01 | 1°00 — — 0-044
N—1I 0°05 —_ — — — 0°02 | 1°50 — — 0°042
C—1 0°05 — — — — 0-02 — 0°31 — 0°079
C—1 0°05 — — — — 0°01 — 061 — 0°094
C—1I 0°05 — — — — 0-01 — 097 — 0°077
NC—1I 0°05 — — — — 0°02 | 1°00 0°31 — 0-046
NC—1 005 — — — — 002 | 1°00 0°93 — 0°044
29, Alminum Ferro Alloy | 0°002 | 0°03 | trace | 07008 | 0*008 | 1°96 | 0°009 | 0°005 | 0°002 —

: No Analysis. As for
as much as a common electrolytic iron.

Si, Mn, P, S and N, 0°05%C Steel—I and N—1I.-NC—1
0°052,C Steel— L is rimmed steel.

contain them
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Fig. 1. Deformation-resistance strain-curves of 0°099C steel at various temperatures above

room temperature to 900°C.
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Fig. 2. K -Strain curves of 0°02%C steel at various temperatures above room temperature to 850°C.
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Fig.23. Ky-Temperature curves of 0°029,C steel

at 0°10 and 0°15 strain.
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Fig. 24. Ky-Temperature curves of 0°049,C steel
at 0°20 strain.
Table 4. n(=4dlogKs/4logée) values of f. c. c.
metals.

Materials Temp. Strain N value
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. room temp. 0°20 0°053
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© 18-8 stain- 1,100°C 0°20 0°079
less steel 1,200°C 0°20 0°079
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