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The Effect of Warm Tensile Working on the Stress Relaxation
Value in the Carbon Steel

Nobuyuki NAKAZAKRI, Yosaku Koike, and Jirou NAMERATA

Synopsis:

In order to clarify the effect of warm tensile working on the stress relaxation value AP[P, (AP: relaxed
load, P,: initial load) at room temperature in a carbon steel (ferritelamellar pearlite), the effect of pre—
deformation temperature (20°C~320°C), strain and structure have been studied. The results obtained
are as follows:

(1) The decrease in the stress relaxation value is observed on specimens which predeformed in the tem-—
perature range from about 220°C to 270°C. These predeformation temperature correspond to the tem-—
perature where the strain aging increases with increasing dissolution of the iron nitride and carbide owing
to predeformation.

(2) When the lamellar cementite have partially been broken by the predeformation in the tempera—
ture range from 20°C to 220°C, the relation between the relaxation value and logarithmic time is a snaky
curve and then the relaxation value is shown its maximum value.

(3) While the linear relation is observed for the steel with bended and broken lamellar cementite, in

this case the relaxation value increases proportionally with increasing predeformation strain.
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Table 1. Chemical composition and tensile strength of steels.

Steel Cc Si Mn| P S Ni | Cr | Cu

As Hot Rolled Experimental Condition

Sol. Al N. Os Os Os Os

kg/mm? | kg/mm? | kg/mm? | kg/mm?

A |075|023]0.47 10.015|0.013} 001 } 002 | 0-01
B | 050|0.25 {0.49 (0013 ;0017{0-01 } 0-03 | 0-01
C 041 1025|075 |0019|0022| — | — | —

<0002 {00038} 614 1055 505 83.0
<0002 |0.0036| 442 74.3 374 694

- - - - 70-4 95.2

Us:0-2% Yield Strength. O :Ultimate Tensile Strength.

for Steel Aand B

50°C x 05hr (for B)
°Clx 0Shr (for A)
600°Cx1hr

Hot rolling

Cold
drawing

2 J
556+5.09 00°Cx20hr

AC. AC.

As hot rolled sample

Tempered
sample

for Steel C

Hot rdliin g 820°Cx0-Shr

Cold
drawing

70¢+63¢

AP F.C. As cold drawn sample

Fig. 1. Schematic description of sample preparation
for steel A, B and C.
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Fig. 2. Stress relaxation test apparatus. P, : dead
weight, P, : spring power, K : spring cons-
tant, L : free length of spring, 4L : extended
length of L, H : hight of spring end, 4H :
change of H, E : Young’s modulus, 4 : cross
section area of sample, [ : gauge length,
dl, : elastic extended length of I, 4i,:
plastic extended length of I, D. T.: diffe-
rential transformer.
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Fig. 3. Effect of predeforming temperature (T s.)
on the predeforming strain at room temper-
ature and the yield stress at predeforming
temperature for steel A deformed with a
predeforming stress of 66 kg/mm? and for
steel B deformed with a predeforming stress
of 53 kg/mma2.
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Fig. 4. Effect of predeforming temperature (T'p.)
on the mechanical properties at room
temperature and the increased stress for
steel A deformed with a predeforming stress
(o pre) of 66kg/mm? and for steel B defo-
rmed with a predeforming stress (o ,,) of
53 kg /mm?2.

(a) Mechanical properties at room tempe-

rature vs. Tp,.
(b) Incresed stress ((Y.S.)-cpre) Vvs. Tpre.
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Photo. 1. The relation between electron micrographs and predeforming strain (¢ ) for steel

A deformed with a predeforming stress of 66 kg/ mm2 at (a) 20°C, (b) 120°C,
(c) 170°C, (d) 220°C, and (e) 320°C.
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Photo. 2. Electron micrographs of bended and
broken lamellar cementite due to pre-
deforming stress of 53 kg/ mm? for

steel B.
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Tig. 9. Predeforming stress vs. predeforming strain
for steel A predeformed at 20°C and 220°C.
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Photo. 3. The relation between electron micrographs and predeforming strain (¢) for steel A
deformed with predeforming stresses of (a) 60 kg/ mm?2, (b) 66 kg/mm?, (c)
72 kg/ mm?, (d) 78 kg/ mm?2 and (e) 84 kg/ mm? at 220°C.
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Fig. 12. Stress relaxation value vs. time for cold
drawn steel C.
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