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Effect of Applied Tensile Stress on the Transformation Behavior of

Medium Carbon Low Alloy Steels

Yutaka KANETSUKI, Osamu KAIDA, Masato Ka1so and Masaaki KATSUMATA

Synopsis :

In order to accelerate the ferrite-pearlite transformation of medium carbon low alloy steel bars, the pos-
sibility of controlling the transformation behavior by application of the tensile stress during cooling after
rolling was investigated. Tensile stress was applied by controlling the strain rate considering the stress

drop due to relaxation.

It was found that acceleration of ferrite transformation was occured by developed
method. This results proved this method to be effective for softening the rolled bars.

Furthermore, in-

crease of uniform elongation up to about 60% occured in the case of straining during transformation.
Discussion was focussed on the role of the applied stress and it was concluded that applied stress increased
the internal stress of the austenite and resulted in the increased nucleation rate of ferrite transformation.

Key words : medium carbon low alloy steel; tensile stress; CCT diagram; ferrite transformation ;

formability.
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Table 1. Chemical compositions of the steels used
(wt% )

Steel C Si Mn P S Cr Mo Ni
SCM418 | 0.20 0.18 0.77 0.008 0.012 1.19 0.16 0.02
SCM435 0.36 0.20 0.77 0.008 0.012 1.05 0.17 0.01
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Fig. 1. CCT diagrams of the steels wused.

Cooling rate of stress controlled testing performed
are shown in these diagrams.
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Fig. 3. Temperature dependence of yield and flow
stress of austenite. Solid line indicates the path
of loading during continuous cooling and hatched
area shows the region without stress relaxation.
SS temperature is shown in Fig. 2.

(Softening Stop) B & MR, SS HUT oHH A,

SCM418 #T 770°C, SCM435 #T 745°C (2% fff 2 A%
BObLh, ThLD2HEBOEMAR, Fig 107 -
T4 VERERBREICHIEL TWwWA I enb, 7254

FMEEROBRBENICLADDTHLEELLNS.

% ZC, Fig. 312 SCM418 D A+ — 2 5+ 1 FIKAEE
TOWWHMYE & SSRENEMBERL WA, Fig. 2
DR LD SS A (815°C) LUF 0l Tid)o &I A%
B OSZWD, FIRESEEDIEN (# 10 kgf/mm?)

Fig. 2. Stress relaxation behavior of the
steels used during continuous cooling.
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Fig. 4. Stress-temperature curves obtained by
the stress controlled tensile testing. Broken lines
at SS temperature show the stress range which
were achieved by stress controlled straining.
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Photo. 1. SEM micrographs showing
the effect of stress controlled tensile
testing. Photo (A) shows the mixed
microstructure of bainite and martens-
ite obtained by cooling at 240°C/min
without deformation. Photo (B) shows
the change in microstructure due to ap-
plication of stress controlled straining
at 1 X 10~ */s. Note that the ferrite
grains are observed in Photo (B).
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Photo. 2. TEM micrographs of martensite (A),

specimen shown in Photo. 1(B).
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Fig. 5. Relation between the hardness and the
elongation obtained by unloading at each period
during stress controlled tensile testing. Cooling

rate and strain rates after SS temperature were
240°C/min and 1 X107 4~1X1073/s respectively.
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Fig. 6. Illustration of the effect of stress con-

trolled tensile testing using CCT diagram. Arrow
indicate the shift of the ferrite nose.
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Photo. 3. Change in testpiece.
is indicated in Fig. 7 (a) .
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(A)Without deformation (B)Stress-controlled

Photo. 5. TEM micrograph showing the fine fer-
rite grains obtained by stress controlled tensile
testing of steel SCM418 shown in Fig. 7 (a).
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Photo. 4. SEM micrographs showing
the microstructural change by stress
controlled tensile testing shown in
Fig. 7.
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