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analysis and ana

Or are necgssary to exa
ress generatjon considerin
s. Therefore, the behavior|of ther

d stress generation were/analyzed by the
tallo-thermo-mechanics ghown in Fig.1(5),

(7) in this study. Thermio-elastic-plastic ané

of heat transfer and analysis about transfor

are combined in this/model considering of tf

ge and expansion, Shrinkage and expansio

of temperature and stress/strain and  transformation. The effects of cooling met

d behavior of phase transformation affect conditions on the behavior of thermal dist

during third cooling, analyses combined distor- generation were studied by this model.
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Fig.1 - S¢chematic view of the model of

ANALYSIS CONDITIONS
The andlyses were performéd using a finite element method  type was estimated in consideration

el SCr420(J1S), and the transformatio

behavior of t
Naving a square cro ection of 200 mm
m (width). The analyzed steel type was case hardening ste-  In these calculations, the solidificati
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RESULTS AND DISCUSSION time decreased with the increase

The cooling time required for the refinement of austeni

fied by the calculations. Fig. 3 i5'a bar graph showjhg the
results of estimated the cooling time required for/refining
austenite grains. The required cooling time was determi-
ned as a time at which the volume fraction of alistenite was
0.1 or less within a range /of 10 mm from the surface of

the bloom. As shown in this figure, the required cooling
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aoditions tensite generation rate in the case of immersion cooling
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(b) Volume fraction of martensite

Fig.10 - Distribution of Sxx and volume fraction of
martensite when Sxx is maximum during
uniform immersion cooling. (Wafer jet stirring)

From the viewpoint of the prevention of the occurrénce
of quenching cracks, the behavior of stress generation in
the cooling process by each cooling method was analy-
zed. Fig.10(a) and Fig.11(a) show the distributions of nor-
mal stress Sxx in the cross section of bloom/in the case
of uniform immersion cooling with water jet|stirring and
air stirring, when the stress Sxx during the
ig.11(b) show the

martensite volume fraction in the cross section at that

oling is ma-
ximum. Fig.10(b) and ributions of

time. The Sxx became maximum in thée position indicated
by the circle. In thiese cases of uniform immersion coo-
ling, the amount generated bainite and pearlite phase is
very small, and it is considered/that the transtormation
expansion dde to martensitic transformation near the sur-
face of bloom and thermal stress cause the generation of

maximuph Sxx in these cases. In the case of immersion

La Metallurgia Ital

—

iy -
25T
et Py ARE viray

—] . ; I.n-m ! &
f_bff’ﬁ}h ensite

Fig.11 - Distribution of Sxx and vol
martensite when Sxx is maxi
uniform immersion cooling.

stress Sxx became the maxin
the surface, because the a
low the surface at the wid
om width direction by
transformation at the s
hand, in the case of
(Fig.11), the surfa

the bloom width

sitic transformg

It is consideg
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oling with 100

Sxx occurred

ation at inside near the corner. In

spray cooling (Fig.14), the|upper surfa-

hose temperature is higher than thle other three

surface layers is pulled due to martensitic transformation
, side the cross section and the thermal shrinkage caused

temperature

by constraint from the side surface of whi

s lower. For the above reasons, it was foynd that the lar-
gest Sxx occurred at the center of the width of the upper
surface in this case.

Compared with uniform cooling, in non-uniform cooling,
the position, timing, and mechanism/at which the ma-

Uniform cooling

Max Sxx [MPa)

Fig.15 —

SAMMARY AND CONCLUSION
In this stud
ching cra

" the causes of thermal distortion and quen-
ethods
and cooling conditions in the reverse transformatjon tre-

and the effects gf kinds of cooling

atment were analyzed in order to prevent these troubles
by the model of metallothermo-mechanics.
meéthods considered in these analyses w
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ficantly increased the maximum Sxx i
uniform cooling.

about 20 (I/(m2: min)) was preferable t

of Sxx etc. It was estimated that it

crease of stress and prevention of g

renice to reduce the variation in coo
rfaces of bloom.
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cooling conditions, the cooling time required

bloom after cooling and the stress generated d
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