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Abstract

The microstructures of the HAZ (Heat Affected Zone) are generally different from the base
metal due to rapid thermal cycle during welding process. Particuraly, CGHAZ (Coarsened Grain
Heat Affected Zone) near the fusion line is the most concerned region in which many
metallurgical and mechanical discontinuties have been normally generated.

A computer program by the numerical formularization of phase transformation during cooling
with different rates was developed to generate the CCT diagram, and to predict microstructural
(phase) changes in the CGHAZ. In order to verify simulated results, isothermal and continuous
cooling transformation experiments were conducted.

The simulated and experimental results showed that the developed computer model could
successfully predict the room temperature microstructural changes (changes in volume fraction of
phases) under various welding conditions (heat input & cooling rate (A tys) ).
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Fig. 3 Flow chart of computer program
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Table 1. Chemical composition (wt. %)

Class C Si Mn P - Cu Al Ni Cr C*eq
arbon 0.183 0.188 0.495 0.012 0.018 0. 007 Tr 0.021 0. 008 0.275
3. AF Yy gukd oz 1% 2 100% Wel7k A HY Azt R
LxE HYHo2 F&o graphE E|W TTT
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E7 ¢k 25: 75 A=) W EEA A FHE w3}
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4 m
1350 /caowm 1100 ¢ /sec
670
5. | 660
I3
-~ = 650
) 640
g -
ot
s s
Cooling Time (sec)

Fig. 4 Heat cycle of isothermal transformation
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Fig. 5 Heat cycles of continuous cooling
transformation simulation
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Fig. 6 Investigation of volume expansion by phase
transformation
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Fig. 7 Calculated 1% polygonal ferrite transformation
data.
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14 o vjebich

I, ;... =0.0165 d,

-1.33 InAT +1.09 InT -3.214 (Eq. 14)
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Yolee AL 5502 AASAL EE wid-
manstatten Hj2}o]| EL} wjo|L}e]E HA] Ealof 9
3 HEE 3] Wi AA Aert AFHE 22
T 3 HY22ROE U4 Aoy ex7 3X
o, o] CCT curve dIAE ¥Eto]EY HY
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YAEE MR AL wEglol dAT AN
P2 Jehte e gddh

299 0|3 F o33

4.2n % K(T) 2o 2
seudags ARy 9 2 49
—=) % Inte] graph A4 7171, n % A

H, nK(D & F3A 4% 2432 g Table. 2
o] VER At

# Table. 2 A & & g1%ol, n 9 gL A9
AT & g2 Jeh)r] b At o3
HEY FF L BN oH, InK(T) e ¢AEd
A AFE AXNY =6 BF 2 2} gz
ehdtl, B2, polygonal Halo]Ee] AHLukg A
g3 YH Xz &9 B4 S o 4 A5
AE71& Fdue} vlAsIA 2 dilation data®] Y
WA BE-& normalizing ¥ A 7}gkolth,

In(In

4.3 Volume Fraction

AAHQ T2aYP A9 AR2A BLEE
(Atys) o] ®Wi3le] mE T2y 9 AA HAZ

| Acicular & Bainite e SR
1 . — Pearlite ‘

Cooling Rata{ 4 ty, , 3c)

Fig. 8 Calculated phase volume fraction with cooling
rate (A tys)

Table 2. n & InK(T) of each phase.

Phase n In K(D
Polygonal Ferrite 1.016
2.375x10-4 T2 - 0.488 T + 247.306 Widmanstatten Ferrite 2

0.00187 T2 - 3.401 T + 1544.79 1. 665
Bainite 1.49

-2.9%10-5 T2 + 0.004893 T + 23.345
3.349x10-5 T2 - 1.342 T + 3.64
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Table 3. Volume fraction of each phase with various cooling rates

A sub t8/5 Volume Fraction (%)
(sec) Phase Experiment Calculation
Polygonal Ferrite 9 31
5 Bainitic Ferrite 75 70
Pearlite 15 -
Polygonal Ferrite 32 46
30 Bainitic Ferrite 28 16
Pearlite 40 38
Polygonal Ferrite 54 65
120 Bainitic Ferrite 8 -
Pearlite 38 35
Polygonal Ferrite 73 75
240 Bainitic Ferrite - -
Pearlite 27 25
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4.4 CCT Curve
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Photo. 1 Microstructure with cooling rate
a) A t3/5:5 sec. b) A t8/5=80 sec. C) A t8/5=320
sec. GBF:Grain Boundary Ferrite, WF;
Widmanstatten Ferrite, P;Pearlite
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Fig. 9 CCT curve of calculated and experiment
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