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A Study on Effect of PWHT in AH36-TMCP Steel
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Abstract

It is well known that the fine bainitic microstructure obtained by TMCP (thermo-mechanical
control process) secures the high toughness of base metal. Besides, TMCP steel is very suitable
for high heat input in welding as it has low carbon equivalent. In HAZ, however, the accelerated
cooling effect imparted on the matrix by the weld thermal cycles is relieved and thus the
weldment of TMCP steel has softening zone which shows low fracture toughness compared with
base metal. Therefore, PHWT of weldment is carried out to improve the fracture toughness in
weldment of TMCP steel which has softening zone. In this study, the effects of PWHT on the
weldment of AH36-TMCP steel are investigated by the small punch (SP) test. From the several
results such as SP energy and displacement at room temperature, the behavior of transition
curves, the fracture strength at -196°C, distribution of (DBTT)sp and ( DBTT)sp, the PWHT
condition of A. C. after 850C - 1 sec W. C. was suitable condition for recovering a softening
zone of HAZ as welded.
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Table 1. Mechanical properties and chemical

composition of TMCP steel.

Mechanical properties at room temperature

o, (kef/ mm?) | o, (kef/ mm®) | Elongation (%)

38 52 26

Chemical compositions
C|Si (M| P}|S|a|V|m
0.1510.25( 1.1 |0.016{0.003{0.035| - [0.018

wt%

Table 2. Welding condition of TMCP steel.

Heat input Current Voltage Welding speed
(KJ/cm) &) W) {cm/min)
80 930 36 25

Fig. 2 Macroetched photograph
weldment in TMCP steel.

of multipass

B.M), &4 <93 (heat affected zone
HAZ), A&7 AA (fusion line : F.L), £33
(weld metal : W. M) & FE3}e] z} 23] A SP
Al gHE AZstgrr. SP ¥ AZlE 10X
10x0. 5mmZ 7}&3t o)

SP Ad& HA] Mo HRC 62~679 AEES
Ze BTE 7}1?“"]74 APAY e RS E
(cross head speed) 0.2mm/minE 33& 7}514
th AEREE JHFLE AMEEY -196T~
20T HYE 34

gHA BhF-R e TAHL FYAA AEEA )
Eatgon, SP Algd 9% geqA] & SP ol
YA (Eg) & SP Aol npat s1F-He 24 of
o] Aoz iE Farh olFA & SP
Uz O AELEE d3AZ T, F, SP o
UA-2E gETHoIHE AA-HA Hol2k
(ductile brittle transition temperature : DBTTSP) &
T3REH, ol AU R (upper shelf energy)
9} oA (lower shelf energy) & = gtol o
SalE SEEA TagTHY,

3.1 PWHT =70l g 285 d5
230l xA N

TMCPZ &H A 884 o3l LAs Az ey
o] AAS T FAE Y EHFEAT
& 22139 Fig. 32 as welded Ae]o} o
PWHTH$ d3t829] X E X7} as received A Ef 9]
2 o g 3 EFHz 600TAMY £ F
720CNM S Ty B, 850TAA ] T 1
FYAlY Ax Exolt) oju ARAFE vFHAL
BAEAZR 315 10kgs 7M0S o S4HE A2 £
olt}. WA as welded FE1E BH HAZS Z =7}
EAROE G& s R £33 AsdAS B
2 71 v ool disf 600C T3 H 720Tel
Aol 3o A%, B4 H9 & as received A2}

A 2L AXx FE FA5 T glon HAZS A3

Table 3. PWHT Conditions.

Specimen Acc. speed Acc. temp. Holding time Cooling type

Al, Bl Air cooling

A2, B2 480T/h 600C 1/4hr Continuos water cooling

A, B4 Air cooling

A5, B5 480C/h 0e Vahr Continuos water cooling

A7, B7 480T/h 850T 1/4hr Air cooling

A9, B9 480T/h 850C 1/4hr Continuous water cooling

Al0, B10 480T/h 850C 1/4hr Water cooling for 1 sec. and air cooling
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Fig. 3 Vickers hardness distribution of welded joint
of TMCP steel after PWHT.
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Fig. 4 Microstructures of welded joint after PWHT.
(Holding time at 850TC 15min., Isec.
water cooling)
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Fig. 7 SP energy transition behavior for welded joint
after PWHT. (PWHT condition Holding
time at 6007C-15 min, Water cooling)
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