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Abstract

In the coarse grained HAZ of conventional TiN steel, most TiN particles are dissolved and austenite
grain growth easily occurrs during high heat input welding. To avoid this difficulty, thermal stability of
TiN particles is improved by increasing nitrogen content in EH36-TM steel. Increased thermal stability of
TiN particle is helpful for preventing austenite grain growth by the pinning effect. In this study, the
mechanical properties and microstructures of high heat input welded Tandem EGW joint in EH36-TM steel
with high nitrogen content were investigated. The austenite grain size in simulated HAZ of the steel at
1400°C was much smaller than that of conventional TiN steel. Even for high heat input welding, the
microstructure of coarse grained HAZ consisted of fine ferrite and pearlite and the mechanical properties of
the joint were sufficient to meet all the requirements specified in classification rule.
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Fig. 1 Solubility product of TiN in austenite tem-
perature range
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Table 1 Chemical composition of material used (wt%)

C Si Mn P S S-Al Others Ceq*
BH36-TM | ) 05 0.12 1.54 0.004 | 0002 | o002 |[CvNETL 0.36
steel N

*Ceol%) = C + Mn/6 + (Cr+Mo+V)/5 + (Ni+Cu)/15

Table 2 Mechanical properties of material used

Tensile Properties Charpy properties
Thick.
(mm) | Position- (l\ﬁa) TS Bl | Position- vE-st(J)
Direction (MPa) (%) Direction 1 9 3 Ave
go (VA4 | se2 2a (VAN g30 | a1 | a8 | 300
Spec. >355 | 490~630 >21 >35 >50
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Table 3 Tandem EG welding condition and welding consumables used

c s . Heat
. Shielding Welding Current Voltage Speed
Croove detail Gas consumables (A) V) (cm/min) (131/):;)
14° _!
L C(Sl glET)F 400 44 32
F \ &/ )| 100%CO, ~omm 627
® 45 §9/min _
$ CS-T1ETR 360 m I~
> 15k (1.6mm)
t
s R
- -t =20 mm
—b =40 mm
miniainte I Ak Sttty - L—-ﬁ- -------- FB-=--F~"- L0 = Weld width(a) + 80 mm
T e 2 TN A -B=52mm
L i Lo o ~ Lt = ~ 250 mm
1 » - R =50mm

Lt

Fig. 2 The position of tension test specimen and configuration of tension test specimen in

Tandem EG welded joint
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Fig. 3 Variation of austenite grain size in simulated

HAZ with peak temperature
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(a) 1300C

(c) 1400C (d) 1400C

Fig. 4 The microstructure showing austenite grain
boundary after heating to peak temperature
and quenching a) 1300TC b) 1350C ¢) 1400C
in EH36-TM steel d) 1400C in conventional
TiN steel

Fig. 5 The TEM micrographs of TiN particles in
simulated HAZ
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Fig. 6 Macrostructure of Tandem EG welded joint
(627kJ/cm)

Fig. 7 Microstructure of Tandem EG welded joint
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Fig. 8 Charpy impact energy of Tandem EG welded
joint of EH36-TM steel
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Fig. 9 Hardness distribution of Tandem EG welded
joint of EH36-TM steel
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Table 4 Mechanical properties of Tandem EG welded

joints
Direction|Position Y8 5 El Frac't gred
(MPa) | (MPa) (%) | position
390 503 25 HAZ
Face 389 503 24 HAZ
395 507 24 HAZ
381 499 24 HAZ
L Center 382 499 23 HAZ
384 488 21 HAZ
393 488 25 HAZ
Root 395 506 24 HAZ
395 506 25 HAZ
EH36 spec. >355 |490~630| =21 -
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