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Abstract: To address the issue of cold cracking in welding joints of ultra-high strength steel, this study compared
two welding materials: the low transformation temperature (LTT) welding material and the traditional ER140S-G
ultra-high strength steel welding material. We explored how diffusible hydrogen impacts the susceptibility of Q1100
ultra-high strength steel welding to cold cracking. We investigated the cold cracking tendencies in different welding
joints by focusing on the critical fracture stress and the appearance characteristics of fractures. We also conducted hy-
drogen microprint tests to visually represent how hydrogen diffuses in different welding joints, which helped analyze
the effectiveness of different welding materials in inhibiting hydrogen diffusion during welding. Q1100 ultra-high

strength steel is known for its high carbon content, resulting in a microstructure within its coarse grain heat-affected
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zone that consists primarily of roughened lath martensite with a small amount of bainite. This combination makes it

particularly susceptible to cold cracking. The implant test results showed that LTT welding materials significantly re-

duce the tendency for cold cracking. Under identical welding parameters, the critical fracture stress of the LTT-Q1100
joint reached 520 MPa, compared to just 460 MPa for ER140S-G-Q1100 joint. The fracture surface of the LTT-Q1100
joint showed a quasi-cleavage fracture morphology. By contrast, the ER140S-G-Q1100 joint exhibited mostly inter-

granular fracture patterns, characteristic of brittle fractures, indicating a more ductile nature. The use of LTT weld-

ing materials improved the cold crack resistance of the heat-affected zone of ultra-high strength steel. Hydrogen

microprint tests demonstrated a high concentration of Ag particles in the weld zone of the LTT-Q1100 welding joint,

with fewer particles present in the heat-affected zone. A large amount of Ag particles were accumulated in the weld
zone and heat-affected zone of the ER140S-G-Q1100 joint. The use of LTT welding materials could reduce the phase

transformation temperature of the weld metal, effectively suppressing hydrogen diffusion into the heat-affected zone

during the welding process. This suppression reduced the diffusible hydrogen content, thereby decreasing the suscep-

tibility to cold cracking in the welding joint.

Keywords: ultra-high strength steel; welding cold cracking; LTT welding material; ER140S-G welding material;

hydrogen microprint test; diffusible hydrogen
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Tab.1 Chemical composition of solid welding wires %

L) we Wit Wsi Wi Wer Wt Wre

LTT 0.039 1.19 0.38 12.18 9.50 0.96 R

ER140S-G 0.080 1.37 0.44 1.91 0.33 0.45 S

x2 Ba4BREeREMAZEERE
Tab.2 Mechanical properties of deposited metals of welding wires
Pz} Jef I3 B /MPa BRI/ MPa K% =20 ‘Cpiithi

LTT 305 1144 13 43.6
ER140S-G 1013 1129 11 39.0




- 436 -

RHER A (A AR 5 TR

58 Al

PLhismEERF] 1290 MPa. B LE R g 3 Fr
7N, AL Q1100 AW A Bk X4 iy 0.68 , 45 M
Z£. Q1100 F¥11 I FRAAAH AR IR BE TH584E Sk 397 C.
I L B shizs il SR B AL, #%
B IR AR A R a5 1k ) (GB9446—1988)
FRUESEAT. IRFE BN 6 mm, GRS % M6
IEIER T, SRR 0.5 mm, SRIFS 07 TRk I6 1 sk
G2 X UK. AT R R B R ST an il 1 B
7. JRBERIG A N YD-500GR SRR RRAL, 47

He 5 ks IR R BRI 7, R 80% Ar 15
20% CO, MRA A R IR, IR T ES LR

FEERINZE, 3T 100 °C LA b 58 3 A & 25 A A6 T
. EEIRE SRS , KA JSM-7800F H i + i
U HA AR HE 5 A ) [X 2H 4R350 11 LA % ke 11 TR 5
. SR ] 10 g FeCls + 30 mL HCl + 120 mL H,O
OMERE Sl

#£3 QL1005KIAILER S

Tab.3 Chemical Composition of Q1100 steel plate %
Wc Whn Wsi WNi Wer WMo Wre Ceq Pem
0.16 1.27 0.30 1.62 0.62 0.38 A 0.68 0.32
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Fig.1 Dimensions of implant specimen (unit: mm)
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Tab.4 Welding process parameters
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Fig.4 Microstructure of different welding joint positions
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Fig.5 Fracture morphology of the LTT-Q1100 joint
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Fig.7 Distribution of Ag particles in as-welded joints
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Fig.8 Hydrogen diffusion principles of welding joints
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