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Effect of tempering temperature on HAZ microstructure and properties of
CMT welded 40CrNiMo quenched and tempered steel
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Abstract; In order to repair the marine drilling platform gear, 40CrNiMo quenched and tempered steel was surfacing welded by cold metal
transfer (CMT) technology. Effects of post-welding tempering temperature on HAZ microstructure and properties of the 40CrNiMo quenched
and tempered steel were investigated via the characterization methods such as scanning electron microscope (SEM ), microhardness test,
impact test and tensile test. The results show that with the increase of post-welding tempering temperature, both the microhardness of the
HAZ and the tensile strength of the welded specimen decrease, while the elongation increases gradually. When tempered at 400 C and 500 C |
the precipitated carbides are distributed on the lath boundary, block boundary and grain boundary of martensite, which worsens the impact
property of the welded specimens. When tempered at 600 “C | the carbides are aggregated, spheroidized, and distributed more dispersedly,
so that the impact property is improved.
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Table 1 Chemical composition of the 40CrNiMo quenched
and tempered steel ( mass fraction, % )
c Mn Si Ni Cr Mo S P
0.37~ 0.50~ 0.17~ 1.25~ 0.60~ 0.15~ = <
0.44 0.80 0.37 1.66 0.90 0.25 0.025 0.025

%2 40CrNiMo RN N FHaE
Table 2 Mechanical properties of the 40CrNiMo
quenched and tempered steel
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Fig. I~ Microstructure of the 40CrNiMo quenched and
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Table 3 Process parameters of the CMT welding
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Fig.2 SEM images of coarse grain heat affected zone in the welded 40CrNiMo steel tempered at different temperatures

(a) 400 C; (b) 500 C; (c¢) 600 C
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Fig. 3 Microhardness distribution profiles near the fusion
line of the welded specimens

before and after tempering

2.3 ENGRE HEMERERRm

Pl 4 Sy ASTa] (] ki E A B AR R A o o 1k i
MEEZE S [ 4 %0, £ 400 °C [A] KT, phli W i i
FAREIE A 21,9 T AR T A 1] A AL HRAE Y oo 1%
RE 5 Bifi 4 (9] SR T 7 , ok 1 B 28 M 80 |, 7E 500 °C
[l et ks MR SO 5 A [ Ak BB ool R o i
HEAHZE AN 5 22 ] il BE T 55 31 600 C B, i W AL
ORI E ST, 3o ] A OAb BRE A shat vERE , OF B
HCf TARUE 41 T,

100

80

60 -

FrAEEA )
1 e

—40 CxpHR U sE B/

20

600

—
B ACRE/C

Pl 4 AT Il kGl EE I SR LACRE A ot P
Fig.4  Impact properties of the welded specimens

tempered at different temperatures
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Fig.5 Impact fracture morphologies of the welded specimens HAZ tempered at different temperatures
(a) non-tempered; (b) 400 C; (¢) 500 C; (d) 600 C
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Fig. 6 Tensile properties of the welded specimens
tempered at different temperatures

(a) tensile strength; (b) elongation
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