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Abstract Influence of heat input on the penetration, microstructure and nano mechanical properties of laser
welding joint is studied. The penetration and microstructure of joints are tested by stereo microscope and scanning
electron microscope. The nanohardness and elastic modulus of joints are tested by nanoindentation. The result
shows that the penetration increases with the increase of heat input, there is a linear relationship between
penetration and heat input. Microstructure of weld seam is consist of full martensite when the heat input is below
94 J/mm®. Bainite and ferrite appear in the weld seam when the heat input is over 125 J/mm®, the volume of bainite
and ferrite increases with the increase of heat input. With the increase of the welding heat input the nanohardness
decreases gradually, the reason for the decrease is the formation of bainite and ferrite. The influence of welding
heat input on the elastic modulus is not obvious, the modulus of elasticity is around 200 GPa.
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Table 1 Chemical compositions of tested steel

C Si Mn P S Al Nb Ti N Fe
0.09 0.15 1.9 0.0035 0.001 0.03 0.03 0.1 0.005 N

2 SN oA TR fE

Table 2 Mechanical properties of tested steel

Yield strength o, /MPa Tensile strength o, /MPa Elongation A /%
650 700 21
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Fig. 1 Macro morphology of the welded joints at different heat input. (a) 75 J/mm?; (b) 94 J/mm?; (¢) 125 J/mm®;
(d) 150 J/mm?; (e) 162 J/mm®; (f) 226 J/mm®
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Fig.2 Macro and micro morphology of weld joint (heat input of 226 J/mm?). (a) Macro morphology; (b) BM; (¢) WS; (d) CG-HAZ;
(e) FG-HAZ; () MG-HAZ
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Fig.3 Microstructure of weld seam at different heat input. (a) 75 J/mm’; (b) 94 J/mm®; (¢) 125 J/mm’;
(d) 150 J/mm’; (e) 162 J/mm?; (f) 226 J/mm®
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Fig.4 Nanoindentation load—displacement curves of weld joint (heat input of 226 J/mm®)
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Table 3 Result of nanoindentation testing (heat input of 226 J/mm?)

Position Nanohardness H /GPa Displacement h /nm Elastic modulus E./GPa Indention size A /pm
WS 3.85 1836.71 202.38 12.50
CG-HAZ 4.73 1676.51 202.52 11.56
FG-HAZ 3.26 2009.63 169.90 13.42
MG-HAZ 3.31 1997.12 168.69 13.40
BM 3.22 2011.96 173.75 13.44

FH ¢ 3 7 (10 L A ) 5t SR T AR X KL XA SRR AR AE 202 GPa 5 AT, T 4H 5 X TR A X AR
MY FRVERL I 29 170 GPao FPERE & 2 J5 (81 25 6 1 09— Bh R AE , XA R 4 U 1 43 U™ 9028 43 #r
S B DX S AR A g 1 D TR Sy s Fl T OO AR e AR b R R UL AT I 3000 °C B 2 AR BE B R R B AT LR A
(Nb, Ti)C % A 13, 1 C J5 7 EAR AL 0.15 nm, 71375 o A5 o o [0 B 1 3 44, i 45 J5E - 18] 5 R R0, it
L5 A R SRR A A I B TR A R R A X Pl T AR AR T AR A A v o v R T 4
T 1500 °C, PRI b 42 2ok 5 vl T B DAL 1 (HL L C 458 ) T AL o DX 00 5, 5 B80RH 408 I 7 ) BE 406 /D, I ) 485 45 1 386 g
S0 A i T R . SCHR[23 1A BIF 5 e 08 2% B A 4B F 5T 4 SR .

BS 25 TS XSS ORI A TE A0 o 0T T B0 Bb i 5, JL P i 750 2 200 f) 0 3 g R 380 /MK Tk hy o AR
DURGHR Bt Bk ZE R, i T REM N Bk R ARG ZUR /D & A AL 4 L R e 40 oK R IR A8 RO AR e G, BT
FF ARG BEH /0N o T H T R b DX 80 A Al A B [RAR 2 20, An 181 5 ()BT, IR &34 T 5 Gk 4 81 1,
7 5 (AR ZH SV AT, eI RS fe /1N (11,56 wm) , R I 94 KB 32 5 195 (4.73 GPa)o ANIAL 5(d) BT 7 , K6 4% Hh Al 2% 5 [
A A R AR R DL TG AR 20 B, 94 oK R I 3 43 DX Sl A FH A DL EC AR 20 20 1 DR b el A T R DX R 11

] 6 M K AR 75 0125 162 F111 226 J/imm’ AR 4% PO 9K IR B for -7 S 28 0 3% 4 W 76 AS TR AR 42
AT G K IR S 50 DU AR ARG o e N oK R S G A 7R R R A R 750125 162,226 J/mm’ [ 155 5L

—— T S : a5 : — :

BN

- 25 — ] £ o0k : ) %o . -I 15 7
[E15 AN 226 Jmm* B GOR EIRTE S . (a) BEA; (b) 4l i X5 (c) ML AR X (d) 4R 4%
Fig.5 Nanoindentation morphology at heat input 226 J/mm’. (a) BM; (b) FG-HAZ; (¢) CG-HAZ; (d) WS
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Fig.6 Nanoindentation load—displacement curves of weld at different heat input
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Table 4 Nanoindentation results of welded seam at different heat input

Heat input £ /(J/mm®) Nanohardness H /GPa Displacement A /nm Elastic modulus E,/GPa Indention size A /pm
75 5.70 1553.93 197.01 11.57
125 4.77 1673.84 200.36 11.91
162 4.38 1740.87 199.90 12.28
226 3.85 1836.71 202.38 12.50
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Fig.7 Nano indentation morphology at different heat input. (a) 75 J/mm?; (b) 125 J/mm?; (c) 162 J/mm?; (d) 226 J/mm’
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