$£60% F17H/2023 F9 B/ EXBFEHRE

It Bl St FFIHE

R 1 5N 1700M S SO ft 422 L oI 4 41
PSR-

FULRER IR R

WK A Rl 2 B, WAL 2 4300565
AR Rl R AR E R G R A SR E R S E, Hd R 430074

WE IR T HE&EMSRK 1700MS BOEEE T 05T, X Lo AT 1 A () 5 422 103 I 9 422 Sk SOUR 2 20 | S ol 1 38 R ) 4P i
S5 R RE] R AR 1700MS i 4  F kA T 5 TG AR Il I A I S 4452 i X (SCHAZ) B A T R fa b bk 11 [l 2k 5 I
A, RS R Bk i s AR A D T SR R AR . A2 P e R S AR A E R AR I A, R R B R 609 HV , B
/NGRS 321 KV, J5 & ANCH #0801 52. 71 % o [RIE [0 R Ak S SO0 2 4 Sk W B 1 vl 80 28 (B g 1X) 795 30
CIRAE DX SRR ) ORI S L5 4, P SO 3 Sk A 2 T i B b Dy 2 PR RB R AR . b A, 188 o 422 380 W] B Ik SCHAZ 1)
[] R AN B B, AT 3k 2 ke

KEIR  BOCHAR; BOCKERE; e PR ondgigt; JreEdine

PESESE TG456.7 XHEFRERS A DOI: 10.3788/LOP222348

Study on Microstructure and Mechanical Properties of Laser Welded
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Abstract In this study, the effects of welding speed on the microstructure, microhardness, and mechanical properties of
laser welded 1700MS ultra-high strength steels were investigated. Experimental results suggest that the welding process
involved martensite tempering transformation, leading to a large number of granular tempered martensite in the sub-critical
heat-affected zone (SCHAZ). The size and quantity reduced significantly as the distance from the fusion zone’s center (FZ)
increased. Due to the tempered martensite, the welded joint had a serious decrement in hardness. With a softening degree
of 52.71% , the maximum and minimum hardnesses were 609 HV and 321 HV, respectively. Because of the softening,
the structure became uneven with a soft zone (heat-affected zone) in the center and hard zones (FZ and base metal) on the
sides. This could cause a decrement in the mechanical properties of the welded joint during the stress process. As a result,
increasing the welding speed can reduce the tempering degree and width of SCHAZ, thus improving the mechanical
properties of the joints.
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Table 1 Mechanical properties of martensitic steel 1700MS"”

PR PG A o A 2 11 IR (A, EHET RIS A 4 e AR Yield strength R, , / Tensile strength Elongation
LT U 9 ELE B LI A 0 75 553 1 5 04 4 MPa R, /MPa A /Y%
FE AL AT 6 1L 4 T G R 4120, 13501700 17002000 3
F£2  DRH 1700MS fh2 a4
Table 2 Chemical composition of martensitic steel 1700MS "
Element C Si Mn P Cr Ni A% Ti Cu Al Fe
Mass fraction / % 0. 296 0. 20 0.41 0.009 0.003 0.02 0.04 0.01 0.03 0.16 0.044 Bal.
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Table 3 Welding process parameters'”

Welding parameter Value

Welding speed /(m+min™") 2.4,3.3,4.2,5.1,6.0,6.9
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Fig. 1 Schematic diagram of tensile and

metallographic specimens
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Fig. 2 Microstructure of martensitic steel 1700MS. (a) 500 X optical microscope; (b) 4000X scanning electron microscope
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Table 4 Change of widths of FZ, UCHAZ, and ICHAZ with welding speed

Upper width /mm

Bottom width /mm

Welding speed /(m+min~ ")

F7Z UCHAZ ICHAZ F7Z UCHAZ ICHAZ
2.4 1.31 0. 36 0.13 1.39 0.29 0.13
3.3 1.18 0.25 0.11 1.22 0.27 0.11
4.2 1.03 0. 20 0.10 1.02 0.22 0.11
5.1 0.99 0.17 0.10 0.92 0. 20 0.09
6.0 0.94 0.15 0.09 0.87 0.18 0.09
6.9 0. 86 0.14 0.09 0.72 0.17 0.08

1714004-3



F£ 6055 17H/2023 F£ 9 B/BAERBEFZHE

K3 A [a] A5 B s g KR8 TE S . (a) 2.4 m/min; (b) 3.3 m/min; (¢) 4.2 m/min; (d) 5.1 m/min; (e) 6.0 m/min;

(f) 6.9 m/min"""

Fig. 3 Weld morphologies at different welding speeds. (a) 2.4 m/min; (b) 3. 3 m/min; (c) 4. 2 m/min; (d) 5. 1 m/min;
(e) 6.0 m/min; (f) 6. 9 m/min""
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Fig. 4 Schematic diagram of welding joint area division
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Fig. 5 Microstructure of welded joint (500X). (a) FZ; (b) CGHAZ; (¢) FGHAZ; (d) ICHAZ; (¢) SCHAZ T; (f) SCHAZ 11

SCHAZ f W {5 5 BEAR T A, 12 W (IR R 2 LLK R
TR PR ARG A AR IR R T v R T3 B RE A R
PETE, T IC A A 30 2 o R R & A AR TR 40 4 X dr
B 2% AR TR 25 FF 4 ok R 1 T2 1l 8 400 i A 4 Bk, B O 2
QAR ] I B AE o [a) [] okt A2 it o o 0 (3R 3 T
o T T, B i 14 2o A R AR B S T AR AT, S
5 H A X 3k 5 42 A — B ] ok 5 R iR 4l 4,
K 5Ce) () 8 1 0o B8 40 20 BT i, B0kE R F Fn i it
Bifi 5 8 B FZ Hhocs W BRI .
3.2 BEBLEMEE

H1 AN [ 14 08 28 0 LA A [) 1 i e sk
2 X 3R 412U 25 10 A8 b b R 4 3 SO B 4 3k Tk R
A5 Ak o AR A Jeg 38 9 4 A5 T8 4R B RE 1 I 48 B L AR S
6.9 m/min X $ 80 FE A5 42 I A 49 Sk B BE Sy 401 E AT 43

Mo B S X e I 4 R 6 Ca) il T, AS [ 4 422 5 B R Y
42 12 S A7 70 2 AU A B9 R U0 A 40 X 38, {HL 2 4% IX s
RUST i 5 0 42 48 32 1) 348 B S8 BRI, 48 0 B2 1) 1 5 f
e RSF 45 3.3 m/min B9 1. 179 mm Al 1. 216 mm
%} 6.9 m/min f¥) 0. 856 mm A1 0. 718 mm, F& & 73 51 A
27.40% F140.95% . 3k 43 B 6 (b) 4k 1CAE B2 i
R HAZ FAAE ™ B AL I 4, L fe KR Oy 609 HV
(FZ) fx/N 9 321 HV (SCHAZ) | J& #%AX J9 |y & A
FEM)52.71% , RUIH k& Xtk gE 2 i oK. Hik
WF :FZ 1 UCHAZ (1) b f i B2 He AR — 3%, 78 583 HV
608 HV Z [] , B il /= T B: A4 (19 8 B2 563 HV , 1% &
FRE AR B A7 AE — 5 1 ] KORR S, T SR EAIS AR
2 5 B % B K GRS ICHAZ O A1 K B [G A
(SCHAZ) Fn ¥ K B AR (UCHAZ) By 38 8 IX 35, B A

1

'S i L 1

i L i
2.0 -1.5 -1.0 0.5

0 0.5 10 15 2.0
Position /mm

A6 MR Sk W el I B 5 28 () S P A 5 (D) Sl IR s o it 2

Fig. 6 Microhardness test results of welded joint. (a) Hardness test path; (b) microhardness curve
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