%46% %108 B’ ¥ #H Vol. 46(10):124 — 131
2025 4 10 A TRANSACTIONS OF THE CHINA WELDING INSTITUTION October 2025

Sl3zagst: WA, AT, B, 5%, GH3230 Wil & SO R SN 1 2P RET]. JRaRa 4R, 2025, 46(10): 124 - 131.
PAN Shijian, HAO Jingyu, KAN Tiantian, et al. Microstructure and mechanical properties of GH3230 superalloy laser welding
with filler wire[J]. Transactions of the China Welding Institution, 2025, 46(10): 124 — 131.

GH3230 SiR& &R tIE£IRA A Fn 1= 1% 6E

Hrd, wsEF, mww, £287, MRS, m, HEE
(1. "PEMUE I R 2 & SiHUA FR DT A A, PEFH, 1100435 2. WA/RE Tl K2,
MRS MRS 2R 5 i e e E F S U %, MR JRIE, 150001)

FEE: ST AEMLZS SUEA )12 TS GH3230 ka4, JHR T OG22 IR0 T2 AU F PR REEIE, AR A
T Bkl g | S IRPL A RE A S TR A BE 51 S A WINAR (tungsten inert gas welding, TIG) F23k #E47 X} k. 45 3R 1,
BOGH 22 R T2 T DA I I8 R AT R GH3230 X%k, HAUE BRI T TIG 23k, HIE RABOGRER % B 423k Hu¥m
IX. (heat-affected zone, HAZ) #5/N. WWOULZH S5 T8, 5K 14010 8 A6 132 FRIVAI 6t 1) b A7 B P ) (S AR A 2H 2 22 S RPBS, b ) 5 4
AT AT B AL e AT HE A VR . D2 PERE T T, WO 2 AR 35 K i S IR AR 7E B 1 (base metal, BM) W%, i
TIG £z3k B oAb Sk by, =i i bEae NI, Wi g o TAREEIX. il A RESMF T, TIG Hk =i Atk
AERS = THOCIZZ AR, M 25 T BM; Sl B0 G2 875 5 TIG #3k3 ToRSU G, it R 1T
BIFTA: (1) % GH3230 @il & EiF 7 T O 22 T 2080, 1530 7 B RIFXT2AR4E.

(2) 2t T GH3230 WOLIHZZ 3 A5 1Ak e, RIS TIG #5ka Xt Lk,
KR A4 GH3230; BOCHZZIE R Bib); milds A TERE: 25 i tese
FESZES: TG 456.7, TG 444+. 1 CERFRIRAD: A doi: 10. 12073/j. hjxb. 20240813002

Microstructure and mechanical properties of GH3230 superalloy
laser welding with filler wire

PAN Shijian', HAO Jingyu’, KAN Tiantian', JIJANG Meng’, CHEN Xi’,
HE Peng’, CHEN Yanbin’

(1. AECC Shenyang Liming Aero-Engine Co., Ltd., Shenyang, 110043, China; 2. State Key Laboratory of Precision Welding &
Joining of Materials and Structures, Harbin Institute of Technology, Harbin, 150001, China)

Abstract: GH3230 superalloy has broad application prospects in the aviation field. The process, microstructure, and mechanical
properties of laser welding with filler wire were investigated, and the weld formation, joint microstructure, room temperature tensile
properties, and high-temperature endurance performance were compared with those of traditional tungsten inert gas welding (TIG)
joints. The results have shown that the GH3230 butt joint with good shape can be obtained by the laser welding process with filler
wire. The formation quality is better than TIG joints. As the energy density of the laser becomes larger, the heat-affected zone
(HAZ) of joints is smaller. In terms of microstructure, the large temperature gradient and short duration of the molten pool lead to a
weld microstructure mainly composed of dendrite crystals. The precipitation carbides that distribute between and within the grains
contribute to precipitation strengthening. In terms of mechanical properties, the room temperature tensile specimens of joints by
laser welding with filler wire fracture at base metal (BM), while TIG joints experience a decrease in room temperature tensile

properties due to grain coarsening and reduction of carbides, resulting in fracture at the weld seam. Under high-temperature

FEHHA: 2024 - 08 — 13; KA HHE: 2024 - 11-24
EL2WE: P EEER4Am I H (2021M700990); Bp T4 45 34 ¥ Bh0 H (LBH-220143)



%10

&2, % GH3230 B &4 WO 22 08 4 B Fn ) M 125

conditions, the high-temperature endurance performance of TIG joints is slightly higher than that of laser welding with filler wire,

and both are higher than that of the BM. In the bending test, both joints by laser welding with filler wire and TIG joints show no

crack defects and exhibit reliable bending performance.

Highlights: (1) laser welding with filler wire process experiments were conducted on GH3230 high-temperature alloy, and well

formed butt welds were obtained.

(2) The microstructure and mechanical properties of GH3230 laser welding with filler wire joints were analyzed and

compared with TIG joints.

Key words: GH3230 superalloy; laser welding with filler wire; dendrite crystal; carbide; high-temperature endurance performance;

bending performance
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Table 1

Chemical compositions of GH3230 BM and HGH3128 welding wire

Jée Cr W Mo Al Ti

Fe Mn Si C Co La Ni

GH3230 20.0~24.0 13.0~15.0 1.0~3.0 0.2~0.5 <0.1

HGH3128 19.0~22.0 7.5~9.0 7.5~9.0 0.4~0.8 0.4~0.8 <2.0

<3.0 0.3~1.0 0.25~0.75 0.05~0.15 <5.0 0.005~0.5 &

fem

5
=

<0.5 <0.8 =<0.05 - -

ROt

P

s

(a) O 22 4R

L

LS
W pse i

(b) TIG HH£2J

E1 BEREIZREE

Schematic diagram of welding forming process.

(a) laser welding with filler wire; (b) TIG with filler

wire
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Table 2 Parameters of laser welding with filler wire

R PW LA Dipm AMEEE v/(m min ')

B F/mm

JEBEEAE dimm  ELHEEv/(mmin ) ELETE ffimm

1100 100 1 +5

1.86 0.5 <1
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Fig. 2 Schematic diagram of room temperature tensile
test specimen size
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Fig. 3 Schematic diagram of high-temperature endu-
rance test specimen size
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Fig. 4 Schematic diagram of bending test specimen size

2 RIEER G T

2.1 BREENBFSH

1 5 (a) FEL 5(b) 4330 M BOGIH 2208 T 2545 3]
M43k LBW-1 5 LBW-2 K U M X 56460
SR, BOBHSL IR R TR, MUY RAF, oW .
RO AL, 5 (o) M 5 (d) 7390 TIG-1
5 TIG-2 33k Rl P & X gt 5, &t
BH S B, (RAERREE XN X 2kl G A
Z A IS AS— (1 DX 5k, ARA A7 PN U1

TR AR S AR S B AT 2 W 30, A&l 6 BT
IR JREERSE, 03 3 FR. SO 22 /R Sk 1%
FRIX 3 8 /NT TIG 22043k, ok
1) 1 T - 32 98 5 8 TP B8 S84/ T TIG $23k

(d) TIG-2

E 5 1REMFER X HERNER
Fig. 5 Welding seam formation and X-ray test results.
(a) LBW-1; (b) LBW-2; (c)TIG-1; (d) TIG-2
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(b) LBW-2
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Fig. 6 Cross section of 50 times enlarged joint under
optical microscope. (a) LBW-1; (b) LBW-2; (c)
TIG-1; (d) TIG-2
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Table 3 Comparison of weld seam size between laser
welding with filler wire and TIG with filler wire

15 %% W/mm SN TE Wyo/mm
MR S
WEm IEm 1]
WOt LBW-1  2.34 1.76 2.37 1.93
WOt LBW-2 2,40 2.10 2.37 1.93
TIGH#Z  TIG-1 4.49  4.79 5.03 4.79
TIGHZ  TIG2 5.56 4.79 5.03 4.79
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Fig. 7 Metallographic structure of 100 times magnifi-
cation joint under optical microscope. (a) HAZ of
LBW joint; (b) weld seam of LBW joint; (c) HAZ of
TIG joint; (d) weld seam of TIG joint
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Fig. 8 Fig. 7 Metallographic structure of 500 times magnification joint under optical microscope. (a) GH3230 BM; (b)
HAZ of LBW joint; (c) edge of LBW weld seam; (d) middle of LBW weld seam; (e) HAZ of TIG joint; (f) edge of

TIG weld seam; (g) middle of TIG weld seam
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Fig. 9 Room temperature tensile test specimens
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Fig. 10 High-temperature endurance test specimens
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Bending test specimens
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