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Abstract A conventional rolled (R) GH4169 sheet and a selective laser melting (SLLM) additive-manufactured (3D)
GH4169 sheet were welded to comparatively investigate the microstructure and mechanical properties of the three
(R/3D, R/R, and 3D/3D) welded joints. Optical microscopy, scanning electron microscopy, and energy-dispersive
spectrometry were used to characterize the microstructure of the butt joints; microhardness and tensile tests were
also performed on the butt joints. The test results show that the microstructure of the fusion zone is mainly
transformed from cell crystals to dendrites or columnar crystals and a large number of 8 phases and laves phases are
formed in the intergranular and intragranular regions. The grain size and precipitated phase size of the R/3D
GH4169 joint, R/R GH4169 joint, and 3D/3D GH4169 joint decrease in sequence, the average microhardness of
the fusion zone increases successively (250 HV, 261 HV, and 274 HV, respectively), and the tensile strength of
the joints increases successively (768 MPa, 799 MPa, and 985 MPa, respectively). The fracture mode of the R/3D
GH4169 and R/R GH4169 joints is mainly ductile fracture, whereas the fracture mode of the 3D/3D GH4169 joint
is brittle fracture.
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Table 1 Chemical composition of GH4169 superalloy

Element C St Mn Cr Mo Ti
Mass fraction /% <0. 035 <0.08 <0. 003 <0.03 <18.93 <3.02 <1.03
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Fig. 3 Macro morphology of laser welded joints with different material states. (a)(d) R/R GH4169 butt joint;
(b)(e) R/3D GH4169 butt joint; (c)(f) 3D/3D GH4169 butt joint
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Table 2 Weld width and area of GH4169 laser welded joints with different material states

State Top weld width /mm  Middle weld width /mm Bottom weld width /mm Weld area /mm”
R/R GH4169 1.91 0.69 1.05 3.05
R/3D GH4169 1.89 0. 66 0.93 2. 86
3D/3D GH4169 1.87 0.51 0.67 2.62
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Fig. 4 Microstructure of GH4169 laser welded joints with different material states. (a) R/R GH4169 butt joint;
(b) R/3D GH4169 butt joint; (¢) 3D/3D GH4169 butt joint
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Fig. 6 Microstructure of GH4169 laser welded joints on the left of fusion zone with different material states.

(a) R/R GH4169 butt joint; (b) 3D/3D GH4169 butt joint
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Fig. 7 Microstructure of GH4169 laser welded joints in the center of fusion zone with different material states. (a) R/R
GH4169 butt joint; (b) R/3D GH4169 butt joint; (c¢) 3D/3D GH4169 butt joint; (d) enlarged view of region A ;

(e) enlarged view of region B; (f) enlarged view of region C
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Table 3 The element mass fraction of points in Fig. 7 unit: %

Element Al Ti Cr Fe Ni Nb Mo

P, 0.58 2.21 14. 44 12.01 39.03 27.62 4.12

p, 3.43 8. 37 16.02 15. 34 35.22 15. 06 6.56

P, 9.76 17. 65 12.43 7.77 26. 25 18. 77 7.37

P, 5.44 5.61 15.57 15. 05 41.51 16. 81 —

P 1. 46 7.35 17.53 14.52 34.31 24.83 -

P, 0.77 10. 98 17. 35 14. 24 36.70 19. 96 -

3.3 NEtkEse

Sk T 5T A A AU T 2 R e B R
MRS B B T A2 A Y, 43 B 6 3 Fdse Sk i AR 4% I .
TR X AT S A R 5K, AR AR Ak i Ze n
10 fiiR . NE 10 Ca) ~ Co) A LA H L BN 423k
(18 5 DX ol Sl Bl RS AR K P ) b ) 43 A e 3R AR A
[, R GH4169 Bl (1) F- 34 b (oA B (229 HV) 18 2%
filX T 3D GHA169 BE#F (1 24 W B i B2 (404 HV),
WL A, F05E M DX 0 ARRE B A R A A BT B L B 3 i
1223 W it B i 2 SR . H R B T 4t R
CEL 10D JAT 0 A2 Sk ff g b b O X
THORE R 22 85 /0N 5 A 6 S i B 1) - 349t A A U
K45 R 3D/3D GH4169 423k 4 F 1 1 9 i Jir
e (274 HV), Hok & R/R GH4169 # 3k
(261 HV),R/3D GH4169 #%3k /N (250 HV),

XF 3 AR A Sk A i HEAT R AR I, DA g e
Pr ke, B 11 BT b AR W 245 19 W 0

AL AT LA W E 2], R/R GHA4169 #23k A1 R/3D
GHA4169 23k 1 Wi 2407 & ¥ b F R GH4169 B #f
4b .M 3D/3D GH4169 4% 3k W] B 75 45 4% &b b 2L,
Bl 12 BT P e ih 2k, M A B8l 25 R T LR
th,3D/3D GH4169 4% 3k (1 v A 58 FF (985 MPa) ik
& T R/R GH4169 4% 3k (799 MPa) F1 R/3D
GH4169 4 3k (768 MPa), 3 5 ol DL #E W #1 R
GH4169 BE# By o B2 I T 3D GHA169 BE#f,
)& 3D/3D GH4169 4% 3k () %E i % (2%0) i /N T
R/R GH4169 #3k (67%) il R/3D GH4169 %3k
(34%),

PRI 25 5 X 5 Sk W 0 AT SEMOWL SR,
13 W S s B, W 13 AT LIE R
GHA169 BE#4 W7 11 38 T A7 76 K3 3 55, 76 9 55 Z (A
(1) £F 2 20 % v e 2% — BB B AL, i R B R GHA4169
MEZEEPERZ, SR1M.3D/3D GH4169 #k 1Y
JE A BT 1B S50 RS AIE 2 R B K T R A 485 5 1l L O£k

1002006-6



h 5| 74 ot
650 —— 650 5 o
600 | e middle 600 | ® e middle
550 | —#— bottom 550 ~—#— bottom
E 500 | E 500 | 4
)] [}
g0 L o _ g0l L o e
ga00r 2 2 "% 400 Z
<350 cz —f— HAZ 1 | £ 350 E | 4 maz o« g
5300 : = g300f z
250 / 3! = 2501 =
200 | o ¥ 200 |
150 1 1 L 1 1 ol L 150 1 1 1 1 1 L L
-15-10 -05 0 05 10 15 -15-10 -05 0 05 1.0 15
Distance from the weld center /mm Distance from the weld center /mm
650 400
600 L(©) = m.p (d) I op
—o middle E 350 B niddie
550 F ~—#*— bottom 5 I bottom
% 500 g 300 [] fusion zone
§ 450 - [ E 250
£ 4001 IR R £ 200
<350 8 3 Z 150
o i )
5300 = - 5
: S | b S %100
250+ 8 i ® =
200 31 50
150 0 -

-15-10 -05 0 05 1.0 15
Distance from the weld center /mm

RR R/3D 3D/3D

Bl 10 ANFEAEHRS GH4169 B3k B . () R/R GH4169 #:3k;

(b) R/3D GH4169 #%k; (¢) 3D/3D GH4169 45k ; ()1 & X 197 4 1. ol B
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Fig. 11 Macro fracture locations of the tensile samples of GH4169 laser welded joints with different material states
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