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This study investigates pulsed Nd:YAG laser welding for dissimilar joining of nickel-based superalloy IN738 and
precipitation-hardened stainless steel 17-4 PH. The main objective of this study is to investigate the effect of welding
process parameters on the mechanical and microstructural properties of the joint. Scanning electron microscopy (SEM)
revealed that in IN738 superalloy due to its higher heat capacity and lower thermal conductivity cellular growth
transitioned into columnar coaxial dendrites. In contrast, the steep thermal gradient in 17-4 PH stainless steel promoted
planar growth, forming fine grains with a columnar structure. Increasing pulse frequency and duration enlarged the
weld pool dimensions while reducing Length of solidification cracks and heat-affected zone (HAZ) cracking. Higher
welding speeds decreased weld pool size; at 8.3 mm/s, solidification and HAZ crack lengths were reduced by 92% and
83%, respectively. However, further increases in welding speed (up to 13 mmy/s) significantly intensified HAZ cracking.
The results showed that, unlike the welding speed, increasing the frequency and pulse duration resulted in an increase
in the microhardness of the samples. Small punch test (SPT) results demonstrated that samples with fine, coaxial grains
and uniform precipitation phases (y' and MC carbides) exhibited the highest strength and toughness. These findings
provide a foundation for designing effective repair and joining processes in energy and aerospace applications.

Keywords: Pulsed Laser Welding, Dissimilar Joint, IN738 superalloy, 17-4PH stainless steel,
Microstructural Characterization.
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Table 1 Chemical composition and weight percentage of elements of
IN738 superalloy

Elements Co C Mo Nb w Ta Ti Al Cr Ni

IN738 96 0.1 1.5 0.08 4 23 47 31 141 Bal

17-4PH 358 yolic (9 303 3 (loowd Sy ¥ Jgi
Table 1 Chemical composition and weight percentage of elements of 17-
4PH Steel

Elements C Si Mn P Cu Cr Ni Mo Fe

17-4PH 0.07 0.7 1.5 0.04 38 162 42 0.6 Bal
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Table 3 Experimental design

No. Series Sample  PF (HZ) PD (ms) ) Pave (W)
1 Al 11 7 8.3 148
2 A2 14 7 8.3 173
3 A3 17 7 8.3 195
4 A4 20 7 8.3 209
5 a A5 23 7 8.3 253
6 B1 20 4 8.3 153
7 B2 20 5 8.3 171
8 B3 20 6 8.3 190
9 1 B4 20 8 8.3 238
10 C1 20 7 5.6 209
11 C 2 20 7 6.7 209
12 C3 20 7 9.3 209
13 C4 20 7 13 209

G 9o (Jlil Jalxo by (S 5 (8o (Hjesliin
Struers, oo buwgs ladiges wils a8y )8 31,55)le
Gl owiz il gladad JgilS wile esle L Prontopress-2
isislS O 15 Ve ,Lad § 1Weo)1o°C (gl 55 vcblidh oy poliial
el (Gllopw 4833 0 g (Ele)S 4B \v) dids 10 e @y
o b SIC o3l 3215 Uy (glaloye sy Indiga s A5
L Uirogdl 5392 b (e (658 Jdmo 5 o3y sy Weee 5T
3l ome 038 pladl ogate sad 5 9Sue ¥l gl
9 03 SS9 5ua (gl b andigad (g, Jdo 5 Hjesliin
b owldlep cup ssd SB Jib oo L
G395 Q98w Se 5 Olympus-SZH10 (6,95 gy Sae
oLzl EDS g BSE « SE (gl ST 4y 420 SEM-MIRA3
gy b ladigad x9S 5L 51 (6558l (sl -8 )S
ilizeo 5>lgs 5o badils ojluil ceales 43 g 0o (g5lwoskel Yb

358 e MIP4 1381605 51 oslail U o Glg>

2l Julxi -7

S 88z 3l o by wlils jlislug, lal dlis ¢l s
pold oz 51 e s Julad sl (alive U oad
slosahl il 5 Gisr bon Slslon e 335
4 izt ol 48 S )18 asllbe 330 o s (625 (5, Sbgz
ok sl e slagby, Sl isntinher L)l sshie
el ond ealaiwl ,I5 4 53,9555 Jlessl g i)y o193
G sl (SPT) S5 il gesl 9 (it i cealed
ol 01 Jalo5 gz Ladse SeilSe olss

wllas jI Gl aly ol sl 1y 5 B G ¥
ol ) Kdsz

i Ol a3l s dlse )3 39250 slajls lulid gz
sSawssSe 31 eslisl b ylislu iy o 3 (XRD) Syl
el 17-4 PH 5355 3¥58 5 INT38 50T 500 (55, (39,5l
dioj 38 y3h5 saimayLid IN738 4y bgsye XRD (551 . as

1808 2l3pa coh oylaid Y0 0593

oblSen 5 olisins S9zme  OIA

Laser nozzle and

argon gas ™

Sample holding screw

/ Fixture

S

Workpiece

o3 (5, Sbgz a8 Slas (1 S
Fig. 1 Laser welding setup schematic.
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Table 4 Results of X-ray energy dispersive spectroscopy (EDS) analysis
Point Fe Ni Cr Co Cu Mo W Ta Ti

A 64.2 8.4 20.4 1.7 42 09 0.2 = =

B 49 18.7 23.5 26 41 11 07 01 0.2
C 276 338 26.7 41 38 16 1.0 06 08
D 20.7 405 % 71 19 16 1.7 11 12

E 173 491 17.9 79 05 1.8 24 15 1.6
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Fig. 7 a) The effect of pulse duration on weld size, b) The effect of pulse
duration on solidification crack length and HAZ crack length
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Table 5 Results of measuring the length of the MZ, PMZ and HAZ regions
using the Rosenthal equation

PMZ
Measurement MZ HAZ
No. o— MZ PMZ HAZ Error (%) E(l;;(‘;l‘ Error (%)
0

Predicted 12 81 531
Ay 12.1 14.7 10.6
Empirical  10.7 7.3 48

Predicted  14.1 10.3 68.6
A, 16.5 18.3 20.7
Empirical 121 87 56.8

Predicted 163 11.9 78.2
As -10.9 9.1 -12.9
Empirical 183 13.1 89.8

Predicted 18.7 143 85.1
Ay 5.0 8.3 9.1
Empirical 178 132 78

Predicted 215 159 97
As -7.7 -13.1 -8.1
Empirical 23.3 183 105.6
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Table 6 SPT results obtained from force-displacement diagrams using
equations 6-9.

Failure Jie Ou Oys  Pu/(tdm) Py/t*

mechanism  (kJ/m?) e (MPa) (MPa) (MPa) (MPa)

Samples

Brittle 0.62 880 720 890 749 Ay
Composite S 0.67 900 730 910 760 A,
(Local defects) - 0.71 920 750 940 780 As

Ductile (coaxial ., (02 040 770 990 805 A

grains)

Ductilewith o (¢ 930 765 960 790  As
porosity

Combined 065 990 730 900 750 B
brittle

Combined 07 915 745 930 770 B,
Ductile 076 935 765 970 790  Bs

Very ductile 50 0.81 955 785 1005 810 Ba

Relatively

brittle 46 079 945 775 980 805 Cy

Semi-brittle 42 0.73 920 760 950 790 Cz
Brittle 0.66 890 740 920 765 C3

Very brittle 0.59 860 720 880 740 Cs
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