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Fig. 1 Morphology and particle size distribution of GH3536 superalloy powder
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Tab. 1 Chemical composition of the GH3536
nickel-based superalloy wg/%

Cr Fe Co w Mo C Ni

2149 186 1.64 0.60 9.07 0074 A&

EFr, MARBKREERL, 1£86.6%, MmaoltERIF
(14.8 /50 g) , BFFEHLPBFIRZFH RIS M
. ERAIRN15~53 yumIE B ARHITHR . KB
SZIN=#EP-MI50REHITEEFmAIEIE, HPb, A
LRAMFRR T /910 mm x 10 mm x 10 mm, JIZ4%EE
Mt R R 920 mm x 20 mm x 50 mm, BEATZS
HANF2F =

LPBFHIEME SR, S&E. WMEITERN
W E, KEXZEME (OM ) XTARFE R
M ITMER, F45EImage pro-plusiRIAEFTFLIRER
BEfS, FFDesign-ExpertiFAIFOE SR ITHEHITIT
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Tab. 2 Process parameters for the preparation of GH3536 alloy by laser powder bed fusion technology

HotR/wW Hi#E%/ (mm-s™)

B 25 /mm

4] FR/mm TEHE A BE/(°) HEAR Y C

180~270 850~1 050 0.03

0.1 67 80

RIERSE . XIFLELMER, BBt 9HC (100 mL )

+CuCl, (50 g ) +C,H,OH (100 mL ) HIFEIRFAIFHITHZF
fEt#, FFFIFThermo scientific Apreo 2CEUIFIHRETE
% (FE-SEM ) MZEEBMAELFR . BEXXREN
HHFEESNEREE . REE45.105@8 it T
R Egemit, RGN TR INERRxR. &E,

A ASEMX AL OH TR U E SRS
X

E2 ffERRITEE

Fig. 2 Schematic diagram of tensile specimen size
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Fig. 3 The optical microstructure photograph of GH3536 alloy prepared by LPBF
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BRI A EEXIWEZEH TN, HiRiT 13RI
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Tab. 3 Response surface experimental factors

EYiGIES [R5 e fik e
HOEIIR/W X1 180 270

Hf#EAR/ (mm-s™) X2 850 1050

R4 WEHESKERITSH

Tab. 4 Response data and experimental design parameters

F5 AAR-EOCIR/W AR AR (mm-sT)  fLER/%

1 240 1050 0.041
2 210 900 0.052
3 240 900 0.057
4 270 1000 0.032
5 180 1000 0.033
6 180 950 0.036
7 270 1050 0.054
8 270 900 0.062
9 210 850 0.055
10 180 1050 0.055
11 180 850 0.056
12 270 850 0.053
13 240 1000 0.028
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NSRRI ENT TIOEINER . IR E SGH35365 R
BERERZENHFEE, HHiTT ALK,
miEmBERZENX (1) i, BRERXF, &R
0.002 18X, NI INERIEIISEFIRE TR/
IR EF#ERE . -0.037 S4X,FRRIAMMERKIEINT, L
PR RBERME . DRIERE SRR
FLBREMIEL MR M, BE B CIIERSGAmRENIE
m, ARENTUHAEERENELXR, ML
DIEEINsAEEINE L . 2 ‘WL’ R
1.
Yporosy=0.036 57+0.002 18X,~0.037 54X,—

0.000 844X,X,+0.005 46X;+0.012 12X3+

0.005 57X;X-0.005 16X,X>+0.001 68X+

0.031 59X; (1)

ERSHEF WM EEALHHILPBFHIEGH35365

SHRPIIEXRPE U REEFESTT . BAKF
BEINNPEREREXEHMNESE ., BIIXERSHH
EERBITOWMAM, BEPNFEN10.386 1, PER
0.039 8, Prob>F{E/NTF0.05, FEIHERIALNE TR
BASRENEM . X, XXM X #EMERAIFER
NROPE, HIERBTHEREN G EENENE
Z. R{E)90.968 9, KIHEAIEEIZHRTE96.89%AFLIR
Ko, BEPNESES. W, CV% (ZEREH)
798.57%, /INF10%F Hadequate precision (JIESF5E )
>4, REANLRAMYEEsNAEEMERE", B
BRESHMRENLLERSEN . ALLEM, Nl
FEENEESEFEERN, SSEEXEBEN.

RS IBEERMNIRFEREEFTESN
Tab. 5 ANOVA for the reduced quadratic model of porosity

JEHIE M HWE ¥z F P-H Prob>F
A 0.0015 9 0.0002 10.3861 0.039 8
X, 1.2813 1 12813 0.07812  0.7980
X, 0.000 9 1 0.0009 5432476  0.0050
XX, 33589 1 33589 020479  0.6816
X 6.2823 1 62823 3.83039  0.1453
be 0.000 3 1 0.0003 17.0988  0.0257
XX, 33722 1 33722 2.0561 0.247 1
XX5 35483 1 3.5483 21635 0.237 6
X, 7.8388 1 7.8388  0.0477 0.840 9
X, 0.000 5 1 0.0005 29.5627  0.0122
B2 49203 3 1.640 1

BIR2ZE 0.0016 12

iE: R'=0.9689, CV%=8.57%, adequate precision=9.746 6
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Fig. 4 3D response surface diagram of the interaction between laser
power and scanning rate on the porosity of GH3536 alloy
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Fig. 5 Diagram of melt pool size variation of GH3536 superalloy under different process parameters
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Fig. 6 SEM maps of LPBF GH3536 superalloy along building direction
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Fig. 7 IPF maps of LPBF GH3536 superalloy along building direction

B8 TEITZSH TGH3536a8HNFHRHEE
Fig. 8 The average microhardness of GH3536 superalloy under
different processing parameters
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Fig. 9 Stress-strain curve of GH3536 alloy fabricated by LPBF and performance comparison of domestic and foreign
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Optimization of Laser Powder Bed Fusion Process Parameters for GH3536
Alloy Based on Response Surface Methodology

ZHAO Xiang-yu"?, ZHOU Lin’, CHEN Rui-zhi"*, WU Di’, LIANG Jing-jing’, Liu Li-rong', ZHOU Yi-zhou’,
LI Jin-guo®

(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China; 2. Institute of
Metal Research, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China)

Abstract:

The present study focused on GH3536 alloy, employing the response surface central composite design method
to optimize the process parameters of laser powder bed fusion (LPBF) and establish a functional relationship
between the additive manufacturing process parameters and the porosity of the alloy. The results indicated
that the scanning rate had a more significant effect on the porosity of GH3536 alloy than other parameters.
Through response surface optimization experiments, the optimal parameter combination for LPBF of GH3536
alloy was determined to be a laser power of 210 W, a scanning rate of 1 000 mm/s, and a hatch overlap rate
of 40%. Under these conditions, the porosity of GH3536 alloy was measured at 0.026%, which was in good
agreement with the predicted value, thereby validating the accuracy of the response surface optimization
approach. The mechanical properties of the alloy under these optimized parameters were evaluated, revealing
a tensile strength of 844 MPa, a yield strength of 640 MPa, and a fracture elongation of 29.5%. The excellent
tensile properties of the alloy can be attributed to the synergistic effects of low porosity and fine-grained
microstructure.
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