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Process Parameter Optimization in Laser Cladding of Nickel-aluminum Bronze/
Hastelloy Coatings
DU Juan', LI Xiang®, XU Yuliang®, HU Kaixiong®, HAN Mingxing®, CHEN Yun®

(1. College of Intelligent Manufacturing, Wuhan Technical College of Communication, Wuhan 430065; 2. School of

Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063)
Abstract: Pre-placed powder laser cladding technique was employed to fabricate Hastelloy C276 coatings on the sur-
face of nickel - aluminum bronze(NAB), and the effects of laser power, scanning speed, and powder thickness on the
dilution rate of coating were systematically analyzed using response surface methodology. The results indicate that the
cladding layer is uniform and dense with significantly refined grains under optimal parameters (laser power of 3 000 W,
scanning speed of 11 mm/s, and powder thickness of 0.8 mm). The microstructure is transformed from equiaxed
grains at the surface to columnar dendrites at the center, and coarse columnar dendrites are formed with abundant cellu-
lar grains at the bottom. The average microhardness of coating reaches 303.9 HV,,, which is increased by 91.1% com-
pared to that of NAB substrate.
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Tab.l Chemical composition of ZQA19-4-4-2 nickel-aluminum

bronze %

Wy

Ni Al Fe Mn Si Pb P Sn Cu

4.3 9.03 4.1 1.95 0.1 0.01  0.01 0.004 &K=&

R2 MBEKAESEC2T6 B RMUZER S
Tab.2 Chemical composition of Hastelloy C276 powder %

Wy

Cr Si Mn Mo Co W C Fe \Y% Ni

15.00 0.15 0.40 15.50 2.50 4.00 0.02 6.50 0.14 &

v y-Nil#l %
(Cr,W,Mo)
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Fig.1 Microstructure and composition characterization of powder

2 S O 1 B 0 B , KUKA KR60 HA L%
HAKEARSH RS, RGO B ITR R
o KRCA 5 i 4, 60 7 B0 A 11t i 4 B L {5 P O30 5% ik
BB WOGIE H R G r el . YLS-6000-K A
FROCH BIRERSEIL R 4. Fy R ik 5 48 8 IR
fa] UL b 2, DL AT 2, E 4 [7) il oy o =4 I 1, DL

MU

4
. W’
'xuumul j
iy i 4
.

(c) %o

(OFc LU
B2 #brEXBRg
Fig.2 Laser cladding device

(e) /K¥AHL



PO BB AR T -0 A

SWEN TSR h %

K 2d. i TASHESE R U Ry R T 20, S bris A7 A
J P I kPR AP R DLk i B R R R A A
Hb, F G E #5  F) HL-2000 #9 % F ¥ 7K HL R 306 25 $2
PR PR v ZN OB, UL I&] 2e
%£3 KUKA KR60 HA #185 A 8 S %
Tab.3 Performance parameters of KUKA KR60 HA robot

Jikt/kg BeR s /kg A /A RKRBE/ (mes ) AFEER/mm

665 60 6 6 2033

F4 YLS-6000-K HkFHERESH
Tab.4 Performance parameters of YLS-6000-K laser

BRI R EEMmE/ Wik /nm RO R
/W (mrad) g /] JE/°C
6 000 < 8 1 068~1 080 500 5~45

1.2 REHFRET

M) 7 T 92 CRSMD J& — Ff 3 1 55 12 1) 2 4% & [m]
H 5 04k 5 v 38 a3 56 18 11 R 22 300 =X [l U9 4 AR ) T
205805 AR 2 R] Y AR M G R AT IR O 5
D 5 Bl o T P L v 4 LA OO S B DR R A B AR
N, 7E T AR i s s il v iy )z o Mo, kel
U A AR B AL R M R A AN, ik i H

y= ﬁo+zﬂx+z z By x.2; +z,8x +e

b,y B bR (R AR 50, 8 AR (R D)8, 0
RO R 5 & 20 S TRV 2R CH AR B0 A 80 5 800 H AR
o, 0 B R BCCRAETD 5 5, 0 [ 78 B 2 0 1805 R K
CRTD 5 8, 8 28 BN a1 BLH R, i) € iR 22
T iﬁ;ﬁfﬁ’&ﬁ@jiﬁlﬁ\%ﬁ%%mﬂﬁe%o by ) A
w8 & s s 2 A T (CCD)
Box—Behnken Wit (BBD)., 5 CCD i ,BBD iR 4 1
/bR R O AR AL B RE AR I AR 5 XU
MRE PR UERE ARG B SR L IE T 5
Shy T A o O T 3 3R 06 3 0 B A B R o T
ZEOMERE T FESEEE, Lot £
2 200~3 000 W, 34 # % 2 8~14 mm/s, fi k3 JE Ky
0.8~1.2 mm. 7EIFEERE b, SR w5 1 75 F ' R 480
ZWR RIS 1. FH Design Expert {4
PEFT 3 &K 3 7K F Box-Behnken #¢3f, LLHF 5% #8002
R R LA R R R e T R R R RS A 1
M, TZESHOKFILFES, BT BBD & / 3K %E 3K
SRS LR 3
x5 IZ5HKFERE

Tab.5 Levels of process parameters

KT ORI P ﬂﬁ%iﬁ%g(}s)/ A IR d
(A)/W (mm-s ) (C)/mm
AT (— 1) 2 200 8 0.8
Z K- (0) 2600 11 1.0
K (1) 3000 14 1.2

-10-10
B3 3W&3KFBBD&TLEME
Fig.3 Designed structure of three-factor and three-level BBD
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Tab.6 Experimental parameter design and corresponding dilu -

tion rates
eppren  HOEIEP EEEEEWB) WWEEL R
(A)/W (mm-s™ ") (C)/mm n/ %
1 2200 8 1.0 13.75
2 2200 11 0.8 19.53
3 2200 11 1.2 12.26
4 2200 14 1.0 12.31
5 2 600 8 0.8 28.74
6 2 600 8 1.2 19.49
7 2 600 11 1.0 16.03
8 2 600 14 0.8 22.92
9 2 600 14 1.2 18.86
10 3000 8 1.0 22.57
11 3000 11 0.8 28.75
12 3000 11 1.2 24.13
13 3000 14 1.0 19.55

RT BREFESWER

Tab.7 Variance analysis results for dilution rate

L2 Ffd P{H G
LR 29.94 0.000 8 e
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AB 0.40 0.554 0 FNTES
AC 1.13 0.336 3 NTES
BC 4.34 0.091 8 NTES
A? 0.81 0.409 7 NTES
B? 8.75 0.0316 e
C? 86.75 0.000 2 W
P AR 0.68 0.642 8 N TES

xS BREHESHWER

Tab.8 Fitting results for dilution rate

U e o e g "
oy POEREC mERER DRE mnas L
- (R%) (R (Cy/%) "
J YR
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Fig.4 Model validation and parameter influence on dilution rate
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Fig.5 Interaction effect of laser power and scanning speed at a

powder thickness of 1.0 mm
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Fig.9 Cross-sectional morphologies of single-pass cladding layer
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Fig.10 Cross-sectional microstructure of coating
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