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Tab.1 Chemical composition of 45 steel

w(C) /% w(Cr) /% w(Mn)/ % w(ND /%
0.42~0.50 <0.25 0.50~0. 80 <0.35
w(P)/% w(S) /% w(SD /% w(Cuw) /%
<20. 035 <20. 035 0.17~0. 37 <0. 25
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Tab. 2 Chemical composition of Ni60A alloy powder

w(C) /% w(B) /%  wFe)/% w(Cr)/% w(SH/%
0.5~1.1 3.0~4.5 <17.0 14~20 3.5~5.5

L2 S9Jitk
S B R S 5 A Y o S RO A% (LDF

4000-100) , HoAiy 4 A O A Tk b Rz 22 P AP,
7N e e R i 4 U 43 5912 900 nm AT 1 070 nm,
WG R ERTT 3k 4.4 kWL SR FH B9 HLA T R
KUKA Tl #l#s A (KUKA KR30HA) , i HL i
TR 6 4 HH B, | KT8l 40 kg, e K
AR N 7.8 kW, v & 8 EZ 1% 2% /N F0.05 mm.
S FH 1% [5] %1 840G 3k (Precitec YC52) 2% 8 5 =t N
[F] 25 26y, BIV3d 3k 4 36 45 B Tl gl 6By OOk
BEE RN 3 mm, £ AT AT, B K4 O TR
Sy 6 kW. 3% 8 R A 9 R R84 B 25 (RC-PF-
01B-2) . Bk T R A6 45 77 2, 15 1/ min A%
By R KM E A AE 3~150 g/min P,

FIGSENR BN 1 200 W ik H 3l
FN 15 r/min; N 0. 006 m/s; #5452 F 1k
B2 20%.30% .40 %6 F1 50 %0, e FE B & T F
P4 45 0L 1 B 7 2 00 T S L T LA SR i
RS R AT g s A O O 2R IR E
W sl SAE LR R R AE B R T I
6 WO 425 4 X 3 ) S R 4 40 4 R TR RO
J7 1] VI EIRE 5 R HAE 4 AH R, 15 U115 1
R S [) MRS A D 46 E A7 B S Ao,
X SR LR AT S AN TC 0K A B ke DR 0k 7 T el i )
FH XS 2 AT S SOkt I 3R T #E A7 0 5t 43 AT AE WL
WAL R R 3 1 A ER R AN R TR A
VSR R B Ik 40 s, I 57 B TE K & B 4 40t
T I e R A A 1R B R RE i AT A
ZUER.

2 i

2.1 SRR B2 B AL SR B

S B o O R RO I 5T B U SR
PERE A A AL LR . JT 30 5 1 A 2 48 A B A L R AT
20T I T T 6 BV AE L A AR AR o R M
BLJZ AR HL]. 2238 15 R AR AT 18T 1 TR,

w WAL

S0

W1 ZEfEmEasn

Fig. 1 Cross section of multi-track overlapping cladding
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Fig. 2 Microstructure at the bottom of the overlap zone in cladding layer under different overlap rates
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Fig. 3 Microstructure of the middle and upper parts of the overlap zone in cladding layer under different overlap rates

Ziey LR AN [ B4 12 3R T )2 15 1 IO )
7 0 B2 B S A B0 o0 AT < X TR R A
17 Z2 5 IR O TR R HE & X
Sl B 2 R X 0B R R R O AR A I X
SR P P ] B abe DX e A = TR A 90O FE A
S 22, S BRSO TR Y S ol 2 A I e (] B

K BT A SRS SR i #5130 F 54 IR
FTA T &4 AT 1 NI 2 N AN I
EoR xR IR NITTRCS B NEDC I R AN oy T3 A 14
I 2 RL TS R O T E DR g i
B 085 it DXL 8 O S Bl 1) B 7 S0 A O
L5 Bl 20 A 8 22 A0 /N 4 AR O S R L 2R



5 2 ] &

K& REABBRBELEEEN NOAKEE L HMAL PN 161

TN 248 5 35 50 R SR /.
2.2 BREER A oy 1 5

B4 g AR 6 5 R MR AR X 2 AT A
T P 5 25 T 30 00 $5 4 AT A R B 4 IXBE
R THT S HICS T X A5 5 ) R 1 B o a0 BT WL 3 3.
o B AR BT IR FP T A BRI X
FURESE il T X L 23 A W i AT AR A -
Ni [94R8 00 Ak 2 B A ) 45

vY-Ni = MpCs
«CrB - FeB
3 M7C3 * Niasi

N Jh.:“c‘j‘ :._!“\‘. ’ H 50

~ R 40
it ™ 30 ¢

1 L L 1 1 20 %.\
20 30 40 50 60 70 80

20/(°)

B4 FREERTHEER XM EAT4 B

Fig. 4 X-ray diffraction patterns of cladding layers under

different overlap rates
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Fig. 5 Backscatter diagram of cross section of overlap

zone in cladding layer under 30% of overlap rate
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Fig. 6 Diagram of microhardness fluctuation with

different overlap rates
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Effect of heterogeneous metal cladding overlap rate
on microstructure of Ni60A cladding layer

ZHAN Huan, LI Tao", DENG Linhui, SHI Feifan

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The experimental method of using a semiconductor laser to melt Ni6OA material on a 45
steel substrate to produce a nickel based alloy coating is adopted to study the internal microstructure,
phase composition and microhardness of the cladding layer as a function of the overlap rate. Based on
the experimental results, an appropriate overlap rate is selected to meet the performance
requirements. The results show that when the overlap rates are 20%, 30%, 40% and 50% , with the
increase of overlap rate, the structure grain at the bottom of the overlap zone in the cladding layer
gradually increases, while the structure grain in the middle and upper parts gradually decreases. The
main phases of the cladding layer are y-Ni solid solution phase as well as a large amount of hard
strengthening phases such as chromium borides and carbides, and when the overlap rate gradually
increases from 20% to 30%, the main phase composition gradually increases, but decreases when it
increases from 30% to 50%. The microhardness variation pattern of the cladding layer is roughly the
same as that of the phase composition. It gradually increases as the overlap rate increases from 20% to
30% , with the lowest microhardness at 20% of overlap rate and the highest microhardness 700 HV at
30% of overlap rate. It then decreases to 665 HV when the overlap rate increases to 50%. According
to the performance requirements of the cladding layer, it is required that the microhardness be high,
and the structure grain be small and uniform. When only considering the changes in the overlap rate,
a comprehensive analysis of the microstructure, phase composition and properties is conducted, and a

30% of overlap rate is selected as the best.

Key words: laser cladding; Ni60A; multi-track overlapping; phase composition; microstructure;

microhardness



