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Table 1 Process parameters of micro zone cladding

Sample No. /A UN  v/(mms') Cooling medium

1 100 15 0.6 Air
2 126 18 0.6 Air
3 150 20 0.6 Air
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Fig. 1 Macro morphologies of cladding layers with different
power: (a) Sample 1, P=2268 W; (b) Sample 3, P=3000 W
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Fig. 2 Time—temperature curves of subsurface center nodes

of position b at different powers
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Fig. 3 Temperature—time curves of subsurface center nodes at

different positions of sample 2
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Fig. 4 XRD patterns of tin bronze cladding under different
powers: (a) P=1500 W; (b) P=2268 W; (c) P=3000 W
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Fig. 5 Phase diagrams of tin bronze cladding layer at position a of sample 2: (a) Irregular small grains; (b) Equiaxed dendrites
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Fig. 6 Back scattering electron images of longitudinal section of tin bronze cladding layer at position a of sample 2: (a) Features of

coating and substrate; (b) Cladding layer
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Table 2 Element content in different lining areas of cladding

layer of sample 2

Mass fraction/%

Area

Cu Ni Sn Pb
A 59.95 2.80 16.34 20.91
B 91.50 3.55 4.95 -
C 86.72 3.46 9.82 -
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Table 3 Sizes and element contents in different lining areas of

cladding layer
Sample Pb 6(Cuy;Snyy)
No.  Size/um wi% Area/pm? w/%
1 1.891 1.376 2.814 18.238
2 2.122 1.543 2.3.95 23.453
3 1.926 0.824 1.8.82 28.233
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Fig. 8 |Initial temperature and corresponding diagrams of
microstructures in vertical direction of layer: (a) Coarse
dendrites of substrate; (b) Microstructure of fusion area; (c)
Columnar crystals; (d) Irregular small grains; (e) Small
equiaxed dendrites



1238

hEA O RYR

201946 A

Axis

B9 JAEEMHIHLA
Fig. 9 Microstructure of cladding layer (2#a)
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Table 4 Microstructure and size of cladding layer

SRV T S PR B . E B AR T )
g ] ey A RN B S AL . AL
PSR E i, FEARIERERE A5, BT T L
SBR[ S5 Al R AL . RO T SEA
A B 1) Bl R imid v BT R 25 B it
% 2) ERHEARIT RIS T R A A,

R Uk ] 8 703 v ) B 3

< ;Co (7

A G NSEPRIREREEE; v NERAE R, XH
BT AR AR A m NIBARERER s DI R T4
OB ke P PRBE [E I 5 11 70 e AR 4
Co NETEIEIY o

T 1] 73 SMLIR EAT AR it =

p.r (AT, —ar
o' =4.1| —= 0t = (8)
ATyk,y G

K o WA AR -2 % 0 TR
Gibbs-Thomson ##; AT, JTCH Bkt [E & ahid ¥ B s
AT, NS SRIEA s (AT, — AT,)/ G N I 5 A1 X/ 58
£,

K@)V Y G L% m, BIETER KM A K E %
WHEN, o ESHI=1 L, I R e
R S EAEIR S AR K. AR KR IE v IR
A, N S AR S 1 S Y SRE .

S AL G T A

Gy 3ﬂ.L )
v 3In(1-¢) n+l

¢:1_¢pexpP‘%%)($;Jyn1

Refte e av b HESHEHEIE R Ny BB o
A AT
L 44 A 4% SRS 06 2% T 2 1

(10)

Columnar crystal

Small equiaxed dendrite

Samol Cellular crystal ] Equiaxed crystal ] ] ]
ample diameter/um Diameter/m Length-diameter diameter/um Primary dendrite arm  Secondary dendrite arm
ratio spacing/um spacing/um
1 7.852 43.612 7 9.303 17.244 10.341
2 6.340 20.221 6 13.119 15.281 8.768
3 5.543 13.313 4 11.684 7.223 5.545
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Table 5  Proportion of different morphology grains in
cladding layer
Equiaxed crystal/%
Cellular Columnar
Sample crystal/% crystal/% Irregular small Small equiaxed
grain dendrite
1 2 27 61 10
2 3 17 64 16
3 3 10 64 23
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Table 6 Hardness of cladding layer at different powers

Sample No. Hardness, HV
1 137.16
2 142.24
3 146.11
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Relationship between microstructure of
tin bronze microzone cladding layer and heat flux

QI Ya-hang', LI Zhen®, GAO Peng?, ZHOU Tie-tao'

(1. School of Material Science and Engineering, Beijing University of Aeronautics and Astronautics,
Beijing100191, China;
2. China Aero Beijing Aero Engine Control System Technology Co., Ltd., Beijing 100191, China)

Abstract: The metal surface cladding is an effective means to improve the wear resistance of the metal, but the
temperature of cladding process changes rapidly and is not easy to be measured directly. The temperature change of
cladding layer was obtained based on ANSY'S simulation calculation, and the relationships between process, temperature
and microstructure were established. The tin bronze cladding layer was prepared on the copper substrate, using argon arc
as the heat source. The qualitative relationship between the microstructure and heat flux was determined by analyzing
microstructure at different positions of the temperature field during cladding process. Through the numerical simulation
of the temperature distribution in a small molten pool and analyses of microstructures, the relationship model of the
crystal form and size, super-cooling degree and cooling rate was proposed to determine. The results show that the grain
size, the dendrite arm spacing and the size of precipitate phase are negatively correlated with the heat flux, and the model
of columnar crystal/equiaxial crystal transition (CET transition) and heat flux was established. By adjusting the
simulation parameters, the model can be extended to different materials micro-zone cladding processes.
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