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Abstract Considering the significant influence of thermal stress on the coating quality during the in sizu {abrication of new
iron particle-reinforced alumina coating by laser melting, we investigated the thermal stress of a single-pass composite
alumina coating on the surface of titanium alloy in this study. The representative volume element method was used to
simulate and calculate the thermodynamic parameters of the new coating. The heat source model of the laser-induced
thermal reaction heat was established using a combination of the raw-dead cell method and internal raw-dead heat source.
The thermal stress distribution pattern of the coating components at the end of the cladding under different combinations of
process parameters was calculated and analyzed. The results indicate that the thermal stresses are primarily concentrated in
the coating and its bonding surface with the substrate and the tensile stresses on the coating along the melting direction are
the main causes of transverse cracks in the coating. Owing to the laser-induced thermal reaction, the coating cracks
increase with laser power and laser scanning speed. At 600 W laser power, the coating has the lowest number of cracks
when the scanning speed is 2 mm/s. Moreover, at a scanning speed of 5 mm/s, the coating has the lowest residual
stresses when the laser power is 300 W.

Key words laser technique; laser cladding; laser-induced thermite reaction; composite coating; numerical simulation;

thermal stress

17 = HA W AR A RS FAN 7 SR B, X TR AT R
E’JK T AR R BB TR L5 P R R

AL A0 B B BAT G R R T FAPE | R R AR ol A ) e MR 1 e R AT F’@f%“ A R T R

P FEm E AT AR 2 AR T M L HE SRR SRR RE BB T4 T R AR i 3l B IR A BRI %

Wi B 2021-11-30; fEEIHH. 2022-01-24; RHABH. 2022-02-21; MEEHAZBH: 2022-03-10
HEEWE . kARSI E (20312202D,216Z1704G)
BEIEE: yiwen@ysu.edu.cn

0931001-1


https://dx.doi.org/10.3788/LOP213102
mailto:E-mail:ytwen@ysu.edu.cn
mailto:E-mail:ytwen@ysu.edu.cn

PF o TCABKE & HAT M 4 1Y SE eV I B T
I BB AR 0 TR e Bl - P, R LA

2] 3 A TR R R T B 3 BT R OB
ACRUC AR BURE M | R R A R LA O
B WOBKE B EORAE Sy — BB 2% i 1 T 19 44 )
R 2R THT SCPE B AR, BT T T3 8 b A R X/ A A 3
MR JBE ey 25 Al A G0 i 3 £ A i A L 19 10 B8 i ol
Tz 3 O TR R I A AL R MO
AR BRI AR V4 A T AR AT R — A B
ik B 2, IR K RS 45 A [R] 25 0] S5 B AR JE R T
(7 A o TN TV B0 R 5 A% L 7 D) AT i 2 A e 43 o AR
o S BN Sl A R v M P IR A R 2R BORL Y 5
RS W) e U R AR ORI B T A vp e pLEE - 43
SOk s b IR PR R JBE B 2 X TR V2 B AR AR K R
M D BIE O i L o 3 5 AR b Y IR
L0 139 09 53 A LR 4R THR TR B B B AR R
B S o SCHRL LS TR T Th7 3% 22 AR IR0 H13 80 3
JERE A NS S AR S R AT T R 7 R, 5
Bk TR TS BT % . W TROLEE SR ™ 4
FI8 e 1t A7 R i) B e L TR o vy, AR e o U T B
T2 IR B A AR A R DN AR 22 [ A A
DA (B A U T vk 2 A E g LD AR B 2 il i T
S TR A WOk E R BT, —
JECRFHOE LAY BE f VR o AR IR . T 2 R S 0

F 605 F9H/2023 F5 A/HAESBTFZHRE
KA T ZN B T 7 A R A B R i )2 AN s
AR RAE ] o R W 5T 48 s O s 7 3 R b o R
5O K& A BRI AR A TR T S
BRI R E P B AR R
AR S R — R T OG5 5 A S i g ) i B
BRAVURL 1S 2 S I0 58 B IR )2, B IO e B o R b Y
OGS R B 52 e VR A S B OB e A o
) = AR R R 3 I RS(E R UL 9 T O IR O
U5 S OB VR T 26 0 )23 T 3 RN T 3 1 43
AR, 456 R 2 45 MR 09 D8 3543 A g ) S % ik 2
ZLLCH S MR, SR Ry i s RO A LR 2 0 T
PEHARAMAE

2 P EHER SR

2.1 REMELfZEDR

A SCER R RGBT ALO,-Fe B &R 2 EAEBOLIGE
o B 5L TR A B R 0 OGS B B IR R R DA T AE
TC4EKA 4w JF A A K . S iE I IR 2
R IT A A SRy X B G 1 TR . Hip TC4 %A
4 FEAR 0 JLArT R SF S 100 mm X 100 mm X 5 mm , B iE
W E R A ORI Z 988 5 mm, R I mm. A
IR TR =R N8 Wik Sk o S S STveii X s I PO K
T3 AR . WO E T IR R R 2
NI, AL OT . YBOLLEER 3 B ik 2 3R
TCITAEL BB IR T A S IS 51

BT R U = A A R OT AR R

Fig. 1 Finite element model of single-pass coating fusion
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Fig. 2 Microscopic images of mixed powders and coating. (a) Mixed powders; (b) composite coating
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Fig. 5 Parametric curves of material properties. (a) TC4 titanium alloy; (b) composite coating
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Table 1 Experimental parameter design

Process parameter 1 2 3 4 5

Laser power P /W 300 600 900 600 600

Scanning speed v /(mm+s™') 5 5 5 2 8
Powder feed rate /(r-min ') 5 5 5 2 8
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Fig. 7 Stress distribution cloud map after 3000 s after cladding
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