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Table 1 Parameters of arc spray experiment

Wire Spray

Serial Tooding distance Spray Surface
number time/ s treatment
voltage/ V / em
Soft steel and
I 15 14 20 sand blasted
Soft steel and
I = 18 26 sand blasted
Soft steel and
1 18 18 20 sand blasted
v 15 14 20 Epoxy resin
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Table 2 T hermakphysical constants of materials
M aterial Thermal conductivity Specific heat capacity/ (kJ*kg” '*K” ') Density Latent heat of
aten /[(Wem™ =K~ ") 100 C 420 C 1000 C /(kgem™?) solidification/ (kJ* kg™ ")

Soft steel 50 0. 469 7 860

Zir Al10 113 0. 400 0.52 0.54 7 100 100.9
Epoxy resin 0. 15 1.3 1200
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Fig.1 FEM grid of geometrical model

(a) —Wire feeding voltage 15V, spray distance 14 em, spray time 20 s;

(b) —Wire feeding voltage 15V, spray distance 18 cm, spray time 26s
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Fig.2 Temperature measurement of interface
betw een coating and substrate
(a) —Wire feeding voltage 18 V, spray distance
18 cm, spray time 20 s;

(b) —Wire feeding voltage 15V, spray distance
18 cm, spray time 26 s;

(¢) —Wire feeding voltage 15V, spray distance
14 cm, spray time 20 s;

(d) —Wire feeding voltage 15V, spray distance

18 cm, spray time 26's, epoxy resin substrate
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Fig. 3 Temperature calculation results of coating
interface under different arc spray conditions
1 —Wire feeding voltage 15 V, spray distance 14 cm,
spray time 20 s; 2 —Wire feeding voltage 15V,

spray distance 18 cm, spray time 26 s
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Fig. 4 Temperature calculation results of coating

interface with different thermal conductivities
(Wire feed voltage: 15 V; Spray distance:
18 em; Spray time: 26 s)
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Fig. 5 Section of FEM geometrical model of coating and substrate
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Fig. 6 Temperature calculation results under different

moment and nodes of coating interface and coating section

(Wire feeding voltage: 14V, Spraying distance: 14 cm; Spray time: 20 s)
O—t=1s; ©—t=10s; O—¢t=20s; ®—¢= 150s



B2 &8 3

A, A IR 2R B AR © 469

IR LN ROy RS iR R WO
F 5 TE B Z I, T I e s 22 0 BT 7 A4 1) i 2
TAEH, SR ma AR MR, SRIRER
B Ay A2 HATRHRIRBHR T2, T2 k&
PR AE T WEIR TR R ANGE S 1A 2 W R )
T AGE R ATA R 2~ 6 mm/s) 'Y, WRERI
PRI XS 3t SR R 5 < e YRR Py R T I AR AT I
O AR AR =, DU RS 4 R TR R IR 22 18 1
Th.SEbs b, WETRER B RN, R DU R
BN . PR R TR RN, < e VR iy Bk e
RIMA PSS KRB PGE, IRJER MRS 4E R
AR, VR AR T 2R T i R 2 I T,
HZ EARIER AR RIEERE, DRV AL
fig K, HERARMISHIBE)Z .

XA R BB K & B A B Zr A110 & 42,
TRIZ VUK WUER AR R, TR 2R IR E 5T

J& N A AR, TR TR R R R B

T S THI IR B 1 5 4 FH AR AL

EANE T2 R, 9254 54 B oo 5 1%
R ) 25 BIAE 30% ~ 40% 2. 18) . 5 22 J5 R 23 A
.

PN PR o LR, SR AN Z R Z )2
BMM L, AR E AR 1s FEEAEN
Sh, RIENZAAYING, X4 5CRR IR 2 5 R i 2 38 N i)
MR, A s R, B A Sh R E KR
EZ5UHER, MY TRIE MR EE TR
o, R Oh R IR R AE BB e B I TR) 2 o,
TEXAEFE T, Oh JFBERIWR E 7 8 58 ik — 3
s, SEOFEERES A5 MR EREAK, AN S
HIRE T RN B L 85 FAR T2 0 2= 45 3L . i
AT, Sh B/, FRIGHE TGRS A, TR
FERk G, TR TF S (Rl

DL E TSR v EAL G P ITRSO, &k vh SR
8] 5~ 7h.

9 ZEip

wit T ERE =R AT IRk 55
%, KRB NG LR B MR R 3 5%, S8
LT RIS I A, BT ESE R TR R PURE
FEP BRI, TEEAR BE SR 45 RN . 7t
B S 45 R AR

1) ¥R NRINEE R E TIRZEIIBER, 5
RLLETE WHRBE AT R, SUARIA 22 R IR B
B, W AR RRRE .

2) AR AL PR BOE R R IR A, AR
ER AR FAER, BRRE R AR
A, W BmTiR g AR, TR )E R R I R B
%, B2 AL

3) FEVURERAMRKIEOL T, SRR,
URIE NI RV FAR R o,y P ARARED, W
JRR BRI R, IF B R R TR
AR, WE R LR AR R = .

[ REFERENCES]

[1] FKESL, KEE, E30H. BEWEITE [(M]. %
T4 AT R S AR, 1989. 9.

ZHANG Zrli, ZHANG Yun-qin, WANG Wenrxiang.
M athematicPhysic M ethod [ M]. Xi an: Xi an Jiaotong
University Press, 1989. 9.

(2] #5757, RET. ATk AN [M]. Jbxt: db
HMUAEWUR KA AL, 1990, 93.

SUN Jufang, RONG Wang-wu. FEM and Its Applica-
tion [ M]. Beijing: University of Aeronautics and Astro-
nautics Press, 1990. 93.

[3] FsPAL, REHE, B . 4RSS EE

A RIT T [J]. TSR AR, 1987, 5: 159
- 165.
JI Showrli, ZHU Gujun, YANG Fan. FEM analysis of
static and transient temperature field on a 3D object [ J].
Acta Engineer and ThermakPhysics, 1987, 5: 159 -
165.

(4] KESEPSTH. @B TMCEIR, B %, e
Lk AOSERAEE) [M]. db5t HUB Tk &
fiAL, 1994. 906- 1051.

American Metallic Academy. Metallic Handbook ( Perfor
mance and Selection, Volume 2, Nonferrous Metals and
Pure Metals) [ M].
1994. 906- 1051.

[5]1 % %, K % WHEHEFEPHNH [M]. b5
HUBKE Al fjAk, 1993, 123.

CHENG Jun, ZHANG Yi. The Application of Computer
in Casting [ M].
1993. 123.

[6] ¥JhME. $it T2 CAD RILMA [M]. dbxt: HLMRL
Ak AL, 1994, 173,

JIANG Narlong. The Application of Casting T echnics
CAD [M].
173.

[7]1 fHBets, skPFi, FMALPC. WA I R i o ST AR A
RALEAE [J]. &JB%IR, 1999, 35(2): 147- 151.
FU Xiao-wei, ZHANG Jrshan, SUN Zu qing. Modeling

Beijing: M echanical Industry Press,

Beijing: M echanical Industry Press,

Beijing: Mechanical Industry Press, 1994.

and optimizing software of spray deposition process [ J].



e 470 ¢ P E AT 4 8 2002 4 6 H

Acta Metallurgica Sinica, 1999, 35(2): 147- 151. ZHANG Jrshan, et al. Simulation of solidification be-
[8] ak¥rill, 5. 5 A0 mg 5 o0 A Rk Y g [l 3ok R 1 JULATT 5% havior in spray deposited preform [J]. Acta Metallurgica
[J]. &J@%4%, 1998, 34(1): 7- 12. Sinica, 1998, 34(1): 7- 12.

Numerical simulation of temperature field
during arc spray coating

WANG Yrqing, TANG Yrping, WU Diarrliang, ZHAO Wemrzhen, LU Bing-heng
(Institute of Advanced M anufacturing Technology, Xi an Jiaotong University,

Xi an 710049, China)

[ Abstract] The method of 3D FEM numerical simulation of coating temperature field during deposition process was introduced in
detail. The FEA program Ansys was used in the temperature field calculation. The transfer of heat and mass from metal spray to
coating and the heat loss by radiation were taken into account when the mathematical model was put forward. The geometry model
was built through the micro-thickness increase of the coatings. In the model, the micro-thickness lamellas were activated gradually to
participate in the calculation. Movable boundary condition was used to simulate the practical deposition process. Experiments proved
that the calculation results are believable. The influence of deposition rate, coefficient of heat transfer and spraying process on coating
temperature field was discussed.
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