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Finite element numerical simulation of thermal-mechanical coupling of
nanostructured agglomerated powder during plasma spraying process

WANG Dong-sheng" %, TIAN Zong-jun’, WANG Jing-wen', DUAN Zong-yin', SHEN Li-da?, HUANG Yin-hui’

(1. Department of Mechanical Engineering, Tongling College, Tongling 244000, China;
2. College of Mechanical and Electrical Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A finite element model for analyzing the stress field of nanostructured agglomerated ZrO,-7%Y,0; (mass
fraction) powders during plasma spraying process was established by an indirect thermal-mechanical coupling method.
And the influence of powders diameter and temperature of jet nozzle exit on feedstock’s stress was studied. Meanwhile,
the plasma spraying experiment of using nanostructured agglomerated powders was carried out, and the disintegration
mechanism of powder was discussed according to the results of the stress filed and experiment. The results show that the
maximal tensile stress locates at the powder center, and the tensile stress of powder center increases at first and then
reduces with increasing flying time during the plasma spraying process. With the increase of the powder diameter, the
maximal tensile stress increases, while the maximal tensile stress comes late. With the increase of the temperature of jet
nozzle exit, the maximal tensile stress also increases, and the temperature of jet nozzle exit has no obviously effect on the
time of reaching the maximal tensile stress. The surface morphology of the plasma-sprayed nanostructured coating
exhibits some pieces of feedstock, which is composed of single or a few agglomerated nanoparticles, submicron spheres
and irregular pieces. The formation of these pieces is attributed to the disintegration of feedstock due to the high tensile
stress of the powder center. The disintegration mechanism of nanostructured agglomerated powders is an explosive
disintegration.
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Fig.2 Schematic diagram of finite element model of nanostructured agglomerated powder: (a) Geometric model; (b) Mesh
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Table 1 Thermal-physical properties of ZrO,-7%Y,0; powders!')

Thermal expansion Thermal conductivity/

Temperature/C  Elastic modulus/GPa  Density/(kg'm °) Poisson’s ratio

coefficient/10 K™ (Wm K™
25 53 6037 7.2 0.25 1.5
400 52 6037 9.4 0.25 1.2
800 46 6037 1.6 0.25 1.1

1200 48 6037 22 0.25 1.1
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Table 2 Equated thermal-physical properties of nanostructured agglomerated ZrO,-7%Y,0; powder

Temperature/"C  Elastic modulus/GPa  Density/(kg'm °)

Thermal expansion

) ) Thermal conductivity/
Poisson’s ratio

coefficient/10 K™ (Wm K™
25 5.883 1811.1 72 0.25 0.265
400 5772 1811.1 9.4 0.25 0212
800 5.106 1811.1 1.6 0.25 0.194
1200 5.328 1811.1 22 0.25 0.194
(a) (b)
Temperature/'C Temperature/'C
645.265
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(d)
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C 2009 5459
£ 5208 CJ 5508
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Fig.3 Temperature field distributions of nanostructured agglomerated powder at different times: (a) 0.1 ms; (b) 0.2 ms; (c) 0.3 ms;

(d) 0.4 ms
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Fig.4 Stress field distributions of nanostructured agglomerated powder at different times: (a) 0.1 ms; (b) 0.2 ms; (c) 0.3 ms; (d) 0.4

ms
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Fig.6 Stress evolutions of different points of powder
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Table 3 Plasma spraying parameters
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KF-113A 710 42 488 793 310 2 110 100 100
Z10,-7%Y,05 970 42 310 1034 310 3 100 100 350




20 4558 10

FRAE, & HETUERGPKBER AR AR R G §A BT UE R 1969

i ',‘*‘ff'
. ; e

* # Submicron sphere
A v :
B 2y __
Bl 10 “EEFWERAIKE Zr0,-7%Y,05 W)= AR T TE S
Fig.10 Surface morphologies of plasma-sprayed ZrO,-7%

Y,0j3 coating with nanostructure

RIS FT 1000 C A I milbedt, SRAFECIR
TR RN R B B b T2 BRI KR 1 £ e
SRR EEROR, R AR AR A, Y
Vb Hybe & 4 1 51 £ 94 KOk 1 1) 45 S50RURG T R 24T
B, AR TR ES G AR AR, TR N RS
BRI ARAEM R R o A AR Lrport AR
BUNRRIA, WA AR S B R A, AR
1 A FE AT 5 o

FAh, T REIRABOE, B IO RORE RS
AT 2 IR A I ), PRI, O TR IS
HFRA G B AR A B KWL 1 A ISR 4
A, T R DS AKORL 1 P A RSP R R A
e, dARIK AN SR TR E T, AT N
RPN, BER AN/ R R, D R
Ja AR AT A DI ROK G 0 T /NER o i AR
BRI AR, WA ARSI RARAL, FERLR I A 2
AL EE R K IR 1) Y A A2 EAAE R i PR 40 KR 1
FaAe, DAL, WERJE AR AT A B b K
Ry Jle BRI AR, W] figs 5k
TR Ry R R AL, FRJ A D PR I 1K
MG ARBRE IR M, FEA EHGZ AR B OR
JUEEMT, AR AR IR BB L ER AT AR o

H B/ NURE ) 9K [ 2R AR AR AE R 5 M KR

THAR LSBTGS SO ROKR N ER, B, A
TAEGRIZ PR AR, I EAAOK SRR AR
ABER/N o T35b, A AR N 5 T2 i 25 15 515
PRI RE PR AR R BRI ) 1) ROk, il DO
HEAIK IR A AT 35 1 (KRG 4577 A el T 2oKk4%
F AR g B 1L PR S A N R 2 R A T TS
HI P 11 T BUA Y, FEMEERIERE AR A A R (K 40 K 4]
BB ARDUBUG 7T LU ML S8 D, A
TR ZY, A TRIZ AR PN SR, I
WP SR Mt il > 2 A A SR ARy A 25 1 1 Bl it o
PRGN SRATF AR A TR 2 AL A A 2

! i AR Oy
W o Partially melted | ©

“utﬁ“lféaﬁﬁ; )
E 11 BB TBHRYKE N Zr0,-7%Y 05 15 2 RS ik R TS0
Fig.11

Cross-sectional morphology of plasma-sprayed

Zr0,-7%Y,0; coating with nanostructure
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