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ABSTRACT The impacting behavior of Cu particle upon Cu substrate in cold spraying was stud-
ied using the finite element analysis, involving the effects of particle velocity and temperature prior to
impact on the deformation behavior, temperature increment and contact area at the particlesubstrate
interface. It was found that with increasing the particle impact velocity the flattening ratio, tempera-
ture increment and contact area at the interface increase. It was confirmed that the critical velocity for
the onset of shear instability of particle was consistent with that for particle deposition. As the particle
velocity is higher than the critical one, the flattening ratio, temperature increment and contact area at
the interface increase more significantly, which will benefit the formation of the bond between particle
and substrate. With the increase of particle temperature the temperature at the interface increases
significantly. The relatively high temperature achieved the melting point of particle material at the
localized contact zone may promote the formation of the metallurgical bonding in the coating.
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Fig.1 Model of simulation (a) and meshing of particle
and local contact zone in substrate (b) (particle
diameter: A—B=20 pm, cylinder diameter: B—
FE= 200 pm, cylinder height: B—C'= 200 um)
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Fig.2 Effect of particle impact velocity (vp) on the de-
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Fig.3 Contours of plastic strain () and temperature ()
of Cu particle at 30 ns after impacting upon Cu
substrate with a normal velocity of 500 m/s and

temperature of 27 C
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Fig.4 Simulated temporal development of effective plas-
tic strain of the monitored element under different

impact velocities (vp)
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Fig.6 Typical cross-sectional morphology of a deposited
Cu particle (etched)

2000
to, C

—o— 27 .
L qs00 p —o—100 .
G —e—200 /A
2 —a—300
8 tm %/
Sl T %7
§ 1000 | ?: /
£ /‘ﬁ/
o /A/. O
s 500} AT e n

/“/./A/O

A ° O

./ /é/

A5

o

0 L 1 1 i A L 1
200 400 600 800 1000

Particle velocity, m/s

B 7 ARERFREEEE T FYRREN R R
Fig.7 Effect of particle initial temperature (t,) on the
maximum temperature of the monitored node with

different impact velocities (¢m-—melting point)

2.3 W EEIREEMERHE

— RN, LT B T T B FRORL T 2 T A S 4
AR, o 7 75 Y BRI ) U5 B B T
Gher, UMK —HL TR At I SRRl Bl (R
VRIEIRIER, (ERTAEIES RO VERI R, S T R —
e B O AL SR T, TR R B g 4 11212,
ML ISR S 0 AR, BRI T A4 A3
B AT R MR, 1608 IR s AL e,
TR S, R MES R 1 gy
VWA AL I S P

B T4 G TR S S R B B R 2. 24 4k
YPY R R AR 2 ) B SRS, TR T 5
PRE AT RUR AR A T 8 7% M RIATR TRUE 27 °C
B 42 Al T R 5 DR 2 B L G T LB T P R
b, BEER TR R, SR, (el
R EMGE, SRS R, 2R TR
R R, ]t T 2 o T T L4 T
HEWE R TRERE B BT AN, XA R A
B FG G TR, b U M. WA
SRR RO, BT 5 kAL & S SR .

ST, AR R R, R R A
A BT HRIE T4, TR IR T 5 Ay 2 &
&l O 7% th 7R ALRL T BE 0 B TR T 5 S B T A 5 1
B Z. B e R A 2 SN T R E R
B, TTHIZE 3 — AR T X — B A S I A
PP O T, A B T AR, - B R N R, b7
L K gy TR L T T B PO S, T A R
SEEHEE.

6.0 1
5.0 —e— Total contact area
[ —o— Contact area of unstabilized elements ¢

q,E 40 /
2
ol O
3 30 t of
E o/ /
[&]
£ 20b /./ R
(o)
O

1ol ./. O/

Q/
&9

00f o—=0—20—98, L s
300 400 500 600 700 800 900 1000
Particle velocity, m/s

B 8 Wl 1 T B X F 5 AR A I R LA R A AR
TR

Fig.8 Changes of total contact areas and the areca where
the shear instability occurs with particle impact
velocity (t,=27 C)



286 & )&

# 41%

35~ Vp, M/
a—_ —e—400
. 30f ~ —0—500
E ~ —2—600
L25f e, \ —2—700
T M —a— 800
3 20t v
] A\A\A\ \ ‘\
8 151 A
Sl e S N
O 10} 00, O\O\ \A
o .
05+ .‘0\. \o \A \ \
00 ! 1 1 P

100 200 300 400 500 600 700
Temperature, 'C

B9 AESFRELEE TR T S R R SRR S A
Fig.9 Changes of the contact areas between the particle
and the substrate with temperature under differ-
ent particle impact velocities. The contact area
at a given temperature stands for the total con-~
tact area where the temperature is higher than the

given temperature

3 &k

-

(1) ZevomivRatfdeh, WEE R FREBR AR,
FRTE, BERAEEIREMEE K. g Rk —
BN, ST R KPR RE (0 Cu kT i
REEE KT 600 m/s ) B, RS 0K & AR 4 i)
KA.

(2) MR FREEEE KT AER, BTHRTED
ER, HIRHNRE S A O R A R, X
HE TR T 5RIKER L5 PR .

(3) HEREEATR BRI N, AR EAIRE S

(12

FHON. PERORLTRCEA (R, SRR ER A T e

WHE A, KRIERMATRE R R S5 S,

SEH 30

[1] Alkimov A P, Kosarev V F. Dokl Akad Nauk SSSR, 1990;
315: 1062

[2] Papyrin A. Adv Mater Process, 2001; 159: 49

[3] Assadi H, Gartner F, Stoltenhoff T, Kreye H. Acta Mater,
2003; 51: 4379

[4] Gilmore D L, Dykhuizen R C, Neiser R A, Roemer T J,
Smith M F. .J Therm Spray Technol, 1999; 8: 576

[5] Dykhuizen R C, Smith M F, Gilmore D L, Neiser R A,

Jiang X, Sampath S. J Therm Spray Technol, 1999; 8:

559

Papyrin A N, Kosarev V F, Klinkov S V, Alkimov A P. In:

Lugscheider E, ed., Tagungsband Conference Proceedings,

Essen: German Welding Society, 2002: 419

[7] Li C J, Li WY, Fukanuma H. In: von Hofe D, ed., Ther-
mal Spray Solutions Advances in Technology and Appli-
cations, Diisseldorf: German Welding Society, 2004: 335

8] Li CJ, Li W Y. Surf Coat Techol, 2003; 167: 278

[9] Borvik T, Hopperstad O S, Berstad T, Langseth M. Int J
Impact Eng, 2002; 27: 37

—
=D

[10] Livermore Software Technology Corporation. LS-DYNA
Theoretical Manual, Livermore, Calif, USA, 1998

[11] Wu L. Welding Handbook (Vol.1: Welding Processes and

Eguipment). Beijing: China Machine Press, 2001: 723

RO BEETH (B 1% BEOTRRIRL). bR JUMI

W Hifsidt,  2001: 723)

Zheng Y M. Ezplosive Welding and Metallic Composite

and Their Engineering Application. Changsha: Central

South University Press, 2002: 14

(Bl WIERENSREGHHRE TRV, Kib: P
KREHRME, 2002: 14)



