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Numerical Simulation of Substrate Roughness on the Interface
Bonding of Cold-sprayed Ti6Al4V
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Abstract: In the process of cold spraying, the roughness of the substrate affects interface bonding between the coating and the
substrate. At present, little attention is paid to this issue, and there still exists certain disputes. Took the process of cold spray repairing
Ti6Al4V titanium alloy (TC4 for short) as the research object, by using finite element simulation method, two-dimensional and
three-dimensional single particle impact models with different roughness are established, and the changes in interface temperature,
particle equivalent plastic strain and system energy when the particle impacted on smooth, ground and grit blasted surfaces are
analyzed. The following conclusions are drawn: As the substrate roughness increases, the equivalent plastic strain and flattening ratio
of the particle gradually decreases; The interface temperature and equivalent plastic strain are higher at the “wave peak” and lower at
the “trough” of the substrate. Under high roughness, the plastic deformation of the particles is weakened while the rebound tendency
of the particles is enhanced. Therefore, for the cold-sprayed TC4 repair processing, the roughening of the substrate is not conducive to
the bonding of the coating and the substrate. The results provide theoretical guidance for substrate pretreatment in the process of
repairing titanium alloy by cold spraying.

Keywords: cold spraying; substrate roughness; TC4; numerical simulation; interface bonding

* [EKARPHAEETBIIHE (52001180),
Fund: Supported by National Natural Science Foundation of China (52001180).
20211112 W) R, 20220402 KEE Sk



%3 W

VG, S FEARSRTHUHURS XA TR TI6AIAV ST 455 M BUE R 263

0 A

ol

AR FRRIWER T2, A R4 AR5t
VR TR I S (500~1200m /s,
S A Rk B S 1T w2 | A =X
R EOARAHLL, ARt R A B 454 ) L
FICAGEN, T LASEHMRERES R 2o, i
H, Amign] Ly A ST cE B2, vl
TR Z5ARI . B m S5 2R T B USRI
o b f LUK A s

XABRIRIZT S, WE SRS G R voE
WA TR I OCEE N R ML BRING S 455 80N
RABNET ARG R M B, |
HI, R E SR AEG IR ERIRZ, WS
PRI A P, BRI R TR AT ke
FRSFRGEES %R s R0, s o
AT R, $ S R ) R T 3 53k
PP IASHE, Bk RISEAR AT i, DLACR H &
S 1) AL B AT Ty S8 T DL v R AR AR 2 1A )
gia

HET, fEXRTIRARRRE Z 2561t
A THRH R B R T/ REAR S5 A I 9 I LR
b, O O T IR TR B0k 7 5 A g5
(RS20 £ J 6 T AL Cu 25342 0. it HL¥ s ihh
T 3% BT 3 A 1) st b Ak B AT DIE 3 2 AT L B R
N, MIHE ok P REAR I 25 o SRTT,  FEXTVA
% TORERIRIGCh, 3 T R4, B
WA LRI Ti WEHLE G ki s TS
WP AL PR S R IR)E . IO, FEARI FAb R
KA R IRP R 2 = AN R 52, 05 A
PR UF IR R, B A 1) 2 TR 5 mT DAk
BRI S A Mg N FEARSR T, AT SE 255 T L

PRIELB G, B omkL T S IARI 45 & SR, AR
A7 NE e a7 e T T BV AR ST AP R S (3
AR AEJUIT DR R BT D) AR5 1 A IS 2 1
FEGE G0 T O SORARR S LY, SRR
MRS SE (2 ] RESE N B0k, il ZEHEATIR AW ST

TC4 EefFAs DMk GE, H 1954
R II LR, d SR SR L B
PEo BOBYES PIERTE S TR PR AN A AT B AL
A S 4 T i TR A 4 R, Tk
O AR I, FE MRS R v 7 5y 7 R AR T 4 »
VA IR ek REARG R n 3 BEAR A A Tt L AU )
Kaamrrmzme . B, STRZ AR
TC4 R JZIIIE, KZETEBIRS A CUFFIE,
AR ERN R ) WHR A RS SR I TERE R0,
X R T AELRES € 1) 52 T 3 i Z AR AN S
TORE T B A IR BIOW 45 B 1 BE AR X 56 1) T B
LB, P, ARSCRAA BROTEUE B )5 %,
MV W BR < 8 B2 A R R A S T R R X
TC4 AR 7S G RMA T, ML, 5%
ROBTERNAZ . KL A DL R G e i N AR 6 55
7 TR £ B 1) I8 AR TRLRE BE X TC4 Bk 5 <8 5
17 &5 F5 B 52 o

I TSR KRR Y

1.1 iEAE

KM ABAQUS / explicit 47 B Ic 734 75 0 v
Wy TCA FASRL 15 AN [F] 2 TRDRE B2 1) TCA 44 |
(g o ok REREAT BT, 1% 7 vl a4 s
Y R ARV Uo7 e T RELRRE P8 2 ISk o
AR VB R 1 R, SRR
2 Ra WM, B TG EE 5 kSR
THVRLRE B2 iy, R IMTAHRE E 3R 0,

*®1 EkFmmaseE

Table 1 Surface roughness of substrate

[18]

Arithmetical mean deviation of

Surface preparation the profile Ra / um

Point height of
irregularities R, / um

Maximum height of
the profile R,/ um

Polished 0.046+0.002
Ground 0.21+0.03
Grit blasted 2.66+0.06

0.46+0.09 0.101+0.005
1.57+0.16 0.73+0.06
17.03+0.39 9.13+£0.31
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Parameter Value
Density p,, / (kg » m™) 4428
Shear modulus G / GPa 41.9
Poisson’ s ratio v 0.31
J-C yield strength 4 / MPa 1098
J-C hardening coefficient B/ MPa 1092
J-C strain hardening exponent N 0.93
J-C strain rate constant C 0.014
J-C softening exponent m 1.1
Melting temperature 7, / K 1878
Elastic bulk wave velocity Cy /(km » s™) 5.13
Slope in vy-v, diagram S 1.028
Griineisen coefficient yy 1.23
Specific heat ¢ /(J » (kg * C)™") 560
Heat fraction o 0.9
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Fig. 3 Equivalent plastic strain change with time during single TC4 particle impact
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