%44 % % 12 3 B’

2023 F 12 H

S ¢
TRANSACTIONS OF THE CHINA WELDING INSTITUTION

Vol. 44(12):15 - 20, 27
December 2023

R 25 R AL FLBR E5F X = WL 1 P RE R 2

k', Fyae’, HZ K
(1. PEAE T R PR AL, TR, 4000005 2. PEIL Tl KR, 1442, 710072)

TEE: ST hass 9 K B AL L 20 WL B 45 #4036 22 W0 24 PR RE 09 RZ ), 15 21 A1) FH 1o 0T 0 08 B 12 AR 4 (7 D) 1 e B
He B AN EFLBR % (0.1, 0.2 F1 0. 3) AR F LT (RVE). il i % RVE i in & 39 vk 541, #R45 H s fh b
fi Sy #PERE, 1 Abaqus FR:HEES T H B4 90 K AR 00k i A i #5126 4 3k 10 2 B RO 35 D186, Besh 2 Y
AR PE 5 T Y RVE A 358 0 17 g -1y 78 i 2R AR R — 3. 45 SR 3801, Bl FLBR R (008008, RVE A5 (14 58 1 45
TR AR B s (AR A, B AR A3 K, SR AR TR B B BRI ) S B R ARG R MR 3, (A5 AR
W25 532 B . 10 H B2 R B ST LR, T LA BE R LB R A A8 Ah X B 45 N A AR R ) B DD AR TE A
FRW, BAKI T, W& FLBR BB, FLESHAL 5 2 W BRSO &, TR FLIB A BHm 24, Mt 35

B BRI T B 5k L AR

BUFT R (1) LUCERIEAFR ST A 0 A A% O A BB SO AR, A il 1 A 2 2 fLIBURHIE A e 4

ZRAAT R SR EBPETERE.

(2) i N7 7% A EEL O B R A R 7R T e R AL TR AR 5 2 WL 2 B 22 [R] PR DG R

KB BEAARE FLBRETY; foT RVE; SOATEN
doi: 10. 12073/j. hjxb. 20230613005

FESES: TG 492 X HEkERIRED: A

0 F&

bifi 25 L OC R R W/ N LA R 2 Ak, 155
AR L AR 2E P22 SR R PR E R
T F AR B AR A R L Oy TR R
e, AR T BEWCN 1 HIERR £ 32 08 F Y —
Fift, e R S A PR RIS Y B0 1 A PR BEE A 3
JIZ AT

UEAER, B TTET X BE AT SRS LA A T
JET T2, Horb i ILEY AT Anand AR
TIFAEBELS DKM RAE— R BN AS FARE T
(AR 37 -1 AR [ T 0K FR IR0 A
SR AR S BE A SC R A R T AT 5T
(R 1™ NGNS 8 7, SR IO 7 Be st o
R G ORE 22 1 2 — E RDIR AL BR G,

Yr#s B H#A: 2023 — 06 — 13

EEWE: MR ARBEIL LV IIE (52175148); [F 5 & 5050 = 5k
4RI E 2022-JCIQ-LB-006(6142411232212); T R [ 9%
R4 H (CSTB2022NSCQ-MSX0574).

PSSR b T2 2 i IR A BRSPS L IR
(A SR BB P2 e AN R, DT R 2 S 30
B AR R LA E A SR B s
AR AR N . KRR R
B, FLE 30 e 2 B bR A O R R LA 3
w2 Ab, SR B SE SR A R 4 E
TR LR T S, — e SR ARG 5 BB AR
ZEA BT A R T B B AL SRR 15 2 WA A
1T RZ IR 2. BFIE R IR, A RS L RIAR UK 1
REAE R~ % e 205 4 4 W T 765 BiE 0% 7 A R 14
gt 7, e R I A R/ NFL IR B B 4
SRR, FUJE AR e 4 s s,

PREEATAE SRy — Tl LR f R 52 4 bR, AL
2R A BB SR Y. BB A R OT R AR 1 &
JE&, BIFFE N 043 ik SR P RE s AR 3 ARl L+ B 48
FHERFUT (RVE) HEATBH RIS, o T R 3545
AR 2 RE, TR P R 45 1F (PBC) b
IRTT /B4R A2, BRI LS T 2 0 B
SRR O 22 8 T T2 T, X ERE 5
RIRFEIFE 7 A UM L, 12 R D A0



16 B

¥ R %44

ST AT RNIZE A 5 % W) 2 REZ T R R
T3—ITRE, IR b Ss iR AN WA FY (1 B TR
A2 AT R S TA R RVE RS, AT 4 —
A RS L7 W ) .

SCHE S R AT U O R AN A A R
By HE A JE L, AR A W LB R (0.1, 0.2
0.3) HIBELE QKA =4k RVE #5558 75 LRl |, i
T S 9 5 S A LA AR BU 2 AR ) s R i 9
M 17, L2 K 240 082 T 1) 1 T A SRR 5 B, SR
A BRICAMT K 4 Abaqus K BEEESE 9N KR 243k
() = ZEAFL L 5 TS B RVE BN 7 % 738 Wi 137 A
RHE R T 45 5 B R B2 AR 2, HE— DRl be
GEERIEH A BT U AR TR YR A PR 5T L0 ) 2
11h.

1 BE&E4 K4 RVE A 4 R &+

T s — A A Ak
FRES TP, AT 5 T 401 1023 [ % 4R
BUIBEAE VAT A, A5 BE0 AR . %
TE WAL e o AT L G Ak 8 2 i PR DG,
T A BT LS B = e s T e M R 1Y
SEPLE R B AR — AN RN R L BN AR
BV BRI, R A WA B E R 5 A g v
B TR, O3 3o A B B I, B
JEAE [ 2 B P T A A P 43 (L.

T EREIE, P 1 TR, A BB S Ak
& AR RVE BRI HAR R B N 5 et 2 Jm B
AR R AN K O L Sy RS R, Horp
x, y Fl z A HUE S B R R=(0, L] 4K Jos [ rh
(1 A7 5 3 1 3 W B AILARL LA A i — 2 i
B, G AR, A 0 (R R0 TR A5 40T MO,

(a) FLER0.1

(b) fLE#0.2

1), ELAB AT, SRR T BEHL A A 45 1 [ 2
SEPE s YR L BAT 5 52 i 50 1 ) s ST AZ X B AL
SRR HEAT TR, th TR B e s R A
7 Ty A Sz R, DR ISR ) 2 ) e R P 45 i) [ 1
4, [RIE ER T AT A RO T R RIS R, B
AABERIL A A2 18] EBAT R v AR DG, TS5
4208 s LA 5K 114 25 17 [ P R ) S AR DL T e BB
BERLIZ A S, 5 BETE AR, A% B0 e 2 S 2
RAYE T RVE B AARIICH RN, 3T 58
LEOORERIE B PRI UL, A RO e B T A4
il FLAR RN o Jm 2T 23 U 1) R ROR B 2 D)
FIK (HFR D B, LA ROER B e — > Ay
PR FLW LAY RVE AR,

23 1] s A

‘ PR

BEHLALERS Y

1 BREEGIKIR RVE MEKE X
Generation algorithm of RVE for sintered silver
nanoparticles

Fig. 1

Zead ik, WK 2 B, % g S prbe sl
FEAT R FLBR A8 5 1E 10% ~ 40%, 3 ek 25 4] &)
AT 3 FFLBRE (0. 1,0.2 F10.3) FAY RVE #5
R, DA SR M T 55T B T DL 3],
SEARARFNFLBRI RS TR AN 4340 E HAT B

M
———.

(c) FLE#%0.3

2 3 FFLERETH RVE &3
Fig. 2 RVE models under three types of porosity. (a) 0.1; (b) 0.2; (c) 0.3



% 123

H A, 3 58 2 AR 28 UL IR 45 A X R ) oF B R 17

2 WA FBELFEMS

Hl, BiE el g2 m T 2T RIER
B AR 2 RE A BRI 5 ik, bl 45 RVE B
TR IR N A B 1 AR R R E . — ok
B, TR A RS PERE L AR R . Hill-
Mandel &, KBRS RM, 515005 Hak 45
AR AT R A A [, PBC MY REAS IS & 1K)
() %01 24 P R, 38 REASHE— 25 T LA 40 0L 22 1fl
{19 187 /)87 A8 S A 4 15, P, %) T2 A 6 RVE
PR PBC B3R PN AH X 0747 2 1T 00 2006 f A ]
G AR, R X2 B A A5 X % EL A A
AP AR bR, S TR B — H Y, SRS
TR BT X RVE R HEA T A ] 43, 3 RRAS PRIIE
RVE HERFEATIA T AT ] Lh——XF N, DL %5
TN PBC B R R

4 RVE (2 AE 00y w i), W] LUK (278 37
u ) PBC 1E W& 29 5 i T4 BR T4k F Abaqus
I:I:‘[ZS], EI]

ui(x,y,z) = s?xk +u;(X,,2) (1)

A w2 G R R RV R 5

RVE H AT RLAAR; § FRAE x, y 12 J7 16 B A

HIBE. FE— 2D, X PASFAT A A S, B4
Z I AR 22 0] AR

u}“ - uf_ = (c,‘t‘)k(xfr - xf_) = s?kAxk 2)

AP ™, w0 S WA AT AR T A LR 5

X xR (AR IR, X T RVE SR

B R TR RO A9 A i 5 b 8 s — X1 A

PR T — A 20 5 B R W 2 &, TT R (2) A Y

£ £
= 3
2 B .2%
=R =R
s g1
) -
i i

(a) [l fif

(b) ylar s

P22 SR HE R, TEXFMELL T, PBC A LIRS
HAEABRIT T TP VR —A 15 A RS 2, B
uf —u; =&j(x{ —x;) = Au; 3)

SCHRE SO T B AR SRR T R A AR
SR P RS IR e N, ZEX A AL T, PBC IRk
MEZN S 2, BRIk R

$,,0iidVrve =0
{ $,oudVrye =0
o oo A M ZR R 0 F k5 RN ST 5 Veve M
B ITT AR,

i LR, S T S8 R M R R A
RN, B YEX RVE 7 B b o2, B 1
W, AR N7 AT s 0 2 A A 2 R, T
B, A BRI T I RVE 5504050 b0
HF Abaqus A FRICH A LA S Python I A (1) — 1k
FER L[ SEHAY.

3 £R5i%®

(4)

3.1 RVE &S 4 EE
WFFEFH, R AR AR rh B R (AR B 5L 2 P 7
ARG R AR, B

_ Ee, e< gy
0_{Rs",s>8y ®)

Ao BEE AR E 4 80.0 GPa; Ii{L REL R Ny
0.655 GPa; ffi{b 35 %% n hy 0.235; JE IR 71k 150
MPa; Xif b7 f{) e AR B A8 A 0. 187 5. RVE 5 1 HfLpi
SRR e Z AT

A KB 10 pm AY RVE BERL, 5 E 50 i
KA RS 2R 0.2 um, 76 RVE #5589 2% [ 23 5] i fin 4%
x, y Fl z Y 3 bR R A, I3/ T X

Von Mises
230N J16/MPa

(c) zlm i fif

B3 3MEBFMELMET RVE BB KERE 157
Fig. 3 Von Mises stress distribution of RVE under three monotonic loading conditions. (a) x tension; (b) y tension; (c) z

tension



18 B

% 44 %

3 FME SR T RS 9KAR RVE B )10 K SE 1
N 2 [, BT LA Y, FE LR 0 1 i A A
T, G T R ) S AT 2R IR A T S A R A
i H AR 5 FLBR AY X 38R, R 7 LR ] Y 5 2843
A5, I EL 86 v B G B fin B .

J T SEELHEAR A RVE 254k, i — 2 1 1
ATRFLER (0.1, 0.2 F1 0.3) Be&E 40 K4 RVE #
RIS RE. S T F EhA, B 4 450 T 05
H x,y Mz J51a) 3 Pl ERn (e 24 T T A s A
HOFAAS B 348, 7T LA, AL B R
0.1 ¥&hn#] 0.3 B, XM H IR Z FEAIK, 7T LA B4
W, BRI SRR TR 250 B Tt P pe AR e

90 0.38
LN
80 o mifkpii 1030
£ 70t 0.34
© -
= 5
= 60| 032 2
K o
# 0.30 ™
= 50t
" 0.28
40
0.26
30 1 1 1
0.1 0.2 0.3
fLERp

B 4 AE7FLBEZE RVE RS EE S AR LE
Fig. 4 Predicted elastic modulus and poisson’s ratio for
RVE models with different porosities

3.2 IREUNKARIE LT AR
3.2.1 AR EEy

R T iR T E R N e A AR 2 W T 2
PERERYZIA, W] 5 7R, 7 Abaqus HH ST besh 4
KARPE 2k 1A PR TR AL, 547 57 D10 A 4L
R T A SR BN Ty =X, BT Y — i 4 7 4 ]
R, T3 E — NS e, I SR A v T N
R, 5575 S A ks . % B RIRE5 A
B R, Rbest 2 S b LR Z 18R A Tie 45
TELIH. BB RS 2575 C3D8(/\ 19 A5 7S THI A H
I, N T TSR AR, 6 AR A i &)
O3 I RS RT3, AR S B 45 AR Ak, A% 328 T
e,
3.2.2 BYYIASIEELL BT

AT e S AR A e Sk BY DI 2 iy, il
T B Y 5 AR T A7 25 4F T RVE A%
TR 1 5 58 P ) R, S A N AR B Bl 0.025. M
K6t LI H, 24 RVE A& A ) FL R N

PREHZ

() LA AL F2 RS (mm)

LRy
T iR

B30 - 9N
0.02~0.10 mm

(b) BRI T A B PR Sl o3

5 REMAKRIEFEZLFRTEE

Fig. 5 Finite element model of the lap joint for sintered
silver nanoparticles. (a) geometrical model and
its dimensions (mm); (b) boundary conditions and
mesh discretization
300 F P Lo

/s
Q:f /
% 200 | L
= / - s
2 !,
wor 1y — — -flEEp=0.1
—-— fLBFp=02
LBR%p =03
0 L N 1 1
0 0.008 0.016 0.024

NiEe

6 AREIFLBEEE RVE 15 {38 %8 14 N 57 A T 45 R
Fig. 6 Predicted elastoplastic response of RVE models
with different porosities

TEFATEASTE B B, 1h 2R 00 A543 B g A o ok, ]
DLHERT, FLER K 0.1 19 RVE B RE A 415 55 K
R BRPTPBR B , 3 2 i T HAA R IR AT 4k
() RVE FEHH [R]85 A8 A 75 T 22 1) A A e k.

HE—2 MEL RN FLBR A 0.1 A9 RVE 78 14 B
(R FIASBE RO R e s b T, I e il 2k i B B
BRI T R, TR RGBT, MR 28 5 13K
HR R TALBR A AE ML T R A TE , Rl FLIR
RN, RVE P B R xR E , WA EE
FIH A B T R X, X R R LB R T BE A Bl



% 12

H A, 3 58 2 AR 28 UL IR 45 A X R ) oF B R 19

T m ZALRRES AR E B AR, T
e, B TR 4IA B, a8 T a2 B FL BRI
R BRI ZEFLBRR A 0.3 LM BT, X —#
PR ARIFLLAFAE, AT B2 1K I0 50 E.

BT BT, K B N Y RVE A7 i i 98
PRI -7 AR ECHRAE b M A B3 i e
SRR AT UL B L. e T LR
0.3 IR L AR R 1 oK ZE M 1 ) = B, R Ta

+316.3
=-+290.0
+263.6
+237.2

Von MisesZ5 5% 116/MPa

300 Ll
,f
- -
& T
2 500 d
bg r b maspiendEe
R ' o
E " . "
= ty
E‘Ht 100 f; - }Llﬁ%p:01
== fLEEp =02
ol TLEHp =03
0 0.9 1.8 2.7 3.6

At #/s
(QENCERES =ty SRt iEes

750 | R
,’
-~
v

500 i .
Z E e
k{ ! I."'-‘
1= g
& 250 :

- = = fLEEHp=0.1

o —-—-- fLEEEp =02
I — fLBEFEp=03
0 0.000 3 0.000 6 0.000 9
{3y Fu/mm

(ORNGEN-& == Feuiing: 2= auilits

B 7 REPRBREYIERIT ARG R

Fig. 7 Predicted shear deformation behaviour of
sintered silver nanoparticles. (a) von Mises stress
distribution of the sintered layer with the porosity
of 0.3; (b) von Mises equivalent stress curve with
time of the sintered layer with different porosities;
(c) displacement —load curve at the reference
point under different porosities

7R, i B ARTE 2B 50 I, WL R besb4R 2 7E
HiEER T, KA TRV B M YIASY, 3 H
N 34y A 450, T AE ST, AR NS AN [R]
05 T P A7 B8 TR 45 4R 1 RVE BARLR, 753/
20 X2 T 19 87 7 3 AT E S 3L B B i EL A B Y
2 1) SRR A, 22 A B ASBE R B RVE A5
R BE AL 2 AT A 415 .

E—2, B 7 FE Te 4325 T 3 AR L
B (0.1, 0.2 F1 0. 3) Ba4h 2 175 K ZE W 25340 H
it Fsf 1] P A8 A R 2, DA S 52 a5 B 2 A -1 B8 28,
AT LABH g B, B AR AR R R A B 3G, 48
PR X P SERLN AR B, PR A 45 44 S50 A2
b, QnFL PR Y Rl AR 25 B R ) B e 45 AR 1) 22 WL B
YIAEIEAT R, S AR R RN LRSI, FLBR 35
KAGBELEAR XS NV (19228 s5 B far /N, PR mT DA
PRI, Bl FLBUR IR, B4 AR 1P BT 5 &
FEAR, 32 FAERIBTVE R 1T, FLIR A BBl 4 Rt
TR 5 KA, ML H W2, FLBs 25 5
Bror, I SFECRHRIN R IRZEL, Fe P AT,

25 LA, B AR I AL A A R R i A )
TSR CEE R R, 8 S BUE R 51 g
55 PR RUCHKE 78 235 1 %) A UL AR T2 AR P 0 7 R
RBIC R, FEASRIAEGE Y, v] LAE— 20 SR AE
AL FE B S80S 2 PR RE BRI Rk, A tfk
I 45 AR TE R S I FH v A AL B T A AR A B
WA

4 i

(1) Bl FLBR R A0/, BELE R R A 5 41 H
RVE HLR SRR AR LEBE 3R, h TR
FRSE SR AT, FLBRAR/NBI B A B AR IS AT HE R B4t
PR,

(2) TAALEE R XTBEAS AN ARIRBRLZE W S7 2 B
HA 2 B R, 3 o R e S AR B REAS A ki
SEALEHG S Z M1 SRR Z T IR &R, 2R
Sy FLB A ) ek A% B A% T4 572 i 4 WA 350 B A 4R
WLJZ THT B3 3 A 1, B R T B Al AR A
I PR R P 5 A A A M RE A A

S5 3k

[1] Mao Minghui, Liu Jiansong, Tian Mengke, et al. Drop impact



20

B &

i %44 %

[10]

(1]

[12]

analysis of TSV-based 3D packaging structure by PSO-BP and
GA-BP neural networks[J]. China Welding, 2022, 31(1): 37 — 46.
SIEHL B, B, S5 T RIS b B R B JE T
BRLEAT R [7]. BRI, 2021, 42(1): 83 — 90.

Wu Weizhen, Yang Fan, Hu Bo, ef al. Pressureless sintering beha-
viour of nanoscale silver paste for large-area chip interconnects[J].
Transactions of the China Welding Institution, 2021, 42(1): 83 —
90.

Chen Chuantong, Zhang Hao, Jiu Jinting, et al. Thermal fatigue
behaviors of SiC power module by Ag sinter joining under harsh
thermal shock test[J]. China Welding, 2022, 31(1): 15 — 21.

Long Xu, Guo Ying, Su Yutai, et al. Constitutive, creep, and fa-
tigue behavior of sintered Ag for finite element simulation of
mechanical reliability: a critical review [J]. Journal of Materials
Science: Materials in Electronics, 2022, 33: 1-17.

John Bai G, Zhiye Zach Zhang, Jesus N Calata, et al. Low-tem-
perature sintered nanoscale silver as a novel semiconductor
device-metallized substrate interconnect material[J]. IEEE Trans-
actions on Components Packaging Technologies, 2006, 29(3):
589 —593.

Long Xu, Chong Kainan, Su Yutai, et al. Connecting the macro-
scopic and mesoscopic properties of sintered silver nanoparticles
by crystal plasticity finite element method[J]. Engineering Frac-
ture Mechanics, 2023, 281: 109137.

Qian Cheng, Gu Tijian, Wang Ping, et al. Tensile characteriza-
tion and constitutive modeling of sintered nano-silver particles
over a range of strain rates and temperatures[J]. Microelectronics
Reliability, 2022, 132: 114536.

Long Xu, Jia Qipu, Li Zhen, et al. Reverse analysis of con-
stitutive properties of sintered silver particles from nanoindenta-
tions[J]. International Journal of Solids Structures, 2020, 191:
351 —62.

Long Xu, Shen Ziyi, Jia Qipu, et al. Determine the unique con-
stitutive properties of elastoplastic materials from their plastic
zone evolution under nanoindentation[J]. Mechanics of Materials,
2022, 175: 104485.

Long Xu, Hu Bo, Feng Yihui, et al. Correlation of microstructure
and constitutive behaviour of sintered silver particles via nanoin-
dentation[J]. International Journal of Mechanical Sciences, 2019,
161: 105020.

Yang Fan, Zhu Wenbo, Wu Weizhen, ef al. Microstructural evolu-
tion and degradation mechanism of SiC—Cu chip attachment us-
ing sintered nano-Ag paste during high-temperature ageing[J].
Journal of Alloys Compounds, 2020, 846: 156442.

Su Yutai, Zhu Jiaqi, Long Xu, et al. Statistical effects of pore fea-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

tures on mechanical properties and fracture behaviors of hetero-
geneous random porous materials by phase-field modeling[J]. In-
ternational Journal of Solids Structures, 2023, 264: 112098.

Su Yutai, Fu Guicui, Liu Changgqing, et al. Thermo-elasto-plastic
phase-field modelling of mechanical behaviours of sintered nano-
silver with randomly distributed micro-pores[J]. Computer Meth-
ods in Applied Mechanics Engineering, 2021, 378: 113729.

Carr James, Milhet Xavier, Gadaud Pascal, et al. Quantitative
characterization of porosity and determination of elastic modulus
for sintered micro-silver joints[J]. Journal of Materials processing
technology, 2015, 225: 19 — 23.

Long Xu, Tang Wenbin, Xia Weijuan, ef al. Porosity and Young's
modulus of pressure-less sintered silver nanoparticles [C]//Pro-
ceedings of the 2017 IEEE 19th Electronics Packaging Techno-
logy Conference (EPTC), IEEE, Singapore, December 6 —9,
2017:1-18.

Yao Yao, Huang Qi, Wang Shaobin. Effects of porosity and pore
microstructure on the mechanical behavior of nanoporous
silver[J]. Materials Today Communications, 2020, 24: 101236.
Long Xu, Li Zhen, Lu Xiuzhen, et al. Mechanical behaviour of
sintered silver nanoparticles reinforced by SiC microparticles[J].
Materials Science and Engineering:A, 2019, 744: 406 — 414.
Ko, VA, U iU SRR AT Y — et A 40
PR A B A FRIT SR [3]. A Zs 2441, 2013, 34(7): 1636 —
1645.

Zhang Chao, Xu Xiwu, Yan Xue. General periodic boundary con-
ditions for fine mechanical analysis of textile composites and their
finite element implementation[J]. Acta Aeronautica ET Astronaut-
ica Sinica, 2013, 34(7): 1636 — 1645.

Luis F A Bernardo, Ana P B M Amaro, Deesy G Pinto, et al.
Modeling and simulation techniques for polymer nanoparticle
composites-areview[J]. Computational Materials Science,2016,118:
32 - 46.

Tian Wenlong, Chao Xujiang, Fu M W, ef al. An advanced meth-
od for efficiently generating composite RVEs with specified
particle orientation[J]. Composites Science Technology, 2021,
205: 108647.

Su Yutai, Shen Ziyi, Long Xu, et al. Gaussian filtering method of
evaluating the elastic/elasto-plastic properties of sintered nano-
composites with quasi-continuous volume distribution [J]. Materi-
als Science and Engineering: A, 2023, 872: 145001.

Hill Rodney. Elastic properties of reinforced solids: some theoret-
ical principles[J]. Journal of the Mechanics Physics of Solids,
1963, 11(5): 357 — 72.

[ &5 27 11 ]



% 12

XA, % NiTi-Cu ¢ F# 4 RHBOE Bk B ALE KO & 24

27

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

Shamsolhodaei A, Oliveira JP, Schell N, ez al. Controlling inter-
metallic compounds formation during laser welding of NiTi to
316L stainless steel[J]. Intermetallics, 2020, 116: 106656.

Sun Q, Chen J, Wang X, et al. Study on weld formation and se-
gregation mechanism for dissimilar pulse laser welding of NiTi
and Cu wires[J]. Optics and Laser Technology, 2021, 140:
107071.

T SCHR, MARER, A3, 45, NiTi JEARICIZ A 4 o o il vk 7
MAYEHEAILI (7], DU TR 24, 2022, 58(2): 176 — 184.

Ke Wenchao, Cong Baogiang, Qi Zewu, et al. Arc-fused coating
process and micro-joining mechanism of NiTi shape memory al-
loys[J]. Journal of Mechanical Engineering, 2022, 58(2): 176 —
184.

Zhang K, Liu F, Tan C, et al. Effect of heat input modes on mi-
crostructure, mechanical properties and porosity of laser welded
NiTi-316L joints: A comparative study[J]. Materials Science and
Engineering a-Structural Materials Properties Microstructure and
Processing, 2022, 848: 143426.

Ke W, Zeng Z, Oliveira J P, et al. Heat transfer and melt flow of
keyhole, transition and conduction modes in laser beam oscillat-
ing welding[J]. International Journal of Heat and Mass Transfer,
2023, 203: 123821.

Mayeli P, Sheard G J. Buoyancy-driven flows beyond the
Boussinesq approximation: A brief review[J]. International Com-
munications in Heat and Mass Transfer, 2021, 125: 105316.
B, IR, R BRSO 5A06 FRE A HOLE
TRV AT B AT (9], SRR, 2022, 43(11): 50 —
55.

Gong Jianfeng, Li Liqun, Meng Shenghao. Influence of circular
oscillating laser on the melt flow behavior during 5A06 alumin-
um alloy laser welding[J]. Transactions of the China Welding In-
stitution, 2022, 43(11): 50 — 55.

[17]

[18]

[19]

[20]

(21]

[22]

[23]

Gao S, Feng Y, Wang J, et al. Molten pool characteristics of a
nickel-titanium shape memory alloy for directed energy depos-
ition[J]. Optics & Laser Technology, 2021, 142: 107215.

Chouhan A, Hesselmann M, Toenjes A, et al. Numerical model-
ling of in-situ alloying of Al and Cu using the laser powder bed
fusion process: A study on the effect of energy density and remelt-
ing on deposited track homogeneity[J]. Additive Manufacturing,
2022, 59:103179.

Hozoorbakhsh A, Hamdi M, Sarhan A, ef al. CFD modelling of
weld pool formation and solidification in a laser micro-welding
process[J]. International Communications in Heat and Mass
Transfer, 2019, 101: 58 — 69.

Lee J Y, Ko S H, Farson D F, et al. Mechanism of keyhole forma-
tion and stability in stationary laser welding[J]. Journal of Physics
D-Applied Physics, 2002, 35(13): 1570 — 1576.

Lee Y S, Zhang W. Modeling of heat transfer, fluid flow and so-
lidification microstructure of nickel-base superalloy fabricated by
laser powder bed fusion[J]. Additive Manufacturing, 2016, 12:
178 — 188.

Fuhrich T, Berger P, Hiigel H. Marangoni effect in laser deep pen-
etration welding of steel[J]. Journal of Laser Application, 2001,
13(5): 178 — 186.

Xie X, Zhou J, Long J. Numerical study on molten pool dynamics
and solute distribution in laser deep penetration welding of steel
and aluminum[J]. Optics and Laser Technology, 2021, 140:

107085.

E—EE WSGH, LA FERIE T oG T
M A ; Email: ke@std.uestc.edu.cn.
BIEEE:GE, WL, #E, W EE42I0; Email:

zhizeng@uestc.edu.cn.

(4mig: *PLD

[ EE 200 ]

(23]

[24]

[25]

Hori Muneo, Nemat-Nasser Sia. On two micromechanics theories
for determining micro—macro relations in heterogeneous solids[J].
Mechanics of Materials, 1999, 31(10): 667 — 82.

Long Xu, Chong Kainan, Su Yutai, et al. Meso-scale low-cycle
fatigue damage of polycrystalline nickel-based alloy by crystal
plasticity finite element method [J]. International Journal of Fa-
tigue, 2023, 175: 107778.

Tian Wenlong, Qi Lehua, Chao Xujiang, ef al. Periodic boundary

condition and its numerical implementation algorithm for the
evaluation of effective mechanical properties of the composites
with complicated micro-structures[J]. Composites Part B:Engin-

eering, 2019, 162: 1 — 10.

E—1EE M, W, AEER, IR ASI; FE
ST ) RS E T 12 Email: xulong@nwpu.edu.cn.
BEMEE SR, 1, B#¥Z; Email: suyutai@nwpu.

edu.cn.

(4w%E:  FBLD)


http://dx.doi.org/10.3901/JME.2022.02.176

