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Anti-fusion Welding Mechanism of Three-dimensional Interpenetrating Structure Cu-W
Contact
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Abstract: The dynamic fusion welding problem of switching electrical appliances caused by the rebound arc during the
contact closing process directly affects the electrical life and reliability of high-power contactors. In this paper, Cu-W in-
terpenetrating-phase composites with cube and rhombic dodecahedron W skeletons were designed and fabricated. The
dynamic contact flow model and condensation cooling mathematical model of contact pool flow were established in view
of the arc, molten pool, droplet sputtering and solidification phase change cooling in the process of contact dynamic fu-
sion welding. Moreover, the melting temperature distribution, molten pool splash morphology and metal solidification
process in the contact area of two studied composites were studied and compared to the commercial Cu-W composite. The
fusion welding force was verified by the simulated fusion welding experimental platform. The results show that, by ad-
justing the three-dimensional interpenetrating ordered W skeleton, the melt pool diffusion and liquid metal splashing can
be effectively suppressed, and the fusion welding force can be reduced, thereby improving the anti-fusion welding per-
formance of Cu-W composites.
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welding force

0 5|8

ARk, REE ATEAEREE. B —AUEME. TR
i SRR A, N KIS 1
Sk A& 32 7 H I E A E AT, Al i Sk A 1 A LBk

ESBMIE: HERABRFEESU2241245); LT “HRBHEm” R
HE KL T H (2022JH1/10400045; 2023JH1/11100010),

Project supported by National Natural Science Foundation of China
(U2241245), “Unveiling the Leader” Major Science and Technology Special
Projects in Liaoning Province(2022JH1/10400045, 2023JH1/11100010).

e S ™, SRk RS P ] R TR fd S AR
WEIRREE YR 2 . DRI, A SRR i) R ) 4 L
Vit as FORA B KA i n] SRR A,
fis Sk U FEATLRR AT TC AL A2 o FEL L P i i SR A
i) R AR HL R P A S 7 i R AT AT SRR (1 S
W 0 S5 AR B R TR B S 36 A I i Sk A A7
FE B [ IR AR ka3, SR PEAT <8 VU D S
PR, ZHAO L J S [HIH T R BUAE sk A5 F BL
HAE IR BE AR AT AR LR AR T 3l CHO W T 4%



516 i LR AR

2024, 50(2)

K IO A2t RV P fT 4 v W AR s AR B, {4
TR AR R BOE T I B R T EAT T B R,
TSAI M C R H IEAE 2B AR bR AR ik AT 1 sS4 i
e, FEE T RMIK BRI EVER T AL
J A @ R s AL T ] /5], MESYATS G A %%
NARH T HEF N-S J5 FEAN L 505 FE 4 R 4 JB Vi
T IR (AR 7 A RUI0) P SRR S5 i SR 4 v
T AE RV bR AR AR Ak B 9 by 57 T A8 T 1) ) L7
SR JEE N REEMBE, TP HI AR [T A
BT T BUERAL, T AR R AR, 13
BT B b AR oA ST R AR L LN
[ S R XA, R TR B AR
PRI , 2 3L B8 186 Jom i e T o A B AR
D A2 ] AR R MR SR B 7 4 i
Von Mises N 75340 KAt IR P F8 B S FERE R (1) AR
b, HETITNBIR AL R, FEREAL T AR K AR Lk
I SR S50, R IR — e e Rl P9 I S ) B AR B
RGN IR/ N0, A4 IRZE%E AgMeO #1 I 7T &
P, H0 MeO HIBFE. HLIE. DG XK,
REA 208/ M S AA T AR O, AT i 5 i X AR
fl S ARG ORI, SHAEM B E £, AN
PRI R = 5 2 B IS IR B 175 [RI02) 2535 [ 550
CuO E A ER I A S AP RE b (13 YR LRI 58 A, 5 n
T ER s R A S R TR v PN VRS R (1 SR T g
JIRUKEE, AT R 1l f Sk R T B R T B 398 5
S RHE BT IR P R

KAMILA H 455 0 508 Bpp B S50, 7T Lk
A LA AR IR RF RN 2RSS IT T AN DR AR
K Ag-TiBa fili sk FZ AT R, KILBE Ag HifERE
%, fil SR S R ARERE YN, BT
PERHPT L IR i AR S), i iR A 25 45 v o B 170 45
FGINEIE AW RN R Dh e i R B RE 7 1)
FHERFAZEHAT, A S H I RE AN ) 1 R
6l RIRIGSEH % T Ag/SnO; Hifil kb4 BEAS R
A AIRIRL,  FEB ORI SnO2 FRRLAY
B GRARTR B T MRH S R AN R et P R
FEFIRBE AR, BAAPILEHMZ L&A
BN R ARG, HAFHIIFLE M mT 42
EfLEE R TT ) B 12 DS, 2R FI R AW
56 BEZ B AR EATE R, 428 ) HC 45 R 5L ) (1) P4k
Hl & ZF—4EE G EaME, ey |
M SRR, DL EWFTER . kiR R 2k
A AE Sk P A TR R s fik SkAA R 5 [l ik A

AR, SRR IR AL A sl R IR K
JERENBEBIAOS, AR R SRR R e 5 2 SR
ThHREME S .

VA, EhESE @I 3D HTENE AR SE
& T =4EH AP A5 Y Cu-W AR RILREA P
TESHRENS I A PRI T HUR S VR IER021, 3%
J1JZ 77 T S B B g ) FRLR PR 4 i 2 122230,
A7 7 JREE ) LU TC Py B SR R figh Sk AR P BE BLAT 410
A T4 DL 7T B R R SR S5 A 7T LAk A fid
SAPRHK S RPE SHME. BURETERE DL beih
SEREE, EXTTRA =M AP Cu-W &
BRIk, MmN BERE L AR TR Sk A
PR M A TE ¥ . L, AL Cu-W &
EREHSONIT TIN5, it T AR AR EIROE 1A
GERE . T Sk BB 52 P [ 8k R TR R A s
e S e AR S ke, SEIRIGAE W B JREE ML
22Xt Cu-W G MR fil Sk ST AR AR BE A REI,
T AR R AR FU AR B 2K

1 JUER S FRA

1.1 JLfArEE

AP 2 Fp = 4E B ZF 558 Cu-W fili Sk J LA
BRI 1(a)s (0)FTas, Cu W AR A 3:2, 5
HUHAR RS 8 12 mmx 12 mmx5 mme.

R B AR 52 3 — 4k B2 454 Cu-W ik i
ESHIFH S S HR M, R REACE, WHS T A
SrEIACEE, 183 — RYIMSL 4R, fE RN 4R
B WY oy R Fa 3RS Rk — A A T e ot
VB 2 B o s R f Sk JURT 0 AR . 43 et DY i
T i S FNZE T T A i Sk = 4B Y 1E4T [RIRG 0.25
mm Y5, EREEY R, 530U AL —48Y)
R 1, il 2(a) s,

I Ak Sk N IR BEC EAR, Rfilsk
R R E] B 0.25 mm #HATY) F, R4 E] 5 Fh
gitey, i 2(b)—@OFrs.

—
(a) DUIE A (b) ST+ AR
B 1 Z=4EH 5554 Cu-W fih Sk =4ipim

Fig.1 Three-dimensional interpenetrating structure Cu-W

contact three-dimensional model
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Fig.3 Cloud picture of the formation process of molten pool temperature of disordered, quadrilateral and rhombic

dodecahedral contacts



O, R, RESC, . ST Cu-W Sk pua L 5

—_

9

=18 us

=199 ps
()T Frfidk

=199 us
(b)Yt 7%

=18 us

=50 us =50 ps

=100 ps =100 ps

=150 ps

=150 ps

=199 ps
(O)ZE L+ ik F 2

=199 pis
(DZERA+ WA A 4

K4 KR L. 250 Rl e ol f A 2e z K

Fig4 Cloud picture of the formation process of disordered, quadrilateral and rhombic dodecahedral contact molten pool

phase transition

X3; =50 ps B, ISR K; =100 ps B, 47
A BRI AT =150 ps I, HMIEDTHE—2
IR, B E AR RS =199 ps B, filisk
KL —28 K, RFHENT R sk, 35
et Y R 2 A1 4 78 =18 ps HAHAR KA 1G5
=50 ps B, Al S IR B AR A TR AN I A0 X 5
=100 ps B, ISR 3 — 209 K =150 ps
B, AR UG, ISR AR I RS 2R b
=199 ps I, JETTIREARKR, T8 RE 2 B4 B A2 BRI
AR, ISR YR AR AR
PRI E AR SR EN, A RAN SRR [ BkH
SRGE RIS Z, K 3 i S bt R B2 R IE I 08 B AT
beis, Rk 1 P, BHTRSFRICNER A+
Ak <PU A k<o P fid sk, 2208+ A AH
BT Ik, X T S i /8 B S s
23 FESKEBRERSEREEN

3 Fhah R S A ik k52 B RS J11E
HIRAS & B AN S fis. BEE k3R
TEFR T, filsk i B 5 E R ARG K, B Al
1909 It o ) PR ISR 3 K, s il 5 3 P A
NERK. =100 ps B, Jof7 ik AP0 ¢ flk 2R T
bERA SRz, HIUSYTIAGEBIIMERL, o7
SLRTRAAEE M 0.16 /s,  PUILTEASL A 0.3 m/s,
ZEIE AR ) R AR E R 3 008 5.75%107° m/s
A 1311073 m/s. =199 ps i, o P fi Sk 2 &

F 1 [RIBk FEL IS RO ZI 3 Sk Jey b R P AN b 5 P
Table 1 Three types of contact melt pool depth and width at

the end of the bounce arc

fih Sk Fp S th PR /mm J It 5 % /mm
To ik 0.32 0.68
UWbubiA7IN 0.31 0.51
ERA 1A 2 0.26 0.43
ERA+ T 4 0.20 0.41

& JE B RHE T N 12.5 m/s, DU TR b Sk fe RAB N 3.35
m/s, I+ AR 2. 4 SRR HIA 2 m/s
F12.23 m/s.

0~100 ps B, HIEH Tfilsk i pe R 2H T
BRI, HE EAAHE ., 100~199 ps
i, HINEEE B T A& 8 — e s s
FE, il Sk R4 48 i B R . Rk e
PEFIZE R Z, flsk REEEE . Tofp>IUidE>35
Tt k. 2208+ AR I A SR AR
F IR, T T SRR AR, DU
T fih Sk FH A5 AR v (I8 0 BORG B8 t RH b iR im 3 A
MHIVER . 22 BNk, =485 5450 Cu-W fil =kt
REHBAR 4 J8 Ik _E TR A e, s
T T AR g6 A8 Re gk — 25 42 T ik Sk (0 0 e AR ok
PERE .
24 fSEMRESEREREEEERRAE

VA SR AE A i Sk (R B rp 4 20 B, P



520 e B R 2024, 50(2)
EE/(ms™) E F/(m-s ")
0.16 12
0.14
0.12 10
0.10 8
0.08 6
0.06
0.04 4
0.02 2
=100 s o =199 s 0
(a) To 7 fik 3k
W/ (m-s ) B/ (m-s )
0.30
0.25 3.0
2.5
0.20
2.0
0.15 i 5
0.10 1.0
0.05 0.5
=100 ps 0 =199 ps g
(b) PO ¥ fih sk
JEE/(ms ) JEE/(ms )
2.0
0.005 1.8
1.6
0.004 1.4
1.2
. 0.003 1.0
0.002 4 8§
0.001 0.4
0.2
=100 ps 0 ¢

(0) ER+ & fr2

HEE/(10ms™)
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0

=100 ps

T E/(m-s )

2.0

0

=199 s

(d) ZF+ Z Y 4
Bls TR WA, S8+ Al kiR 5 =
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Fig.8 von Mises stress distribution in the welding zone of

three types of contact
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