W4Tk 10 HBEEERMBIEIE Vol.47, No.10
2018 4F 10 H RARE METAL MATERIALS AND ENGINEERING October 2018

IRIEIRIZICIZE & NisoTiso 5 Cu FHEBYY B IE

¥ T, ¥

(PP R Wl L 5T TREE K E SR E, L7 M 221116)

B OE: TR EY B, R IR AR (EAM #) SHIRICIZ 4 42 NisoTiso A1 Cu R FELR
e ST 53 7 30 D 2 B E AL, [N 454 SEM. EDS My V25 3 18 A 6 2 AL THI A0 40 00 T 550 2 00 BEL 5 0 A 552 560 HT o
ZERFH], A2 A 4 NisoTiso 55 Cu 78R u,=—1500 m/s, t,= 700 m/s PP b AEHE T 00 N, AR 130 E %A # 25N, 120
ps LUJS TP, & R IOWERUELE 1350 K A4, iR C E 28 GPa Aidy; (a4 BUZ W Cu (R T — H 4EFF
TE 5%/ 47, Ni il Ti IR EETE 47% B ks, Sy #UZ FETE 1.03~1.45 pm WG E N KA SEM. EDS 00 43
HraAE T IR B I BUZ R EA N 1.56 pm, A 5 V545 LA — 3.

EHEIA: IR BG4S RERFY G aFsi i EIE NIk

FEEHES: TG456.6 XHERFRIRED: A

XEHS: 1002-185X(2018)10-3238-05

M 1944 4F Carl $2HBRIESEEE, 1959 FE A
Philipchuk 5 X B Dy SE AN - BRI 2 2 05, BRI AR %
FeARM T N LR BEAS . SO T ST A0 i SR, B
AR e HOARSEEIRGEETT. 20 A 60
AR AR IS T R NE IR EEROR 5 B A 5T . 1968
T, ORIEEIE M) Bk K 55 i D i T o [R5 — P e
HHEB. 20 Al 80 ALK, BIEREEAR MR
P FUAN R AT 2 T 1R e, LR AU AN W b ¥
G, AT A, HZy. EM. EFREEZ T,
RS LR SR T Z N AT %, @
1t 260 Fh 4 8 R 42 4] A nT DUl o) R AR R R AR B
Bl PR AR e R S AR PPk
FOANTRIS s ANFISRIE . AN R . AR K R 5
DA B il FE 72 Sl AR K 1) 4 e AR e — i, R B X 4>
Jeg 5 A 4 R (Cln B 88 2 )M ORE S AR . AR S R R
B ZR A, 5% [ 70 J A O e Al I L 2 X455 s A M
PP AU AR HEAT T O R B N S R IR T T AR, X
TREERT T SR IE PR A R, ST R
lE 3 A3 O FE Y . N i3 RN AR I (A, R R
PLI AT I S B 2 S0 DA Y T AR i 4 SR,
2008 4F, Tanakal V45 SPH J7 2 I 4l 4% B 1 RL 11
R A e A A B0 A KR T ) )R R, FH SPHL AR
PUEAT T B NE R LD SO BT 9T 2008 4F, Akbari
Mousavit K2 45 7 4 B F R0 B 15548 T i) JINE HL
AT ERAC AL AR FEM 5 B e 45 2 3 i A 1

Fs HER: 2017-10-23

SRS REATRRL; 2011 4E, Wang!" VR ] MPM J7 32
(R T 0 0E B ME 2N . RS RS
P, SR AR 1 M 2 B e i AR HEAT TS 2013 4,
Liu ZUORH 5> 13 11 22 07 LT Al-Cu B ARG B2
RERE Oy T B A I L Se 4 A b, 3RA
TR R . HET, FRHRAT I 77 2B A
A A A REE XS PE, BT LURR o 3 1 1 2 % ik
o R TR e B, e MR O LR AR
TGSV RARAE, AT R R A BT X Pk B . SR i
P IR SRR AR (R 54, UL ARO0 &5 40 1) T AL 3R
T FL AR 7 i T 1 5 i LB AT R REAS BI04 A
EIOMRRE . T EeAE, KBS B 2 4 T8 2 5 ik
BTSRRI 2 B by 3 ) S i e B 4 T B
(345 . AWTFCE R HCZ A 4 NisoTiso A48 il 3
AT e EE, RH 9 130 01 % 5 R 45 B O R AE T
B M7 S 14 HIORT K 0 5 T 5 R P 5 s ANAOR L
St KR B R R B ST ROV LB AT P R R

1 % I

ARSI SR W PAT IR L2 Wil 1 R, st
BB 5 em JE 1 ER B BCE 7F S5 i AE AN SR . SR S
FEAMFEAR LB E 2B 4 NisoTiso TE AT, 7EFEMR
VU £ 4k S AR I B S 356 BTG RL R Cu IR,
A — R A ER A YE A E SR . A
WRIEZY, SEIL NisoTiso F M 5 Cu AR BRI 3%

BEETH: EFAREERS (11502282, 51734009); R mie EARMIF LS5 T LI % 4 (2015XKZD02)

fEEEN: 2 T 5,

1980 A, ML, EIEEZ, HHEENRE RS PARTR YR, WEE 1% 5 DR ERE AR E,
LR AN 221116, HiE: 0516-83590666, E-mail: nluo@cumt.edu.cn



55 10 34 LT

PBSEREACZ 54 NisoTiso 55 Cu SIS HHLEE

* 3239 -

Detonator

B e on gl
Fig.1 Sketch of the explosive welding
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Fig.3 Analogue initial geometry of memory alloy NisoTiso and

Cu welding

F, N NPT REACEEEATIL T, Sh &m0 24 100 J7
NEFEIZEK, B 1 ns.

A IMEZ R AN MEZH MRS (5%~
8%) MIVREY), £05E IS Br ks 7E 3800~4100 m/s,
BT LR T oA, TSR

Vp=2Vdsin£ QY
2

Hrp, vV, RORERGEE, Ve RREABRIE, pERRE
RIS .

X} NisoTiso-Cu K 7 422 4540 1) 520 AR Fiit ok JEE 2l
KH u=-1500 m/s, u,=700 m/s F IR « K FH 34 b8 %
WK IE EAM #, ABF5CH 2196 T Cus Ni A Ti 1
EAM #8500k B Zhou 25 A i, ml LU b 40 45
Cu.Ni FITi fEHNI 16 T gt R MH KA. 1ZEAM
ATEFEAR IR 5 T 55 S8 B A7 G AR I, 49 2
MR BRERLE . RRREER . U BRE R AE AL R
o HHAARRRW R



« 3240 - W& MRS TR %847 %
r r
Aexp[—a(—-1)] Bexp[-pB(—-1)] 35
H(r) = T _ Te (2) 2400
1+ (rl — K)20 1+ (VL — 1)20 v 2000 F Pressure =430
2 &
Hoof, o FRIIEAZ VOB, 4, B, afI B g 16001 — 155 S
. (=¥ » =
AT S B0 AR o 6 TR 22 A B S 5L £ 1200} 7
FHL 7% B bR BICR O AR 51 Ty I AR R R L IR 200 | 420 &
BRI EE, B
400 15

feexpl=p(C - D) (3)
R —
1+(—=2)"
I

€

ORI T LA R [ RN T a B b 2 18] R A 2K
ab 1 fb(”) aa fa(r) bb
¢(H=5UW”¢(ﬂ+fw”¢(ﬂ](“
AR 8 B bR HOAE — A I T VE (1 F T R Y T

A REAR AT AR L A A I 3 AN AR 2 5%

TR o T2 FE . A RSP0 A5 Ak A B o

B, 33 AN BRI AT A A M B AN A AT

. AR IR, e R 3 A R

3
F(p)=ZFm-(p£—l)’, p<p, p,=085p, (5)
i=0 n
3
Fp)=YFEE-1, p<p<p, p=LI5p, (6)
i=0 e
ponfp)
FUﬂ=EU—m$;Y{—J,x%<p 7

3 HRE5WR

3.1 MEBLMHEBRAKRMANFRE

EABRIF Cu By n#oE N u.=-1500 m/s,
u,=700 m/s, KPS FE O E B R A& S AT
M. ZAE DL R B 5 o B T JR) A% 4 1) i 2 2
4. WE TR, 8 2R 2R R 1 R i ) I
(] IR, 21 E 11 1 46 22 7 IR A Ui B IR IS ) D A . AN
n] LUBH S Y BE R R IR B0 RE AN IR Ak 1Y RE
PR FR IR FEAE K2 90 ps PRI ZUHE N E] 1160 K A4 s
Lt RIE, AR BRI ZL R . 75 KZIHT 120 ps 1
R, R R 35S P B W AR /N, 120 ps LA # T
ST o RS AR AR IR FE RS GE AR 1350 K Zida, 1 s i A
SEAE 28 GPa A A
3.2 HAMBMY MR

B 5 mF BT JRE 75 (92 NiisoTiso-Cu 7 28 75 I 20M1 i) 2
2 AN B 038 75 47 B (MSD)- I 1] 1 26 . BT LAMMPS
JE N AR B R — R AT MSD B4t B L
NisoTiso 1) MSD FUE BG4 T — e MR J5 0 xt

0 200 400 600 800 1000
Time/ps
Kl 4 InZB Bt NisoTiso-Cu 44 5 I¥) s 5 FH FE
Fig.4 Pressure and temperature of NisoTiso-Cu system during

loading
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Fig.5 MSD-time curves of NisoTiso-Cu system under different

processes: (a) loading stage and (b) unloading stage
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Fig.6 SEM image (a) and EDS line scan (b) of NisoTiso-Cu

explosion welding interface
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Diffusion Mechanism of Explosive Welding Interface
Between Memory Alloy NisgTisg and Cu

Luo Ning, Shen Tao, Xiang Junxiang

(State Key Laboratory for Geo-mechanics and Deep Underground Engineering,

China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to reveal the micro-scale diffusion mechanism of the welding interface, the molecular dynamics simulation of the

explosive welding interface between shape memory alloy NisTispand Cu was carried out by using the embedded potential function (EAM

potential). The micro-morphology and physical characteristics of the explosive welding interface were analyzed by SEM and EDS. The

results show that the pressure oscillation of the NisoTiso-Cu alloy system becomes smaller and smaller under the impact conditions of

u.=-1500 m/s and u,=700 m/s. The temperature of the system is about 1350 K, and the pressure after 120 ps is about 28 GPa. The

concentration of Cu atoms on both sides of the diffusion layer is about 5%, and that of Ni and Ti is about 47%. The interfacial diffusion

layer thickness ranges from 1.03 to 1.45 pm. SEM and EDS analyses confirm that the thickness of the diffusion layer at the welding

interface is about 1.56 um, which is basically consistent with the simulation results.
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