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Laser welding process of NiTiNb foil and
microstructure and properties of welding joint
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Abstract: The welding joint of Nig;TiguNby shape memory alloy with thickness of 200 um was achieved by Nd:YAG
laser, and the laser process parameters were investigated by orthogonal experiment. The welding joint microstructure was
observed by optical microscopy, the strength of extension of the joint was tested by precision stretcher, and the
micro-hardness of the welding joint was tested with the precision hardmeter. The results shows that the best laser
parameters of jointing Nig;TigsNby shape memory alloy with thickness of 200 pm are that the average power is 16.8 W,
the width of pulse is 4.5 ms and the frequency is 4.5Hz. At this time, the tensile strength is 880 MPa, reaching 95%
strength of the base metal. The horizontal surfaces appear uniform scales striate. And there is a phenomenon of layering
on the cross-section, the center of the welding joint is ultrafine axis crystal. The heat affected zone is the column structure.
The longitudinal section is exchange distribution of equiaxed grains and pseudoeutectic of NiTi-fNb. The average
hardness of the welding joint is greater than that of the base metal.
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1.1 KEEHG

ARG A EHER 300 um JEHELE R LFRE
Y Nig7TigaNbo(BE/R 350, %) A . SCHZ DI 1Tk
20 mm X 25 mm PEEERAE, FHZM IB/T 7901—1999

(4 JE ARSI I0 S 5] I i AR I V) IR,
N V(HF): (HNOs): V(H,0)=1:3:5 KRS iz
1, B S R, R REREIFE(0.2+0.01)
mm. FOCHEEE I 542 Sisma A F A7 1F) SL80 #AY
Nd:YAG BOGR RS, WOGHAK 1.06 pm, 2 KHOG
A 80 Wo SKH & H TAeilt T3 e, RH PRy 4
ARG TR R . Y&y 8 Limin. #3KJE
h 1B, ARG T HEL I AL DT . SRR R
P 3 0 5 9 H 7N B B O R e T
PSS ASTM 2516-07, 18] INSTRON5540
RO R SRR S W LA TR RS, Bz Al i =
M 10 °C o BRSO T3 AN PARFE, BhAh
PIE . A 401MVD £ I Sl 7 - I e S e
S P S PRt P AR 4K o I S TRIEE Y 50 pm,  InE AT
5% 2N, InZEEEy 10 s. {8 MR5000 18] & 2%
BEIE AL, £ Quanta 2000 FU PRI 4145 HiL 1

SRBLIERT RMASE, R TR A
3.0 nm.

1.2 EXKIEEIT

AR TSR S5 R, BT Bk SE A
3NN, AN EEI=KF. BB Lo(3")IEAS 52
Bk, IEACEI BT EWE 1A BOER A
B d 200 pm, FEEEEEN 0.3 m/min.

F1 ELRB R LK

Table 1 Factor and level of orthogonal experiment

Factor
Level Power, Pulse width,  Frequency,
A/W B/ms C/Hz
1 16.8 2.5 2.5
2 18.4 3.5 3.5
3 20.0 4.5 4.5

2 FHRE55

21 EXFKHLHER

MIEA A 45 (3R 2) T LA Y, s pidr i
880 MPa, S AL HTH7 58 % A 708 MPa. 7 [151 Ky iR Z= 51,
R ZEH IR ZE/INT D2 FIRK 58 B AR 22, Ut BH SIZ 86 1 22
ﬂ[d%%o Eha: K1A>K2A>K3A\ K3B>K1B>K2B‘
Kic>Koc>Kie, BTUERIL L2280 A1B3C3, BI°F
BT 16.8 W, BkHEk 4.5ms, HF N 4.5Hz. M
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Table 2 Result analysis of orthogonal experiment

Power. Pulse Frequenc Str f
Experiment " width, Y Blank engfth o
A/W C/Hz extension,
No B/ms
yi(®)MPa
1 2 3 4
1 1(16.8) 1(2.5) 1(2.5) 1 11=823
2 1 2(3.5)  2(3.5) 2 »:=810
3 1 3(4.5) 3(4.5) 3 ;=880
4 2(184) 1 2 3 y~=864
5 2 2 3 1 ys=167
6 2 3 1 2 yesll
7 3(20.0) 1 3 2 y7=121
8 3 2 1 3 =708
9 3 3 2 1 yo=133
Ky 2513 2408 2342 2323
Ky 2442 2285 2407 2342
9
Ij3j 2162 2424 2452 2452 7= zyi _
Ki; 838 803 781 774 1
_ 7117
Ky, 814 762 802 781
— _ T
K;; 721 308 817 817 r=y
R; 351 139 110 129 791
Factor primary—Secondary A B C
Optimal scheme Al B3 C3

W7 Ri>R,> Ry W LA H, D262 5 M P hr o L 1) i
FERFE, HREMKSE, FXEmE, i sR
TREE 0T, AL BN 47(838-791), B3 1)
Nk 17(808—791), C3 ANk 26(817-791).
U=T91+47+17+ 26=881, I T7 E bt s A Y,
KT BRI T SR I S K
Ky Ky WAREHKE, Thaeil/h, s,
R, ERAR RIS LR L3 — D N oh & a] e 75 21
T R o SIS AR AR (1 T I (B 5 D 22 1R 3
3G, BEHALER ORI At b 2D 3 mdiide
ATDAPR R, XS AR B AHRT . /NN
AT DAYR/INEE Sk PR A 2352 FAG 0 1) DX IORTES ], 980/ 44
REMX GERERNASTE, B ik dioinid 2k AL, 385 IR 5 L,
MNIAE— B R B4 ek o BE o B9 e T DAY
DA IEEN, BN, A it A 27 B2y B
BA), JRAERHE RO, XA R T Rk
PRI

22 BEELEMARNT
PRSP IR ZUES W 178 - B 1)
HRTLAE L, IREETEARIN), RMERSCIR. B
IRET W SR 8 R RN RIUE,
8] 98 A%, [l IES 5 T S AR T A . $SkR
HERE T MOl A IR AT ILkBE . 3kl 44
SO JREERIRERE 3 385y o SR PG M X W1 P 1(b)

B RSk e

Fig. 1 Horizontal plane morphologies of welded joint: (a) Macrography of horizontal plane; (b) Microstructure in area 4; (c)

Microstructure in area B; (d) Microstructure in area C
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Fig. 2 Cross section morphologies of welded joint: (a) Macrography of cross section; (b) Microstructure of matrix (area A);

(¢) Microstructure of welding joint center (area B); (d) Microstructure of HAZ at upper of welding joint (area C); (e) Microstructure

of HAZ at bottom of welding joint (area D)
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& T O KR FHTE B . 51 3(b) A SR € X
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Ni 46.45%. Nb 7.31%(FE/R734k), 454 NiTiNb [ =
JCAHE T AT, T A NiTi-ANb P 3L b 54
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REM AR B N - AR e il 5 B
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(a)

Welding direction
e

B3 SR
Fig. 3 Longitudinal section morphologies of welded joint:

(a) Macrography of longitudinal section; (b) Microstructure of

area A
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E 4 NiTi-pNb th3Lin(B 4b)Renk
Fig. 4 EDS of NiTi-fNb pseudoeutectic (area B) shown in
Fig. 3(b)
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Fig. 5 Stress—strain curves of matrix and welding joint
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Fig. 6 Microhardness of welding joint
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