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Forming and Mechanical Properties of FeSiB Amorphous
Ribbon Joint by Laser Welding
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Abstract Overlap joint of the FeSiB amorphous ribbon with thickness about 25 pm is successfully fabricated by
micro pulsed laser. Effect of main process parameters including pulse power P, pulse width 7, pulse frequency F
on the weld forming is studied, and then the variation trend of mechanical properties is analyzed. The results indicate
that the perfect weld forming and excellent mechanical properties can be obtained when P and 7T are matched
appropriately, i.e. Pis 4.8~7.2 W, T'is 1.5~1.9 ms, and corresponding energy E is 0.9~1.2 J. With the increase of T,
the microhardness of heat affected zone and weld zone decreases gradually. However, with the increase of P, the
microhardness increases first and then decreases. With the increase of P and 7, tensile strength of joint increases
first and then decreases. The highest average microhardness of about 1300 HV and 1000 HV in the heat affected zone
and weld zone is obtained, respectively, and the tensile strength exceeds 363 MPa, when P is 7.2 W, T'is 1.7 ms, and
Fis 1.5 Hz.
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Table 1 Processing parameters of laser welding

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PIW 12.8 9.6 9.6 9.6 7.2 7.2 7.2 7.2 7.2 7.2 7.2 6.4 4.8 4.8
T /ms 0.9 1.7 1.5 1.1 2.1 1.9 1.7 1.5 1.5 1.5 1.3 1.7 2.1 1.7
F /Hz 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.0 0.5 1.5 1.5 1.5 1.5
E /) 0.9 1.3 1.2 0.9 1.4 1.2 1.1 1.0 1.0 1.0 0.9 1.0 1.3 0.9

3 WL R 50
3.1 TZSHTIE4E 5 WK 8%

12 P=7.2 W . T=1.5 ms BF AR [EB0R T (RS Z WL (R 1P 8 9. 104280, IE 10l LIE B
HF M 0.5 Hz 382 1.5 Hez, A5 55 5 0 268008 8w |, K 48 iUY MOk BAF . Y F=0.5 Hz B 05 fb BE SO REAH B

g

== : Gl ol L8 ¢ < ;‘l“
BT AR T AR 4 R A TE S (a) F=0.5 Hz; (b) F=1.0 Hz; (c) F=1.5 Hz
Fig.1 Weld appearance under different frequencies. (a) F'=0.5 Hz; (b) F=1.0 Hz; (c¢) F=1.5 Hz
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Fig.2 Weld appearance under different pulse widths. (a) 7=2.1 ms; (b) 7'=1.9 ms; (c) I'=1.7 ms; (d) 7=1.3 ms

I3 HURIAE RIS . (a) ] 2(a) #REE; (b) ] 2(b) 4%
Fig.3 Surface appearance of the typical weld seam. (a) Weld seam in Fig. 2(a); (b) weld seam in Fig. 2(b)
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Fl4 RFEZBHFREESHIES . (a) P=12.8 W, T=0.9 ms; (b) P=9.6 W, T=1.7 ms; (¢c) P=9.6 W, T=1.1 ms;
(d) P=7.2 W, T=1.7 ms; () P=7.2 W, T=1.3 ms; (f) P=4.8 W, T=1.7 ms
Fig.4 Weld back appearance under different parameters. (a) P=12.8 W, T=0.9 ms; (b) P=9.6 W, T=1.7 ms;
() P=9.6 W, T=1.1 ms; (d) P =7.2 W, T=1.7 ms; (¢) P=7.2 W, T=1.3 ms; (f) P=4.8 W, T=1.7 ms

& 5 MR 5E R U RAF 2k BRI M GR 1 5 7.8 14 4S80, IR 5 AT D)k B, 6 4 A A T
HRIE ASAL VB0 R A SR BB 5 58 W WL R WA B E I BRI B AR 45, 4390 517,460,277 pm , HAR
ERE S R 2 B 4 —3k, MREE b IR R B B LG R R R B . BOGRE % AR AR AR R AR v DR TR
SN o G R C A | A WA N I @ VAP B 8 B (11 %) A N R i el 6 R 1 2 = N V5 T g A [ R BTN s
PRIV 20 3 B DI, R 4% 4 8 R 3K 31 gk B 18], S BUh O R RV

B 5 ERERELBSRIE S . (a) P=7.2 W, T=1.7 ms; (b) P=7.2 W, T=1.5 ms; (c) P=4.8 W, T=1.7 ms
Fig.5 Cross—section appearance of the welded joint. (a) P=7.2 W, T=1.7 ms; (b) P=7.2 W, T=1.5 ms; (c) P=4.8 W, T=1.7 ms
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Fig.6 Micro—X ray diffraction patterns of BM and welded joint by micro laser welding under different parameters.
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(a) Different powers; (b) different pulse widths
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Fig.7 Microhardness distribution of the interface of welding joint under different parameters
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(HAZ: heat affected zone; WZ: weld zone). (a) Different pulse widths; (b) different powers

K8 AR T LS

BOT S W B0 B2, FE P& 8(a) b AN [ bk v 58 B2 T 4 Sk B9 T 5 B il 2 (3% 1 TR 2

5.6.7.8 11250, K 8(b) g AN A SR T 4k I HTHrsi i 2k (R 14 2.7 12 14 280 . A 8(a) T A
F RS TG 35Sk B PR R BE ST KR /N s T=1.3 ms I, 35 3k BP9 FE A AKX N 132 MPa; 24 T4
JNEN 1.7 ms B, BUhr 5w BE 38 B 55 55, o 363 MPas X THEIN 2 2.1 ms B, 7 o BEBEAIR R 210 MPa, Rl P A3
R A2 B BT R B 5G4 KIS 0/0N , PAE 4.8 ~ 7.2 WS [ A B, 432 Sk 0 i 588 B8 328 7 484 K, e /95 4 410 MPa; P
i 7.2 WA, 58 I N R P=12.8 W TSR BE AU A 210 MPa, {1 1& 8(b) iR .

400 ® 400 ® .
< . < _/ \.
a \ a
= 300 . & 300 /
et = 1
£ 200( . 2200t \
Z 100} Z 100}
<5} (<)
= =
0 L L ! L 0 1 L f !
1.2 14 1.6 1.8 2.0 2.2 4 6 8 10 12 14
Pulse width /ms Power /W

K8 AIF L ZESHCT RS B PTRBR I o (a) AN [k 5852 (b) AN [R) D3

Fig.8 Tensile strength of welding joint under different parameters. (a) Different pulse widths; (b) different powers
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