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Effect of process parameters on laser spot welding quality of
NdFeB permanent magnet and SPCC steel

BAI Shao-jun,CHANG Bao-hua ,ZHANG Hua ,DU Dong
(Key Laboratory for Advanced Materials Processing Technology of Ministry of Education, Department of Mechanical Engineering,
Tsinghua University, Beijing 100084 , China)

Abstract; To apply the laser spot welding process in the joining of NdFeB permanent magnet and sieel plate cold
commercial (SPCC) steel,the effects of laser pulse power, pulse duration, and defocusing distance on weld features and strength
were studied experimentally. The results show that there are both conduction welding and keyhole welding in the laser spot welding
under our experimental conditions. Welding modes can be transformed by changing peak power or defocusing distance, but not
altered by changing pulse duration. There are three fracture modes in shearing tests,i.e., exuviation,shear and crush fractures, with
nugget dimensions and shearing load increasing in turn. To gain good joint strength,the pulse peak power and defocusing distance
should be chosen appropriately to implement welding in keyhole mode,and moreover , pulse duration should not be too long.
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Table I  Chemical compositions of SPCC( mass [raction) l 1 l
chemical
w(C) w(Mn) w(Si) w(P) w(S) w(N) w(Fe)
element

contents 0.0006 0.0028 0.00003 0.00009 0.00015 0.00005 balance

Table 2 Chemical compositions of the NdFeB( mass [raction) 131

chemical
w{Nd) w(Fe) w(B) w(Dy) w(Al) w(Si) w(C)

element

conlents  0.31 0.64 0.01
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Fig. 1 Shematic diagram of pulsed laser
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Fig.2  Schematic diagram of laser spol welding
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Fig.3 Characteristic dimensions of a spot weld

a—lop view b—cross-section view
AHr . FGN-20B 070 A (MR T #2363y VI s B
LA BOE R BR3P

2 REER

2.1 Rkl {E T 32 X 18 43 Joy S ) Al

B Bk 98 16ms , 351454 1Hz, B AR 0N Omm, 2
l.47a
1 ‘2J penetration

] spo%meler

0.4+ interface diameter

500.0 562.5 625.0 687.5 750.0 812.5
pulse energy/J

70} b

2o |

10{ 3

00— T T T T ——
500.0 562.5 625.0 687.5 750.0 812.5
peak power/W

Fig.4 Effect of pulse peak power on weld quality

a—characleristic dimensions b—shear force




3L B2 Y

MR T¥5E%¢ NdFeB ;K BiHH SPCC 4080 S48 R R I R 151

3 Bk e (E 2 ZR 41 5 O 500W,562. SW,625W ,687.5W
F1812.5W o BTG 4R GURHIE RO Bk BY V138 B i A
4 FfimR o
Hi&l 4a ] LU H, B K i (6 2 #2384, 4%
MEFHMERST B 23 KBS P ARRYIRPH K
3G, A A 42 TR TR 0, St Il 7 9 % T 1
J R K . [l 4b B 7S R KR s B B AR 32 19 B D) 2R A
BESBOE LR AL, i B AT L, 89U 2 Bl bk e {E 2
G I K
2.2 Bk EEIIREREBAIRI
(B 5 Pk i < 1Hz, B4R B Omm , W H0h
625W , 435I 7F 12ms, 14ms, 16ms, 18ms F1 20ms 5 4~ ik
MoEEET R B Bk o XA AT RO . BT AR
SRR ROT B3 3K BY Il fer Kk b 9% 38 #9284 4 5T 5
Fi7R o
1474
1.2
g 1.07
go.s-
200.6-
£0.4-
0.24
0.0

. penetration
spot diameter

interface diameter

12 14 16 18 20
welding duration/ms

707,

1

604

12 14 16 18 20
welding duration/ms
Fig.5 Effect of pulse duration on weld quality

a—characteristic dimensions b—shear force
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Fig.6 Effect of defocusing distance on weld quality

a—characteristic dimensions b—shear force
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Fig.8 Three [racture modes in shearing tests

a—T[irst mode:nuggel exuviated b—I{irst mode: pit in magnet c—second mode ; nugget joint with SPCC  d—second mode: nugget joint with NdFeB  e—third

mode : nuggel  [—third mode ; crushed magnet
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