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Influence of Spot Arrangements on Laser Spot Weld Bonded
Joint Fracture Process
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Abstract The CO, pulse laser is used in laser spot weld bonding test using Q195 mild steel and adhesive J-11. The
fracture process of laser spot weld bonded (LWSB) joints with different spot arrangements is studied. The results
show that the adhesive bonded area in LWSB joint firstly fractures, and then the spot fractures, when there is only
one spot in LSWB joint. When the spot arrangement in LSWB joint is parallel to the load direction, the fracture
sequence is the adhesive bonded area outside of the spot. and the adhesive bonded area inside of the spot. When the
spot arrangement in LSWB joint is vertical to the load direction, the adhesive bonded area of the LWSB first
fractures, then the adhesive bonded area and the spot fracture together. Besides, the finite element modeling is used
to analyze the influence of spot arrangement in LSWB joint on stress distribution under some tensile-shear condition.
The calculated results are in good agreement with the experimental results.
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Table 1  Chemical composition of Q195 mild steel (mass fraction, %)

Element C Mn Si S P
Content 0.06~0. 12 0.25~0.50 0. 30 0.050 0. 045
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Fig. 1 Geometries of LSWB tensile shear test specimen joints (unit: mm). (a) A type; (b) B type; (¢) C type
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Table 1 Main characteristics of J-11
] ) o Shear Tensile
Adhesive Type Curing method Curing time /h
strength /MPa strength /MPa
J-11 two component epoxy room temperature curing 48 28.5 49.2
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Fig. 2 Pulse waveform of pulsed laser
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Fig. 3 Schematic diagram of LSWB process. (a) First period of pulsed laser; (b) second period of pulsed laser
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Fig. 4 Finite element model of laser spot weld

bonding specimen with type A arrangement
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Fig. 6 Macroscopic views of joints with different types of spots arrangement.

(a) Type A joint; (b) type B joint; (¢) type C joint
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Fig. 7 Tensile-shear process of joints with type A spots arrangement. (a) Curves of tensile-shear

testing for joints; (b) schematic diagram of fracture process
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Fig. 8 Macroscopic views of joints with type A spots arrangement durmg tensile-test process.

(a) Joints after adhesive-bonded broken; (b) joints after webled-joint fracture
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Fig. 9 Tensile-shear process of joints with type B spots arrangement. (a) Curves in tensile-shear testing for joints;

(b) schematic diagram of fracture process
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Fig. 10 Tensile-shear process of joints with type A spots arrangement. (a) Curves in tensile-shear testing for joints;
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(b) schematic diagram of fracture process
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Fig. 11 Tensile-shear process of joints with the type C spots arrangement. (a) Curves in tensile-shear testing for joints;

(b) schematic diagram of fracture process
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Table 3 Tensile-shear test performance data

of laser spot weld-bonded joints

Arrangement Maximum Maximum
type load /N distance /mm
A 6396 9.05
B 6403.5 12.79
C 5946 10. 40
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Fig. 12 Stress distribution of the joint with type A spots arrangement. (a) Normal stress ¢, distribution;

(b) normal stress . distribution
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Fig. 13 Stress distribution of the joint with type B spots arrangement. (a) Normal stress ¢, distribution;
(b) normal stress ¢. distribution
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Fig. 14 Stress distribution of the joint with type C spots arrangement.
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Fig. 15 SDEG distributions of joints with different types of spots arrangement at the first fracture.

(a) Type B spots arrangement;

5 45 e

D) Ot SR - 2 A e Sk BB J) 2# M RELE
AN T P s HE AT 1 0 AR A5 1) Je KB B R ¢
ﬁiaﬁuizﬁlﬁl Forp IR AR 552 00 07 1) — B B

TRPLEY Iy DL R e A R RS B KL 43 i) R 6403.5 N
%ﬂ 12.79 mm,

2) RS AE R B T AT R A A Bk IR
JZNFRY AR AS R HE A 5 2 23 52 i 24 SOHE
TR IR E G N2 E T e Ae . 24
SRR HEAT 7 0 5 32 01 J7 ] — SO R AR AE 2
2 ) TR 2 R Ay PR Ay o R A Sk
SMBIR 2 SRS HMER T R RGBS
[ 19 Je )22 e HE O B . AH Y AR S5 52 ) J T e B A
i

SDEG
(Avg: 75%)

XXXXHXXXHXXXHXX

LEEEEEE b s s

R e

Y

(a) BRUE S HEA s (b) C B 5 A

(b) type C spots arrangement

3) AR R HEAR T5 18] 5 52 3 J7 1) — BUR L 2 EAR R
FAROIES: Tt O NISIVPAE S B2 ST Py b
HEA T3 160 55 32 3 75 1) 2 LI S 22 T Y XS0
IR A IV E SR e

& & X

1M M Schwartz. Metals Joining Manual Book[ M]. New York:
McGraw-Hill Book Company, 1979. 1—32.

2 S M Darwish. Analysis of weld-bonded dissimilar materials[ J].
International ] Adhesion & Adhesives, 2004, 24(4) . 347 —354.,

3 1 O Santos, W Zhang, V M Goncalves. Weld bonding of stainless
steel[J]. International Journal of Machine Tools & Manufacture,
2004, 44(14): 1431—1439.

4 V M Goncalves, Paulo A F Martins. Joining stainless steel parts
by means of weld bonding[J]. Int J of Mech Mater Des, 2006, 3
(1): 91—101.

5 Yinan Ma, Wang Tao, Liqun Li, et al. .
of mild steel[ J]. International Journal of Adhesion &. Adhesives,

Laser spot weld bonding

1003002-7



H |

# ot

2012, 34: 1—5.

6 Zhao Bo, Yue Peng. Stress and stiffness analysis for weld-
bonding single-lap joints [ J ]. Chinese Journal of Applied
Mechanics, 2008, 25(1): 24—32.

U WS PR RO R IR B Sk i L AR Ay AR LT ).
FH J12F 274k, 2008, 25(1): 24—32.

7 Chang Baohua. Shi Yaowu, Lu Liangqing. Effect of spot pitch on
stress and strain distribution and strength of weld-bonded joints
[J]. Journal of Materials Engineering, 2000,1; 33—37.

WA R R B R ) A A
SRR L] bR LA, 2000,1: 33—37.

8 Zhao Bo, Lii Zhenhua. Static analysis for weld-bonded single-lap
shear joint with multiple weldspots [ J]. Chinese Journal of
Applied Mechanics, 2009, 26(2): 239—242.

B, BiRME. 200 AN BT RR RS Bk R LT .
N 224, 2009, 26(2) . 239—242.

9 Li Liqun, Tao Wang, Zhu Xianliang. Wire filling laser multilayer
welding of high strength steel thick plate[ J]. Chinese J Lasers.,
2009, 36(5): 1251 —1255.

R MO, RS ERERNECEHEZZRERTALTL
i 0%, 2009, 36(5): 1251 —1255.

10 Qin Hao, Lei Zhenglong, Chen Yanbin, et al.. Mechanical
properties of laser-MAG hybrid welding on low alloy high
strength steel[J]. Chinese J Lasers, 2011,38(10): 1003005.

Z# W WIER. BREE. F KEEREREOLC-MAG Z46 £
JERRHCK 2 kae T ). E O, 2011, 38(10): 1003005.

11 Mei Lifang. Chen Genyu, Jin Xiangzhong, et al.. Study on fiber
laser overlap-welding of automobile aluminum alloy[J]. Chinese J
Lasers, 2010,37(8): 2091—2097.

MEWG DY PRAR AR, &b, 5. RS G &6 BB R ot
g20J]. T EEOE, 2010, 37(8): 2091—2097.

12 Wang Mingmao. Research on the Characteristic of Mild Steel
Laser Spot Weldbonding [ D]. Harbin; Harbin Institute of
Technology, 2011. 7.

FHL. WOL— RIS AURRHERT S (D], IR WRIE T
WAz, 2011, 7.

13 R W Messler, Scot Bohnenstiehl, John Levene, e al.. A
pressure assisted approach for laser beam weld bonding Al alloy
structure for automobiles[ J]. Assembly Automation, 2004, 24
(4). 370—378.

EERE: RAEHH

1003002-8



