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Technological experiments of laser high-speed impact spot welding
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Abstract: A solid state spot welding technique based on the laser induced shock waves was proposed to
achieve the solid-state spot welding between dissimilar metal combinations with the thickness less than
100 pm. An experimental platform of laser impact spot welding was designed and built. In welding,
30 pm Ti and T2 pure copper were chosen as the [lyer plates, and 100 pum Al as the base plate. Pa-
rameters including collide angle, impact velocity and the standoff distance, which mainly affect the
welding quality, were investigated theoretically and experimentally. The Smooth Particle Hydrody-
namic (SPH) method in AUTODYN was applied to simulation of laser impact spot welding process.
It is shown that with the increases of impact velocity and standoff distance, the interface morphology
turns from straight to small wavy and finally to vortex wavy. Finally, a central un-bonded region and
a circular bonded region are duplicated. Moreover, it is shown that when the shear stress direction is
opposite and the effective plastic strain is above 0. 4 at the interfaces the successful bond can be a-
chieved.

Key words: laser impact spot welding; laser induced shock wave; collision angel; standoff distance;

impact velocity; weld interface

W B HE:2015-03-15; 11T H#H:2015-05-01.
BEETH:FEARB LS H (No. 51175235) ; TLIE A A2 54 % B3R H (No. BK2012712)



298 e KE TR

5 23 &

1 3 7

e TR P BRI AR Ok e R Bl T
ST YR HIFE AP [ PN Ah 2 35 3 i %
XS A . AR IR Sl 2k XA AN ]
e g8 1 e i SRR R T A K I i AR
SR B L b SRR B AT 43 50 SR R K A
Uit R0 5 ok SRR O L R A SR R AR R O 5 AR
P e Sl 4 ST AR B2 . Salem™ 7E F 5% Ui A4
RIS o R R T BT R R TR K
ARG L i e U NI i = 3 (6 SR < i 2
Turgutlu F1 Akyurt- DL Z Rk k2 & HEAT 5256
RGAGE T KSR oh i SRR AR C T2 280
5 M AT I L 5 R R B AR S U . Tur-
gutlu™ &AW T AR 6] R 7 58 o o AR o
oI AR B AR AR DL SR R 4 T S A S e, 3K R
ot 3 e e S A el P 4 A = 28 5 X AR
PRAEAR S0 22 T B, >4 B AR E FEAR ¥ (VN T 100
pm) I AR 25 By B 58 38 02 M, Jo ik S R R 0
e, P AR IE A A — SE TR

OGS T e Bl AT B 3R R R
VAR SINES ARG T O I ) 7 R UL TR
CAAE S —FoE Bm # y X ez N TS
i B R O R R BN S R R LT DL
JtRe A R IR 3y 2 e b KR 4% . Bar-
rads " 28 AR HY T — Bl 3k TR AR 29 32 0 30Ok
RN KR )7 s . Daehn 1 Lippold ™™ & % 1
FERRE T2 00 AR 0 T — IR 45 0 T AR 42 ik
2AUIR pp b AR B 00 v L oK el S Y B SE T R B
50 pm B AR RIARG Bk B9 B BOG R B T2 B
AR IR T/ AL 0% & eh o SR HETT T OB
G o R BLUT R B AR T 1) i R R R 4 7 A 1Y i e
ST AT BRI, e R R A A PR SRS
AERIESS G 280 W5 N SR B A ALy T i
178, Wang 88 AN 5 2o B0 A 400y 2k
WO e o R R AT TR LSS R
7 A B 1 B B0 NE g A 80 AR T e ot — A
JE U A ORI 25 H R BT B R
W R BAR T ZAZH IS an B A RATEE B L AR
i A X T A SR RS R AR OC

o R MR Y FE B I M SR LR E R
R RIS,

A SR O S v SR T B TEMER
SR R JE R E /N 100 pm 1Y 5350 42 R (6 2
[i] 1 A MR . SEERAFSE TR EEh 30 pm
AYEK G . 30 pm AU R 96 A1 100 pm AYESHRAE 0. 3.
0.6.0.9 mm = F&E M CATHE B AN 4.4, 5.5] =
T Bk o BB it 25 10 R A9 b i S0 T2 9 X AR
ROES R AR SF AT T 0. R B U R
JuH A AUTODYN H % SPH 5 2 6 O =
il SRR SR FEE T ESR. A E RN K
A7 I el R R AT T RE RS SRR T
A EREE S TR 35 INAES b=

2 ERRIER

2.1 XWFEIE

B 1 TR O s o op o SR R R
F R B R AR L Dk h O R T R (W / em®
B HOEKTE N ns BYOZRBHEEBEEEN—E
TN GB35 2 24 o )2 B IR E R R, TR
A2 1 B in B A JRp 3 T T L L R
EANEEE 3 e A NI DR QR R RN
(2t A8 v R T A2 B0 29 2R R 4 7 AR RO DR AE
JUE GARD 7= A ) 2B A AR 0 o . Y s D
14 W e g 7 2o 52 A 64 B Hugoniot 87 4% R
B, 32 A o DX R g 3R T8 R A RE S 2 7 AR R
SRPEARIE - BK 2l 52 A e o A o A . T OB
w1 R e R AR, il X P B R T
AR TR B A, MR 2 A D R M AR T
> 5 A R A )l A R R e o R R i (L
B 7 4R A 1T A% i 9 B U0 AR T R R AR
g G & SR &S, i g
PR G I G 5 | A 4 T A5 A 1w Y Y R T A
GIRARGFMEE A BT O S BOoT iE dE ad
7 i O I BE B DG BE B S S T LA
A5 RUSE o DT S5 B0 AN [i) JBE B R AN ) o 24 356 Al
FIVSE AR %) [ 25 AR i 4
2.2 LWEE

S R HT R B S W AR ND: YAG-GATA
R RLE R Rk w06 a8 I EE S EBOREOL K



5 10

gR b g, 25 < O g U TS 299

Pulsed laser

Laser beam

Focusing lens

Confinement layer(PMMA)
Standoff distance

Base plate

B OG0 R

Fig.1 Schematic diagram for laser impact spot welding
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Tab. 1 Detailed experimental conditions and specimen
parameters
Parameters Values
Material combinations Ti/Al, Cu/Al
Base plate size/mm 20 X20 X0.1
Flyer plate size/mm 25 X6 X 0.05
Laser spot size/mm 3
Standoff distance/mm 0.3, 0.6, 0.9
Laser energy/] 4,4.5,5
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Fig. 6 Schematic diagram of simulation model
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