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Effects of laser welding parameters on weld appearance and
cracking tendency of high strength magnesium alloy
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Abstract: The high cracking susceptible ZK60 magnesium alloy plates were welded by CO, laser beam. The effects of
welding parameters on the appearance and cracking tendency of the welds were studied. The results show that weld with
maximum penetration and aspect ratio can be obtained when the position of focal point is adjusted on the top surface of
the plate. Too higher or too lower welding speed deteriorates aspect ratio and leads to the occurrence of hot cracking.
Under optimum welding speed range, the weld with high aspect ratio and free of cracking can be manufactured
successfully. The threshold power density for deep penetration mode welding of ZK60 alloy is approximately between
0.99X10° and 1.23X10° W/em?, thus the minimum laser power to sustain is about 750W, and the upper limit of
recommend laser power for welding should be lower than that results in maximum penetration deep. Under the condition
of higher welding speed, ZK60 alloy presents stronger cracking tendency and morphologies of cracks evolve from
transverse to longitudinal with the welding speed increasing further.
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Fig. 1 Influence of defocus distance on cross-section geometries of welds of ZK60 alloy
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Fig. 3 Influence of welding speeds on cross-section geometries of welds
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Fig. 5 Influence of laser powers on the cross-section geometries of welds

WG BERAE 8, 18 BRI A5 R AL IR R S M LA gt
N, TRV PR T ) e A
R I E - AR 5 k. L, ARSI R
KBS, s v REAE OC DI Z H KImHE K. fEA
WEFE, AN AARRE B B A A A, (HAR
BRI DRA UV AEL IS Y. RO G D 22 B0 P AN, A
v=3 m/min B, ERVILREITX RN 1 650
W; 7 v=4 m/min 54 1, 7S50 BOE DTG H P,
P IRIR 2B D IR g oK. v, B il
JEAT R Tl R R AL P A5 B AR AR B, B
DRATAR VA FITRT  FOC T2, (RIFAN R B 4 AR
BRI IR

Kl 6 T At AR T AR R S R T L B0
PRI . WK 6 v LIS A, JRaeisk
TRURAIRREAE WO D 2 B RSO, SR, IR 58
LEA I T AR AR . AR S v=2 m/min
i, 24 P A 600~1 050 W Y [Bl N, JREEMIK 58 LU b
BOETh R MM s 7E P=1 500 W I, %L
BEE WO I RTAL /N AEfHEREIZ, 3PNl
1050~ 1500 W I, J27 RRHIR s LU 145 el A2 4k,
JRaE R r, HiR st in K E. 546, v=3
m/min I, FREFRZRGE LI D) ZTEHY 1 050~1 800

W; 4 v=4 m/min I, BTG HENA P=1350 W

zx ERTIR, g0t ZK60 B G0 T 2,
H T IRAFRIE R, WO ) e IME D T IRIE RS
JRACALIRRE, RIS 5 0B AR LB BT
P I RL AL T 5 I D 230 8 B A . AR RS fE Z: =0
mm B, BOCIIE MR BRNAME T 750 W, i F B )
VAN e Tk B KR R D 2 A8, 45 KT I E,
K FBURGE A, BRI IR SR
Sk, FECRUFSEAFRE AR b, WOt S EAERE
AR R GE LT 1) D e il 2 N EAT IR, IXFF
T TR B A I a% . B, FRE A IR BE T %
AR T DU Y, FRIEJEEN 2 mm (1) ZK60 £
BB P O DI AE 1050 W Aida s

24 ITZ5ENHYBIFM

7 B OB TR P=1 600 W I AN [R) 5 420 i
ZAF RIS RRLU(— P RRGORDL . I 7 FTLUE
HH R ) M A AR r) AT B I 2 v=1
m/min I, {CAEREAEIRH I T P 4T 48, #h
ZAIMG ARG 24 v b 2~3 m/min N, FEAMEHX L
PRI T ILIZLr, JRae I TR PR
v=4 m/min I, REEHIL T PRI RIS . WEIT



%23 B 6 W AT, A WOLKE T Z 2 Ho0 W ik Bk 5 St 4 1OY SR S 15 ) 1485

@

Area/mm?

‘/\121’1’1/1’1’1{1

NSRS )
L

Aspect ratio
)
i
N
g
=)
=

0 |
g
£
.8
£
Q
) - . . . .

600 900 1200 1500 1800 2100
P/W

6
% (b)
E 41
3
<

0 1 1 1 1
2 2f®) : :
s I :
3 I I
o, | I
<"’ 1r | | .

. . : . . v:3}m/m1n
g
g
£
.S
g
©
600 900 1200 1500 1800 2100
P/W

6
NE I
E 4
5 2f
<

Aspect ratio
— [\S}

Q
i L

Penetration/mm

600 900 1200 1500 1800 2100
P/W

Bl 6 AFMREEE MO FR M LR RS 5
Fig. 6 Influence of laser powers on cross-section geometries

of welds

o PR R ] AR R R AN, AR G
R, B ROCERIR S G AR T4 Rt e
QUERE. fHAE, 1E ZK60 B GHOLE T, femit
PR LR FECT BN RL L, XIS
FAER, IREEAEB RN IR IR AR I R 08 KA
Ko MR HEAL RIS, 0T ERA R, AR
S SURTIE VS

2
de(t) _  _ 2mA(T,~Ty)*v
ot 0

Kh: a WEGNEIZIKRE: o HAHER: 14
SIAREG TR AR R To AR
IR : O N IRHFAIR GHO6) D%

HA(D) AT, EEOGIIRE— WA, et
IV AR B A AR B b b . RO, R
v=4m/min 1}, ZK60 £ G R4 I N AR K 2K T IF
(PG SN AR A THCAR R P Y T P AR AR
SR T YER R, AR R L, Aok
SO S RABAE S TIX— e AL, PR X
(v Sy th IR AT S A I R BSR4 JE A
BHEBOGIR I ANECR H R L . 7k, v=
1 m/min B HIEANEREL, AT RE Rt R0 4 A
AT VA HI IR T RT3 T A K A
Ko

Kl 8 T A O ThE P=1 600 W 5 F8 15 Xof 45
IS R . I 8 FTLUE Y, #RE% 4
i SRS 1) K P B R P PR A R O R e 52
br b, ghifIPRRATIIhX, MM KEFE A%
Bl RST s, R, SRS R R (AL
A R TR A R T AR D L A ) R A7 o A ) o R
BEEPE. SR, 16 v=4 m/min I, FREEM 25 5T 2460
) A R T PR KT O, eAh, BORThR P=
2 000 W 12 400 W [P S I T 2B U A2 4L
. Pk, X ZKe0 BEA et ite:, HRH
G, RS VAR 1~4 m/min SEFPY, #E0E
O AT LA — s R R BRI A 1 PR SR P

B EC(1)IE T DA, & 38 sot D Z s my DR
ISR AE S R I ARG e, AT B AIR 45 i 24 it
e AFJE, SORREOETE— 7 o 38U i AR
R i 1 VS SN 2 EGa o v S AN A T T
D, AN BRI B DX P SR A S R i s ) —
J7 T4 385 PO B 0 FE RGO, R AR 45 42 P U T2 il
N A, Wil S $E 8 T 2240 P=1 950 W, v=2 m/min
P R . BbAh, R A R4S R
IR R UAEBE, 45 R RS AL e X D 2 L ik

(1)



1486 A G A R

201346 H

3 m/min

4 m/min 5 m/min

7 m/min

8 m/min

9 m/min

B 7 AR AT TG S R EURDL

Fig. 7 Solidification cracking status of welding under different welding speeds
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