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Welding behavior between Zn-coated steel plate and
free cutting carbon steel rod by Nd:YAG laser beam

Y. T. Noh, B. C. Km, T. H. Km, *K. S. Youn

ABSTRACT

This work was carried out to apply a laser welding technique in joining between a Zn coated low carbon
steel plate(SECC) and a free cutting carbon steel shaft(SUM24L) with or without Ni coating. Experiments
were camed out and analysed by applying the FD(factorial design)method to obtain the optimum Laser
welding condition. Optical microscopy, SEM, TEM and XRD analyses were performed in order to observe
the microstructures in the fusion zone and the HAZ. Mechanical properties of the welded specimens were
examined by microhardness test, tensile test and twist test. There was no trapped Zn in the fusion zone by
EDS analysis. This means that during the welding process, Zn gas could be eliminated by appropriate
shielding gas flow rate and butt welding gap. Ni coating itself did not influence on the tensile strength and
hardness. However, twist bending strength and the weld depth of the Ni-coated free cutting carbon steel
were lower as compared with those of the uncoated free cutting carbon steel. It was attributed to a lower
absorbance of laser beam to the shin Ni surface. According to the results of the factorial design tests, the
twist bending strength of welded specimens was pnmarﬂy affected by pulse width, laser power, frequency
and speed.

keywords ; Zn-coated low carbon steel sheet, laser welding, Ni-—coated free cutting carbon steel,
factorial design method, twist bending strength, optimum condition, pulse width
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Table 1 Chemical composition of base metal
1) Plate Zn coating thickness 3.36 um

Composition| C Si |Mn| P S Al Fe

contents
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Bal.
]




32 Nd'YAG 2o|MUE 0|83 ofeizFZtat

SECC) 1t HHAAZ(SUM24L)2] SXoff ost o7

2) Shaft Ni coating thickness 4.12um

LComposition C Mn S Si Cu Fe

LC?\;‘,{%/;‘F 0.082| 1.04 [0.341/ 0.01| 0.02 | Bal.

go]d 84 S7H(filler meta)E AHESHA] 9%k
om, gyl g oA 8HE FAHAL ol
A ZAP ANEE SO EgznE A4A
dha ti7|2RE S Akske ARE] Y5t 4
ANy 2E7P2E A 45 R ol F3it)
Hle] QX|7} A&s) oldrFAut HAAE AA
ol Fo|=E Al 9@ WzFA A3 T8

et a3} e 84 YA S Fig 13 2k

Welding

Shaft
(SUM24L) T Steel Plate
(SECC)

Fig.1. Schematic illustration of Laser welding

SHY A4 542 243 datol 9% 9
#5 AZU0L o8 AFBY 243 wEY
NY, A= APe SRS A% A3 Ague
Vg A Aol Brbs & A9l B o
2§78 AR QPR ANg, BRI
$2 439, §4 F WS deleb] skl
2A] HHHE 2 ART AAstel Aug v
$A3. 49 ALl A 0 m7t HE
% shgon RAS fal 159 REAFAAZ 4

/H
Alstginh Ag 271 Ao H97F 300 #me] L
SAAS7) 16890y, dUEEE OSmm/mm,
AA Imm FEEYAE /\]—ﬂ-é}oﬂ\:} olA = Ftg
7 AR §HF AHd 9dRE Frlslr] ¢st
o 33+ HEY % AlY(twist bending strength
test)> EF#A|(torque wrench)E AHE-3le] AA3}

ol
bt

L, W '1}~ Al [ 2= g
H, HEH A $ AE g e A
o] SEM(scanning electron microscopy) &S 48
st 84 3 A9 &Y AR wsks doin
7918k v)4 A=7)(micro-vickers hardness)E ©]
g3t AJE 81993 02mm 7HAY 200g S F
el=s

SRR Y4E W3] ste] SHAH 5
Azt vl T LolE(Nital) 2 o J3 3, F3td
1] % (optical microscopy)®t SEM(scanning electron
microscopy & ARESte] EAslglTh & ¥4
9 e @]#0}1 *ﬁ”” e 2]l 0}7] A3t

.9

il
7

XRDEA 02 2o ofele 4 #ele $gloiTEM
242 Wi

3.1. FD(factorial design)*ol] 238t A =7 43
2 dAToME FDYS AEsle oA 839
Z Ao vEy A3 Zre 88708

1014%—@4 At wo} ok ofn)

o2 mx N >
o o >
o o N mlﬂ
= o “

_O|L

2

_15

E

2

o

ol

1

H

o

<

N

o

)

fg

g o

tjo

x 2

oo olf
E
)
e
JB
L
>
Jh

H A
2-— T,

=
]X]- Factor)i A 6‘]—3’_, 12} 9]
(Leve) o2 A3 A9 JAL
& 8-S AMgEl o, duadds St
Ag AAE 558 Table 201 ehigith
A7kt #ES 7HA 2 FDWe) wet 1670
&4 ¥ (Design Matrix) & 2HAd3la, A9
oA mAo}IAE mHEFY] Yste 28NHEAE
TG} APuE R 20wk} o)A Fat

o
=
T UEY AY Fush §89018 FAslel 544

i N

= 27 &

N

£

ol'

Al
)
1‘2
lo

Journal of KSLP Vol 4, No. 3 December,2001



el 2HY, ATE, SUA"

33

Table 2 Process control parameters and limits in
factorial design

Parameters limits
Laser power(P) -1 +1
Scanning speed(S) 550 580
. 25 5
Pulse width(W) 10 13
Frequency(F) 30 40
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Table 3 Design points in factorial design

] i | e | resoone

x1| x2{ x3| xa| P| S| W|F t;g"ssf depth
1| 11 [-1]-1]550]25]10] 30 320 | 1.42
2 [ +1] 1] -1]-1]s80]25] 10 30] 360 | 1.45
3l -1l +1] 1] 1]s80] 5 [ 10| 30] 350 | 1.41
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7 1] +11+1]1]s80] 5 [ 13} 30] 410} 156
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Table 4 Optimum condition of laser welding

Factor Optimum condition
focus position -0.25mm
Fixed
xe shielding gas N2
factor
flow rate of gas| 25/min
Laser power(W) 580W
Scanning
speed(mm/sec) Smm/sec
Pulse width(ms) 13ms
Frequency(Hz) 30Hz

3.2. &35 71A B4 H7t
7IAA 24 EEe] sl uIEH A% (twistbe
nding test)& 9% o] HIF 1WA AFE

F7kshs etk Fig @by 28% U2AE
HA e el vEd A% 4% 2018
HERNZIE, Fig 3o(ds= A Jya=sd 2%
o HEY A3 A=} §84olE YEh
z thatod

HeEe ol 223 HAZo
=

T, Az HEY AT R &520lE Yeh

Ak AL guide lineo . 7} 789 Ha

A A= N1FRY 20Kgf - cme JERE Aolth
B

el
AR B dolq B8] 31855

ey
=l
Yol Aoleh Abasit)

Journal of KSLP Vol 4, No. 3 December,2001



Twist Bending Strength
(Kgf.cm)

Faa o) 4713851

(Ni uncoated SUM24L)

475
450
425 4 N
400 4 ® .
375 * ..
350 4 . .
325 . ‘
300 .
275 + N L4
250 1 "

225 . s = 10ms
200 X * # 13ms

1754

150 T T T T T T T T
500 510 520 530 540 550 560 570 580 590

Power (W)

{c)

A4# 35, 20019 129

o), AW UEE ST 35
500
480 .
460
440 | ¢ 1.59 1
420 . » l 156 #
g ggg F . : . 1.53 ’ '
L 3 @
H 60 [ , /T 1.50 . l//‘
‘,:,,\ 340 [ 1 1.47 4 L
oE 320 / e 1.44 4 # ‘," .
,53 300 | ¢ - 2 1.41 4 '//
T2 f o« e o M N . .
g ~ 260} R : g,E 1.38 . , o .
240 F P £E a5 P
@ - e = 10ms ° . ) »
3 b ¥ 2 e P
- el 1297 /'I i = 10ms
500 510 520 530 540 550 560 570 580 580 1.23
Power (W) 12050[) 51‘0 52’0 5:‘30 51;0 55:0 5é0 5;0 56‘30 590
Power (W)
(a)
(d)
Fig. 3 SECC / SUM24L. laser welding
18 - (¢) twist bending strength of specimen
s .. (Ni coated SUM24L)
vee ] : (d) welding depth of specimen
150 * oo (Ni coated SUM24L)
- 1.50 » [ y
‘é 1.47 4 i . :
T T 1444 " . ~ 1. 5 7 &HEF o
EE 1419 : P Fig. 41z W59 33 20 AEF o F48
3 13 e * . - -
= e . vebd A0 Fig. da)sh @ol Add 84 4}
1324 _# = 10m e ; - - -
el 2208 % o)A SR o] clojgron] A Ra
.t ] ZAe 1 QH iR
500 510 520 530 540 550 560 570 580 590 %}j J—{l‘_‘ Plg' 4(b)9} 7E:O] o d T 01]}\1 ‘]-Ido]
Power ) NI B 4 gov, §57el Aal sl
) Avkiz A7k Fg Ao HEE A9 F shas
ol EAbAAEN A (SEM) AMRS HolFar ¢
. . r LA R T
Fig. 3 SECC / SUM24L laser welding el FeEvd AR ol M
(a) t(vvl\list bending gtljeMnég‘tlh)of specimen v HAgHxANA -5 8HE g oA
i uncoate L
. . =l = 1. —] - o
(b) welding depth of specimen oAl HAX)iz T (dimple) T3] S B

F=alek

(a)

Imm



36 Nd:YAG 2o|xelg o|S%t ojeiz=

ZE(SECC) 1t 2AZE(SUM24L) 2] SFof nst oA+

(c)

Fig. 4 result of twist test specimen

(a) welded specimen on the optimum condition
(b) welded specimen not on the optimum condition
(c) SEM fractograph on the optimum condition

Fig. 5= 324004 £49 AJHE 7M1 vlo]
AR uAL AEANE AHEs] §3He AaHE
Z’*}ﬁ}‘i‘i‘ﬁ}- Fig. 5(a)F YAZFEHA & 3%

AEFE Fig db)= U2 =54
Yehch UARZd Zed YAEFEA

h=N

380 A= A7t gl Zﬂé
o =7
-1

v, A 452 EM?Q%@*] H& 2l
A ARY Mg o8 AE F7le 3
5 4 A2 Hphase)o] S5l ﬁé

tta AlmEch 44 An gyt
7 38 WESHA 53 ] ot
=E Ash dler e 4 Utk
(SUM24L)9] A5 Z3HSECC):th ¢
=& Akgs deped, BTl 2
=& A 7]l

- O_L, HH‘

¥

8 oo L o Qb > Hz orir m\o Ag m{ru
rlm

N
o r:lm
% o o ob it o

[@)]
=
L
T o

Force: 200gf \'
359 11 {olding Tine: 158 ./ /\

300 /

2504 ¥ -\-7R\././l‘-ll

200 o
150 4 -

100

Hardness, Vickers

|
51 SECC | HAZ Bead HAZ
4]

SumM24L

T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Distance(pm)

(a)

Force: 2009 =
350 - X X Lo
Holding Timg: 155 5/ i
4 3001 " ‘
° | N
-
& 250 -/ . LI e
L -
> s i
. 200 |
“ e |
® 150 - i
R |
= 100 i
T i
%01 SEcC |HAZ | Bead HAZ | Sum24L
o |

T T y T T T T
o 500 1000 1500 2000 2500 3000 3500 4000 450

Distance(um}

(b)
Fig. b Microhardness profile traversing the weld
(a) SECC / SUM24L(Ni uncoated)
(b) SECC / SUM24L(Ni coated)

519449
BE olg3o] ABBHS SN o WHE
QA ol g e 29 dleF-us)
FHoRRE dEFoRM AR AR JIE o
e 7 AL WAL & deke 3EE 7
2 g g9 APEeR olFe] B, $R o
st} YR, QAT AN, FAHFE @
.

Table 5 Results of tensile test

Tensile Yield Index of
strength | strength | processing
(MPa) (MPa) hardness
SECC 281.57 195.84 0.15
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