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Abstract : The purpose of this paper is to describe experimental results about the T-joint welding of the high power

continuous wave (CW) fiber laser for SAPH steel plate for seat frame of car.

The seat rail is a part of seat frame of cars. The assembling method is mostly fix up using a bolt and nut. But this
assembling method has many demerits in productivity such as increasing work process and material cost. This paper
presents an experimental study about Laser T-Joint weldability of seat rail. Laser welding has many advantages in
lightness and saving material costs of seat frame. The laser beam was moved along the work pieces by six axis robot
with process optical fiber. The laser beam is focused with a welding head within incident angle 15~45° for the purpose
of the T-joint welding through two side full penetration. The range of the root gap size is less than <0.4mm. Optical

microscopy SEM were performed to observe the micro structures and determine the structures of welded zone.
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Table 1 Mechanical property and chemical compositions of

specimens(wt%)
C Mn S P Ti Fe
0.145 | 0.828 | <0.0108|0.0131 | 0.009 | Bal.
SAPH | Tensile strength | Yield strength Elongation
400 (MPa) (MPa) %
400 255 31
{Unit :mm]
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Fig. 1 Dimension of T-joint welding sample (a: plane b:

front view)
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Photo. 1 T-joint welding for laser robot test
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Table 2 Parameter of T-joint laser welding

Laser power (kW) 2.0,2.5,3.0
Welding speed(m/min) 40, 60, 80, 100, 120
Beam incident angle 15°,30°, 45°
Welding gap (mm) 0,0.2,04
Focal position(mm) -1
Shielding gas Ar 15 ¢ /min
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Fig. 3 Cross section of T-joint laser welding (2.5kW, 15°, speed: 80mm/sec and 100mm/sec)

38 smxsxIstsl=27 HMUTA MBS, 2009



A Study on T-Joint Welding by High Power Fiber Laser of SAPH Steel Plate for Automobile

olME Hl=e] dYFR-E wet 7]%01 Ay
fre dolAdg Gl 8§
&l JJH?— o w2 A dde
A 2RE _,_7]- A ztEch 2
HEHE SLHUA TAsHE Q178
| o] T s
AE=7h - dlol A o] A
7137 R B HA 4
Fe] o] =27 U]'—:L(Scattermg) I
Yoz ol A7} A

=(Key hole)o] 3 *3%1:]'- 71&o] d4d9 &
Aze] dALR Qlste] A= HA] 7]
171 ==, dlolAo] mzA &3
= YA 7ol Dol dek of e o)A
Ho| whE A APt AA] 71F F99 85T
ADAHEA AL AT AL F u 715 R
A AT 717 7R BEE Y] Ao 7] Ee] 7
3 AEA gHaglo R wAle 7| Ee) S5 0]
w2 w5l 713k 7| 27} & ¥ W H-A §e] Fig. 3
off A& Z 3} 2Eo] WA =] ot

2,

1=
T

BT
° %
B
o -
=

b

'5

2
Y

2

T PN o
>
iorlo
4
olo V
o:lo

B
o,
i
.
ok
10

A

°

e -
ofi
e

ot
rlr
=

i o ot

=
2

My
o
OL’L

[#)

9,
(R isY

o o oo B 2 2 8
Ol

dr

18,000

18,000

14,000

12,000
10,000

8,000

Laser Intensity (J/cm2)

6,000

4,000

NG _Welding area

2,000

40 [ 8a 160 120
Welding Speed {mm /sec)

Fig. 4 T-joint welding laser condition

Fig. 4= T &4 83 A = o& &34
ojth. Z¥ 25kWell A 85 & o) & T P4 ¢
87 9] AR o H2ElE 100mm/sec 9} FE-3)
F8-% o] o] Fo] A 80mm/secol) A 9] o] A4l o]
S50 e 9w H g oA 2 E (Jem®) = v}
= A o2 AXskar

o ol &

B=5mx (1

A 5] Aol 4H F&%), D dlo] 4
o] AlMEHe] ZAR 2AAT, P el A &
2, re dlol A 2ALA, v Hol 4y o] FEE

T EHA] = A E(A=100%)
ofjA1¢) & 2.5kW, #lo] A1 o]%4%E 100mm/sec
o wf w9 A T of| L A == 5,308)/em’0) a1, &
2 2.5kW, go]| A" o]E4E % 80mm/sec vl of 14
A E = 6,6350/cm’o]th o]AHle] o|&E&Er}
100mm/sec 2 WS 29 A|Hol| T8 = o JA]7}
zZlo} folAHe] o]4L w7l 80mm/secd W BT}
o) Al sk Al O] 45481 A|7bo] 27w

2

o S A G F5H = oAU 7L A UTh T §2del
ZE3 A5 2 HaAT AR sEet=
vl A g o L %] ®o} ek 1,000/cm’ 4 & o} &
2.8 2.5kWo|ar o] A o4& = 100mm/sce o] 4]
o] Jhdgo g AFeA &S tERAT o
A 3 AR 25 AEE gl ARl
ol &) Wb o] ARl T} Al H %o A 2}
B3} A 7o) Fol -5 AF-8-F o] o] FoJ A A
7] wj ol k. #lol Al o) F&H=TF20% 7} 7hA
s 9l &L 25% ket

Fig. 4ojAe} o] whejmald o 1g=]7} 5,000
~6,000J/cm’ol| A BEL o] o] F
6,000~7,500)/cm> HELHo] 2 EEJML, 7,500
~9,000/cm” ZE-3 HE-EH o] o] FolH o1} §74
aAfell Hr o] LA AT

] o] A4 AgAtEleleo| A Q5 = Tack timeS-
g4 <& 100mm/secol A #5-8-Hol 7}

a#ste] §

53 24 JEHS 2EStY Hlo]HEH S kW
2 T84 32 It A= oA
W57} 6,369)/cm’ e M ZEE HE-8H o] o] F
o mg olufe] oA olFEHE} EHE
7|Eoz gHEAE 2a8gt dol AN o%
Aol Hol Yl FAMIES dAstA stal =9
& 35kWE 20% F7HA171E dE B 9F 19.23%
Z7Fst At

PV
I
oo

Transactions of the Xorean Society of Automotive Engineers, Vol. 17, No. 3, 2009 39



284 - Y

2 A o) A3 A2}
A g8k A2l 27180 A o) 84
e3o) g

Fig. 5%+ &9 kW, £3- 4% 100mm/secoll &
RV7E 152, 30°, 4500 A o] e 29E e
o 87AE ALe S ST 9 SR 4

B - Nax

Aol 245 st

Fig. 50| x1202 £ u|=o A By 7)1 L 5
5 485 WA TE vER F-Eolth dolA
-7 % 15°, 818 x1209) wjAizz At 72
LAdjs o] FAIRS ZaAlo g 250y oz
BAuako 2 gol Fizela s AgstA 848
o] Fapol| A TAE GO R FRAFEA]

dow, 87 wel meddel Btk 84

o g% 2

%

V

ALYl ABAA 2 SAAUnder cwl B T DAL IETAE HTE 83 47d
g Atk o) oMl o] A E Tt 71& WS Aolvk YAZF EAFHLEHE FAI5HA
yFe A B8 e #5579 o §855 S o %ﬂ oA mdel X 2§ g FFE
FH gtoz doplla, go|Age] gow o]FH 9 #& A EHE ANFEH AR TS T
HEgEHo Y, A4 2 sudy s Ee 5 of 23t §-2o] 2}-§-3lo] WG HFH 2 AdErt
gk 2hgol o3 vj=rl A HEA AdrFlo] o glol 49 852t E 30°9H45° 2 | A E
At Azl BARE v RskEol 7EE A5 o &7 Hl=o] PNl E gl AR
R R A Gl FF o 7E TS of7] A t} o] 7]F& 54 71 Wiel BAE 545357)
71tk o= &4 FRE 9 B Yelo] "k 714 7here g B U 71&e] 23w vk 3
E AMEEEA ode wlol AR A WE T 34 g o] A Ao g RG] o9 L Y
AR AR A e & APz E ¢ & By 93 SHFAE XA (De-focus-
x2.5 x5 x 120

Laser

Beam

Incident

angle

0157

’-—-—..__‘_...,W

Laser
Beam
Incident
angle
307

Laser
Beam
Incident
angle
1457

iz
Fig. 5 Cross section of T-joint laser welding (3kW, speed: 100mmy/sec, beam incident angle: 15°, 30°, 45°)

40 =EASKTetE =2 MI7HE A3S, 2009




ASAZ 2 sArHO| &£ nioly ao[xof oSt T BYSY st o7

Welding
Speed

160

mm/sec

Fig. 6 Cross section of T-joint laser 2step welding (1st_defocus: z+20mm, 900W, speed: 200mmv/sec, 2nd_3kW, Speed:
100mm/sec, beam incident angle: 30°)

ing)sli= W oR BT F S42AE sty o] A& o433l YAge] i Ade] FlE &
A} R AFel AVY AUANE Fig 6] 7 el w A e Aelel L
e, WA AT Zes dudel FFEEE 02-
olnf £HZ7E Fig. 59 A 30°0) FAFEZ 04mm, glo] A8 ko] A 0.05~0.1mme] Hw F
s}, vhek §87) Aol ol Aele g tE A Ao weh A9we) E AR oAk 1w
AQF za% dat dEANse qaRy & #od
B SRS o S R Age] A= o T4 o] AL HE9) 8 & A e o
fri &aLA) BAle] 4 wiitol H&3kA sk SHA Q1 4§ BAel Ao EHEE BA FA
ot LAl §elo] ulaa FPAFeRe} 79I A ] 0.05u) 7kA1 2 A ) 32 o] U2 4 g3t
Tzt &g FHET o] siAs Y] wjEo|th T4 270l A}-2-3 SAPH S 47} 2.0t0) =
2 S4J1E 1AL FAFA 2 0.05 #)2) 0.lmm 7+
32 8 20 g2 3% A 7h @0l A SAjo] ol ¥ Hu) 88 7rAo] ek,
glol A &3& AAl AAE Elof] #-8-A] arels] S7HAE AEEA] G dlolA &4 ST
R FE F /A Fast a4 T £ A1 A uh2 Hol A8 5L &lsty] Al =
Fol A G A8 Aeolth ol & B3 ol q& ol A& Hetet £AE F9 kW, §4%5 % 100mm
ol 483 PE SHF 518 18 FAB Qe Jee, DA 30°00H AR BHY AL FH4
AAQge FA 7HES Ty A Ao 2185z, 717] 918l A Aol A(Gap Gage)E ©]-8-5+1 0.2mm,
dolA AHOE 4AY AN Bk sfof @k Odmm WHAZIOH, §HA A TF o] §5] &
Welding ) . )
. Laser cutting & Gap:0 Laser cutting & Gap0.2mm Laser cutting & Gap0.4mm
Condition -
Power: 3kW,
angle: 30°,
Welding speed :
100mm/sec

Fig. 7 Cross section of T-joint laser welding gap (Gap: Omm, 0.2mm, 0.4mm)

Transactions of the Korean Society of Automotive Engineers, Vol. 17, No. 3, 2009 41



Yong-seok Oh - Young-tae Yoo - Ho-jun Shin

Al LA F e L 7

Fig 7€ §8% 2Hol e $4 5 99g e
AT 2 Ao X ALSBEA) b Blol 4 gk Al
9] O 251 0,02-0.05mmo] 3, #o] 4 Ak
o og AlHe] Avk ABt g0l MAE A
2 057 919 84 el & BAR A AT
FHUES Fostgr $9% el 0.2mm,
0.4mmE Z7} D5 E G712 AL ER] o1 A

W] §-§o5 §Ho] o] FolA §910E ol
A, £ AL 04mmE $4T A4 A
28 el Aol 8l &85 §HTe 20| Y
o 4% EV A= Aot AR Aol
% 4] o8] st SR HA Bk

33 8F= X-Ray H|E7| HA} Za}
Tﬁ“‘ |37 &4 A% 4 35T A
& 98l x-ray ¥l 93 HARE ST Fig. 8
23 3kW, dlo] A4 o]&<EE 100mm/sec, UA}
Z+5 30%, Gap 0.2mm FZ oA 2] T SH A]H 9]
x-ray 1|93 AL Aot} x-ray H] 33 HALE &
3 THE 8472 S HAblA &3 = I3

4, AT S e ST BAS AU
AT o)A 7 WL 152 dolA SH-A| o]
ARe] 22 oA g Q] a9 F557
7F g s, ol AT 4 BREL 7)Ee
FHAFTE ot

ol# gt 71 &2 52 71F 0] x-ray H| %3] A} A
¥ 5Smm FAOZ FER Ao Z utEE| g ow o)A
< 245 % 100mm/sec ol A 71Z2] B} A YA
o] Z Y= =l 50ms7f 48 F 4L, 20Hz 7] 2 7| &
o] A3} 39 7F A A H A7) W Eol .

ol2gt 719 F o A9 AL Awe]

AR Aol A2 717 g, o] 4

Flo Jﬂ?l

Fig. 8 X-ray 3D image of T-joint laser welding

42 sIxEAEsts|=28 M17TA H3S, 2009

°l aiw&x-ray Jo| 718 713 24 ANELS
o1 B o] #(1070~1080nm)ol} 1] 3}
onl IOHH A2 21 COx (34 10.6 ym# ) AR &
A& A wAsE Sehzol A 9% #olA
W F5E AR £40] $HAA 73S 2
AR Ao dgE S AAX L, sholH dolA
7$-CO, #llo1 A 3] 1/10 HER Frol o) AW
o] S A] B E Eehzrte] F4EE ol A
o] =& glo] Fpanh?
gol A sgo] AN F9 Nd: YAG 2
Fiber @0 A2 ALL38tH B E7}x9) EHo) A%
glo] #olA Leoj Ea}zu}oﬂ F<= 5ol =7}
= S wulste R Eapzele] ©)%
gro 2 we Ao gt AuE A Feth

|
AR 7|AH A H/HE vlastr] fa 9
F(Tensile test)3+ATh Q1 FAEES E3
ol T 4 8 Y &HF-S BEZ A A
A7- ol Al FFE A A A =5 AlHE A 4sHR
o} o] NAH #F ogowu AR 24 ol
ojutA Ha wd Z
o] EAlst= %Xé—r*‘ u—‘?-HOH ol JF =
ko] WA ElA Ak 8- E Abol ¢ 1A (Gap)oll
w2 LH5-9] 7AA EA4E g5k fd =9
3kW, 84 % 100mm/sec, YA 30°9] U3 &
HZANA S3-F 7H4E 0, 0.2, 04mmQ THA
|38 AZAEHE Azt

T4 S35 AFAES A8 &5 Al

XA A QIR 7] 9] S Eo)] n AT

E, T34 &3 A9AT 5574 E38H
04 Al of] F-2st v Z WA o = #H o] A
B3 RE AR 2e0ke] AL vl TE
= AL AR 4710 R BE
o] 7 M5(SUS)o] 1, SAPH 2.0t ZA]2] ]
EE550Mpac|th. T 4 A3A @ H S Fig. 99 2ot

yo 1o

~1> rd
m o4 o b

N

]_

oko ﬂllﬂl

m
0 ME 4
%o ™ ol

—

o.}_‘, L
o



A Study on T-Joint Welding by High Power Fiber Laser of SAPH Steel Plate for Automobile

[Unit :mm]

—} 2

~ |

o

"_“50__-)T

(@) (b)
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Table 2 Result of tensile test

Welding Gap Load at Max. Load | Stress at Max. Load
0 mm 10,268 N 124.941 MPa
0.2 mm 10,111 N 123.032 MPa
0.4 mm 9,043 N 110.037 MPa

Before After

Photo. 2 Image tensile test of T- joint welding
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