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A study on classification of weld quality in high tensile TRIP steel welding
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Abstract

In automotive industry, the studies about light weight vehicle and improving the productivity have been
accomplished. For that, TRIP steel was developed and research for the laser welding process have been
performed. In this study, the monitoring system using photodiode was developed for laser welding process
of TRIP steel. With measuring light, neural network model for estimating bead width and tensile strength
was made and weld quality classification algorithm was formulated with fuzzy inference method
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Table 1 Specification for sensors

Spectral Wavelength Effective Photo Dark
response of peak sensitive sensitivity current

range (nm) | response (nm) area (mm) (mA/W) (pA)
UV photodiode 260-400 370 0.8X0.8 60 50 Max
IR photodiode 700-1700 1550 0.3 0.95 peak 1.5 Max
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Table 2 Distance and angle of each sensor

Distance (cm)| Angle ( °)
Uvl 50.0 49
uv2 43.2 43
Uv3 43.6 4
IR 62.7 39
23 Ag=A

dolA ol Qi §4 B 9T
F Qe ARz doldel 29, $HLE,

Fhel 3 2 PG, T

e
2
1o
g:é‘:
|4
k)
o
o rlo B BN

Aotz Alg-3te] AY st AA A4+ &
Aol EYE #olx &3 AE drtroz ¢
o|A9] Z¥HZ IHAIL
wz] St 22 AYuEEE U7

& A3A7IY A8E it

Ao AHEE #olAE 3kWa CO2 #olA
2 golA He dd &Y 2¥XE Yee
TEM mode= TEMo 2EE ARSI TH 2
7190 &9 ¥ CW(continuous wave) &
B 27}~ (assistant gas)2& of2&
(Ar) 7}2E o] &3t APt dolA 2
2 10.6umoji, ZFHZolE 270mm, #olA
9 A2 15mmelth. #olA £¥& 3kW 1
gJu HzrlA F3FE 151/ming AHESHAT
A¥gzAcZE 48458 2m/min, 3m/min,
4m/min, 6m/min, 8m/min® 5/ FFo2

ol 49€ 44 s o] 3% 4 29

Zolz

Journal of KSLP. Vol. 5. No. 3. December 2002

@9 do] F d<€e 2zt 90J/mm, 60J/mm,
45J/mm, 30J/mm &3 22.5J/mmo|t}.
SHANHeR2E TRIP ZnFe =87 1.2t% o

ST, 885 Aol 280mmelAT. $4
e By $9E o) gt
AP EANSE o RUEE §Yo]

2 2gsi) AgATe) W 22 PR
o} A%o) AL4E ARATL Fig. 25 2.

250nm

A
Y

25mm

Fig. 2 Test specimen of tensile strength
24 Z3nt 3 1E

Fig. 3914 TRIP ZnFeZdel <13AEe
Astoltt, TRIP ZnFeZdel A% £4&%71 2,
3, 4m/minoiM e EAolA o] dojytkm, 6
<} 8m/minellAE & FolA shho] HAYSA
t} Fig. 45 £ &5d B2 7 729 AW
Ao A BE vpe} Zol &7 FY YEol
oo g Qleja H|=Fo] ZolAn IS
& 4 9ttt Fig. 58 &4 27 ©& TRIP
ZnFeZd &35 ARle|th. Fig. 594 He
vlo} Zo] £ Udoe] E A Lol dolME WA

TRIP ZnFe — TRIP ZnFe Laser Butt Welding

= Tensile load

[or}
o
T

(o1}
9]

Tensile strength ( kgf/mm)
[41]
<)

45 ‘ * 0
2 3 4 6 8
Welding speed (m/min)

Fig. 3 Results of tensile test



2]

M

COz #Heo|AE ol &4 AHgae 743 TRIP 24 &39 &3 2 £7 U 44 25

TRIP ZnFe — TRIP ZnFe Laser Butt Welding 6_?,}- 70]]}\-] He= ]:]}-9,} QO] CQ o] = 761_?—{_ o}

=
2 B Eezeish 2dEd Bgo) Bopnz
; —&—Front bead ]
- o~ Back bead AN AZHE AT} B2 FBHAS
E % % gdeh. T $HEES} e Qo]
e Holxlnz wAHE FPol Fu 70| ¥
3 - ~ —]
2 0g - ety ol2lel &3 £8FEo] st
L :
= \,\‘\*__. 7] HEe] HAEE 2 A5l FFgkel HoA
4 2 EFAAE A 28me A9 Az
0 % 7159 e £83% 2 2ol
2 3 4 6 8 AElE % TSy 9]
Welding speed (m/min) OEH = = t‘ﬂ"o}']— ME}
Fie. 4 1 width . g : oA &HEAE AGE F e 7IFELE
ig. 4 Bead width according to welding spee .
ANE F Je AL AGETe ojHHERA
U & ey ol APoNE FY 9o
g @e ALE A3tne dFE EAdA
TRIP ZnFe — TRIP ZnFe Laser Butt Weldin
2.5
g
(a) v=2m/min (b) v= 3m/min 5
1’3
z
f=4
g1
=
0.5
o— e . ,
2 3 4 6 8
(c) v=4m/min (d) v= 6m/min Welding speed (m/min)
Fig. 6 Mean value of each sensor
TRIP ZnFe — TRIP ZnFe Laser Butt Welding
0.7 —+-Uvi1
, --UV2
0.6 uv3
0.5 IR
(e) v=8m/min % 04" .
Fig. 5 Bead shape for different welding speed E 0.3 .
2
ohz M= BYe 23 Aot a8y 9d o
o] Ae A%E 24 §9° 8 AYAE A o1
HAT 2e B VE FPS Mol Ut ° . . s .
Fig. 63 7€ &4 z2Hd wE 7} AAdA Welding speed (m/min)
A A=Y o) kv T2 3 : . ..
doxle A& FH@ EFEUA Y. Fig. Fig. 7 Standard deviation of each sensor

g ol A 7hgeka] Al A5 M35, 2002 129



26 Rt AAG-o0 A"

shee] GRlth. 22ER R AYBEE 7
AdN FEF olWHEZ S Zhe A2 £3
F49 grz ZPstnd I B wR
A7 =7} TRIP ZnFe7el 2% 60kgf/mm?
o2 Aata, o|AH=7} 0.5 mm Wele A%
£ 438 &3z Add = g Aoz A}

2
fr

£ Ass 9ol e AL BHY. 1y
o] Azxst §7 Fde 4¥4 wAE Un 3
£ Ro] ohl7] WEe, AZY A5E 83 F
¢ B A% A2 S AANE
Hagel guu A" A9 Y AHEso]

of gt & =&dAe TRIPAY #olA &4
o dia &HELS Jed & e A=}
HE o] il o2 mdS oZAAs 2Tt
o2 AN, ol A 229 WL Mgt
o $UEAL AYHoz Woelm BRIE
l Monitored by UV and IR sensors ]
¥
L Reference data '—>| Number of data, Standard deviationl
¥
| Estimated by neural network I
¥
rTensile strengthl L Bead width |
| Fuzzy membership function |
¥
Fuzzy rule base |—>I Membership value of each classl
v

LWeighting factor }——)l Degree of membership for classl

I Quality classification |

Fig. 8 Classification process

Journal of KSLP, Vol. 5, No. 3, December 2002

dmelEE AN Fig. 82 ¥ dmF
A g sExolth
31 ENLE H HEYY o F =Y

2FolM AFE vl &5 £HAe &
ARl FoAde dE7 AHHA B-e] ot
aa o] PEL &R dHE I 2
HE BAE 7R 3len ole ASHE AA
o Azs dHol UFE ¢ F °‘S{l\?‘r ol

{\l@ﬂi“}—‘ A7 daMe dEdRE
Az AsAY 2AR2 FAn, &
Q?lx}i SRR AL E P oldM=
o2 Aot oA &HA AFEHE HT
= ASALIY &4 x4 wet Zo B’ﬂ’a}ﬂ
Wz AHAR ez 5&%0}93\‘3} ASA
T SIE% 7]

J

= AR o7 &3z
ANzo Bags 01%6'}0:1 A3 =t
sttt £ =Edre ddelA
% % 2m/min® 3m/ming Z$E FHFA
2 #Astl o]2 "HE o] &l A3 A &
I AzEY BEPE o83t M2 AT
HEAT. 2Elm 2o Azl 1.3u9)
TS SR A sets e 7
ANZE ettt
a8 o] #YPE F Aol

2

3

i

e o a2
oo

2

>

fob > wo rff
¢

=

M S o

Az djst



COz HoJAE o] &3 A5x4 142 TRIP 24 £49 £4% 4 5 U@ 4+ 27
o 71ZAEs Hmse FHPUE Rl A 09
o s ARG HZ olg S ool bReal Value |
9% A= donk 2dn AFE Asd 22 OE
24 @ N1FdE F AaEd EFARS s
o vg dzndel QA dac A% g 2 Of .
ol Z+ AANT 2718 AYAA7} vrEAER f 05 s
dardel 3 JHWSFE 7t €oh. a8 & o4 8 ®
FYW4E 8T ARYES ol@HE Fo N
2 s 2l =g FYsT Fig 9 S
zude A3NFY=Ge] 72& vehidlc Welding speed (m/min
AFA7E =g g2 Hall AHSE WHE Fig. 11 Estimation of bead width
0% A (error back-propagation) €id o mAfEne qsudd g8 gy 9
F2 Agdgn. 45EL 01, wag Ay © 47 S Aot ol
092 FRon Saclert 0.010sh g W OF & X CIANS Fe AAGE A5G

H| g Zdzolr}

A AQEzgE AT, Fig. 109 11

2" hidden
layer

1" hidden
layer

Input
layer

Output
layer

Fig. 9 Neural network model for estimation

65
E 6 ! 8 | AReal Value
E 0Estimated Value
‘% 60
&
=
2 55
L
& a
<
B 50
5 i}
=

45 1 1 L 1

2 3 4 6 8
Welding speed (m/min)
Fig. 10 Estimation of tensile strength

32 HA| FE AAH

3.1 dSd A= F}3 ouHl=

olgale] SUEAL BRAP] el WA

=2

=

=
T

gol22 olgaiTt. olF skl WA FEA
zdel JANSE WAE selob Bt olg 9

3t 92 #5E Fig. 12 9 2ol F9 stk

o7l L, M, H &2 2 (3), 4), (5) ¢
2ol & & U A7IM R#2 HAYTE
egetold &7] A JIEHSR 2.4 A
AlE @3 2o A Fu, Fu, Fa#t2 Re 12
s wel veEA A7e %e Table 3%
2},

“ A

Big

Small Medium

1

L M H

Fig. 12 Fuzzy membership function

=gl A 7H3rE A A5 A3%, 20029 12€



28 R R

oA

L =F xR (3)
M=F,6 xR (4)
H=F,xR (5)

Table 3 Constants of fuzzy membership function

Fo | Fm | Fm R
Membership
functionfor tensile | 0.8 Q.9 1 60
strength
Membership function
for bead width 0.810.9 1 0.5
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