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A Bead Shape Classification Method using Neural Network
in High Frequency Electric Resistance Welding

Kuk Won Ko,* Jong Hyung Kim,* Hyung Suck Cho,* Won II Kong**

ABSTRACT

Bead shape in high frequency electric resistance (HER) pipe welding gives useful infor-
mation on judging current welding condition. In most welding process, heat input is con-
trolled by skilled operators observing color and shape of bead. In this paper, a visual
monitoring system is designed to observe bead shape in HERW pipe welding process by
using structured light beam and a C.I1.D(Charge injection device) camera. To avoid some
difficulties arising in extracting stable features of stripe pattern and classifying the
extracted features, Kohonen neural network is used to classify such bead shapes. The
experimental results show accurate classification performance of the proposed method.

Key words '@ 353 7] A3 &4 (High Frequency Resistance Welding), & ¥4 £% (Bead shape
classification), &4 2172 2% (Kohonen neural network)
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Fig. 1 High frequency electric resistance welding

process
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(a) Small welding power (160, 3kW)

{b) Optimal welding power (174. TRV)

(c) Large welding power (203, IkW)

Fig 2. Bead shapes of HERW pipe
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Fig. 3 Relationships between bead shape and input
power
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Fig. 4 Principle of bead shape monitoring
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Fig. 6 Schematic diagram for bead shape classifica-
tion

AsE 8 A9 49L& Foto Aoz 730

olFste FHoZREH HolA uE FEFEho vl=g
91 gaE FEr 98 A48 (thinning) 29 L
olWBE Jqe FAE Fo} HolA we] TAYE P
Eril=s

dolA we d49 7= #EezE oA jlenz
Az PFgo g 4L o3, #HolA nlg B4 F o)A
# ddol nlE] du = dolA wel A
FAZE AR 1 FAE HolA ug FHez
St 1%A &g AS wol2E 243 ol T
He A AYe oz HEg FAd & &
A0l Uk

HE URe g3 P4 Wt g ggor F
o #eolA we) 43 ARE 4L F g FEL AY
E7M (linear interpolation) & AMg-8ted &4 31,

T e 3o
fr o L R

ot

4, UHEZLE 0|83 HI= HY EF
7o A7) Ad 429 v YA EF) dig A
A 5EEE Fig 63 2o WA 94 Ay AL =
slo] T v=o] 9W Fdoz AAFHEURE GF A
1%, 34¢ 2Ra0

1
2 7oA HE Hde BRE A9 A4 239
ARG zve] F2E Fig. 79 o] Fe &o2 o
FolA 9tk A & 9¥Z(input layer)eln &
7% (competitive layer)el™ 13¢ wd
E 7AH sl dEEoA Agsez AZAE do)
E(weight)= 9% ddze AL B3 24
&<t (competitive learning) & 43 ez gx=2
FAH A}, AFHold AT 98 den =
g wtsg 928 dolesd 43 NS Adgst
of AY fFAZZE & =27} S A =l 93
HEE BRI fof, ow
AAY2%Y g AP L g 2o U HEo
AAE Zt 2 w=co d2" delEd RS
st Jbg A0l & 29 9= gEARIn,
olif 4 Y X 2% w9so] AZE Ho|Eu s}
S WEdr] A8 fFde AYE A
98 =F2E ) 28 =$TE T AAE AL

Input pattern
(Bead Shape)

230%1%0

Fig. 7 Neural network architecture for bead shape
classification



DA 128 A9E (1995 9€)

deh| A 29
O = Z‘wu' - xj{ = ”W *X“ (7

=2 S (7) 8 2k

ol $AIEs A & w9 E rE HYW BE &
 w9r wof gelal 4(8)o] 4FAT

[w. - x| = [w, - X] ®)
olw] shFe FAEI} JF 2 word AHF o &

*2= (neighborhood outpout node)e] &&= ot
9 S HAd 8 47 AxE FPYHARD,
Ao, = 0(0)- A i) (x, - 0, ©
AN te FEe
= "ﬂw Ag
AR A e A4
R ?§E~ @?@6}
weight) o] @Azt 2ol Fg2

g A% 95 ALE Ui, 7(p)
(dynamlc learning rate)  t7} &
2%tk A1) E )% =%

42 7% A (connection

7w,

4.2 Zefxe| T AEE
29 =929 = Y HHg 2§35
R ok AAZE Ak 29 Pz 5
& 73S Az Azte] Ho] Al xo]zu}
oabd] 2% Wi Wi e FHaz
dut. wHe] 8 wm9ue] 47 A4S AL A A
& FobA 'I‘?r"‘:[ g5 E Holxd E’ra}/‘i
ol BARE BN 28 mfE=9 £5 3
Aol lla‘ﬂom. olF Hdl €Y w9z 5
7HaA ged ¥ v‘i'-v% Ed2e REE BN
A 98 dold AF F 3%HTel HddE S
dead output =fE= ;§°] 3, dead output
=7t 2AEA g Ade &9 x929 £2 Y
o]
71

f”l:l
>
ol
ol

o o

4

Y

Jaly
o8
3 g F
L W S g

HZ=2-=

|

<
1
4
O

—_

T

rL{N
rE. L2 Mk

o i AL S e g

o

=

TR d%e A 9 mt= 2 A4 AUk o
dead output =29 £& AFGE e AR
A¥ oz Fosgd,

5 dE % E9f

5.1 HIE B 5%
HE 84 24 48 329 Felee ARy A

91

T 20
.—-—"'"_/
1) 158 5 kW 2)163.1 kW
3) 1703 kW 4) 179.9 kW
100 —
50 /"—\_\ﬁ\ ’.,__‘-':_
_—-"'J ; d
0 115 230
5) 188.6 kW 6) 200.1 kW

Fig 8 Stripe pattern image (230 x 100pixels)

= #HolA Y FAs Fleete} dojAg] dx e
Eﬂ 3] A e A AR FFEEE Hise

AN FAo Aok ™ S nFe 84 ¥
5—91 = B 24977 Y50 271E €2 3
T 2AE o4 mF F Ay Reee 1%
2% % 0.02me[Ror, JYFY Ho]Zo] 4 &

A% 23 o= 259 227} 0. 2mefo] EATH

Fig. 8& folZ Az 34 3 2% FH2 43
of gde wzel wu Faolth FAelA dolA we
AAL 27 dolA we] 9N rlEoz st vty
a719 golxe] AFos QI v HA WEE 1
#sle] 7h2 230 4, AR 190849 # (window)
& Agdgnh 9930l WE W 259 wEgge
H 29 29 R¥ol Fo edEl] ABF 2] o2

AR A gPrk o= nFZVE e HolEg BE
§7] 9ol AHEE ¢ FEE Fol nFH ko2
7 AFE Ao,

5.2 HIE @4 &7
ARz Ee vE 34 BF A golrr] g
of BolZ-Ax 33 3 YGFE HFgAA 72079 ¥
E9Y BES A6 9% Avvk AEE
igtog Aok, A4, B=9 37 Falx(class) E Y
ToH, FRE 72049 94 2ES oA HF €
Foz URAth o2 615709 94 gRe A48z



K
Hi
o,

-HEY - 2¥Y - FHY

Table 1 Welding conditions for the experiment el oz Agdn ueA 105748 G4 $3
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Thickness _ 47 mm A =3¢ el
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Velding speed 48 m / min g Hrle] Yoz RE molze FAL FE I,

Small 155.1 KW ~ 169 kW FHZ 7IEL R do Hlzd A7]8 nESY #$ 90

Powe [ Optimal 169 KW  194%W A9l shael ol AuE )RR Yk olHF L
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Table 2 Classification results with different num- & Rolth. 94 B9 7 e TtENFL &
ber of output nodes Ho g S,
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Table 3 Classification results of the training data
. Classification Result No. of

weldl(,gnpower l:g;nptl)gs 1 ;ars; 4|5 oﬁptu";al 819 ls-z)uallll 12 Cog‘ﬁlgion

Large (194~214) 115 36lagt3sleol s 5

Optimal (169~194) 186 7 |.23] 49] e8| 40 7

Small (155~169) 254 63| 78157 56 0

Total success rate (1-12/615) x100 = 98, 05§

Table 4 Classification results of the test data
. Classification Result No. of

Weldx(xsn Power gg&m (l,tfas 1 zl,arg: 1 C;ptu‘n;al A 1Sglallll . confust on

Large (194-214) 35 211417191 3 3

Opt imal (169~194) 40 5115|7194 5

Smalt (155~169) 30 8|1 71312 0

Total success rate (1-8/105) x100 = 92.38%
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Fig. 9 Prototypical bead shape for classification
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