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Back-bead Prediction and Weldability Estimation Using An Artificial

Neural Network

Jeong-ick Lee*, Byung-kab Koh"

The shape of excessive penetration mainly depends on welding conditions(welding current and welding voltage),
and welding process(groove gap and welding speed). These conditions are the major affecting factors to width and
height of back bead. In this paper, back-bead prediction and weldability estimation using artificial neural network
were investigated. Results are as follows. 1) If groove gap, welding current, welding voltage and welding speed will
be previously determined as a welding condition, width and height of back bead can be predicted by artificial neural
network system without experimental measurement. 2) From the result applied to three weld quality levels(ISO 5817),
both experimented measurement using vision sensor and predicted mean values by artificial neural network showed
good agreement. 3) The width and height of back bead are proportional to groove gap, welding current and welding
voltage, but welding speed. is not.
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Fig. 1 Cross section of butt welded molten pool

oA Fig. 1914 23 EHO2RE o|HH|=
9] A2|& o|Hu|E Zo|(back-bead depth), F {}74.;_
2 27t §gE o] ofHH L] TEoj Y FES
U= Z(back-bead width) 2.2 %2}t B Lok
$3 QERes ol A9 298 2402 44
7Pt AHATVN AT §HE YRR HH S
S oAl Bl A 2RHE olgsich 87 2ol
80mm(AA4 100mm &3 £ 5 ¥ 104 20mm=
2§ S} Aokl clgsl=a) Lolst 22 330 U
A oA £ HolE ol afsich ol
AF7A oldu| =9 Bt A 7|12 V5e g8 44
S0l BN 4E RES AYY umA ojHHE BE
ol AA) &84S AT & e 7IEe] E 4 vt AL

7] fgolch. drkH ez, g7 °E1-TL‘“ 44 %"ﬂ

> 9,

R L
2 ofr o2 kiorlr 2 8

¢

o.‘ﬁ,
r
|

oy rf

P

o}

o $759)9) AL A3
e 874 AduEa B Rae o
BZ3te) olmu=el 97t 7%

o2t
_|_>.‘_
Hﬂ
é
e 4
i
8

e - L

lo e mlm

FN r.9. i)

woﬂ% Zﬂﬁwiith

2.2 29 Jit{excessive penetration)2| Ho|e}
ISO7|Z
£ wohe gfy] S3-ellA 713 wiskA S E =
3ol siitoict, ofFf Table 1o & Zhehe] G4, €ojz
Ao 9 3g4 3 22 Uehyglck?. Table 101]A1 HE
AAE v nd 2YF(Moderate) — %ﬂ(lntermediate) —
AZA(Stringent) 2 Zr=2 §¢ Fcho] B} 7jEo] o ¢

#9e ¢ 4 Ak

)

2.3 gjolx v|H
]
oA ujd HeetE Faf ol &4 olHr| =9 Fe)

MAo| of3t By ES U ST



General Shape
(excessive penetration)

Explanations English

Excess weld metal protruding through the roof of a weld made from one side
or through weld metal previcusly deposited from either side of a multi-run joint

h<1mm+12b

h=<1mm+06b

Limits for Moderate
Imperfections for Intermediate
Quality Level Stringent

h=<1mm+03b

Fig. 2 Stripe of back-bead geometry
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Photo 1 Welded specimen including back-bead of
excessive penetration
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Fig. 4 Flowchart for artificial neural network training
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Fig. 6 Artificial neural network for measuring of back
bead
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Table 2 Comparisons of back-bead geometry between measuring data of any welding conditions and neural network

data of back propagation

(Groove) (Welding) (Welding) (Welding) Measuring Data (mm) BPN Data (mm)

No. Gap Current Voltage Speed
(mm) (A) W) (mmy/sec) Width Depth Width Depth
1. 1.2 200 25 S 1.54 0.77 1.58 0.82
2. 1.2 200 25 6 1.68 0.84 1.71 0.86
3. 1.3 200 24 4 1.97 0.96 1.99 0.99
4. 13 200 24 6 1.92 0.92 1.95 0.94
S. 1.3 200 25 6 1.95 0.95 1.97 0.98
6. 1.3 210 25 4 2.12 1.04 2.16 1.07
7. 1.3 210 25 5 1.95 0.95 1.99 0.98
8. 14 200 24 4 1.99 0.98 2.05 1.03
9. 1.4 200 25 5 2.15 1.53 2.19 1.58
10. 1.4 210 25 6 2.31 1.71 2.43 1.82
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Table 3 Comparisons of back-bead geometry between error rates and weldability rates under any welding conditions

No. (Gm?g) CLZZ‘;m V(El\t]z;ge (n?xﬁle/::c) Err‘(;ri d?} of Errtcl)erig"ﬁ,t of Moderate | Intermediate | Stringent
1. 12 200 25 5 253 6.09 O O O
2. 12 200 25 6 1.75 2.33 O O O
3. 13 200 24 4 1.01 3.03 O O O
4, 1.3 200 24 6 1.54 213 O O O
5. 1.3 200 25 6 1.02 3.06 O O O
6. 13 210 25 4 1.85 2.80 O O O
7. 1.3 210 25 5 2.01 3.06 O O O
8. 14 200 24 4 293 4.85 O O O
9. 14 200 25 5 1.83 3.16 O O O
10. | 14 210 25 6 4,94 6.36 O O x
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Fig. 7 Back-bead geometry changes by welding current
under groove gap 1.3mm, welding voltage 25V
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and welding speed 6mm/sec

o @545} vmsisle. Fig 9% 227 §UUR % 497
ol 1R A9 $H4ET Wek A olRH= F 3
ol, B3] BAS YAt ABAAY Asjo} vl Loty
o Fig 102 $84%, $22¢ 0 $44E57} 159 4
¢ 227 W9 A9 SEHIE BF 20, Ee) BAE 2
HA% AFAAT Z3ke} vl mefgich. BE AR A2
2ol o3 A4 2A R ATAAYo] oFpel | 2

85

I 120 -
|
1 ; 2z
! | !
; i

)
boaas 4 %
:E T 4 mmisec
£ B i Smmisec | e o
- Lol -
‘8 110 4
™ 1|
o
©
w1 i
e
o
£ )
5 105 |
2 :
=3 H
8 1
]
= ;
[ 1.00 - 2
. . I .
. 1/. , 6mmfsec |
‘ Lod
B e SIREE s it SRR CEIEE S B IR S
| !

1.90 2.00 2.10 2.20 2.30 2.40

Mean width of back bead (mm) X

Fig. 9 Back-bead geometry changes by welding speed
under groove gap 1.3mm, welding current 220A
and welding voltage 24V

1.80 - - - ) T e ]
2 1;/+
, / 1.5mm |
S 160 — LA R !
; ; 1.4 mm
3 1 | |
£ ‘
5] !
‘3
2 140 -1 ’
x ; I
Qo
'8 |
2 4 ‘
e
-]
2 |
o 120 ¢ |
i2 !
5 i 1
=
; > |
1.00 4 !
T |
J 2y T 43mm '
1./-‘ 12mm !
: ! !
©080 ¢ L SR I ST S N
1.60 1.80 2.00 2.20 2.40 2.80 l

Mean width of back bead (mm)

Fig. 10 Back-bead geometry changes by groove gap
under welding current 210A, welding voltage
25V and welding speed 6mm/sec

AL HoFdou e4g2

2 w2 Yy

44§ A8 4 9

5. 2dE

o= £t ol RS BHrhe) Slal JTAE 3
29 44sta, ojwuEe] %7} 7|28 3R 7

2 &
‘“\L‘—r‘,



olme - T

A4 23 thew 2 AnE 9 4 ddn

(1) 222, §34%, $04%, 44 459 428
2go2 WA AAE ol8T 244 BRUs ST 3
2 9 % b ABHAYE FE34el AH 24 glo]
olHEe Ei o8 TAHOR of2E 4 U

@) B3 AR o2 2A% AFAAY o2 A2 3
FAZ 15028 71291 §4 st 7|2 38A 283
23 BY AARE ¢ 2 99k

() FEUE, $HAF, $HAY, $HEE §9 Bolo]
Qe Fof ZHHOZ oJWHE Y4 G 27
22 ABS B L 2 A, v, ) BAE 9
ERER R EE R

(1) Lee, J. B, Bang, Y. W, Oh, S. W. and Chan, H.
S., 1997, “Control of Bead Geometry in GMAW,”
Journal of the Korean Welding Society, Vol. 15, No.
6, pp. 116~123.

(2) Kim, W. H. and Na, S. J, 1997, “Numerical
Analysis of Weldment by Considering the Convection
of Welding Arc and Weld Pool,” Journal of the
Korean Welding Society, Vol. 15, No. 1, pp. 26~35.

(3) Ahn, J. H. and Kim, J. W., “A study on the Back
Bead Control by Using Short Circuit Frequency in
GMA Welding of Sheet Metal,” Journal of the
Korean Welding Society, Vol. 13, No. 4, pp. 330~339.

(@) Kim, I. S., Kwon, W. H. and Park, C. E., 1996, “The
Effects of Welding Process Parameters on Weld
Bead Width in GMAW Processes,” Journal of the
Korean Welding Society, Vol. 14, No. 2, pp. 33~42.

(5) Kim, 1. S., 1997, “A Development of Mathematical
Models for Prediction of Optimal Weld Bead Geometry
for GMA Welding,” Journal of the Korean Welding
Society, Vol. 15, No. 3, pp. 250~259.

86

(6) Lim, T. G., Cho, H. S. and Boo, K. S., 1994,
“Control of Weld Pool Size in GMA Welding
Process using Neural Network,” Journal of the
Korean Welding Society, Vol. 12, No. 1, pp. 59~72.

(7) Kenji, O., Masaki, M., Tatsuya, 1., Yasuyoshi, K.
and Satoshi, Y., 1995, “Application of Muiti-Layered
Fuzzy Inference to Weld Pool Model and Control,”
The Japanese Welding Society, The Textbook of
Research Group for Welding Method, June, pp.
11-48~11-52.

(8) Kenji, O., Akihisa, T., Takefumi, K. and Satoshi, Y.,
1995, “Modeling and Controlling of Weld Pool
Using Neuro Network,” The Textbook of Research
Group for Welding Method, June, pp. 11-53~11-56.

(9) Lee, B. Y., 1997, “Defects, examples and prevention
of welded structures,” Welding Summer School
Textbook, pp. 249~295.

(10) Kim, H. S., 1994, Image Recognition-Image Processing,
Computer Vision, Pattern Recognition, Neural Network,
Press Seong Neung, pp. 229~259.

(11) Jain, R., Kasturi, R. and Schunck, B. G., 1995,
Machine Vision, McGraw-Hill, pp. 186~233.

(12) Lee, D. H.,, Park, S. H. and Park, S. K., The
Handbook of Special Welding, Press lljin, pp.
155~170.

(13) Yoo, Y. T., Kim, J. Y., Ro, K. B, Yang, D. J,, Oh,
Y. S., Im, K. G. and Kim, J. H., 2003, “Estimation
of Laser Welding Behavior of SM 45C Steels by
Plume Monitoring,” Transactions of the Korean
Society of Machine and Tool Engineers, Vol. 12,
No. 6, pp. 14-21.

(14) Yoon, S. U, Kim, J. Y., Song, K. S. and Cha, Y.
H., 2006, “The Development of Automatic Inspection
System for Flaw Detection in Welding Pipe,”
Transactions of the Korean Society of Machine.



