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Development of an Effective Arc Sensing Algorithm for
Seam-Tracking in Flux-Cored Arc Welding
Process for Horizontal Fillet Joints.
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Abstract

This paper describes a newly developed arc-sensing algorithm of seam-tracking for FCAW
(flux-cored arc welding) horizontal fillet welding. In this algorithm, arc current and the
Weighted-Arc-Current (WAC) are used to adjust the position of a weld torch in directions of
bead throat and weaving, respectively. The WAC, which is newly devised in this study, means
that arc current in the vicinity of weaving end is more emphasized than that in the center of
weaving. The reason of this is because there usually exists much noise in the center of weaving
due to abrupt change of arc length in case some empty gaps exist in a fillet joint.

Variance analysis was performed in order to check the effect of weld parameters on arc current
and the WAC. As a result, the relationships between tip-to-workpiece distance and arc current,
and between weaving offset and the WAC were established.

To check *the validity of the algorithm, seam-tracking experiments were performed under
various welding condition. The result of experiments showed a satisfactory tracking performance
in the presence of empty gaps in a horizontal fillet joint.

* A, d9FFY E AR ENed 7L, ot FNEn A2 TS
Y, 251EATE AANEd T4, o FdEn A28 3%
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Table 1. Data Levels of Weld Parameters
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Table 3. Results of Data Acquisition

= A %

5341 e uaF (Ampere) | 71583 B F (Ampere)

W3 13] 23] 33 13] 23] 33
1 194 190 194 -1.2 -1.8 -2.9
2 187 186 185 -3.6 -0.2 -0.6
3 178 175 174 2.6 3.8 2.2
4 181 182 184 -2.9 -3.3 -1.9
5 250 247 250 -1.3 0.7 -0.8
6 241 240 248 -2.5 -2.1 -2.7
7 237 231 240 2.4 2.0 2.6
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9 186 195 191 59 4.4 3.6
10 192 195 192 -1.3 -1.4 -0.7
11 186 190 189 0.4 0.8 0.7
12 183 185 182 -0.1 1.2 2.3
13 256 261 267 -1.0 -0.8 -1.1
14 268 271 275 -2.2 -2.2 -2.3
15 258 262 263 -0.5 -0.2 -0.6
16 249 254 256 -0.8 -1.3 -0.9
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Table 4. Results of Variance Analysis

(@ $HAF

£ AL E W57 (Sum of L
(W eldd Faclor) (DOF) \'Eaﬁom 4 Variance) fo F0.05

vV 1 1837.7 1837.7 212.8** 4,17
F 1 50895. 2 50895. 2 5894.1** 4.17
L 1 981.0 981.0 113.6** 4.17
W 1 11.0 1.0 1.28 4.17
H 1 25.5 25.5 2.96 4.17
S 1 414.2 414.2 48.0** 4.17
P 1 46.0 46.0 5.33* 4,17

VXF 1 792.2 792.2 91.7** 4,17

VXL 1 110 11.0 1.28 4.17

Error 38 328.1 328.1

Total 47 55341. 9

b 7584 AF
£HAA AFE HEE (Sum of .
(Weld Factor) (DOF) Variation) &4 (Variance) Fo F(0.05)

Vv 1 4.88 4.88 8.41** 4,17
F 1 11.51 11.51 19. 83** 4,17
L 1 12.71 12.71 21.91** 4.17
Y 1 54.83 54.83 94, 52** 4,17
H 1 2.04 2.04 3.52 4.17
N 1 36.93 36.93 63.67** 4.17

VX W 1 1.58 1.58 2.72 4.17

FXW 1 2.39 2.39 4.11 4,17

FxS 1 21.20 21.20 36.55** 4.17

WxH 1 26.85 26. 85 46.29** 4.17

WXxS 1 12,51 12.51 21, 56** 4.17

WXP 1 3.80 3.80 6.55* 4.17

VXFXL 1 1.17 1.17 2.02 4,17
Error 34 19.72 0. 58
Total 47 212.1
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Table 5. Calculated Coeffients of Experimental

Model
s14% N 8RAR
A4 g ALtk A4 Axtgk
(Coefficients)| (Calculated value) | (Coefficients) { (Calculated value)
ko 266, 35000 Ko ~31. 46000
k- 0. 10625
kl ‘8. 30600 k2 . 0. 07238
ko -0. 04153 ks 0. 34333
ks -3.01250 ke 99833
ks 5. 97458
kq -2, 93125 ke -0, 49833
ks -1.96250 ko -0. 34083
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ks 0.04507 Ko - -0.0221667
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Fig. 15 Seam-Tracking Results of WAC

(Weighted-Arc-Current) Alogorithm (with Gap 2mm)

(a) Offset : 5 deg. in +x dir., Voltage=24V, feedrate=240A, Weaving Width=4mm, Pitch=2mm, Weld
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(b) Offset : 5 deg. in -y dir., Voltage=23V, feedrate=230A, Weaving Width=6mm, Pitch=1. 5mm, Weld
Speed=5mm/sec
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(d) Offset : 5 deg. in -x dir., Voltage=28V, feedrate=270A, Weaving Width=4mm, Pitch=2mm, Weld

Speed=6mm/sec

7|Ee] Aoz APE Adeldt. 1

, 19
2 Omm«] gz}a 71
1 gloern@ Fig 154 @, (), () vzt £F
Aol ofa HojHg & 4 vk o= Ao Y=
ol M= FF40] ol & 3}

KREBERBETE F158 B1%, 19974 2A°

Fig. 178 WAC ¢35 9 &34 Wil
e &M FHHY Agjolth, SHEE o] 99
EH2AL dAsA 2 Agstdut. £x014-
6mm/ZANME FZFQ A7) ¢F Ilmm oJWE F =
o] FEAe Aozt glovt, &=t whE 8mm/
M FEFLLAZ F 2mmz FFA0) tha
ol ot o §HAY £t wE BA

32



78

Correction (‘mm)

Weld Length (mm)

Correction {(mm)

(a)

15
£ E
s £
5 kS
- S
S-10 S
-15 ‘ . -15 i S
Weld Length (mm) Weld Length (mm)
(c) (d)
—— . | -axis : W-axis : Offset
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5 deg. in +y dir., Voltage=26V, feedrate=250A, Weaving Width=bmm, Pitch=1. 5mm, Weld

5 deg. in -x dir., Voltage=28V, feedrate=270A, Weaving Width=dmm, Pitch=2mm, Weld
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