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Development of Arc Sensor Model Using Regression Analysis and Artificial Neural Network
in CO, Arc Welding
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Abstract

The experimental model of arc sensor in CO, arc welding has been individually developed according to welding
condition and welding procedure. Therefore, the development of new arc sensor having the features of all conventional
arc sensor is important in point of its application to various welding environment. In this study, the arc sensor
experimental models comprised of a regression model and noise term were formulated using conventional arc sensing
algorithm such as current area difference, current integration difference and weaving end current difference method, and
their features were observed. The new regression arc sensor model was suggested using multiple linear regression
analysis using current variables as independent variables of regression analysis. The artificial neural network model was
also suggested where current variables and offset distance was used input/out variables of input/output node,
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Table 1 Welding condition for experiment R ] (1 Rz) (2)
Variables Conditions
Wire feed rate 5.5 m/min 71N, ne EEo T7lo|m, p= A WMo 2
Welding speed 4 mm/sec olch T B BAeM n= 280‘3].'11 p=1olt}.
Welding voltage 24V

Shielding gas(flow rate) 100% COz (20 1/min)

Welding wire 1.2 mmd ER70S-6
Base metal(thickness) SS400 (9mm)
Groove angle 90

o ihace | 20mm

Weaving width 8mm

Weaving frequency 1 Hz

Metal transfer mode short-circuit

9 (low pass filter) & AXA & ¥ 2 kHze] #4F
g £52 s AF A3E 56 44 A A
WA zo], AF AE Aolg 9 LG AF Ao
£ Aukela, ol& AR 429 HolHER 7E
A7} 0.5¢1 oF ¥ (moving average algorithm)=
Agsle] HQ wolzel FE o]ZE AASKE UA
d gEF A2 E s

31 MF ey xfo| =&

Av A4E exd AR, 39 ¥4(dependant
variable or response variable)Z AfF W3 o=
gl o 48 39 24 (simple linear regression
analysis) & A8t} o] wle] #F]24(regression
model)& 4] (1) 2t} o] o, 4¥S T3 42 4
T G #Ee A3 AFE B Fe AFS
e 1.20 A'sec & EF Hap) 19 BF FF £
TE 2= WY koo FI AM ko2
(M0,1.20 )2 739 d°. o714, X orec® 2
4 AgE Jehs, ycane AF BH Ao
g o|u] g},

yean = 0989t + 0.233 + N(0, 1.20°%) (1)

dukd o g 3|H2e] HALE Hrle| 9% AER
A4 714 (coefficient of determination, RS
A el #F 23Hstandard error of estimate)E
AHgel, aelan 9 39 E4dAe #2829 41
2838 34 &g o AF=E nesid F82 B%FA4
#(adjusted coefficient of determination, R2)E

AHEsHA ®k o]E 4] (2)7e) epaTh
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Fig. 3 Estimated offset distance using current area
difference model
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Fig. 4 Estimated offset distance using current
integration difference model
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Fig. 5 Estimated offset distance using weaving end
current difference model
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Table 2 Correlation coefficients between each
regressor and offset distance. and betw
een regressors themselves

Model Offset CAD CID WED
Offset 1.000

CAD 0.855 1.000

CID 0.942 0.776 1.000

WED 0.585 0.540 0.551 1.000

A7 V&S ¢ 5 U1, o] Fol CID7} 71 & 42
#AE Bow, CAD, WEDS £o& yepit. E
g HFE MR AuE oo 24 @2 2eR
Uehy, 714 Adw g A9 3 (variable
selection procedures)& &3}t

Table 32 3|9 ®d29 A, o A &L AF
o £F A2 e @l t akvt fre] #E(significant
probability) & Jehii sich fe] &L 371/ 4
o ¥ 2% 0.05 o8] ke 7HRa eus of59] 3
AE wdsk=d vzt e dEYS ¢ F Atk
E=F, F(t?) A% (F-test)old 3704 ¥4 2% 97
& A4 7139 2 o)39] @& Helxm 3o, o|5°] 3
ANE FAskeY 2ad A4EdS 99 2,
t#ko] 718 ¥ CID 7} L=4E wds = 7 3
o] & HpglE & & 9tk Table 39| #A AFE
B3 @07 dF A% 39 2¥l(multiple linear
regression model or MLR model)& 4] (5)el] e}
Wt

y= 0.259x cap + 0.400x cip + 0.0113x wep
-0.345 ©)

U 37 ¥4e Afelx 23 Ase A4S A
=g HrkP) A% Fa AHold}. AT, A
7t Wold4s 23 AF #ol AAe 4% 7K
I oA, tF BH EMelME 24 Al B 3
| 2% AsE AHEEl o

4 (5)9] A% #4349 2% AS7t 0.927=2 YU

Table 3 Coefficients of regression model

Regression ¢ Signj_ﬂca.m.

coefficients probability

(Constant) -0.345 -9.459  8.451E-19
CAD 0.259 11.378 1.055E-20
CID 0.400 25,778 1.055E-20
WED 0.0113 2.379 0.804E-02
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Fig. 6 Estimated offset distance using multiple
linear regression model
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Fig. 7 Multi layer feed forward neural network
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Table 4 Performance in CAD, CID. WED, MLR

and NN model
Model Adjusted co.efﬁ?ient Stan_dard error of
of determination estimate (mm)

CAD 0.731 1.04

CID 0.887 0.674
WED 0.340 1.63

MLR 0.927 0.542

NN 0.965 0.375

TAE ¥ A74% 2do] ofa AM FHEES eh]
€ 4% AF oAU, 34 @] BF 23 RN
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G 2R
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& FHMUL 34 o] EE LA 4 dF
o] HolA& 54& Bt

2) AF WA Ao], AF AR 2ol Y B¢ A
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