Aabal 7|4 e B R
Vol. 9, No. 4, pp. 871-877, 2008

of22R £ THUS ASA2Fe) hEHA 2R A48

1*
e

Usage of Multiple Regression Analysis in Prediction System of
Process Parameters for Arc Robot Welding
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Abstract It is important to investigate the relationship between weld process parameters and weld bead
geometry for adaptive arc robot welding. However, it is difficult to predict an exact back-bead owing to gap in
process of butt welding. In this paper, the quantitative prediction system to specify the relationship external
weld conditions and weld bead geometry was developed to get suitable back-bead in butt welding which is
widely applied on industrial field. Multiple regression analysis for the prediction of process parameters was used
as the research method. And, the results of the prediction method were compared and analyzed.

Key Words : Gas Metal Arc Welding(7}2 g of= -£7%]), Back-Bead(o]H H|E), Width of Back-Bead(¢]™
H]= £), Depth of Back-Bead(¢]®BH]= =0]), Laser Vision Sensor(H]o]#] 8] AlA]), Multiple
Regression Analysis(the 3} £4))

1, N2 of oJgt dl& 9 SHFA et 84 vI=EY A
A g[4-5), 8 HeE e 29 5HY 2
2RG o] gF 7kA g ofZUGMA) §HL 7ol E ol&7 854 AV|E oF AoldF 61T A3

Ayt ob28-H-E RS 7)ERA BE7kA, AR, HSh of vj Faro] AtEAE FHst v|E Ao o
8445, gojojo] Ayt T 87 WSS H A 2 Aol E 213t B2 AvE =PE v ok Fo)
deisko 24, st AEo] AYAkE foldt st i S| AlE A A GHEE BeE o1&ty
AAAQ gdol o NATRE Azt Hokoll We| A OlHH|EE Alojsl AR d+2RE wdr] &
251 9k o]Hsl 2 ofF 248G o]gst A HolA §HFTH Hpo RENTE ks ojHH=
o] Hatoll glolA uEA HIRE ghEe] Y] A 9 §HAE AofstEs d9t #Hd] +qHL Ak
A ojmHlEe] ZoX A oS W 9HAS AYS| @ B AFoA wiy] GMASHollM R &3

r{r Jl)l' 4>l

7}8h= #o] Zasithl] o3l ojHB|=9] 7|5leky FPAE AHHO R Aolst
245 B vEe HY ol WSt TAgrie] 7] Y8 I ARAE[7-8]0) olgt ojwH|=e] A

20 7%l SFE HEAS B 5 ok AEvke ol o AEAES skt e, olE owst

AT oz, AFEE o4 £AEA W) A3t 8§ AA A BTN dske ojunE FE ¥V

wo] AF G2, 88 459 Uet Fuibe) w3 S FYASE AEshs AN Ausach wa

& %3 ol = Ao3], &g A] 5+ 2y o] 3ol AFE E3) & dolgER olgdtd 3
olstr g AB S} )AL AT ZS) @A} o] & el(jilee@inhate.ac.kr)
e 084 3¢ 49 7Y 089 6¥ 15¢ AL 084 6 16

871



Akl astale B A9W A4T, 2008

A Holeish 213471 dolelol 48 AA02A, 35
P ASASB-1ILE AAG 43400 182
2% Holzg q 2 & ST GMAS A
A1 SVEACHR, WY, S M=, o]
HE E, oy HIC Zohe] WA AR UL AHg )
2513 o]F AUBAA Ushe H=FHS 7]
SHZAL SESE TANS o3 AaYe REHL
2 e o] el ofoltielo]7lis A, o)A
& B2sAN BEstE 39 dolee Hlgl7 doiy
£ pEsie dnste A2dg BE7| s Ho

we 48 A7 wag e
2, A¥
21 N x|
ARAAE 28 AR, S © olmus ASE
Hld Az LA 2R RALE 35 BAAC7E

ol &59ich. §47)E CO; oka §A7IE 100% CO:Z
RE7hAR ARgaHh oot A F 1.2mme] He) A
7 23} AR} 350A% AL AUPAL] §H7IE ALG
sjirt. olwu|=e] 7Y, 3} glo] A& 3t HlF A
= oA vl LTS Agsldon, ol uH Al
24 AESejel u)4 Fviek 24E0) Yok of uld
2EZ Aa"ols PC7lso] gonz uid A, ud
Fholet Ao} 7)%5 @ CHESFRAS A 4 ek Al
e AT AR A% ok 23 10 Vehhk

WELDING
MACHINE

MOTION
CONTROLLER

[33 1] o]HH|EY H&E

A 2E A

2.2 M3 HOIHE 27| Y8t MRz
228 7o) G olWul=e] Zat Zoli A Al
2 248 golgolq otk HlolA ulaaAR

Tei gSsk 84 H=o] Fejol HolA w(laser stripe)
£ 256709] WASE olRolA gtk 2FH 7, ol
Eo| £, o] 24¢ skl $4 WEY WP 4 E
=, 2A RS2 BHeop gtk AR ot aTpio

o=

2 ofaAleE BA Z2stell Best Bast of

872

o wrEsHe} thzke
OFZR

v

¥7] Mt dEe 2
Zojof ait). BYHe 4% BroayE FWE ol
= polnh. 79 2k 9 BES 9 Baue U
Bl Ho= A WAl ol Bo2t vhRjek oA Beg A
Moz 7aln o] ARA 744 el golxl o

£ 2o} By2 Brh. ol9} Ze AYL WEHoB 2
B3t Bse] o8& 7oL, Bt BolA 7FE T Aslel
AAH B S 5, Bssk Bl 71 1 Azle) o1
o Ao zHE 2yAS e, BE o) g
AL} ARG o T2IRe FAHH, 1
Y] 4 A oA P Zead ARle wEae
2 Sysich B dqoll QA HAZE 2 mm 2
=qiom, o] Zo] Y EE= L oW Ak,
e oAHE 2o 1747 AAE wix| sags)
T2 stk B Aol FUE 005 mmel HY Al
Nz 2389,

J B2
6 LU=
KX e

L

>~

“

tl

2.3 M3

Ao A AREE AJHE(180mm(W) X 100mm(L) X
6mm())& SS41 A7FE F 4 wrjy] 8345 Aol A
Holl ArgE =AY V1A B4 D Bpee 24 sS4l

of wEct R F5 ¢ $H2U2 E 19 Ugd
ek 99 24 2Ysto 72717 AEE 2435 A &
& 3 7z z7oich Baste] 72709 270l tigt HlolE

£ A9th olF Zzke] A@zAN AW ojHe] SHY
91 Qo 100mmF Hzx, AT FE 10mmE Aojg
80mmE HlAAAE AZste] §4F ofwu|=el 7o)

i, ojAu|=o] Z3 o] g F3to] owHE FH
A A EAAE g8k A3t HlolE = RSttt



ofazf &4 T

4 dEAlagel tEalR B ALg

ojHH| =9 JEre 17 33} gt ZE2utd dlojE A
Zo] ARgE dlolA HHAAE &Y 40mW, TR
680nm ] go]A] tho] et they Fut We|7} HR|Hof
93, 3 Z2uk) o 25672 A& MEYshH 2 40
zaadgs £ 5 ok &3E A% E§7P‘94
FEE 15 2/min, SHHD AAEEA) Abo] A
Ismmz st} HPspgct.

(7 1] 84 ¥+ 4 =4

variables units conditions
welding current ampere 200, 210, 220, 230
arc voltage volt 24, 25
welding speed mmy/sec 4,5, 6

Molten Metal

Groove - (Weld Pool)
Gap :
Basc Metal ﬁ ! (/ + 6mm
Back R LS
Be.ad Back
Width Bead Depth
Back Bead
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current voltage speed gap width depth
current 1
voltage | -0.037 1
speed | 0.018 0.014 1
gap 0.836 0783 -0890 1
width | 0.812 0.765 -0932 0879 1
depth | 0.858 0.751 -0.887 0.876 0.880 1
(% 3] =29 aoF 9 & ox
et
depe'ndem model summary prediction
variable eITor rate
adjusted R’ 0.873
standard error of the estimate 0.1622
gap of -
back-bead analysis error of non-regression 8.92 %
data e
analysis error of regression data 6.53 %
adjusted R’ 0.948
standard error of the estimate 0.2206
width of v : -
baCk—bCad analysis ertor O non-regressmn
data 735 %
analysis error of regression data 552 %
adjusted R’ 0.888
standard error of the estimate 0.1651
depth of - -
back-bead | analysis ertor of non-regression 851 %
data ’ ;
analysis error of regression data 6.15 %
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G = 0.849 + (I*0.617) + (V*0.622) + (S*-0.745) (1)
W = 1.334 + (1*5.039) + (V*5.981) + (S*-6.671)  (2)
D = 0.458 + (I*3.036) + (V*2.697) + (S*-3.246)  (3)

o} 7] 4,
G: gap to be welded, W: width of back-bead, D: depth
of back-bead, I: welding current,

V: arc voltage, S: welding speed
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welding welding
constant arc voltage
current speed
P-value of | 1 551 0.043 0.004 0.012
gap
Pevalue of | 5 0.030 0.015 0.009
width
Povalue of | ) 0.005 0.003 0.015
depth
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S: bead shape matrix, T ,: transformation matrix,

P: welding parametric matrix,

G - 0.88
S = (W - 1.334),
D — 0.458
0.617 0.622 —0.74
Ty= (5.039 5.981 —6.671§.
3.036 2.697 —3.24
1
p = (V) )
S

o714,

G: gap to be welded, W: width of back-bead, D: depth
of back-bead, 1: welding current,

V: arc voltage, S: welding speed
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dependent
. error rate
variables
error rate for the verification
no.rmahzed level 4.56 %
welding current
error rate for the analysis level| 2.84 %
error rate for the verification
normalized level 5.38 %
arc voltage
error rate for the analysis level| 3.66 %
error rate for the verification
normalized level 635 %
(S
welding speed
error rate for the analysis level| 4.67 %
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