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Double-model fuzzy logic control strategy of arc

in pulsed metal inertia gas welding
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Abstract; According to the feature of arc control in welding steel using pulsed metal inertia gas( MIG) welding, a
correction-factor-based double-model fuzzy logic controller ( FLC) was developed to realize the stability of arc control by
means of feedback of peak arc voltage. When the difference of peak arc voltage is high, a coarse adjusting fuzzy control
rule with correction factor is designed, the péak arc voltage is controlled by the wire feeding speed by means of feedback
of peak arc voltage. When the difference of peak arc voltage is small, a fine adjusting fuzzy control rule with correction
factor is designed, the peak arc voltage is controlled by the pulse base time by means of feedback of arc voltage. The
FLC is realized in a Look-Up-Table (LUT) method. An experiment has been carried out, aiming at implementing the
control strategy to control the arc length change in welding process. The experiment result shows that the proposed

controller enables the stability of arc and welding process to be achieved in pulsed MIG welding process.

Key words: pulsed MIG welding; arc adjustment; correction factor; double-model; fuzzy logic control

1 5|5 (Introduction)
BRI WREY EEBOR TR S E:
— IR SETEAM; REES R LT
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Fig. 1 The double-model-based fuzzy logic control system
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2.2 ET&IERTr M H 8% ( Correction-

factor-based FLC)
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Fig. 2 The correction-factor-based fuzzy logic control system
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2.3 BTERANAEMES 8 (Look-Up-Table-

based FLC)
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3 R H 2R AY& T ( Design of fuzzy logic
controller)
3.1 TEREIAEEL (Fuzzy state variables)
XTRROHA 5 I B8 M A BAE AT E X
e, =U, ~U,, e, =€, =¢,, > (6)
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LPXE

XoF 0 {1 3 R A SR AP R T DA B o U8 80 1 B B
JG#9 2.5 ms BT R, 3R 8 20 78 Bk b e i T
HIUE MR SR, TZEHEABK 3 ms LS A T B
T BRI B SRR 32 IS0 , BB 0 32 P IR
THE/ ot FEATRAE.

SRR K 3 — A A £ 5 mm, R
FEESRTHER TR AR 0. 59 V/mm , i A48
BWABRETE N e, = -5x0.59 ~ +5 x0.59~
-3~ +3V.kE e, BEMLTEEA[ -3, +3], ec
ZEEEBN -3, +3].

TEH T A A A BehI 8 2% 22 38 B X W 9 s F)
RO, Mk e SRR TE N 2.2 ~3. 4 V BT BLA %
24 FE 3K 4 5128 2.01 ~ 3. 87 m/min #
33.4 ~27.4 V. F AR W E IE #9728 A X i 3% 22
HERAAL.(3.4-2.2)/(33.4-27.4) =0.2.

xR EINE 3 V #1ARML, iE 22 3 B P s R
B TERE N £0.6 ms,Bi[ -0.6, +0.6].

AR FAEA 8] T, 293 ~15 ms B, 4%
EARERE, I, B R 0 E I A AR X
RIELEET A AL R : (15 -3)/(33.4 -27.4) =2.

XTI IEAE H IR 3V (AR 4k, BEERT[R] T R 4E {k
JEE N t6ms, B[ -6, +6].

3.2 BRALEFEEEHEFRI#E (Proportion factor
and quantization factor)
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B -2V 4% X T8 U] LUR R AR A i
HITH
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E-EC=U-=1{-6,-5,-4,-3,-2,-1,
0,1,2,3,4,5,6},9 8 13 4.

AR IR 32 | R 22 70 b 32 Kt 2 9 B T R
EATRIEIE, TR R e MRZETER ec KIB1L
BHFHhk, =k, =63 =2, 5HE u WIFETH
k, =6/6 = 1.

AR LB T R AR B L RIAERL ie
B B -6 VIR -3V, -5V ithi -2.5 V& XF
B U, -6 VIR -6ms, -5V X -5 ms 4.
3.3 N HIEE A& (Coarse adjusting table)

Y HINERERKE, RE E, WETLE
EC Mz EREHE V, BHURESR N
d=C2m+1)],., =7 HRMELKRN,a UG KL,
RAXHRE E BIMBUER , FEM K EE BN
BRImZE ; T MR Z= 8N, B R ERER R E R
GERMMALE , R E ALTT IO AR 1A , R e 2= 5 4k
EC JBUE R, Bl o EEBU/ME. 3 AR HHR
W2 TR, o RBE LR (T).

~<ayE + (1- o )EC>, E= 0 i,y = 0.30,
| <apE + (1-ap)EC>, E=+1, £ 20,
o7 o, =050,
- <aE + (1-ay)EC>, E= 3 1, a3 = 0.60.
(7)
B AR AR I R LR R SR 1 BOR.
A1 s aREE A

Table 1 Coarse adjusting table of fuzzy
logic controller v
ec
[
-3 -2 -1 0 1 2 3
-3 3 3 3 2 2 1 1
-2 3 2 2 1 1 0 -1
-1 2 2 1 1 0 -1 -1
0 2 1 1 0 -1 -1 -2
1 1 1 o -1 -1 -2 =2
2 -1 o -1 -1 -2 -2 -3
3 -1 -1 -2 -2 -3 -3 .3

3.4 BRI HI 4R34 & B, (Fine adjusting table)
MUEE IR R RN, 2 BB G B, JO
SR BT — . R IHIREIERE ERE
AR EC MEMEME T, BERHSH
d=0Cm+1)], . = 13 BAHBREEHGBEEN
FEYEL, SR R R E AR Rk e
R 0 R AR5 o e 2 R B R AR, A M 440 3 B B o
BN EHR 208 o BUB B 41—, R (8) Fims.
- <ayE+(1-0y )EC>, E= 0B} ,a, = 0.30,
- <apE+(1-0,)EC>, E=+ 1,2 B},a, = 0.50,
- <anE+(1-ay)EC>, E=+ 3,4 B} ,ay = 0.60,
- <auE+(1- ay)EC>, E=%5,6 i},a, = 0.70.
(8)
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Table 2 Fine adjusting table of fuzzy

logic controller T,

ec

[

----- 2 -1

-6
-5
-4
-3
-2
-1

0

2 5 6
4 3 3
3 2 2
2

D W oA w

4
3
3
1 1 0
1 1 1-1-1
0-1-1-2-2
1 0-1-1-2-2-3
1 0-1-2-3-3-4-5
1 0-1-1-2-2-3-3-4
1 0-1-1-2-2-3-3-4-4
1 -1-1-1-2-2-3-3-3-4-4-5
0-1-1-2-2-2-3-3-4-4-4-5-5
5-2-2-3-3-3-4-4-4-5-5-5-5-+-6
6-3-3-3-4-4-4-5-5-5-6-6-6-6
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3
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6
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3.5 {E%i= 4 28 60 LW (Implementation of LUT
method)

N T REBEEE, TEEMERIT, L TAERRR
BT, BRI REARMEERE, EH
FRNNEES I N E R TR EERE
Hi R R AR TR L e

1) FER—Ak vk 3 o RAFEIE IR Uy, , I
SRECERRA I s o, TR e,

e, = U, - U, e, =e, e, (9)

2) PRI (E B R i 25 A 4 X B FBORA 42 )
WA, KT B A v M R BORE 2R, /D T IR (A
A AR B P2 35 5

3) LRI e, B ec, STHIFRLIBACE T &, 1
k.., BUSHEN BT ERIEMARITER 2, My,
18, Bp

x, = ke,,y, = kec,,(k =0,1,2, ). (10)

4) hx, Fily, ARIEHIRAITRF , 0143 242 5
BAISEIE U,;

5) WERGIIMEREMIEEME U, LG
BT k&, B

ut = kU, (11)

H B R AG BILPR IS IR o™ B R R
X
4 R (Experiment)

4.1 8444 (Experiment method and equipment)

AR B R AR R IR RS 4 FRorA

AT A B LR G TR Sh A B K 2
FH R IGBT 28 iSFgl, B NEASZ U
DS80C320 A #Z% .0, WX 5 it B AL HE LA SG3525A H#%
oA PWM ik 58 0] i FiL B L o AR 37 L B%  IGBT
B DR B A R0 o K R AR AP R PR AR R 22 B R LU
TLA9ACN 4% 1 ok 58 V8] ] Fi B
RIRFTR RS B R R LK 3.
A3 BRBAKE 4

Table 3 Welding parameters and conditions

IR fkmh MIG 42
HRE E 6 mm {K AR
e 17 B, T 290 A
e R it [R) 3.5ms
AR K 50 A
FAB A A 3~15ms
JR i 350 mm/min
e EE 2 ~4.24 m/min
D=V g ] HO8Mn2SiA
BB @ 1.2 mm
e 9% A , +1% CO,
R R[ AR 15 L/min
ITHEE 200 mm

BEERK WA 3 i, T EE XN 6 mm. Xl
A LYAR, (R AR B 10 mm 2546 F] 20
mm. 5 A M B B 2 18] B FF 2R BE A O 10 mm, 424
JrEM A SE B 4.
w0

]Dmm.

| A TH B

B3 EERREREE
Fig. 3 Sketch of upgrade welding

4.2 RBLRFE5HT(Discussion of experiment results)

B 4 A3 il 15 i) s i I BOE L B S N
AR AT R IR EE SR A 4 AT LA Y B I
WEEI TAPERS Y3 K, B sUMEEI R B AT A
AR IEAE R ], PR3 TR ERIEE AR A SRR
SRR ERR A 148 A, 7E B FUREEINFym
Fik 137 A HI M A S3B) B AR L3RR
18T RIET IR sE, NE 4 ol & i, EHAE
FRL IR | AR AP P 9L R (EL R (BT B AR S R T, A RO
Re s bEERT B s R LB E .
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Fig. 4 OQutput current and voltage waveform
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Fig. 5 Photograph of weld line of upgrade welding

5 #i8(Conclusion)

BEXF Bk v MIG SRR 4N o e 3 e R 4 ), R 3T
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A 2 K B SR FH 256 T 168 1E D - A ML A M o
W, LUK 22 o B R P il &, T im0 /e SR T
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