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Transient Characteristics Improvement Using Hybrid Control for Inverter Systems

2
Gyu-Sik Kim

Abstract

In this paper, the hybrid-type current
controller for inverter TIG systems was
implemented and it was shown that the
low-current pulse wave forms with high
dynamic performance could be obtained. It
is not so easy to obtain the optimum gain
tuning of PID controllers in digital PWM
control methods. Hybrid control methods

which wuses automatic tuning techniques

after adding fuzzy control methods to
traditional PID controllers are chosen to
improve the dynamic performance of PID
controllers. To demonstrate the practical
significance and dynamic performance im-
provement of the results, some simulation

and experimental results are presented.

Keywords
hybrid-type current controller, inverter TIG,

PID controller, fuzzy control, automatic tuning

- MEAYCIST MAINTIYFETEE
- Dept. of Electrical Engineering, The University of Seoul

LM B

TIG(Tungsten Inert Gas) A|2®l2 oj= 3
742 BT &oA BaEl ASH ZA
olAE WAAA 45 A3 TIG AJ=H
o] Fak= 19119 Ao 64127}*01] k)
FES AR Wle] ajkE % 1942w
=] dul(Linde)3A} 150 AR E 2
A7) TIG A 2Ee AzE FHeAnh ol9)
2 TIG A2HE IHES 2 A8z
&9 A3 gEgo] B AT 2 Asiiol
ojfojx gt} LC FRIZE o83 1F3
TIG AzHlo] Ad[1] o 75 wFIe
AFHEE 2te TIG A2=He 58 Aol
#H ATE UNATH2] #H= B FASH 54
< WIAF7] S AsA 7S A8
TE QA3 A7 M HAZAT IFA
FTEUEYA o2 Ydzsld AIEREHA|
2 FHUENA Ao7)7F & TIG A 2=F9]
AXTE Aofe] S-&EAJTE IHE! P2 TIG
A"l T Aes I BHoR wY
HEHZE o83 s HA A7|5x PID
Aol7|7F AR AJ1[4] WHAME Zt= AT

= Nuw

__;

_>.i

—

[oF

r&t |
°1F re



THESMAHES ==X 33 25 (2004. 9)

rou

28 A2do] A% TIG A2 $§

SHATHS). ,
sgEs e #5885 e AW

16 A2y wie

7/\4:_4 A 111017]- Iﬂﬁo}\:]- E]—E]-H 24
TAME UWH TIG Al&d 9] % 11101712
stojnE|= Aoz ¥t é‘%% %@*o*%%

oM T AT JIINE sk 2
Fge 92 & Y= Bk

I. el TIG AlARo sfo|=
2|l MFH 072 S&

At FG@gA AMESHA He IHEH
TIG Ade) Qubel F4E A Aols)
HHSSEE PWM AoRE EqAAY 18
A
Faol He WSS TPY AR
_‘?‘_ o]t].]]:/]_é o].Q.gH 37__1_,] /\Hx]o
8238t T 232 Wdv)e A8 2 gdEE
AA date AF FJE v F=xo|th Ao

O

#

AR

ay

RolE EARASE Pdel o) Aol
712 AA PWM A5 AozdS WA 3
H JIHEE 1£08 Aojgozn dse 7]
& gt HA" PWM Ao
AolX PID Ao)7] o]5 K WHeRs
kA 0 2 Ziegler-Nichols §4
hendze 54 A% £ s
93 g9 79 o =
PID Ao]719] H5& 5““] 1 7] HSH }O]H
2= Ao} WS APsiged AriMe F2
71&2] PID Aojdkae] #z] Ao 7Y w3y
A A e o e olgasit. 1A
A2l solugs Aolsle) T2 19 25 2
ok dHAQ] PID Alof7]9] 7, vlE 0|58
7Y £Y T flen A o5& nHt
71 A g AT FHA FE AL
HEH glo|HIE Aoje] Agoe FAF
o]E Ao EFoZ o]FoZAozHN IAr &
E40] 24 “’“Q‘?} wpebA, AT Yol
of A8&g wole s g
T AL B ARFAME & F
B2E AN g ok wdE
HE Aoj719 HeHrHE A% Al
o7 Matlab ver. 5.39 A]%\%}Z

MNEE 'T"oo-—l——v

1o o #

Nr

ng
rQL'J

F0]
S
KN

=
u

==
-
o
=
TI

G

o

. 3fo]
#Hold

o 4y

Rectifier Capacitor Transformer Rectifier
Inverter % &=
(IGBT, J
VsQ- MOSFET, ‘ ’ /\ Arc
Transister) il 2 TH
PWM
Reference Ir(t)
Command + Controller
—>! (PID, Fuzzy,
,"_(t) - NN, Hybrid)
gzl 1. A E TIG AlA”R el XMFA o
Fia. 1. Current control for inverter TIG systems



si0|=2|= Hofof 25

OlbfEl A2ES HESY Y

Goto From
Plant input Reference input From1
Plant output
B I .
Ld ol »
Mux [ + b b4 o
dufdt + —P» bl
w2 Fuzzy On Product? Sum12 Kp2
Derivatives Fuzzy Logic Controfler! Sum11
wp3
T
<l oy g s «
.’ - Ll bl
s =i+
Sum10 Ki2 Integrator2 Sumi3
> }—D dufdt
e Kd1 Derivatived
|~.
Feedback Gain1
3 2 stolHE|= Ho{7|
Fig. 2. Hybrid controller
1GeT+ »in . > »
Load+
in Out |— o P 2 ——E/‘ é—}hﬂnsfom\er-
R
Load
. Transtormer
AC Cument [
Source 16BT- . > P 1 out -l Load- Voltage
Load 3
t
st Rectifier 16BT 2nd Rectifier and Reactar
(Subsysterm) (Subsystem) (Subsystem)
Camiersignal
L—{pune  Refererce signal (Subsystem) Welding Cument Command
= . Command Input
(Subsystem) x Timer | conrol signal Error M (Subsystem)
Product o
Controller
(Subsystem)

a7 3 ¢HE TIG AlAHS A AlS2olM sz 7o
Fig. 3. Overall simulation circuit confiquration for inverter TIG systems

(simulink), 3}¢]E=AME(power blockset),
A Evt A (fuzzy toolbox)E ZtzZ} AMREH T
dzel ARH HNRTHEL FAIZH(sub-
system) 0.2 33Tk AAH AlEH ol
sz 7He 1d 33 2T, WA FE A2
o] & FulE mamdani FE PP AL}

1 H]¥ R 3K defuzzification) CZE A EZo]
E(centroid)¥PH-S &H3}4Th

dqELe 1x2 PRI FAHL 1x25 FRE
Aok v ¥ 4= P2 AF HHo i3k
PID Ao}71E AHEE wjo} sjolugl= Ao}v)
£ ARE b9 &8 AR uist A&



SRELEAMHEE =2X 33 25 (2004, 9)

oM ABE i Aotk solHels Ao]
%97} PID Ao}7] m ﬂ:zw =4

(a) PID Aloje] ¢

280

150L - ............ L REPIRIS

ke aam am'

(b) o}OIHﬂC Aojel 3¢
(7F2F: [sec], ARZ: [A])
a8 4. BA NE Hyol it Algalold Zo}

Fig. 4. Simulation results for pulse current

command
M 48 % Az

AHE TIG Al&HoA sfolHH= HFA
o719] 45 Hrkshrl fsl 48AXE 74
3latk & AojRzel CPUE A7be] 80196

H3o= CPU FZoje} golm, AHHPE Az
71, AD W@7], 1& YFHZA, PWM A
4, §A715, RAM, ROM T FHAAE
3 ICo] Wgsiar Slot 4.8kVA &3] <lw)
B TIG AZFE 7 3lo] 874 AD
A, =2y Asds s RS232
FAL ol&stier GAL ICE ol&siA 1o
< ol

A2 Aol ohdE 3R FE5F T
Azt P ICst 351, 4371ed) A
2 A%yt FRH gty Aulge) A7
2 @A A2H A F_F aholn Alx
Hlo) Q) &Y, A, 1&E 13 A7
9 277} 6% wobdA AlZF AojRe IC
37} A3 FAEL Ak w2, & Ao
eddE Az B4E IC2AM 7P Bol A
BET Qe TL494E Fo) B3 PWM3IE
9 TaE Js 1% FFEE /=S A
A opdRa AlojRe FAs ARG
TL494= B2 £ Wz A3z @74]54911
2749 o2 SE71% 2P BT,
RS ﬂlﬂﬁlﬂﬂ(DTC) FHEE, A9
FTEEE TAH itk AHAAS R =9
H2rAZE IGBTE o431

& AFE IHE TIG Al=me] s, A%
T FhelMe stoju= Aojrle] AHUE
< 7k A8 EARRHES ¢

02i

fz

o?L

" o

by
N

o

2
2
ox, O
olr

OIHE] TIG A|2ElolA Z—Fé«l FFES v}
At B¥o| Zzt a8 63 13 79 EOFJ{F
o,



sfol=2|= Hojof of3h olHE] A2 Sy Y

2002/10/29 11:39:21= %mk lorna

Stopped 85,3 254w
< T

oI5

Edge CH1 §
auto
0.140 ¥

(ZHE= Isec/div) (AEZ= 10A/div)
a8 5 HAMFS AFEE

=T T

Fig. 5. Start part of pulse current

2602/10/25 157101197 |mm———y,,  Normal
Stopped
T TG 1

lkS/g. 1sAlie
B 0ol

‘| Edge en1 &
Auto
0.140 v

(Z}22= 500msec/div) (A2 10A/div)

a2l 6 HANMTFO X7|.I:H:!

=

Fig. 6. Middle part of pulse current

2002/10/29 1142162 | iem— Nornal
Stopped SMS/S 25fdiv

v.d g

2dlg 2 v £ ol 5 3le TIG A
2dd) g St AR 7k dw e
Aeg YAA9de A5 Hs}]/ﬂ—‘e 3%

o] AfAol7l 2FEHAG B =FoMe
HE TIG Al2H9) %xﬂob]g slo]B =
Aolg TR o ZAXNSSL ALoTk
o A2 dooME Pk BAgEe A
T IEE Stk AEgeldd 3PS F9
B =84 Aktske slolBgl= Aoj7} o]H.]
B TIG A28 H8H%0e o 3= 36 5
Aol S AT 1 Aol ,T%
& Hef FUh

¢

L do x|

o
>

el 2

£ A7 200198 NeARWsE &dT
zAulel ofste] AL,

w REFERENCE

CRT 11T
0.500 Vsdiv
DC__ Full

]
TS T AEGETT

(7}EZ: Isec/div) (HE2: 10A/div)
I8 7EAMES DiXjat By

Fig. 7. Last part of pulse current

[11 X. M. Zeng, A. B. Parker, and J.
Lucas, "High-frequency TIG-welding
power supply with microprocessor
control," IEE Proceedings, Vol. 137,
no. 4, pp. 184-192, July, 1990.

[2] X. M. Zeng, J. Lucas, Y. Y. Ren, and
A. B. Parker, "Welding with high-
frequency square-wave AC arcs," [EE
Proceedings, Vol. 137, no4, pp. 193-
198, July, 1990.

[3] S. B. Chen, L. Wu, Q. L. Wang, and



rov
Hi
01
HT
Ofm
r>=
nx
=
gk
tob
re

24 33 25 (2004. 9)

U. C. Liu, "Self-learning fuzzy neural
networks and vision for
control of pulsed GTAW," Welding
Research Supplement, pp. 201-209, May,
1997

[4] Wen Li and Shanben Chen, and Hui

Sun, "A multivariable fuzzy self-tuning

computer

PID controller using neural network,"
Int. Conf. on
Robotics and Vision (ICARCV'9S8), pp.
699-703, December, 1998.

Control, Automation,

[5] Y. Suga, T. Shimamura, T. Fujio, and
K. Ogawa, "Application of neural net-
work to control penetration in arc
welding," International Offshore and
Polar Engineering Conference, pp. 175
-180, May, 1999.

Biography 5

s,
S
4

2y

19583 8¢ 25U

19811 A& Foizz} 38w
e I

19833 Foigtel AAST ST
e G

1990 okl AAASZ e EQ(HAD

1988 ~ 1992 453 TYA74 Y914

1993 ~ @A ASAEh e AAA7|7H57E 3

iy
2003 ~ 2004'd Univ. of Wisconsin-Madison

WHE W4 Visiting Scholar)

10



