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Fuzzy-PID Gain Scheduling Algorithm of Resistive Welder for Electronic Parts

Park Myung Kwan, Lee Jong Woon

Abstract - The temperature profile control issue in the resistive welder for the electronic parts is discussed. The
average current of the welder tip depends on the phase(on-time) of the AC power and the tip temperature maintains or
increases/decreases depending on the integral of the current square and heat loss, The basic PID control algorithm with
thermo-couple feedback is difficult to track the temperature profile for various parts and optimal gain changes much. So
constant gain PID algorithm is not enough to cover various electronic parts welding and a Fuzzy-PID automatic gain
tuning algorithm is devised and added to conventional PID algorithm and this hybrid control architecture is implemented

and the experimental results are shown.

Key Words : A#837], £=Alo}, $2-PID, o|5x4

1. M8

A AARESL 2Y 2 Ay =Y A, §9E o8¢
ZYTAL BREAL QA FAE A2 U B3 F
dellXe SHEAZ & glollead-free) AT A& 273
2 e, A Al2goze Aol sledn I
Az71¢2 APl 2FH1 U, oo HFH Aol AY
|G71olttk. £37ANT 259 Ast s AvrH A
PEA7]9 Aol 220VRFAZEY zero crossing HE 7)F
22 SCRe A (tun on)& ZH3dle, AFANZY Y4 E
o} gt (1]

<& profiledlog AL JAAAE 9% RTC(Real
Time Clock)g& Ao} &= RFoltk RTCY Aol £47)
Hro dHde NIZE Lo} PIDAYE =& FAHQ
o BFAse] Y4 wE A4 29 AFN FIFEE A
FEol AHAR, AAR AF Yol b £47] ol 719
He 227t 4 B 4484 sSe Rt (2]

71Ee] AgLrle FRE it ACHYE MUVE E
o] e dF AHGE AFHH, £ Tipol AFE FF3l
o £4E Y5t Aoz JAUE T3 2=& APy
Aegd g Aogezs FFAFE AT st W o)
o £ IAAHQ PDAZIE HEstd AP g3 #F
Gaing 4AFo2A Tipd] A% @3 ZYol wix A 7
Sole A Gaing AAserdc). o) F$ LxAojo] glo]
YA time-delaydl] Q3 HALE FFo] g ojgA
Hol £33 ¥AE& "ojzald g+ 890 g

AxE 270
* E @& B 59D ITAATER w4 T
o E @ B SFHGE ITARHT oY 25 1M

Alxage) 2dg & o NESD UAHE JF 28
Tipol A 2ARE de FAA] v vdPgHoz F2s
7] q&e A2 PDA7|E AL AMorjg 7Y
A% FEA0 U BA U7 W] B AFNME oY
& FAEE 2&sy) Y APE Fao ATREEH T
AHE AF a2 tipdll A ZARE 49 AL E =3
7] 93t 71&2 nAXQ PIDA 718§ 3t 493 27
€ ulg o2 Knowledge-based system& 3l 1A QU
Aole) EAAE AAFNEE Fot

2. Fuzzy Gain Scheduling PID Hof

H A Ao)7)9] 74 Knowledge-based systemZol Ao 73
HE AENHA AdolZA fuzzy ruleEZ2 TWHES Ade R
olt}. o] knowledge baser= & mechanism¥ 4 lojd
9] 4e 9 knowledgest g S0l AoE AAEA €
E3] 2 dF7AME fuzzy logic® ALY EA on-linee 2
error9} errore] W3lgo] o3 PID gaing ZFAHNJEE e
nonlinear PID Controller?] T+&& =% TFA435t9 £37]
2z Aol time-delay® Aot £HZ ] W HY F
A=E FA sy

£47)d § =& Aoy 98 PID A& AMEYE
d) o4t §71 A& g3 2o

D =K R+ KT, B3 0B (D)

HA 84 2xz74 wet K, K, Ka gaing 2A3H
$HzAYE MY HAYE gaing FE3I}E AYE g
A A Aol= = heating € T/heating A2 ARgALS] Ao
&y AAHAXY, & A9 L&YY LCD Panel
FPCB& £3ol %4 49& 43 sy

114



A7 Abgale]l  feld  MAFHeAE s ex
profile(Tg) 2 12 4F 22 @ A5A7 | 13 SAA3, 23
BELE B AFAZ, 22 RANTLZ FTAH gtk @A
A 1dHA PDA7E HE8d Z7he] Teol FE§ A
o] parameter® ZohHI, £AHCZ  PID gain®] =A o)
Hsd HA 24g& H4d K, K, Koo PID gain
parameter &€ ZAY $ Y= E g N2"9L HLsg
o}.[3]

a9l AR g 2478 ZE PIDASY]
¥l & HA ol ZHIE ZE PID A Al2Yg 1
& HA FHE 9x9 2419 WEge Yoz s}
F A A 99 ey ¥ oF g Ko 1R o)E
% Ko 4A 22T + oy, 239 AR g3 o=
#E VEE Y8 ols g A7t ogch g n)
g o5 I ulE o% e A o)) walge ua
HEAY Ho= FAHAYL AP o8 HE o5 g Kb
Ko Ko & i8] 2HEEE 39 K9 KolS ge
7+ vE] A WY F, Komine Kpmad® Kamin, Kamad Ul
EA%H, 443 U9 dg9Hes 449 4 Juk. g4
HAe 4¥E& F8 24899 919 TzeA PID setn
HEL @4 o ekt o3k HMaF Aek)BREH 2AY
T Ak AL & Ko Koe b8 e Hz 73 g4
o Aol 98 ARAG
if {A)i3A jand Ae(BiB;, thenK ,isCiand K 4isD,
and ase;, 1=1,2,3, -, m. (2)
A, Bie 486 o WA JFPolxm, C, DiE £ B
#H2 Agolch AA 24 e &2 WaT Aelk)o] uid
ol HAR FHEY A4 F<4(membership function)& &

3} o

NB NM NS Z0 PS PM PB

-1 -7 3 [ 3 ¥ LU
R % TS Y & A0S

xm e(k)
x= ge{k)

Y 2 A% oAEFe ad P

I3 &Y &% 58 JehiY, Hx F¥ s DE
Big¥ SmallZ 543 ®@ch A7 &% F ue 179
W xsbe] #AE g&a g

X om0y =e ~3% for small

X y{wy=1—e > for big

(3w
(3

Sino iy

33 prd T 23 T
=Ky of Ky

393 Ko'# Kd'9&% §F

B AFgAe Aw 7o s Ao HA F3L
] % #®22 $=34

Aelk)
NBINMINS| ZO | PS |PM| PB
NB B B B B B B B
NM| B S S B B B B
NS B S S B B B B
ek) | ZO B B B S B B B
PS B B B B B B B
PM B B B B B B B
PB B B B B B B B

# 1. Fuzzy Tuning Rules for K’y

sek
NB|[NM|NS|ZO |PS |PM| PB
NB B B B B S S S
NM| B B B B S S S
NS B B B B S S S
ek) | ZO B B B B B B B
PS B B B B B B B
PM B B B B B B B
PB B B B B B B B
3£2. Fuzzy Tuning Rules for K’y

H2 FAAM WA F29 A Ftruth value)E AA
H-(antecedent part)?] A% 4 39 WA (product)l 23|
48 & Yok

wi=pa[dR] « ppl elR)] @)

471 Mua £ FoARA ekl g HA IAF A9 &
g gkelx, s FoAdaek)] tid HA FF B9
o gold. WA FEHe F2 AAL e #oh

& @
Bt

ELG A ae

1Y 4, HAFHY FEH4H
AA NaFMe Ao QlEE HAFo] ofd AR gk
(crisp value)o]22 w3 Ao Pasich ugx3} v
Woze WA FAW(center of area method)E Alg-dlom
Aol7lel 28& gy gl

115



gﬂxp,i Em:‘ui'Kd.i

K ,= ), K ;=" (6)
24 i 2
i=] =]
47| Ky £ A R dgas 717 pel 8P
s K9 @it Kgt 3¢ Wyoz 78 4 gt

49 K'po K'o?b 73AE PID Alojr)¢ HadvgEL o
23 2L Hozyy Aadrh
Kp=(Kp,rmx_Kp,min)K p+Kp,min (70)
Kd'_“(Kd,rmx_Kd,rm'n)K' d+Kd,min (70)
K=K}, /K, (70
a8 2 # 42 Ko Ked o5 79 89 (Ko ma
Kp_min]gl’ [Kd‘max. Kd_min]% Z}'Z} 7—‘1%3}%‘:}

3. Mg 8FI 48 R 2@

M-8 719) AYL 371A desired temperature profileol] A
14 PID gaing AL4PE Aol T FAYL ¥Asn
°]g Hl®¥ o2& Fuzzy-PID gain scheduling@na&& 24
e 9 3714 profiled FEFS BYo M AT U1
F9 f8A4E YFINEE @b WA A PID gaing K, =

0600 K;i =0.005 Ks =02002 HA3lA 3714 desired
temperature profileo| M 2] A3+ 2959 2o}
7
7
— £ S el
/
I ——

295, 37}A] temperature profiled] A &) ZAPIDA|] Ao}

1862 desired temperature profile®] 12} 44&%7} 60
E 274 45257 10EQ 359 A¥elA DAPIDA o9

A$RT 238 Fe A B 5 ow, 59 wis
£ 4 It

. ya

" 4 =

7

396 WA ERY dnaF HEM(60%,100%)

Y7 desired temperature profile°] 13} 44&=7 100
= 22 A6eR7t 20022 Z 99 4dM LAHPIDAIS 9
ZeEt FFE A5 A& B £ glon, ol5e HIE

116

' 1
R N
“ )

298 HAel5xA gued HEA(150%,300%)

2.¢Y8& desired temperature profilee] 13 442 =7} 150
= 2a A45eE7t 30059 A9 AdeA nAPIDA o<
4Rt 2358 Fsis AL B F don, o599 ¥k
& F ek 2¥9%e AdE AFEHE 295 Ak

3718 2ARA 2 74
4 BE

2 dFoAE 71E RY &304 9 214 PIDA 7]
9] EAAEQ Tipelyt £R8AE7 vtAAYE A 9o Gaing
zZA43 st FAHE fuzzy logicd AH239 on-linelz
errorst errorg) W3&d] 28] PID gain® Z2AIFEE &=
Fuzzy-PID gain scheduling@idl& F+2& ZEZE F43
o 447 LEAol time-delayE At LWz ¥
HEAE MMty & L=z ddAdFE A+ AL
2 ¥

B d7e FEHLE FAVGHAAN At 20039%
F271971e9AAEAYEY A dYd

g 3 g #®

[1] www.sungwan.cokr/heater data/heater] data khtm

[2] “Xg8He 7|x71<” QA=

{3] Zhen-Yu Zhao, Masayoshi Tomizuka “Fuzzy Gain
Scheduling of PID Controller”, IEEE Trans. on
System, Man, and Cybernetics, vol. 23, no. 5, pp.
1392-1398, Sep/Oct. 1993.



