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Vector Control of a Wound Rotor
Induction Machine Using Fuzzy Logic

Sang-Hun Jin

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Eel-Hwan Kim

SUMMARY

This paper presents the concept and implementation of fuzzy
logic control system for variable speed drive of a wound rotor
induction machine. In the field of wvariable speed drive, the
vector controlled induction machine has become very popular.
The PI gain parameters of the traditional PI controller for
limited speed range can be tuned properly through the control.
But, if the speed reference change over limited speed range,
their performance noticeably will be degraded, especially for
indirect methods. In order to minimize the detuning effects for
a vector controlled wound rotor induction machine, fuzzy logic
control scheme 1is designed and implemented. A computer
simulation study of the traditional and fuzzy logic PI controller
is performed. To verify the theoretical analysis, experimental
results obtained via TMS320C31 DSP system are presented
along with computer simulations. Results of the simulation and
experiment are shown in excellent agreement.
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Fig. 3 Characteristics of step response in locus
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If e=PBand 4de = ZE then 4du = PB.
If e=PM and de = ZE then du = PM.
If e=PS and de = ZE then du = PS.
If e=ZE and de = ZE then du = ZE.
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Table 1 Fuzzy rule set

de| ng | NM | NS | zE PS | PM | PB

NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB




4. &4

A WF e9t deo H A3 MY o2 Mamdani® FEHE AY@
W F& ¢ndFe g3 2ok
Table 19 3= WA Ao 73 Rt 3oz ved +
ot
R, If eis A, and de is B; then du is C; (7)

e 0 . 4.0
1, if e=e uB'(e)Z{l' if de=Jde (®)

rale)= 0, otherwise 0, otherwise

A Ao] F2 Rl 9% 2A 38 ARE C,CE ALEY
FA FA¥(Center of Gravity; COG)o.2 H|H X33 e du, A
A Aol Aol o HAXE F2 ARE dut FHY du;S du
£ ug3} o] Fac

Aol (e, de) = (7,46)Y o, &b 4o HAg At B
g 7zt Hx J2dos AW, A Aol #A R HYE

w;= uA;(eO)/\ﬂB;(AeO) (9)

A Aol 713 Rl 9% WA F8 A CE dgyoz Tt

NLY

pco(du) = w,~/\uc;(du) (10)



CiE d47tde 27 FA¥og wnA8a 28 2% Ju= e

7} o] A€},
du;= COG(C;) (11)

5. vl ¥ x| 3}

H7 2% AHE Aol YHsyl AAE Alaxe go
2 wgstolol ok 47Yel A FAMS A&t Table 10 S
= 49709 Ao} FH 9@ WiHA%Y FE Ao hgow 7

T

g},

20),-.41{,»
Ju=——— (12)

6. W2 PI Ao] 5 A|=¥

Fig. 4= A4E # =715 7PE& A7) 943 52 PI Alo}7) 9
Alo] Al2" EF o)

o] AJ2”lL o]F Ao FIZE sx1 QUut s AF Ao
A% AutAH QA PI Ao} FZolx, gE s £ Q3o s}

Eoa¥ AF AU B WEo Y HA Pl Alo] FZojt} &

o ]

o

= AE A% HA PL Alo] FEZN £x o319t £5 93 w3
woll s} Table 19 m& Alo] F2gk& HdesA o} o o, A



TEo A&d Ao} 1722 Table 29 #Zth. Table 20| Yetd gts
< Table 1€ 7122 3t @ Aolnf, =3 Fig. 19 Gl, G2, G3
o AJDREHR AF Aol FZY AJEE 7T gal &% @S
2Rid=g

Acw:* m} 4%} &

l l
% 6 ) vbs Encoder

wrpm
+
Fig. 4 Block diagram of fuzzy PI control system
Table 2 Fuzzy control rule set
de -3 -2 -1 0 1 2 3
e
-3 -3 -3 -3 -2 -2 -1 0
-2 -3 -3 -2 -2 -1 0 1
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Fig. 5 Schematic diagram of Psim simulation program
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Table 3 Parameters of model motor

Rated Power | 5 (hp] Stator Resistance 036 [£]
Rated Voltage | 220 [V] Stator Inductance 0.04633[H]
Rated Current | 13.8 [A] Rotor resistance 0.4423[ 2]
Rated Speed | 1789 [rpm] Rotor Inductance 0.04633[H]
Rotor inertia | 0.0365[kg-m“] | Magnetizing Inductance | 0.04423[H]

Number of poles 4

Fig. 6& W3 PI &% Aojrlo] £& H&gto2 +1000{rpm]
A7tslA S e £ HEyg &5 9
7 HEAY ¢F AFE Yt Ao A7 AEY AR
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A5 BAE 9 AF AdrE HAd 15[A]2 A@dsA ae8x
AF g 10[A]IZ FAAIAG. o] AoelA ¥ Olrpm]el
A 1000[rpm]7HA] =9 AIZFS tiE 04[sec]BE 2P ASS
& g Aok EI A GEH EP9A LHFEV gla Gubgk 31 - A
AE £x HA gl & FF32 ASS ¢+ A
Fig. 7& Fig. 614 758 of A1&& PL AJS 7HA1 &% &
< *100[rpm]2 8 $ASIAS e &8 54L& Yeldxz 9. o
FS B B A dHe =2 of ¥ fEVL AA Yeh
A+ & F At
Fig. 8& 92 22 & o]43 +1000[rpm] £X= 93 Aojr 9 £
S Uetdllz Ao o] 33y elA B Olrpmloll Al 1000[rpm]7HA] =
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A2 2 F3stn A5S & 5 U

o
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X
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Fig. 6 Simulation results of the conventional PI speed control
((Urpm_ref = i1000[1'])1’1’1])

Fig. 7 Simulation results of the conventional PI speed control
(CUrpm_ref = ilOO[rpm])
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Fig. 8 Simulation results of fuzzy PI speed control
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Fig. 9 Simulation results of fuzzy PI speed control
((Urpm_ref = ilOO[I'Dm])
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Fig. 10 Schematic diagram of experimental system
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