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(Fast Maximum Efficiency Control of Vector—Controlled induction Motor Drives)
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Abstract

Magnetic fluxes for maximum efficiency are calculated at five operating points as speed and torque are
varied. The surface of magnetic flux for maximum efficiency is calculated by using the five points. Then,
maximum efficiency control is fulfilled with the magnetic flux calculated from the surface of magnefic flux at a
given speed and torque. Simulation results verify the effectiveness of the proposed method

Key Words : Induction Motor, Fast Maximum Efficiency Control, Fast Convergence, Stator-Flux-Oriented

.M B = e 9719 AebelEE ek e ste)

Ee) Asjel FoE A4S AT g v §

BrlRe) 500%) ole AEI7E Avlsn  HESE 9% A2 £YARI] 2 WMol &
slow o]  Ag URRL FEAEI Avls ABCH24L

o el Bk FEAST)S £ AUE St 2R Ble TAAETIEANY L

s 77} Aaso] feHI-T) Aojoll B ERoZA A& vlg AN F W

5719 A ST ve] el ¢ v B4 ashEN AdEsAolE A Ase 2

A4 AHATBA o] Havk HE ASS F & PEE FEAYOY AYEEAE AD A&
o $@A70] 2 wro] EAT
al

A et ATt s RED B4 Axke ARESACLE AT A

fl

o

Tel : 02-970-6408, Fax : 02-978-2754 %8 37 93k9 Golden Section & AHE-3tA]
E-mail : mhshin@snut.ac.kr B! A ggAole] a2 Ak EE R

qeR 20099 29 199 : A i
LRHAIAL 1 2009 29 269 71& AFE &Aoo FHANE EEA717] A
AAE 120009 59 159

F

™G . AR =2 T 237 T8, 200041 8% (21



O

W olgste] dHol Harh
 AE5E &k.‘é 27182 shof HjE
Aolg FHste] £EAHE GEhs AFE &
o

B =AM [6le] 938 Ml fste [37]
e g E ] BEE A SEe ER
9] gro] ThE 571 9] ERH A &&o] Hart H
T AEE 7 F 509 AL ol 83t Tgo) F
W7} HE 2] FHE P FolRl £x9 B
Ao g3 IR Y B &) At He A&
& 73 F, o] AEE 2IIRte R FHe mlg Xﬁﬂﬂ
G A5E HsATIEA HYEEAE
ok Aol Ao Abe HhHo)] ofsted *l*
3] AL EAE A A5 R £EES BATh

2. AYXXIEIIEMA

:L%‘ 19— AN B EAE AT ARSI EA
A EEEE Yehlu gtk A e W] A HA
= ’dx} "= Y @ vehdth 2R
719 BEAL o- g AAFFAN A (D) 2 A
(2 2t

A=, = V2, +42) o))

- A
8, =tan™' 22
. 3 2

as

d-q FAFFANM €BEE R BT RAAF
T 4% A Q) A (49 2rHs)

L
um e ®

T ( aszd.s )

w, 1.0 #.0L

io= T g8 _ g5 8 4
= Whonp) A —oLi, @

o7 1, =L,/1? L=3HAA7)AHE A R =3]
AAAG o=1-L2/{L L), L[=0AAA71dE]
&, L, =ABRIEE A, p

iy, =d® DAt

224

=
=dfdt, i,,=q% DAANNF

FRRALE S 4] (59} o) A7|HH S Hse
Tt

5, = [ - R ®)

A7 v, 9 4 2z AR FHEA NN 1A}
ArE sl AR TR o,

E3E A O3 2o

3 .

I:z = me)‘dslqs (6)

o714 B, & Folth

AW 9 A AFYA AY V.o AT L9
Fom Tam A (D3 2o

Py= V.l n
3-Phase — T KF KF -k
220V - Rectifier (o :
60Hz — T T %3 4 43
Input | Ve Control]
Power Signals
B ! Calculation | 14 ]
Maximum 7~d5 + ids Vi
Efficiency ; . ’ t! . Vector
Control As ‘dq Rg:fdt of]
A
wt4O[PT Torque S PWM
i Limiter {6e
®f Stator Flux
& Esgruﬁlanon &+ Vs
S ;
<=0 Computation *1is

38 1. THXASIIZHEHN BB
Fig. 1. Stator flux-oriented control drive system
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Table 1. Induction Motor Parameters

34, 37[kW], 4=
rated line current 18.95[Al(peak), 1,710(rpm]

AR AF 1.26[Q]

3 AAAE 0.21[Q]
A E ™~ 50[mH]
ARAFAJHE A 4,7[mH]
HAATHEJAYE A 4,7[mH]
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Table 2. Flux for maximum efficiency
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Fig. 2. Flux vs. torque
0.4 \
0.3 \ \
~ .3 \
g i - \.\‘.
5 ~+3(N-m) \
k02 —
-+ 5(N-m) ‘
—— 7(N'm)
0.1 . . .
300 1000 1700

Speed (rpm)

a8l 3. §HE0) I8 xS
Fig. 3. Flux vs. speed



FREUSNY MR MY 28O

2 (8)9] A&FHY 509 AT T3] A
5709 F&t3lel dasieh 57 TR MAgLE A}
3t she ARSI S8k 59 EA
ol H9E 1t Sxol EF0 BE HHYE X
g MAITE FAHE (R T, ME BEYS
(1000, 7, 0.34)& FAH o= o] £ YA}
A st Bzt #skazl (1000, 5, 0.287), (1000, 9,
03848 A eH, vuA] 27409 e Eas
dZeA B £xrt WAzl (300, 7, 0.3%),
(1700, 7, 0.285)€ A &) o2 @ 5749 HE o]
&3] 4 (8)9] ATE 3 A 9% 2tk

A=—=0.001125T2+0.04 T, — 0.000078571 R+ 0.193696  (9)

900

1
z
a

1100 700

Speed (rpm)
950

05 800

4500
0.25

8 0.0

T,N-m)
)

o

4 6 8
Time (s)

a8 4. HESAZEn
(1,000(rpm), 58t : 5(N-m))
Fig. 4. maximum efficiency control
(1,700(rpm), 5(N - m))

4. A[EYO|Y At

a4 4% 1,000rpml, #-3} 5N - mlollA HAE&

(244

Aoje) AsE yehi 3t 04[Whle] A
oA AT} 45z HUEE A7} A3t
45z 2 Q) 2% 252 0.288[Whl2 A=Y
o, o] e 2712 HYALANE THY
S Hehla gloh HAAEA AT} 53] F8st
aglen EAs £5v HYa AN £ F¢
A YERL gtk HAAESS AT AEHL
0.287[Wblol 4] (9)ell &%t Atkgk 0.288(Whl=
0.35[%]9] LAt2 thds] A&sA ANHNEE 2
T Utk

2% 5% 1L,700[rpm], F-3t 11[N - m]o A +=3§&
HAg&Aole 27 vshiz gk 4 @)l 9
3 242 0.3646(Wh]2 AtEles, o] ghg =
Z1ges AU aeAort Fugd (619 Aotel v
st %538 g ¢ Ao HHEES A
g ApE 036[Wh]ol™ 0.3646[Wh]ete) eab=
01[%]2 227} w9 A58 & 5 Utk

2800

2700

Bw)

1800 2600

Speed (rpm)
1650

0.5 1500

y) 45WD)
0.25

0.0

T, N'm)
9

n

4

a8 5. HrixgFoiHa
(1,700(rpm], &8} : 11(N - m))
Fig. 5. Maximum efficiency control
(1,700(rpm], 11{N-m})

6 8
Time (s)

Journal of KIIEE, Vol. 23, No.8, August 2009



¥ 62 300[rpm], -3t 3N - mlell A g
HAEA ] AaE vehiia glok 4 (9ol o
A2 0.28[Whl2 A HAEEAE 9
g ALe 026(Wblolm 028[Whb%e] 23k=
17[%]2 o) Aol vlsjy 27t F7HE&
& 4 ek 2 B2 ARt HAEgA s 9
g Ago® st dS5S Yeha gtk

s

195

B w

40

S0

Speed (rpm)
250

050

e

st(%)
0.25
]

8 0.0

T, (N-m)
4

=

2 4 10 12

5 . 8
Time (s)

28 6. HOESHAH300(rpm), 8t : 3(N-m))
Fig. 6. Maximum efficiency control
(300({rpm], 3(N-m))

5.3 B
R&ol Ho7l HE 5719 FHEE o831 F
WESY A% ZHE 7 F Foldl £E9 2}
FhN FAE o] 88l A&E T8I, o] AES
z2715o 2 3t HAFEANE FH3tgrh
Algdold A, Ade Ao A W&
HoggAe7} shsdisi ey F2d wet Ak
o] 2713k Akl 2A7E v FRsHE Al
Aen, QAE Eol7] A% A7t SFEAAR
e ¥ & AU

oY . TIEHYULE=RN 237 e, 20099 89

2
o
}o[«

References

1) ). C. Moreira, T. A Lipo, and V. Blasko, “Sirrple
efficiency maximizer for an adjustable frequency
induction motor drive,” HE Trans. on 1A wl27,
pp.940-946, 1991,

[2) G. C D. Sousa, B. K Bose, and ). G. Cleland, “Fuzzy
logic based on-line efficiency optimization control of an
indirect vector-controlled induction notor drive,” 1EE
Trans. on IE, vol.42, pp.192-198, 1995,

(3) C-M. Ta and Y. Hori, “Convergence improvment of
efficiency optimization control of induction motor drives,”
I Trans. on IA, vol.37, pp.1746-1753, 2001,

[4) C. Chakraborty and Y. Hori, “Fast efficiency optimization
techniques for the indirect vector-controlfed induction
motor drives,” IEEE Trans. on 1A, vol.39, pp.1070-1076,
2003,

(58] B. K Bose, N. R Patel and K Rajashekara, “A
Neuro—FuzzyBased On-Line Efficiency Optimization
Control  of a Stator Fux-Oriented Direct Vector-
Controlled Induction Motor Drive,” IHEE Trans. IE, vol. 44,
no. 2, pp. 270-273, 1997,

6) MH Shin, “Maximum efficiency control of a stator
flux-oriented induction motor drive” Journal of KIEE, vol.
20, no. 4, pp. 117-122, 2006.

(7) M-H. Shin, “Improved Maximum Efficiency Control of a
Stator Flux-Oriented Induction Motor Drive” Journal of .
KIEE, vol. 22, no. 5, pp. 58-63, 2008.

{8) X Xu, R. D. Doncker, and D. W. Novotny, “A Stator Flux
Oriented Induction Machine Drive,” IEE PESC88, pp.
870-876, 1988.

O KX O-

UBE (wmg)

19673 1149 27948, 19890 @9 3o A& stsy
9. 19914 ¥ dighed 71333 S, 2001
T oSt 27133 FACLAD, 1919 ~19%6d A4
FEr1ed SRAYETY). 20029 89~ Me
Abqioietar A7) g eap B



