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Abstract

This paper proposes a new fuzzy speed controller to precisely regulate the speed of a
surface-mounted permanent magnet synchronous motor(SPMSM). The proposed fuzzy controller needs
the knowledge of the load torque to realize its robust and accurate control, thus the first-order load
torque observer is adopted to estimate it. It is analytically confirmed that the overall control system
containing the fuzzy speed controller and the load torque observer is exponentially stable. To prove the
validity of the proposed fuzzy speed controller, the simulation and experimental results are shown. It is
concluded that the proposed control scheme can be employed to accurately control the speed of a
SPMSM motor.
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Fig. 1. Block diagram of the proposed fuzzy speed
controller
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Fig. 2. Block diagram of the proposed first-order
load torque observer

By

| =

919l 2} (17)2 ofgist o] #Z57] eaptygAow
sl | 9= 9lon 17 2% K EavkEy)|e) &
% tololagls Bl

= k2 (18)

A7 z=z2—2= T,— fL o] AL mreke] 3>
Z7]= oFA TS oju] ]_Eq e ﬂ(fL)
& gl GdsiH AEe & % 9

QEEEE!

of 74182
5. FX HIZZAIABO| OFYE O]

4] 21 IMI (13)5 T=5A171 & (xy,) 7F E4
st #57] AP (18)0ll4 p>o00]aL, Fat &
Ay57] 7IREe] Ao} 4Hs ofefje} o] 7Pgeiak

U, = ki, +k5w+2h i)l (19)

Uq 71’ds Zh )wj,v uqdf ZhL(ZS)K:E

AN T=lwiy,. i)t =iy e

(kywy + kT /Ry, BT T, EIAZ7] A7)0l 28

@



£ HAY 9N 57105719 94 SEAo

S 2 waolt) el Aojrlsh wEvle] 7
QAHa, 2)= AFA SR 00l FHEk

%‘ch) : Tq—%,‘l] }—Zﬂ_ (iqsd_i;d) = %(TL_ fL) %7
o) WEBkR, i odfel o] Folxlth
z=z+Fz (20)

A7 E=[0.ky/k,0)7. [6]2] AE Hxs}
Wz, z) :C§+ITP(ZE Aolsto] (z, 2) = AFH o=z

AL 1A F 9

2

4

6. O|AIRIE H|OjJ| X =T

2 (19)9} o] ALAHO R Foj7l Ha} EATE
7] 71uke] Ao} 4=V, v,)& DSPE o3 t1A]
8 e fele] o5 st Bk 4 (13 (19
= ofels} o] thA] 2e] A 4 gk,

V(D)= 2 (1,01, (1)) 1)
V()= 2 () + (1))
o714

()= ki, (1) + Ryo1) + 2 (.0 ().

u/] 71(1 s E h ql

g FRe A AEY NS 12 X*-%P?i
AER =3 kTAlA ] olrtsbE Ao A= (Y, V)
£ Thgat o] ApH o Aubdd

V(0= (o1, (04, (8) (22)
Vi (B)= 2 () (8)

6
188

3 2] (173 o] AFAREe R Fol EauS
7= vl olitstd g o w skl

T,(k)= z(k)— Buw(k) (23)

kel 91% UJ%?J %%i‘—%‘l 22 JJH A]*J#Oltﬂ
,— Bly)w(k) ©1TF & =
2 XA shjr

IOQ

7. 4% =Lt ¥ OE

Aok B3] 7uke] 4] SEAlel7]e] 4%
< 53k Matlaby/Simulink s ©]-8-3ke] Al&H|o]
Askar, TI TMS320F28335 DSPE ARg-ste] A gds)

QT ¥ =Rolx] ALgE EY P EY G 5]
A%7)e] TelE e 19 2

® 1. Y7AM SI|1MS7 19 T2y
Table 1. PMSM Parameters

TF(p) 12
2782 AR, 0.99[Q]
DA IY Y (L) 5.82[mH]

GTAA AN, 0.0792[V - sec/rad]

57 A4 0.0012[kg * m’]

A ubz AS(B) 0.0003[N + m - sec/rad]

ot EA(T) 1IN - m]

Journal of KWEE, Vol.24, No.12. December 2010



A4 2 (18014 Bz vhsh o] 34 EA(7,)e)
FRE] gyl 3 AHH 5> 0% Bk 5
R LS ERERE R EVEEEE

6=0.05%2 AAHEAL} tho 2 A 7448 (a=600)
& nAsE W7 SRAolslE AR g5l B
ol M= A4,,4,7F BRAE TR 2-rule HA
wES 4590
—0.2484 3539.6 0
A, = —136—1; —170.1 0 |,
1, 0 —170.1
—0.2484 3539.6 0
Ay, =~ 13.6—1, —170.1 0
]q2 0 —170.1
R B =RolAE ojzlel 2ol WA 0% RS
2 A% (Scheduling) MF= 3= 4% g5 44
O}‘/\}\
my (ilIs) = 67/‘(7'(P7]/ ) ’ mz(lqa) - 67/1("'1157[1]2)‘ (24)

A7V u>0. 4 (A9 2 ol s Theel
Aiteh B A% 0S8 5 dom, 19 3 4
(D)5 ol Aitshel 2% P48 wAHow 1
of Ft}

hye b)) =i

o m( )+m2( qg) e_“(iq*_j'“)z+e_"(iU~_1(12)2

hQ(qs)*l hy ( ) 5)
B oAl Al (25)0]4] Bl % ool m

] =000, [yl = lp o= 1802 A

e, 4 (13)S &9 al(x,v,) ?L?S 5 (14= ]
Bahd T2 Alo)7] ol S(k,, k)& A = 3l

K= [—406.58 —2399.52 0.0 ]
1 0.0 0.0 —1000.0J"

K= [*406.58 —2399.52 0.0 ]
2 0.0 0.0 —1000.0

%1 - A7) = A A2438 A1235, 2010 129

oxl
R
—o
N
of,
1>,
o
offt
ofL

-910 -20 0 20 40
ios (A

02 3 Hast ® A 8n, Gy, ), hy(iy,))
Fig. 3. Normalized membership functlons

(hy i,), o (i)

Three-Phase PWM Inverter PMSM Brake
81 |8 | 8
of o of

TMS320F28335DSP
Gating a@ |
Signals 0 di w

(S1~Se)

s i)
8 Igs
VPWM
V, v, i
d = _ [ 1st-order | o=

v F
sl N o9, S:::Yd 7| Load
\\ ) = Regulator Jorque o
Observer

i
Lo ;r:u
T
a‘!’g_u_
T
L
= - 1

-
Er

32 4 MokEl MX| ZEN0)7|Q} Hot EFRET|E =
HOJA|ARIS| MutMol E5 Clojo{ a3

Fig. 4. Overall block diagram of the control
system with the proposed fuzzy speed

controller and load torque observer

E
T
Zr= A

WA &EAlo)7] o} 15} ¥ah =
= = AojA| "] =S HZE7] 9
@ Awsel F5 delel g welEnt 2w

21 4014 Rz wheh o] TEAILEL PMSM,
Z718 d=y, Ba 232 93 Byl TI

18] 4= Aer
=72 e
=

@



=5

W 1AY 9TAY $14%5719 A LA

TMS320F28335 DSP, 181l
T/detar gk

3¢ PWM RIHEE

300 Solid: © Solid: Estimate of T,

w(rad/s)

5
{—\ E
. z .
150 Dotted: o, < 05 Dotted: T,
F
n

02 04 06 08 1

§
05
g9 g 0
0 305
3 4

5

s 0
SE10 5
0 s L A s 410
1

0 02 04 05 08 4 0 0z 04 05 08 1
200 .
s -~ 0
= 0 <
>|v 3
200 1
0 02 04 05 08 f % 0z 04 06 08

Time (sec) Time (sec)

32! 5. m2loje FHSAe S5 #Hatof st AlZaolM
2}

Fig. 5. Simulation results about the speed change
under nominal parameters

300,

Q Solid: o £ 2 hSoIid: Estimate of T,
T
g1 Dotted: m g Dotted: T, \f
‘E’ d |_"0 ed: T,
0 i i i n i i n "
0 02 04 06 08 1 0 02 04 06 08 1
10,
30
) g 0
& 15| 4
> > .10
0
0 02 04 06 08 1 0 02 04 06 08 1
05
= B -
&S < 9
&0 E
. 0.5
0 02 04 06 08 1 0 02 04 06 08 1

Van(V)
o n
1= =
S o S
i(A)
o o

0 02 04 06 08 1 0 02 04 06 08 1
Time (sec) Time (sec)
Jgl 6. YF nf2f0|E(R,, L, J2| 1500%] HSAI2] =
tisto]| CHet AlZ2flo|M At
Fig. 6. Simulation results about the speed change
under 150[%] variation of some
parameters(R,, L, .J)

@

n L L L n L n n L
0 02 04 06 08 1 0 02 04 06 08 1

02 04 05 08 14

T 2 m=ollAe 293 SAY AR &S
gfsto] PWM Fat 2 A1E® Sk} 5[kHz]
2 AAHA ou:] L3 F7HA e E] PWM w4 o]
AREEATE 2 AFoll A= Matlab/Simulink & ©]
&3ate] Ajbel Alo] dargES 27HA 1A 5fel A
Algdoldstitt. 5 A WAe sy i
Al £ SR, aelal 7 HAE
(R, L, N9 150[%] ®EA9] &=
thoolu] &% AP A (v,)T 125.66[rad/seclol A
251.32[rad/sec]Z F7Fst & thA] 125.66[rad/sec]
2 7kash) oluf Ha E=(7)E 1IN -mlE o
etk
719 5= A%7) shebule FHEAle)
gk AlEEolAd AdyE BolFal Qok
= AlRKeE B #5719 RIS A5s] sk
A7) A SEl(R,, L, )9 #ho] BEe @aket
=12 W3} Foll wheba] 150[%] WA & #iste
gt AlEdeld AYE HolFEr)h a9 72 At
AoIA =8-S HFelr] Qg AF X E HolFrh
% 82 19 59F 22 sl AAATE B
o) 7 582 &= Xl"'/:‘ A(w
Wk B2(r), Yok B2 AT, Aol At

(V. Vo), dg= 57, d,,), BEH 4Ky,

% r

A5 T E
SIS HolE

B

1y
Ht
(i

B}

3l 19

pil

u

x
o do

ol

2 o

A5, )& Bl

a2 7. M8 B
Fig. 7. Experimental setup

Journal of KIEE, Vol.24, No.12. December 2010



04 Jun 101480100,

251.32rad/s

1M25.66rad/s 125.66rad/s

J% 8 H|okst MlojEtAloy CHet gl Zxt
Fig. 8. Experimental results of the proposed control method

oA BHojE AlEeold 5 Y duteiE 2
w=Eoll A AlQkE A &Alefr|e} Fat Ba B
7= 2H sy g et Ba wE Aol gt
A E7IdE719 £EE Aee] Alojghe SRl

AT

et £ % Aol flste] T-S HAYE o] &3 1
A EAlo) 718} Fol EAyET]] thal A+-skith

Z1 - A7) AE 83 =2A] 4244 Al123, 2010 129

04 Jun 10 14:44:28

(b) d¢= Mo d=(V, V)

qs’

04 Jun 10 15:20006

& el A AIRKEL Alol79) s = Hesr] 918t
Ag7] stehig W 3

olA AlEeIA R g
RE Ak R85} EaE)
7E &L A HAE wEa

B

0] =22 oz XMBE(usSnsEt
SHROIR|Cte| X2 Hol =3
(2010-0009577)




==
g
Iz
Ly
ok
o
-
_>|4_
o

£714%719 374 &EAo]

References

(1) K. B. Lee and F. Blaabjerg, “Robust and stable disturbance
observer of servo system for low-speed operation,” IFEE
Trans. Industry Applications, Vol. 43, no. 3, pp. 627-635,
2007.

(2] S. H. Choi, J. S. Ko, I. D. Kim, J. S, Park, and S. C.
Hong, “Precise position control using a PMSM with a
disturbance observer containing a system parameter
compensator,” in IEE Proc. Electr. Power Appl., Vol. 152,
no. 6, pp. 1573-1577, 2005.

(3) K. H. Kim and M. J. Youn, “A nonlinear speed control for
a PM synchronous motor using a simple disturbance
estimation technique,” IEEE Trans. Ind. Electron., vol. 49,
no. 3, pp. 524-535, 2002.

(4) Y. Zhang, C. M. Akujuobi, W. H. Ali, C. L. Tolliver, and L.
S. Shieh, “Load disturbance resistance speed controller
design for PMSM,” IEEE Trans. Ind. Electron., Vol. 53, no.
4, pp. 1198-1208, 2006.

(5) G. 7/hu, L. A Dessaint, O. Akhrif, and A. Kaddouri,
“Speed tracking control of a permanent magnet
synchronous motor with state and load torque observer,”
IEEE Trans. Ind. Electron., Vol. 47, no. 2, pp. 345-355,
2000.

(6) H. H. Choi, “LM-based nonlinear fuzzy observer—controller
design for uncertain MIMO nonlinear systems,” |EEE
Trans. Fuzzy Systems, Vol. 15, no. 5, pp. 956-971, 2007.

(7) T. A. Johansen, R. Shorten, and R. Murray-Smith, “On the
interpretation and identification of dynamic Takagi—Sugeno
fuzzy models,” IEEE Trans. Fuzzy Systems, Vol. 8, no. 3,
pp. 297-313, 2000.

(8] M. C. M. Teixeira and S. H. Zak, “Stabilizing controller
design for uncertain nonlinear systems using fuzzy
models,” IFEE Trans. Fuzzy Syst, Vol. 7, no. 2, pp.
133142, 1999.

(9) T. Tagaki and M. Sugeno, “Fuzzy identification of
systems and its applications to modeling and control,”
IEEE  Trans. Syst, Man, Cybern, Vol. 15, no. 1, pp.
116-132, 1985.

(10) S. Boyd, L. EI Chaoui, E. Feron, and V. Balakrishnan,
“Linear Matrix Inequalities in System and Control Theory,”
SAM, Philadelphia, PA, 1994.

(11) K J. Astrom and B. Witternmark, “Computer—Controlled
Systems-Theory and Design,“ Prentice Hall Inc.,
Englewood Cliffs, NJ, 1990.

O MK N

BEIQ (8535 H)

19694 1¥ 11%‘/@, 19914 2¢ sk
A7l & 199743 2¥ &

7] 8 ek} ZOJ(H/\]') 2005 6¢¥ The
Ohio State Univ. W8t #H7|& s}
A (AL, 1997~2000 LGHAA DA
AT A79. 20052008 A SDI
THATF L AT 20083 ~dA T ARAT]
T )

F i
9

_10" 0%

E| DA (ki)

1982 3¢ 3¥A4. 2009 8€ F=dH
A7) st 4. 20009 ~ @A & sk
AZA 7| BB A uu}@g;}z{

S T3 &RIR=)

19699 8¢ 18¥YA. 19914 2¢¥€ g4
A7l &sta &9, 19939 29 & W
7] &8kt 7‘04(“/\]') 1993 ~2008+
N A7) AARREAEE A AT 2008
) ~20109 3=rIBM Energy&Utlhty-rEr
AAEE, 200903 ~dA = dgd
whAF A,

A7) 8

-z

Journal of KIEE, Vol.24, No.12. December 2010



