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ABSTRACT

For the control system of a certain type simulatiest turntable (STT), a simplified model is esttidd
firstly, then the T-S fuzzy controller is designdthally control results and stability are analyzbg
simulation. Simulation results show that the T-3zfucontroller has the advantages of the fast respo
and positioning, good stability, strong anti-ineggnce. The designed T-S fuzzy controller has bkrigain
characteristics, open-loop automatic gain increasesg with the interference amplitude, and opeplo
automatic gain decreases along with the interfereamplitude. It can ensure that the system can work
lower gain state, but has the ability to inhibi farge amplitude of the interference.
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1. INTRODUCTION PWM inverter drive. Brushless DC motor system
consists of three parts including permanent magnet
Simulation test turntable (STT) plays a vital rolesynchronous motor, inverter drive circuit and angle
in aviation, aerospace and other fields in theneasurement circuit. The Brushless DC motor
simulation and testing of critical hardware. STT isystem mathematical model is:
the primary equipment for rating the inertial ) )
navigation systems and inertial devices. Its |, \which P is the number of pole pairg,,‘ lq
performance affects the testing precision, degfee o - d q. r .
belief and validity of simulation. The research and® the current of axis™ and ™ ; IS stator
manufacture of the STT play the important role i
the aerospace industry and the development

; : . . K. .
national defense construction. gain of current ratio regulator; ' is the

ST-It—)I haﬁ strong non-linegr and Oﬁen]ﬂog_l@oefﬁcient of current feedback: s is the
unstable characteristics, so the research o : . . .
control system is of great importance to STT. Thg-lt—quwalent galn. %f AC qdnv\(]e F)ower,L Is the
controller performance has a direct impact on th@ductance of axis® and ™; is the moment of
dynamic performance and other characteristics éfertia of the motor load;U is the voltage
STT. Fuzzy control is applicable to STT systemteference signal

and has the characteristics of simple, practical, n i
precise mathematical models, etc. In this paper, q9_ _ oo ;

T-S fuzzy controller is designed for the STT foe th ELXE (r+ KKK ig - (LR + K Pw+ KK
accurate model is difficult to obtain. Simulation di
results show that the T-S fuzzy controller has theLx—%= - (r + K KK )i, - LPwi
advantages of the fast response and positionirjg dt
during start-up operation, good stability, and styo { dw _ ?:PKy i

. . . K.
ri(’)t?tsstance;aﬁs rotor angular velocity; Pis the

q

anti-interference. dt 2] @
2. MODELING SIMULATION TEST (1)
TURNTABLE Brushless DC motor system is a complex coupled

nonlinear systems which shown in formula (1).

The driver of simulation test turntable isyunder the premise of current loop bandwidth of the
brushless DC motor, and using current feedback

s
64



Journal of Theoretical and Applied Information Technology
15 September 2012. Vol. 43 No.1 N

© 2005 - 2012 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSNi817-3195
system is large enougHs of axis d converges to H(E) =1L, e<-2
zero faster than the change rate of angular velocit H(e)=—(e+1); -2se<-1
i . i . U =0; -l<e<1 ®)
& and * of axis g. Thus'® can be ignored
i =0 ue) =—(e-1); l<e<?2
within the system bandwidth, that ig . Let u(e) =1: e>2

K, = KK, R=r+ KKK,

. ) e is the difference value of expected output and

K = 3K, P K=KP actual output, u is the outputs of the local linear
t 1N T W . i L

2 , the linear model of controller, klandk2 are the ratio coefficient of

motor system can be drawn as follows: local linear controller, A and B are the linguistic

variables. The analytical expressions are shown in

a)(s): K, Formula 4 and 5. The shape of membership
U L, Bs+ K. functions are shown in Figure.1.
“ K @ pi
L . L 1] A B
Let electromagnetic time constant ig = R’ 1
o _ JR |
electrical time constant is7, = and :
KtKe 0o 1 e

K=K,/K
17 e. For the brushless DC motor systems, Figure 1 lllustration of the Membership function of A
T

system always can meefm”~ Te for the and B
introduction of current feedback. Formula (2) can The T-S fuzzy non-linear controller shown in

be reduced as follows: Figure2. can be constructed based on the  fuzzy
o(s) _ K controller shown in Figure.1.

U@ (@s+ s+ g

d
FLC —»‘U G(s) -
Formula (3) shows that simplified linear model  *> S

of brushless DC motor system is an overdamped
second order system, which characteristics similar
to the DC motor model.

Figure 2 The block diagram of the T-S Fuzzy control
3. DESIGNING OF T-SFUZZY system

CONTROLLER . .
FLC is the T-S fuzzy controller, r is reference

The structure of T-S fuzzy controller has thdnPut, d is interference signal and the parameter o
following rules: controller K, =1,K,=3.

If the error e is A, then controlled variablekj® 4. S MULATION OF THE T-SFUZZY

CONTROLLER
If the error e is B, then controlled variable kje

The response of system to different amplitude

() =0; e<-2 step signal is analyzed under the assuming of

uEe)=e+2;,  -2<e<-1 interference signal d is zero. In Figure.3, thedsol

ue =1, -1<e<1 (4) line correspond to the input response of fuzzy

(€)= (e~ 2): l<e<? control system, dotted line is the input responise o
' - liner controller C,(s) andC,(s) .

u(e =0; ex2

Shown from simulation curves, the performance
of T-S fuzzy controller is close to the linear
controller with small performance gain when the
amplitude of input signal is small. With the incsea
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of input signal amplitude, the performance of T-Suzzy control system will faster with increase of
fuzzy controller is close to the linear controlgith  input signal amplitude.
larger performance gain. So the response of T-S

1.4 ; " 2.5 T T
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| |
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Figure. 3 Responses to the unit step signal with different amplitude
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Figure. 4 Responses to the step disturbance sigthadifferent amplitude

Assuming input signal is zero, the response ofterference. It has the variable gain characiesist
system to different amplitude disturbance sigaal iopen-loop automatic gain increasing following the
analyzed. In Figure.4, the solid line correspond tmcrease of interference amplitude, and open-loop
the input response of fuzzy control system, dotteautomatic gain decreasing following the decrease of
line is the input response of liner controllerinterference amplitude.

C.(s) andCy(s) - 5. STABILITY ANALYSISOF T-SFUZZY

Shown from the simulation curves in Figure.4, CONTROL SYSTEM

the performance of T-S fuzzy controller is close to .
the linear controller when the disturbance sigsal i 1 "€ T-S fuzzy control system is composed of the

small. With the increase of disturbance signaT'S fuzzy controller_a_md a linear controlled object
amplitude, the performance of T-S fuzzy controllef "€ Lyapunov stability of the T-S fuzzy control

is close to the linear controller. system is analyzed.
Simulation results show that the T-S fuzzy 10 the T-S fuzzy control system shown in
controller is equivalent to a variable gain corlenl Figure.2, let  the  state-space  realization

The controller gain increases with the increasihg ¢orresponding to the transfer function expression
amplitude of input signal, and has good inhibitory>(S) of controlled object is shown in formula (6).
effect to disturbance signal. When the amplitude of % = AX + Bu

interference signal is changing, it needs a laaja g { (6)
linear controller. But it will increase the noise y=CX+Du

response and decrease the stability of the systemassumeD =0, and X(0)= X . T-S fuzzy
The designed T'.S fl.JZZy contro_ller can ensure th%ntrol rules can be described as follows:

the system working in lower gain state, but has the

ability to inhibit the large amplitude of the

s
66




Journal of Theoretical and Applied Information Technology
15 September 2012. Vol. 43 No.1 N

© 2005 - 2012 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN817-3195

If the error e is Ma, then controlled variable
u=ke

If the error e is Mb, then controlled variable
u,=k,e

By the fuzzy reasoning process we can get:

U(E) — Hua (e)ul + U (e)uz - Hua (e)kle+ Hup (e)kze — Hua (_Y)kl(_Y) + Uy (_y)kz(_Y)
,UMa(e) + Uy (e) Hya (e) + U (e) Hya (_Y) + Uy (_Y)
- IUMa(_CX)kl(_CX) +IUMb(_CX)k2(_CX) - _qq(x)klcx _ ¢2()()kzc:)<
Hya (=CX) + £, (=CX)

2
=-> @gkCX
i=1 §7)
(0 , _ -149.5238 - 952.3810- 1190}
(OYis the value of membership function . _ A—KBC = 1 0 0
corresponding to the input variables, and® kBC = 0 X 0
A(X) = e (O o P+ 140 .
! -149.5238 - 952.3810- 3571
@ (X) = ey O L 1+ £ 1 Q=A-kBC=| 1 0 0
With the formula (6) and (7), formula (8) can be 0 1 U
obtained as follows: When there is a positive definite matrix P which
) ) meets Formula 10, then the T-S fuzzy control
X = Z #.(A-k BC)X z $.Q X system is globally asymptotically stable.
I 1 | I
i=L == ®) Q' P+PQ/ <0
int Q =(A-kBC) P PQ!
n formula (8) . Q,P+PQ] <0 (10>

The sufficient condition of equilibrium point  p can be obtained which meet Formula 10:
globally asymptotically stable of the system is the

existence of positive definite matrices P, which 0.0002 0.0016 0.0009
gy QP+PQ <0 P=|00016 03350 05301
0.0009 0.5301 4.0144

satis to every Q and i=1, 2.

The system can be a generalized controlled
object combining the original controlled object

- The maximum eigenvalue Max=4.0892, and the
together with integral element.

minimum eigenvalue Min=0.002, then according to
125 the conditions, the T-S fuzzy control system is

Ge(s) = 5(015s+ 1)(0007s +1) ©) globally asymptotically stable.

The transfer function corresponding to a statg CONCLUSION
space form as follows: '

[-149.5238 -952.3810 For the simulation test, turntable is difficult to
A= 1 0 ol: obtain accurate mathematical models; a T-S fuzzy
controller is designed. Simulation results show tha
L 0 1 0 the T-S fuzzy controller has the advantages of the
(1 fast response and positioning, good stability,r&jro
B={0; C=[0 0 1190k D= @ anti-interference. The designed T-S fuzzy controlle

has variable gain characteristics, open-loop

0 automatic gain increases along with the interfegenc
k1 =1 k. =3 Q ar_‘nplitudg, and open-loop gutomatic gain decreases

Let , 2 , the value of I can be with the interference amplitude. It can ensure that
obtained as follows: the system can work with lower gain state, but has

s
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the ability to inhibit the large amplitude of the
interference.
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