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Abstract: -The paper presents the theory of control systems for electrical drives based on fuzzy logic, from the
author’s point of view. The paper offers practical answers at questions related to the design of speed control
systems based on fuzzy Pl speed controller: what is the adequate structure of fuzzy controller, the number of
rules fuzzy values, how to assure stability, implementation, control system quality criteria. The conventional
design method for the linear speed control systems is presented as a comparison base. An example of fuzz
control systems for d.c. drives is given, with its modelling, simulation, design, transient characteristics and
quality criteria.
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1 Introduction defuzzyfication [26] were developed and used in

Control technology of electrical drives had a SPeed control. _
dynamic evolution in the last decades, based on  Stability is an important property of fuzzy
development in  power electronics  [1], control systems. It is analyzed in the'fame of
semiconductor devices, power converters [2], PwM nonlinear systems [27] using many techniques [28,
methods [3], modelling and simulation [4], electrical 29, 30, 31, 32, 33 _ _
machines [5] and drives [6, 7], advanced control The author emphasized some algebraic properties
techniques based on AC motors [8, 9] and digital Of fuzzy controllers [34], developed some ways to
signal processors on ASIC technology [10]. The implement fuzzy contr(_)I_Iers [35], discovered a new
domain is a complex one, for development of method to assure stability of some fuzzy controllers
modern motion control systems research teams [36, 37], he demonstrated the robustness of fuzzy
formed with researchers from different multi- SP€ed control systems at parameter identification
disciplinary domains:  electrical, electronics, ©fors [_38] and_ developed fuzzy control systems for
computers, control systems, mechanics are the main electric DC and AC drives [39, 40, 41, 42].
necessary [11]. Motion control systems have [N this papera short survey of the way to develop
applications in industry and at home. The role of fuzzy control system for electric drives is presented.
motion control systems will increase in the future. ~ 1he second chapter presents a short survey of the
The control of electrical drives provides strong bPasic principles how to develop a speed control
incentives to control engineering in general, leading Systém for a DC drive based on linear PI controller,
to the development of new control structures and designed using the phase reserve method, empirical

their introduction to the other area of control [9]. Quality criteria, a Simulink model for simulations
Fuzzy logic [12, 13, 14, 15] is an important tool of @nd some transient characteristics. The third chapter

artificial intelligence, which used in motion control Presents the principles how to develop a speed
[16, 17, 18, 19, 20, 21, 22], brings important control system based on fuzzy Pl controller: the
advantages [23] and increases control quality. The Structure ~of ~a fuzzy Pl speed controller,
graded membership functions, acquiring the faculty fuzzyfication, —rule base, inference method,
of cognition and perception, make our knowledge defuzzification method, universes of discourse,
base and information processing more efficient. The Stability —analysis, transient —characteristics. A
notion of graded membership adapted in the comparison of the quality criteria for the two control
calculus of fuzzy logic provides more robust SyStems. Based on this comparison the advantages
algorithms for intelligent systemsFuzzy PI of fuzzy control are emphasized. An implementation
controllers [24], based on fuzzy sets [25] and USing DSP and fuzzy memory is recommended.
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2 Conventional Control Systems
The following paragraphs will present the principles
of the speed control systems based on linear PI

speed controllers: control structures, block
diagrams, controller design methodology, modeling
and simulation diagrams, transient regime

characteristics.

2.1 Speed Control System for DC Drives
In Fig. 1 a block diagram of a speed control of a DC
drive is presented.

Fig. 1 The structure of a speed control system
for a DC drive

The speed control structure from Fig. 1 has the
following components: MCC - DC motor, ML -
load machine, CONV — power converter, RG-i —
current controller, R& - speed controller, EN —
smoothing element, Ti — current sensa Tspeed
sensor. The control system variables &#®: speed
referenceQ - motor speedQ,, — measured speed,
M — motor torque, M- load torque, & - speed
error, i* - current reference,. — measured current,
e — current error, ;- command voltage ;& motor
armature voltageg - current motor, 4— excitation
voltage.

The control system from Fig. 1 has the block
diagram from Fig. 2.

Fig. 2 The block diagram of speed control system of
DC drive

The blocks of the control structure from Fig. 1
have the mathematical models from the blocks from
Fig. 2. The control system has nonlinear limitation
at the speed and current controller (anti-wind-up
circuits) and saturation at the converter. The state
space equations (MM-ISI) of the DC motor are:
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_a__&la —£Q+_ua
dt L, L, a
k
O _ky; K Iy, (1)
d J J
e=k.Q
M =k._i

where R and L, are the armature resistance and
inductance, kk, are the voltage and torque
coefficients, J is the inertial moment; ks the
friction coefficient.

The chosen motor technical characteristics are:
P=1 kw, U=220 V, n,=3000 rot./min.,n=0,75,
p=2, J=0,006 kgm, M=P/Q.=3,2 Nm,
Q,=2m,/60=314 rad/s, |,=P4/n/U,=6 A,
Iv=lim=1,8,=10,8 A, R=0,053J/1,=2,01 Q,
L:=5,8U/n/p/N,=0,034 H, T=LJS/R=0,017 ms,
k=(U-1,R)/Q,=0,664 Vs, ky,=0,664 Nm/A,
k=0,08M/Q,=8.10* Nms. The speed sensor has the
following parametersKrq=0,1/TVS, Tro= 10ms.
The converter has the following parameters:
Kee=22, Teg=2 ms, Uaw=240 V. The current
sensor has the following parametefs:=5 ms.
Kti =1 V/A.

2.2 Control System Design

The current controller is designed using the
frequency characteristics of the current open loop
[9], imposing a phase reserve around of, 3 the
module criterion in Kessler’s variant for a 4,3 %
current overshoot. The current open loop frequency
characteristics are presented in Fig. 3.

100
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Fig. 3 Frequency characteristic of
current open loop

The current controller has the following
parameterskrgi=0,2, Trei=Ta=L4/Rs=0,017 s.

The speed controller is designed using the
frequency characteristics of the speed open loop [9],
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imposing a phase reserve around® 56r the t=0, M, =0, Q*(t)=Q;o(t); (2)
symmetry criterion in Kessler's variant for a 43 % t=t OM)=0. M.(0=M_ ot
speed overshoot. The speed open loop frequency =ty, QO =Q,, M) =Mgo ().

characteristics are presented in Fig. 4. The current and speed transient characteristics

for the regime (2) are presented in Fig. 6.

200

|H(w)|dB

faza, [grade]

-400
10° 10 10 10
w, [radfs]

e
Omega, [rad/s]
)
=1
=]

o
=]

o

Fig. 4 Frequency characteristic of s
the speed open loop

Fig. 6 Transient characteristics of the DC designed
The speed controller has the following speed control system

parameterskrco=0,8, Treo=0,4 S. o _
For the time constant of the EN element the The characteristics for linear control system,
value of Ty=4T,=0,068 s was chosen. With this without limitations, are presented with dash-dot line.
- a— Vv, .

. . The characteristics for the control system with
0]
value a speed overshoot of 7,4 % is obtained. limitations are presented with continuous line.

The quality of the speed control system is
analyzed using the following control empirical

2.3 Modd ir1§J and Simulation (]lJEiIit)/ criteria.

A Simulink model, presented in Fig. 5, was
developed for modeling and simulation of the speed
control system from Fig. 1 and 2 and for obtaining

the frequency characteristics of the open loops. 2.5 Quality Criteria

The quality criteria are defined for linear
systems, with the superposition principle, like
Tnce? In Flg. 7.
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Fig. 5 Simulink diagram for DC control systems 200

In the diagram from Fig. 5 the current control 300
system is modeled in the block srcmcc. The diagram
allows transient analysis fro different load torques
and functioning regimes. b sl

o
N
S S N S
(o]
foc]

-400

Fig. 7. Diagram for quality criteria definition
2.4 Transient Regime Characteristics . .
The verification of the speed control system 1. Quality criteria related to the speed
designed with the above methods was done using afesponse to the speed reference.
transient regime described with the equations:
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The error in the permanent regime related to the

controlled speef:
£=Q.-Q, 3)

whereQ., represents the permanent regime value of
the motor speed anQ; is the value at which the
speed is stabilized.

The overshoat; which represents the maximum
overpassed of the stationary valug

QL'QS 100%

Q. (4)

In the analysis the overshoot at starting and
at the reversat,, are calculated.

The settling time (the duration of transient
regime or the response timg) represents the time
period in which the speed(t) enter the stationary
zone, chosen af0,0X,, related to the level,,

Response times for startihgand reversat,, are
analyzed.

2. Quality criteria for the speed response at a
torque M disturbance step.

Error in the stationary regime related to the
disturbance

Gl%z

€. =1 Q| (5)

whereQgy is the speed value in stationary regime.
The maximum deviatioa,y from the controlled
value:

(6)

The time of disturbance compensation tige
A quadratic criterion:

Ow = Q 'QsM

smax

0= [e (bt

(7)
wheree (1) =Q(t) - Q,
The calculation quadratic criterion:
0= [e; (bt ()
0

where [0t is the duration of the simulation.

3 Fuzzy Control System

3.1 Fuzzy Control Structure

The fuzzy control system has the block diagram
from Fig. 8.
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Fig. 8 The block diagram of fuzzy control system

In the place of the linear Pl speed controller a
fuzzy Pl controller R is introduced. For the
fuzzy control, digital implemented, analogue to
digital and digital to analogue converters are
introduced: CAN, CNA with the following
coefficients: kKa=2'710 and Kna=1/Kcan. The
limitation of the torque (current) reference is the
same: +My.

3.2 Fuzzy Controller
321 Controller Structure
The fuzzy PI controller has the structure from Fig.

Fig. 9 The block diagram of speed fuzzy controller

In the structure of fuzzy speed controller F-
the elements are: BF is a fuzzy blockaad g, are
scaling coefficients for the speed errgr &nd its
derivative dg, ¢y is the fuzzy block output gainc
for the current referencg*i The fuzzy controller
has output integration. Two saturation blocks are
placed at the fuzzy block inputs. The output of the
fuzzy block BF is the defuzzyfied value of the
current reference di

3.2.2 Fuzzy Block
The fuzzy block FB has the structure from Fig. 10.

RULE
BASE

— dM dM,
—f\>| FUZIFICATION H INFERENCE H DEFUZZIFICATION |»—dr

FUZZY BLOCK - BF

Fig. 10 The structure of fuzzy block

Issue 9, Volume 3, September 2008



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

The inputs e and de enter the fuzzyfication
interface. An inference with the max-min method is
done. The result of the inference is the fuzzy set of
the motor torque dM. The torque is considered
proportional to the current i. The crisp value of the
torque reference dM is obtained by
defuzzyification. The defuzzyfication is done using
the center of gravity method.

Because the fuzzy control system must control
speed in a four quadrants torque-speed
characteristic, a symmetric rule base, symmetric
universes of discussion, for both positive and
negative values of the physical variables and
symmetric membership functions are chosen.

The inputs e and de enter the fuzzyfication
interface. An inference with the max-min method is
done. The result of the inference is the fuzzy set of
the motor torque dM. The crisp value of the torque
reference dM is obtained by defuzzyification. The
defuzzyfication is done using the center of gravity
method.

3.2.3 Operator knowledge
The rule base of the fuzzy speed controller is
developed based on the following relation, that

characterizes the physical process. The second law

CONSTANTIN VOLOSENCU

3.24 RuleBase

For a permanent regime the following reasoning is
made: M eg =0 and deg/dt =0 then the active
torque must match the resistant torq(d=Mpg),
then the torque increment must be ze1=0."
This will be the first rule, or the rule for the
permanent regime. For the other positive and
negative values oé, and @y/dt other reasonings
may be done, for examplelf "ep<0 (Q*< Q,, -the
speed is greater then the referenead deg/dt<0
(dQ/dt>0 - the speed is increasipghen the speed
must be decreased, decreasing the active torque,
then the torque increment must be negatdid<0"

- rule number 2.

The physical (and fuzzy) variables are: the speed
error eo=Q*-Q,, the speed error derivativae,/dt
and the torque incremendM, (or the current
incrementAi). For these variables the following
fuzzy variablese, de anddM (di), were chosen. For
each of the fuzzy variables three fuzzy vall&sZE
and P, were chosen, corresponding to the above
reasoning. With these fuzzy values the complete
rule table is written in Tab. 1. The rules are marked
from1to9.

Tab. 1 Rule base

of dynamics:

(9)

dw

dMm

J—=M -k, 0-M.,
at ki @-M

The relation of comparison between the speed

de

TIN|Z

N|IZZ2|Z2
o|N|Z|N|®
u| O|N|T

reference and the measured speed:

a,=Q*-Q_ (10)
where the measured spe€l, is considered an
instantaneous information about the rotor speed

Q 0Q (11)
The active torqud is instantaneous released by the
actuator from the torque referendé:

M OM * (12)

In the design procedure the value of the torque in
the permanent regime is unknown, because the
value of Mg is unknown. But, the integration at the
output of the fuzzy controller solves this problem.
The fuzzy controller gives the defuzzificated value
of the torque incremendMy, proportional to the
current i.

ISSN: 1991-8763 813

3.2.5 Universes of discour se
The universes of discussion for the fuzzy controller
variables are chosen based on the process
knowledge - the static characteristic speed-torque
defined by the rated and the maximum variable
values:Qy - the rated speedl].the rated torque in a
continuous regimeMy the maximum torque in a
transient regime [9]. The speed control system can
not give a torque incremendM greater then
Mw/5T,.

The universes of discussion are presented in Fig.
11.

A ey 0 g, ey e Tnput

variables

-dey @2 0 de, dey de

Output
variable

~dAf-dM. 0 dM, dif dif

Fig. 11 Universes of discourse
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The main values of the universes of discussion dM (15)

are: Kee = K (%:d€) =
is presented in Fig. 15.

=X, #0

1

eN = KCANKTQQN !

6 =2,
d%: KCANKFQ(MN+kaN)/J (13)
de, = Ko Ko (M, +kQ,)/J
nd :L ‘
5KCNAKaTa _1_? -‘i l‘j i 5
-_M, .
§ 5KCNAKaTa

Fig. 13 SISO transfer characteristics
The universes of discussion are scaled with
the scaling factorsi,ede and dM,.
The membership functions for the fuzzy
variables are presented in Fig. 12.

dMg

-1.5
-2

P I BN g N 1
0 -2“ (-dMM) -'i(-nd) 0 mMc)ll (ammy 2 . . .
¢ Fig. 14 SISO translated transfer characteristics
Fig. 12 Membership functions 2

Absolute values greater thex, de. or dMy are
consideredP - pozitive (or N -negative) with a
membership degree equal to 1.

P — — USSR S

3.2.6 Input-Output Transfer Characteristics
The fuzzy block FB has the following input-output
transfer characteristics.

The family of the characteristicdVi;=fs(e; de),
with de parameter, for the fuzzy block BF, is

presented in Fig. 13. o Fig. 15 Gain characteristics
The family of the characteristid®=fgr(X; d6),
with de parameter, is presented in Fig. 14. The surfaceM =F(e, de) of the fuzzy block is
The new compound variable is: presented in Fig. 16.
X = et de (14)

The family of the characteristics of the
equivalent gairKgr of the fuzzy block defined with
the following relation:
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dmg

Fig. 16 MIMO transfer characteristic

3.2.6 Algebraic Properties
The fuzzy block FB is an algebraic application with
the following properties.

A commutative law:

dM= K ed¢= Hdee) (16)
and symmetrical elements:
F(-xxX)= F(x,—x)=0 @an

3.3 Pseudo-Equivalence of

Fuzzy Controller
The fuzzy block BF is linearized around the origin
and the fuzzy speed controller with integration at the
output has the following relation in tkzedomain:

M@= g K e)+ aga)]= (18)
z-1

- z = =
C Kﬁ[ceﬂ:ﬂe ha jan

- 7-1 UM

wherekK, is the value of the gain of the fuzzy block
around the origin:

Ko = lim Kee (41:0) (19)

t1
andh the sample time.
The transfer function of the fuzzy PI controller
becomes:

HRF(Z) = M(Z) _i

T e z-1

z—1j (20)
hz

CdM KD(Ce + Cde

And in a continuous time form:

Ho© =2 O o f (@) = (21)
E‘Q(S) Tshi2
C,, K, h [
== | Ce 5 C I
h [ 2 j[ (G.+ ceh/2>s}
ISSN: 1991-8763 815
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An equivalence ofHgHs) with a PI linear
controller may be notice:

Hy, (s)= Km(1+ LJ (2)
ST,

RQ

The coefficient of two transfer functions may be
equalized and the following equations are obtained:

KRQ = CdM—h|<0(Cde +2CdeJ’

c.thc /2
C

e

(23)
T =

RQ

The relations for the fuzzy controller design,

consideringKro and Tro given, may be obtained
from the above relations:

hK

RQ

c=—-"r_
° Cc KT

di® "0 " RQ

¢.=C(T,—h/2)

(24)

The problem in this design procedure is to
choose the value of the gain factgy.

3.4 Stability Analysis

3.4.1 Control Structurefor Stability Analysis

For stability analysis the fuzzy control system may
be presented like in Fig. 17.

Fig. 17 The structure for stability analysis

A linear part L, containing the motor, the
converter, the sensors and the dynamic parts of the
fuzzy controller and a nonlinear part N, containing
the fuzzy block and the input saturations are
emphasized. The nonlinear part has the gain
coefficient g; incuded and formed a compensated

nonlinear partN . In the following paragraph the
method to chose thej;cassuring absolute internal
stability of the control system using is presented.

The structure from Fig is treated in the frame of
nonlinear stability analysis using the circle criterion,
as it is presented in Fig. 17.
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o )

(4, b,by, €, d) 2
0.5 B e
N — =
saf-bhi
=7
. . . . 1'§’4 -2 0 2 4
Fig. 18 Structure for circle criterion S
The nonlinear part has two input variables: Fig. 19 The input-output characteristic of the
nonlinear part including the Ox axis
¥l y W" =[edd’ (25) P g
and one output variable: |¢ M.
= de
l:]'lllm
1 Ay by by by, ©y d B
dis = Ci fBF(y) (26) - ( )

Using the composr;:

x=[1 1 y=e+de (27)
and the gain:
- (ede (28)
KO =899 pe 20
Xs
the variablediy is expressed as: Fig. 20 The control structure with the correction
K_(x:de) = f. (ede bt X, %0 (29) To accomplish the condition for the sector in the
P x, " | and Il quadrant without the Ox axis for the
K. (x:dex, pt x, #0 nonlinear part and to assure stability the correction
i, ={0 - . ’ -Ol, ' is made with summing at the output of the fuzzy
PR block a quantitydi:
The characteristicgligz=f(xy; de), presented in - - - (31)
Fig. have the sector property: Osi = K( e pr(de dg]= K (x1—x,)
0< Kgr(%p;de <Ky (30) The result is:
to be in the | and Il quadrants including the Ox di.= £ (éofe):did +0y (32)
axis. And the input-output characteristic of the N
nonlinear part is presented in Fig. 19. An example of transfer characteristic fa=8,1

To change this characteristic not to contain the s presented in Fig. 21.
Ox axis and to assure stability a non-linear
correction is recommended.

This correction is presented in Fig. 20.
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Fig. 21 The corrected transfer characteristic Fig. 23 The transient characteristics for scaling

coefficients determination

The value oty was decreased to the final value
from the sixth step. Decreasing more this scaling
coefficient the fuzzy control system becomes
unstable.

3.5 Quasi-Fuzzy Controller
After the correction of the input-output
characteristic of the fuzzy block the fuzzy PI
controller from Fig. 22 results.

3.7 Modeling and Simulation

A Simulink diagram was developed for modelling
and simulating control systems of d.c. drives based
on fuzzy logic. It is presented in Fig. 24.

To'Workspaced

& ipn

TaoWorkspace3

Fig. 22 The structure of quasi fuzzy controller

= +
Gainl  Sumé

A quasi fuzzy structure may be notice, in which
in parallel with the fuzzy block FB a linear structure
is introduced. The correction is nonlinear.

The controller has also an anti wind-up circuit.

T

- TEL]
Sum3 KCMNA Liml
RF-wy

W

ToWorkspaced

To'Warkspace7

KTw |
TTw.s+1 |

KCAN

T

3.6 Scaling Coefficients

The scaling coefficients were chosen after some
iterative steps, using the quality criteria of the
transient characteristics of the speed fuzzy control
system at a step speed reference. The speed scaling
coefficientc. had the same valug=1/ey. The first
value of the derivative scaling coefficient was
cee=1l/dey. The first value of output scaling
coefficient was computed using the relation (...).
The second value ofcge was computed using the
relation (...). The adopted solution contains the
values of the scaling coefficients from the sixth step.

To Workspace

T

KoMar  Sumd

Clock ToWarkspace

The quasi-fuzzy controller
Simulink with the block diagram from Fig. 25.

To'Warkspaces

Il

Prod1 Int

To'Warkspaceb

Fig. 24 Simulink diagram for modeling and simulating
fuzzy control systems of d. c. drives

is modeled in

The transient characteristics obtained in the process m@z el ;
. . . . . — = SumB  cdi
of choosing the scaling coefficients are presented in = Gl 5 —rEs
- IN_3 Dergise cde| Limde +
F|g. 23 "E—l_ , ToWorkspace2 gy
Sum?

To Workspacel

The value ofcyy is the maximum value of the
torque increment:

Fig. 25 Simulink block diagram for fuzzy controller

CdM max = M M (33) . . . . .
Time domain analysis were made using this
simulation models transient. Some results are
presented as follows.
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3.7 Transient Characteristics
3.7.1 Fuzzy Control
Simulations are made for both control systems,

CONSTANTIN VOLOSENCU

the process unloaded &0 with a constant the
speed referenc@*=314 rad/s. At the time 2,5 s a
constant load torquMs of My=3 Nm, in the range

conventional and fuzzy, with tuned parameters: J of the rated process torque, is introduced.

and k and detuned parameter$:=2J and K=2k;. In
the second case an error
identification is assumed. Three regimes were
simulated. The transient characteristics for the
current and speed are presented in Fig. 26, 27, 28.

10
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20
0 2 4 6 8
400
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o200
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4
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Fig. 26 Transient characteristics fétstudy case
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Fig. 27 Transient characteristics fdf &tudy case
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o

-500
0

2 4 8 10 12

6
sl

Fig. 28 Transient characteristics féf &udy case

With continuous line are represented the
characteristics for fuzzy control, and with dash-dot
line are represented the characteristics for
conventional control. The regime consists in starting

ISSN: 1991-8763 818

at the parameterrad/s,

At the time 4 s the speed is reverse®@*at-314
maintaining the constant load torque:
Ms=Mnsign@Q).

The second regime consists in starting the
process loaded at0, with a constant the speed
reference Q*=314 rad/s and a load torque
Ms=kQsign@Q). At the time 4 s the speed is
reversed, atQ*=-314 rad/s, maintaining the load
torque.

The third regime consists in starting the process
loaded att=0, with a constant the speed reference
Q*=314 rad/s and a load torqié=(k;+k-Q)/Q. At
the time 4 s the speed is reversed)st-314 rad/s,
maintaining the load torque.

3.7.2 Comparisons

With the transient characteristics obtained for linear
and fuzzy control some comparisons may be done.
Comparative characteristics for linear and fuzzy
control are presented in Fig. 29, 30, 31, for the three
study cases 1, 2, 3, for tuned a) and detuned b)
parameters.

Q, [rad/s]
o

-500
-500 0 2 4 6 8

t[s
t1s] [s]

a) b)
Fig. 29 Speed in the'tase

I / SR

/ \\
2 \ g/ \
o \ £°
a \ @ A\

\ \

500 2 . ?s] 6 8 500 2 . ?s] 6 8
a) b)

Fig. 30 Speed in thé'2case
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500

Q. [radss]
o

-500

 [s] b)
Fig. 29 Speed in thé%®ase

3.8 Quality Criteria

performance criteria

Based on a comparative analysis of the speed®
the following may be

presented:

The overshoot of the fuzzy control system for
speed reference is zeros at start and at the
reversing.

CONSTANTIN VOLOSENCU

The settling time for speed reference at start and
reversing of the fuzzy control system is smaller.

If a zero overshoot for the conventional control is
designed its settling time will be greater.

The deviation of speed for perturbation of the
fuzzy control system is smaller then in the
conventional case.

The integral criterion has smaller value for fuzzy
control.

The performance criteria of the fuzzy control in
the case of detuned parameters are sensitive
better then the performance criteria for
conventional control.

So, the fuzzy control system is more robust at the
identification errors then the convention control
system.

Tab. 2 Values of quality criteria for conventional (c) and fuzzy (f) control,

for three torque types 1, 2, 3, for tuned (a) and detuned (d) parameters
Analysis | 01g | to | Owm | tm Oy | O | AOq | AOim | At | Aty
case | [%] | [s] | [%] | [s] | [%] | [s] | 10° | [%] | [%] | [s] | I[s]
1-c-a 6,7 1 6,1/ 06| 41 1b 11 6,7 2,3 0,5| 0,484
1f-a 0 05| 3,8/ 0,14 0 1,2 1,03
1-c-d 8,3 15| 6,1 06% 41 3 2,0 8,3 2,3 0,7| 0,51
1-f-d 0 08| 38/ 014 0| 22 189
2-c-a 29| 09 - - 420 183 18 29 - 0,3 -
2-f-a 0 0,6 - - 0| 09 1,04
2-c-d 3,8 1,7 - - 420 2,3 2.0 3,8 - 0,65 -
2-f-d 0 1,05 - - 0 1 1,9
3-c-a 4,8 1,6 - - 4.8 2 1.4 4,8 - 0,3 -
3-f-a 0 1,3 - - 0 15 1,52
3-c-d 29| 3,2 - - 29 3% 30 29 - 0,9 -
3-f-d 0 2,3 - - 0] 2,8 2,87
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4 Implementation

4.1 Equipment

The fuzzy controller is developed to be
implemented with an equipment based on a DSP.
The structure of such an equipment is presented in
Fig. 27.
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J
'
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FM-50

Fig. 27 Control equipment

The control equipment includes: a permanent
magnet synchronous motor, with an encoder or a
Hall sensor, feed by a 3 phase inverter, a
TMS320LF2407 DSP platform with a monitor
software.

4.2 Fuzzy Block Implementation

The implementation of the fuzzy block FB may
be done using a table interpolation, as a memory.
This is the way that assures to minimum time
response in the practical implementation of a fuzzy
block. Such memory has one outgiMy and two-
addressa, and ag At the output the memory
present the real valuelMy memorised at the
address &, aq). The addresses are integer. A
matrix DMy with the elementsdMgy(a., aqe)
corresponds to this memory. The universes of
discussion ofe and de are digitised inn=22+1
parts. An 8 bit analogue-to-digital converter is
presumed satisfactory.

4.3 Transent Characteristics
With  this implementation the transient
characteristics from Fig. 28 may be obtained.
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Fig. 28 Speed characteristics

In Fig. 28 two speed responses, for the linear
and fuzzy control, are represented. The speed
response is faster and the overshoot is zero for the
fuzzy control.

5 Conclusions

The paper presents a way to develop speed fuzzy
control systems for main electrical drives, using a
guasi-fuzzy PI controller, which assures stability of
control system and good quality criteria.

Elements of fuzzy controller as rule base, fuzzy
values are presented.he controller may use
fuzzy systems with a simple rule base with
only 9 rules, the max-min inference and the
defuzzification with centre of gravity.

Design of fuzzy control system is done based on
fuzzy controller transfer characteristics.

To assure stability a correction of fuzzy block is
presented. Stability analysis is proof using circle
criterion for multivariable non-linear systems.

Relations for pseudo-equivalence of fuzzy PI
controller with a linear one are presented.

.Simulink modeling and simulation diagram are
presented for conventional and fuzzy control
systems.

Transient characteristics for current and motor
speed are presented, in different study cases.

Based of transient characteristics some
comparisons were made between conventional and
fuzzy control systems.

Better quality criteria were emphasized for
fuzzy control system.

The fuzzy control system is more robust at error
in parameter identification and at disturbance
torgue influence.

The quasi-controller may be implemented as a
fuzzy memory in control systems based on DSPs.
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