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Design of Hybrid Fuzzy-PI Controller for
Sensorless Speed Control of Separately Excited
DC Motor Drive
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Abstract:- Many industries use separately excited DC motors
for torque control applications[1]. Because of its wide range of
adjustment and easier control. Moreover, to test the novel control
algorithms DC motor drive is used as system [2]. A sensor less
control system is used in this paper to control its speed by using
hybrid fuzzy Pl Controller, and the speed of motor is estimated
with the help of adaptive observer[4]. A Hybrid Fuzzy-Pl
Controller is proposed in this paper instead of a linear PI
controller or Fuzzy Controller inroder improve the performance
of motor[5]. Simulation results using MATLAB/SIMULINK
shows that the Hybrid Fuzzy - PI control system performs well
when compared with linear Pl and Fuzzy controller technically.

Index Terms— Fuzzy controller, Linear Pl Controller,
separately excited DC motors, Speed sensor less control , Hybrid
Fuzzy —PI Controller .

I. INTRODUCTION

Many industries use separately excited DC motors for
torque control applications, DC motor drives are intended to
control the speed and the situation with the utilization of
sensors, for example, tacho generators[1]. several researches
have proposed the control algorithms for speed sensor less
DC motor control systems to reduce the cost [2]. Sensor less
speed control of Seperatly excited DC Motor with Hybrid
Fuzzy Pl Controller is proposed in this paper inorder to
improve the performance of DC motor.

Il. MATHEMATICAL MODEL OF SEPARATELY
EXCITED DC MOTOR

The Field windings of separately-excited DC motor are
excited by separate external power supply, and armature
circuit is separated from the power supply [3]. The dynamics
of the separately-excited DC motor includes the following
equations:

Ua(t) = Ry + La ™22+ e, () (1)
e, (t) = kw(t) (i)
T () = kiy(t) (iii)
dw(t) — Tm(6)-T(t) ey (t) (|V)

dt J
Where

Armature Parameters

ua(t) :voltage
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ia(t) :current

eb (t) : Back EMF
Ra : Resistance
La :Inductance

Mechanical Parameters

Tt(t) : Load torque

Tm(t) :Electromechanical torque

w(t) : Angular velocity

k  :Motor constant

J : Moment of inertia

Equations (i) to (iv), will give the block diagram of the
separately-exited DC motor as [5].

Fig.1. Block Diagram of separately-excited DC motor

I1ILADAPTIVE OBSERVER DESIGN

To Estimate the unmeasurable states of the systems from
the available states, we usually adopt the methodology of
observer [3], here to estimate the speed of the separately
excited dc motor adaptive observer is used from armature
voltage and current as:

dig(®) _ _Ra; oy _ k. ua(t)
i i () L o(t) + L )

From above equation an adaptive observer can be
determined to estimated speed ®" instead of measuring the
actual speed ‘o’ as:

Tl = — RO - 2o +HIGO -0 + 22 1)
&) = (k, +k; [dt)e(®) withk,k >0 (vii)
where ‘H’ is known as feedback constant of adaptive
observer & the symbol ° ~” denotes estimated values, the
equation for the error is derived as follows from eqgn (v) and
eqn(vi):
T 60 - L]

= 2150 ~ (O] = - [8() ~ 0(®] + HIG(D) ~ iu()] (i)
()= ()]

Ra
S+La H

E(s) =

(ix)
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The Laplace transform of egn (9) gives:

E(s) = G(s)[w(s) — @(s)] (x)
here
k.
g .
G(s) = S+i_Z_H (xi)

Applying laplace transforms to eqn (vii) gives:
o(s) = (ky + ki) E(s) (i)
From eqgns (viii,ix,x) the block diagram of speed
estimation error as shown here in Fig(2), which is used to
analyse the stability of the speed estimation [4].

i)

FA ] w i ||'._ Eix)
ST TR L) -H g
|
&
ko4

Fig.2. Estimation of Error in Speed of DC Motor
From Fig 2, we have:
a(s) G(s) (kp +%)

“’(S)_1+G(s)(kp+%):sz+(

k
I, (kps + k;)

R, k-k»
L L

kK

+ L

—H)s+

a a a

(xiii)

Here if constant H satisfies the following condition then
speed estimation is stable:

H < (fa g k)

e I (xiv)
IV. ADAPTIVE OBSERVER ALONG WITH
FEEDFORWARD CONTROL

Feed forward Control:

From the ‘Ta’ in eqn (iii), it is possible to control the
electromagnetic torque since motor torque is proportional to
armature current i.e T_m (t)=ki_a However, to control the
motor torque feed forward control is used to imrove the
accuracy in controlling the torque by using the ‘Va’ applied
to the motor as:

uo(t) = Ryi" o (6) + kd(¢) (xv)

Here “*’ denotes reference values.

Modified Feed forward Control:

Modified feed forward controller is obtained when we add a
feedback term k,[7,(¢) - i,(¢)] toeqgn (xv) :
w o (£) = Rai" o (6) + k@ (6) + ke [,(0) = i,(D] (i)
Substituting Ks=-La H

u o (t) = Rai" o (6) + kd(t) — L HIE(6) - i, ()] (xvii)

La® _fa e (0) +£0(0) — IR - 1,(9)] (il

From the applied voltage the dynamics of the adaptive
observer is obtained as[8]-[9]:

dig(t)  Ra p.y ~ .
o =L a® - G®)] (i)

V. EXPERIMENTAL RESULTS

Sensorless control of seperatly excited DC Motor drive is
implemented by using Matlab/Simulink, initially, the block
diagram of closed loop feed forward control system with
sensor less control is given by
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Fig.3. The sensor less DC motor control system with
speed estimation and an adaptive observer
Initially PI Controller is used as controller , the simulink
diagram is as follows

Fig: 4 Simulation diagram of sensorless speed control
of DC Motor with Pl Contoller in SIMULINK

Fig: 5 performance of DC Motor when Reference
Speed is 1000rpm with linear Pl controller

Here the reference speed is given as 1000 RPM, in the
response delay time (td),rise time(tr),settling time(ts) &
Peakover shoot (%Mp ) is obtained as 0.03sec,0.07Sec,
0.2Sec, & 10% respectively, even though the disturbance is
applied at 0.5 Seconds yhe system is less affected by the
disturbance. The response of the system is also observed with
respect to Pl Controller when the reference speed is changed
to 1200 RPM. Response is as follows

Fig: 6 Performance of DC Motor with Pl Controller
when reference speed is 1200 rpm
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There after A fuzzy logic controller of Mamdani type is

used to improve the performance of the system in matlab/ eidle|NB | NM | K5 | EZ | PS5 | PM | FB
Simulink, there are two inputs for the controller i.e error and NE | NB | NBE | NB | NB | NM | N§ | NB
change in error, triangular membership fuctions are used for NM | NB | NE | NB | M| NS [ EZ | BM
error and change in error with in the duration of -1 to 1 for NS | NB | NB | NAL | NS | EZ | PT | N§
both. For the output variable of FLC triangular membership EZ | 5B | SM | 8S | EZ | PS | PM | EZ
functions are used with in the duration of -4 to 4. PML I MM | NS | EZ | PS | PM | PB | P§
= PS | NS | EZL | PS | PM | FB | FB | PM

e PB | EZ | PS |PM | PBE | FB | PB | FB

Table :1 Rule Base for Mamdani FLC
Simulation Diagram of FLC Based Sensorless speed
control system of separalty excited DC Motor is given by

vy s

Fig :8 Simulation Diagram with FLC

ot - g

(b)

-

Fig: 9 Performance with FLC Controller when it is
M excited by 1000rpm

(©

Fig: 7 input and output variables membership fuctions

of Mamdani FLC

(a) Error ‘e’ , (b) Change in error ‘de’and (c) Output
variable u .

For input variable and output variables seven membership
functions in each they are named as Zero(Z), PS (Positive
Small), PM(Positive Medeium), PB(Positive Big),
NS(Negative Small), NM(Negative Medium), (NB)Negative
Big [10]. Rule base for Mamdani FLC is

Fig: 10 Performance with FLC Controller when it is
excited by 1200rpm

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Retrieval Number: B103508825819/2019©BEIESP
DOI:10.35940/ijrte.B1035.08825819 1191



DESIGN OF HYBRID FUZZY-PI CONTROLLER FOR SENSORLESS SPEED CONTROL OF SEPARATELY
EXCITED DC MOTOR DRIVE

From the the response it is observed that delay time
(td),rise time(tr),settling time(ts) & Peakover shoot (%Mp )
is obtained as 0.04sec,0.05Sec, 0.16Sec, & 5% respectively,
External disturbance is applied at 0.5 Seconds the system is
less affected by the disturbance when compared with Pl
Controller.

Inorder to improve the system response further FLC in
combination with PI Controller is used, since FLC is having
good control for small variations in the parameters and PI is
having good control for large variation of parameters.

e gl E

.

- —_— "

Fig :11 Simulation Diagram with Hybrid FuzzyPI
Controller.

So it is expected that combination will give the better
control performance in speed control of DC Motor.

From the response it is observed that delay time (td),rise
time(tr),settling time(ts) & Peakover shoot (%Mp ) is
obtained as 0.02sec,0.04Sec, 0.13Sec, & 8% respectively, the
external disturbance is applied at 0.5 Seconds the system is
less affected by the disturbance when compared with Pl and
FLC. The response is given by

Fig: 12. Performance with Hybrid Fuzzy PI Controller
when it is excited by 1200rpm

VI. CONCLUSION

In this paper a speed-sensor less control system for DC
motor system is proposed. Instead of measuring its speed, an
adaptive observer along with modified feed forward control
is also composed to estimate the original speed of the motor.
The performance of the DC motor system is improved by
introducing a hybrid Fuzzy PI controller for the speed control
with the change of the reference speed or the change of the
load torque when compared with liear Pl controller and a
Fuzzy controller[10]. This can be understood by the
following Comparision table.
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Overshoot Ts Td Ir
(%) (sec) (sec) | (sec)
PI 10 0.2 0.03 0.07
FLC 5 0.16 0.04 0.05
Hyhbrid
fuzzy P 8 0.12 0.02 0.04

Tab: 2 Camparision B/w PI,FLC Hybrid FuzzyPI

Controller Performance
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