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ABSTRACT

A hybrid controller for speed control of Switched Reluctance Motor (SRM) drives is exhibited in this paper.
The developed hybrid compensation control mechanism consists of proportional integral (P1) controller for steady
state, PID and Neuro-Fuzzy controller (NFC) at transient state. A basic exchanging component is actualized amongst
consistent and transient states to accomplish craved execution at different working conditions under delicate
exchanging operation. The significance of hybrid controller is highlighted by contrasting the execution of different
control approaches, including PI control, PID control and Neuro-fuzzy control for speed control of SRM motor drive.
The entire control calculation is exhibited by serious trial comes about.

KEY WORDS: Hybrid Compensation Controller, Neuro fuzzy Controller, SRM drive, Proportional Integral
Controller, Proportional Integral Derivative Controller.

1. INTRODUCTION

SRM drives turns into the business flexible speed motor drives because of basic development, low weight,
conceivably low creation cost, superb torque speed qualities, high working effectiveness. Is a developing drives for
Electric vehicle applications, aviation and home machines. From the previous three decades such a variety of
scientists found a way to plan the powerful SRM drives in sensorless plan. A few Studies in respect to Electric
Vehicle applications have been reported. To lessen the speed mistake and settling time under working condition by
Paramasivam (2005) with the assistance of discrete PI, PID and microcontroller. The insignificant NN prepared with
no shrouded layer and preprocessor with single yield is acknowledged with cheap DSP microcontroller in Hudson
(2008). Inderka (2002), requests on control precision of SRM footing drives and the footing controller inspecting
recurrence which are important to take the upside of the dynamic capacities. An approach of sensorless rotor position
estimation utilizing ANN and ANFIS for a 6/4 post SRM by Paramasivam (2007). Bahadly (2008) looks at the
hypothetical dependability of the estimation and demonstrates the estimation errors are not aggravated and go about
as a variable unsettling influence to the framework. The rotor position estimator exhibited by techenique can be
connected to a wind vitality transformation framework where the SRG is utilized as a variable speed generator. Xue
(2009), proposed Torque Sharing Function subject to the turn on edge, cover point and the normal torque gives a
profitable technique to enhance the execution of SRM drives working under Torque Ripple Minimization control.
The improvement and control of a DSP based SRM drive with its dc connect voltage being built up by a three-stage
single switch-mode rectifier in Chai (2010) an irregular based hysteresis current controlled heartbeat width
modulation (CCPWM) plot. Bateman (2010) looks at a 100,000 r/min, 1600 ultra-rapid SRM drive utilizing the
present slope sensorless (CGS) plan and examinations parameters that influence the dependability of the system.
Babak Fahimi (2005), for four quadrant operation of the SRM drives to modern and household applications has
brought up in a sensorless organization. Jyoti Koujalagi (2012), investigates the conduct of SRM in flux debilitating
mode. The SRM can be utilized for universally useful mechanical drives The motor works in the four quadrants and
its appropriateness for risky territories open an extensive variety of uses for exchanged hesitance motor drives
including mining, blast confirmation hardware, footing and household applications. As of late, a great arrangement
of the examination work concentrate on the SRM control and torque smoothness to make it a contender to both
completely controlled dc and air conditioning drives. In this paper adaptive neuro-fuzzy controller is introduced for
speed control of that motor.
Switched Reluctnance Motor Drive Principle and Construction: The Switched Reluctance Motor (SRM) drives
are thought to be best answers for variable speed applications with high power thickness. Its fundamental favorable
circumstances are straightforwardness, strength, low assembling cost, high beginning torque, fast, and high
proficiency. The rotor has portions which create flux manages that serve to twist the flux delivered by current
streaming in a curl in a stator around the opening and back towards the fringe of the rotor. Most extreme inductance
is produced when a flux guide of the rotor is adjusted to such a kind of opening. Least inductance happens when the
flux aides are askew with the opening leading present and adjusted to a neighboring space. Just straightforward
converter circuits with decreased number of changes because of unidirectional current necessities are required. These
points of interest make this kind of motors an aggressive decision to both the dc arrangement motor and the squirrel
confine acceptance motor. The SRM can be utilized for universally useful modern drives the motor works in the four
guadrants and its appropriateness for dangerous regions open an extensive variety of uses for exchanged hesitance
motor drives including mining, blast confirmation apparatus, footing and household applications.
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Figure.l. Construction of a three phase, 6/4 Figure.2. Hybrid Compensation controller for
switched reluctance motor Switched Reluctance Motor Drive

P1 Controller: A Pl Controller (proportional-integral controller) is a unique instance of the PID controller where the
subsidiary of the mistake is not utilized. In mechanical control frameworks, bland control circle input component is
regularly utilized. It by and large ascertains a "error" esteem which is the contrast between a deliberate procedure
variable and a fancied set point and is signified as A. The Pl controller endeavors to minimize the error by modifying
the procedure control inputs. The Pl Controller contains relative term (P) and basic term (I). The PI controller
attempts to minimize the error by adjusting the process control inputs. The Pl Controller contains proportional term
(P) and integral term (1). The term proportional to indicate the present error and Integral term for previous error.
Proportional term: The proportional term output is directly equal to the current value of error signal in the system.
The particular error value can be reduced by multiplying the error constant Kp, that is proportional gain.
The proportional term is given by: Pout=KpA.

According to the value of proportional gain linearly the change in in the output of the system happens. For

example if the error is high leads to large change in the ouput. If error is too low leads to non-responsive effect to
the output of the system.
Integral term: The integral term includes both the magnitude of the error and the duration of the error. The integral
term in a PID controller is giving the result of cummultion of instantaneous error over time and that particular
component of error which needs to corrected previously. The accumulated error is then multiplied by the integral
gain () and added to the controller output. The integral term is given by: I out=KI | A dt.

The integral term leads the process towards the set point and removes the error which is generated by the
proportional controller. The integral controller mostly responding to correct the error at the past may sometimes
overshoot the set point value of the present condition.

The overall controller output is given by

KPA +KIfAdt

Where A is the error or deviation of actual speed from the reference speed
Conventional PID Controller: In analog control system, most commonly used controller is PID. Fig.1, shows the
block diagram of the C-PID controller is a linear control which has the capability give the outputs of proportional,
integral and derivative parts.
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Figure.3. Block diagram of the conventional PID controller
The algorithm of C-PID controller can be given as follows:

e(t) =r() —y() 1)
1 de(t)
u(t) = Kp[e(t) + EJ e(t)dt + TdT (2)
Where y(t) is the output of the system, r(t) is the reference input of the system, e(t) is the error signal between
y(t) and r(t), u(t) is the output of the C-PID controller, Kp is proportional gain, Ti is integral time constant and Td is
derivative time constant.
Equation (2) also can be rewritten as (3):
de(t
u(t) = Kple(t) + Ki J e(t)dt + Kd% 3)
Where Ki is integral gain, Kd is derivative gain, and Ki=Kp/Ti, Kd=KpTd.
In C-PID controller, the relation between PID parameters and the system response can be able to get the
output as clear. Each part has its certain function as follows.
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Proportion term output will affect the response parameter linearly, if the term is large will increase the speed
and control accuracy of the system. If the term is too large will lead to the overshoot response of the speed and is
controlling the response is very difficult. But if term is too low will lead to decrease or not controlled parameter of
the speed and response of the system is not even happening. The static and dynamic performance will be worst.

Integration term serves the purpose of reducing the steady-state error of the system. If the term Ki is large
will reduce the steady-state error reasonably and fastly. But the same Ki term is too large will lead to overshoot of
the response. The steady state error response value is very low when the tern Ki value is very low.

Differentiation can enhance the dynamic execution of the framework. It can restrain and anticipate the
change of the mistake in any course. Be that as it may, if Kd is too enormous, the reaction procedure will brake early,
the controlling time will be delayed and the counter obstruction ability of the framework will be terrible.
Neuro-Fuzzy Controller: In this study, the proposed neuro-fuzzy controller exhibits a fuzzy rationale controller
with self-tuning scaling components in view of counterfeit neural system structure as appeared in Fig.3. Firstly the
fuzzy rationale control tenets are portrayed then NN design is spoken to self-tune the yield scaling component of the
controller. The blend of neural systems and fluffy rationale control assumes imperative part in the propelled control
methods. Be that as it may, it has numerous favorable circumstances, for example, adaptable, precise and vigorous
controller.

The real speed v or @ is contrasted with the reference speed vref with yield the speed error e(t). The
incremental change of speed error Ae(t) can be communicated as takes after:

Ae(t) = e(t)-e(t-1) 4)

The proposed controller has two info scaling elements of increases Ge and GAe furthermore one yield scaling
variable of pick up GAu. The yield flag of the info scaling elements can be composed as takes after:
AeN(t) = Ae(t). GAe (5)
eN(t) = e(t).Ge (6)

The output signal of the input scaling factors en and Aen are considered to be the inputs of the fuzzy logic
controller (FLC). The output signal of FLC AuN is the input of the output scaling factor. The neural network (NN)
structure has two inputs e(t) and Ae(t). The output signal o of NN controller is used to fine tune the output scaling
factor. The output signal of output scaling factor can be represented by the following equation:

Au(t) = AuN(t). a. GAu @)

The only output signal of neuro-fuzzy controller u(t) can be written as follows:
u(t) = Au(t) + u(t-1) (8)

For the FLC, the membership functions were defined off-line, and the values of the variables are selected
according to the behavior of the variables observed during simulations. The selected fuzzy sets for FLC are shown
in Fig.4. The control rules of the FLC are represented by a set of chosen fuzzy rules. The designed fuzzy rules used
in this work are given in Table 1. The fuzzy sets have been defined as: NL, negative large, NM, negative medium,

NS, negative small, ZR, zero, PS, positive small, PM, positive medium and PL, positive large respectively.
T
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Figure.4. Block diaram of adaptive Neuro-fuzzy
Table.1. Rules of FLC
en
NL [NM | NS |ZR |PS | PM | PL
NL |PL |PL [PM |PM |[PS |PS |ZR
NM | PL |PM [PM |PS |PS |ZR | NS
NS |PM | PM [PS |PS | ZR | NS | NS
ZR |PM [PM |PS | ZR | NS | NS | NM
PS |PS |PS |ZR | NS | NS | NM | NM
PM |PS | ZR | NS | NS | NM | NM | NL
PL |ZR |NS | NS | NM | NM | NL | NL

Aey
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Figure.5. The membership functions of FLC

Then again, for NN structure, a three layer encourage forward neural structure with 2 x 3 x 1 (2 inputs, 3
covered up, and 1 yield) is utilized as a part of our study as appeared in Fig.5. The info hubs were chosen as equivalent
to the quantity of information signs and the yield hubs as equivalent to the quantity of yield signs. The quantity of
concealed layer neurons is by and large taken as the mean of the information and yield hubs. In this NN structure, 3
shrouded neurons were chosen. The data sources are comprised of the speed mistake e(t), and the adjustment in speed
error Ae(t). The yield of the NN is the flag o, which has certain esteem between - 1 and +1.

The activation function of the nodes in the hidden layer is:

1-eX

(00 = ({5) ©)

The activation function of the output layer neuron is chosen to be as follows:
1

W =(75) A0

The output signal of the neuro-fuzzy controller u(t) after being rescaled is used to modulate the motor phase
switching on angle. The advanced switching-on angle Gonnew can be written as follows:
Bonnew = Boninitial-k.u (11)

Where Ooninitial is the initial switching on angle and k is a constant. Likewise, the NN structure can be built
up to adjust the info scaling elements yet the controller will be extremely mind boggling furthermore its impact on
transient dependability is low. Thusly, in this study, one NN structure is utilized to adjust the yield scaling variable.

€
o

de(t) o~
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Figure.6. Block diagram of NN structure.
2. RESULTS AND DISCUSSION
The fig.7, shows the simulation results for the drive without using any compensation mechanism. Fig.8,
shows the drive using Pl and fig.9, shows the PID compensation controllers.

Current Speed
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Table.2. Parameter ranges without any compensation controller
S.no | Signals | Ranges
1. Flux 0-0.15
2. Current | 0-50
3. Torque | 5-24
4 Speed | 8900

Figure.8. Simulation results with Pl compensation controller
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Current Speed
Table.3. Parameter ranges with Pl compensation controller

S.no | Signals | Ranges

1. Flux 2.26-2.32

2. Current | 3600-10000
3. Torque | -750-750

4 Speed | 2.3*10*

Current Speed
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Table.4. Parameter ranges with PID compensation controller

S.no | Signals | Ranges

1. Flux 5.11-5.16

2. Current | 0.5-3*10%*

3. Torque | -2000-2000

4, Speed | 2.3*10%*

3. CONCLUSION

A noteworthy issue in the examination was the optimizing ability, less relentless state mistake and hearty to
load unsettling influence of the speed control plan of the SRM drive. The proposed cross hybrid remuneration
controller decreases the consistent state error. Trial comes about demonstrate that the exhibited cross hybrid
remuneration controller for a speed control of SRM drive gives optimizing capacity, less unfaltering state error and
strong to load aggravation. To show the capacity of the displayed plot in real operation of SRM drives, different
results were illustrated. It was found that the crossover speed control calculation is appropriate for SRM drives. Aside
from this, the benefits and bad marks of a few control methodologies are researched to accentuate the components
of the exhibited hybrid compensation controller.
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