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Graphical abstract Abstract

This paper presents the design process of a synchronous motor of crane system using

Load of Conveyor vector control of line starting [1]. The preliminary design is d-g model armature rotor line
start synchronous motor with vector control for decreasing a starting current and torque.
l/L The design allows the synchronous motor to operate at both starting and synchronous
Parameter Synchronous speed. The basic equations for park transformation of the rotor-stator for proposed vector
Motor with d-a model control to synchronous motor are presented [2]. The starting performance of synchronous
ﬂ motor, for example in crane application, requires rapid dynamics and precise regulation;
hence the need of direct control is becoming an urgent demand. This type of control
Using Vector Control providesanindependent vector confrol of torqueand current, whichis similar to a
separatelyexcited synchronous motor and offersa number ofattractivefeatures.
I,L Synchronous motorhasahighstartingtorquewhileseparately synchronous
motorcanoperate abovethebase low speedinthe line starting current [3]. This paper
Fuzzy Logic Controller designs study and highlights the effectiveness of the proposed vector control methods for
a line starting performance of synchronous motor model parameter, using a fuzzy logic
I/L controller methods both simulation and manufacturers measured experimental data.
Asteady state and fransient analysis of the synchronous motor is performed belowand
Reducing of Starting current abovebase line starting current.
for synchronous motor
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1.0 INTRODUCTION Setting motion in goods move plane carried by
synchronous motor can be adjusted by changing
A crane system in industry is used to move and up- armature current in the stator and rotor torque [6].

down heavy objects either confinuously or
discontinuously over a certain distance in Figurel. The
main function is distributing materials and equipment
in the vertical direction. Operational performance
characteristics of a good crane include its starting
performance, acceleration and braking. The main
component of the crane plane is the electric motor
[4]. Synchronous motor was traditionally used since it
has a low starting torque [5]. Below base speed, the
flux is kept constant therefore the torque developed
is proportional to armature current and the motor Figure 1 Conversion model of Mechanic - Electro State
speed can be confrolled by armature voltage. variables of the equation are:
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My= sling position in hoist in horizontal plane =y (m)
x2= hoist crane movement angle in verfical plane
= 0(radian ).
x3=hoist crane movement speed in horizontal
plane (m/sec)
x4= hoist crane angle movement speed
(radian/sec)

Many fuzzy logic conftroller used in automation
control cause employing knowledge base and
linguistic expression that be able fo represented
human operator work mechanism. Controlling with
fuzzy logic derived heuristically based on process
condition and operator experiences then did not
need mathematic model from plant that will be
controlled [7]. Fuzzy logic controller expected is able
to changes value automatically from PID conftroller
parameter appropriate with changes happen on
system, then system performance, in this case settling
time, rise time, and error steady state suitable with
wished criteria. From description above emerge a
problem in implementing fuzzy logic to change gain
PID controller value in three phases induction motor
speed control to get expected performance.

Therefore the synchronous motor starting current
can be controlled accurately. There are fuzzy logic
controller methods of setting the starting current of
the synchronous motor and in this vector control
based is compares to analyze and determine the
best [8]. There is another method in which a field
current and forque seftings are automatically set by
the controller and is called vector confrol of
synchronous motor. Simulation studies are conducted
to the motor drives as to perform as synchronous
motor below base speed as to get high starting
tforque while above the base speed, the motor
operates as conventional separately excited DC
motor and the speed is confrolled by confrolling
armature current.

2.0 ANALYSIS AND EXPERIMENTAL
2.1 Mathematical Model

Load dynamics in an electric drive with rigid
mechanical coupling between synchronous motor
and crane load is described by the equation [9]:

Ji.dN, / dt = Te — Tiriction - Tioad (] )
Tiction = Ts + Tc+Tv+Tw  (2)

Since there are no electrical sources connected
directly to the round rotor synchronous motor. The
round rotor synchronous motor is capable of bilateral
power flow, thus it can operate in the motor mode
modeled by the per phase equivalent circuit of
Figure 2 [10].
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Figure 2 Synchronous motor of equivalent circuit curves

2.2 Machine Equations in the Rotor Reference Frame

The proposed machine is of the cylindrical rotor
design, without taking into consideration the effects
of saturation, slotting, eddy current, damper windings
in Figure 3.
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Figure 3 Rotor reference frame of synchronous motor

2.3 Vector Control Mode of Operation

As stated above, it is advantageous to operate the
synchronous motor in a vector confrol mode of
operation. Therefore, no problem concerning the
stability arises, and smooth starting is achieved. The
possibility of operating the motfor at zero power
angles is achievable, with unitypower factor in the
constant torque region. The motor is confrolled to
operate with zero power angle from the inverter side
and zero direct axis current from the rofor excitation
side [14]. Therefore, it operates with minimum stator
current and with unity power factor. This mode is
practically achieved by providing the voltage source
inverter, which feeds the stator-rotor applied voltage,
by a confrol input signal, through which the initial
stator applied voltage angle with respect to the
measured rotor angle can be adjusted to any
arbitrary value. At the same time, the frequency of
the inverter oufput voltage is aftached to the rotor
current controller.
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2.4 Voltage Sources Inverter

The stator of the synchronous moftor is fed from a
volfage source inverter. A speed encoder is
aftached to the rotor to detect the rotor speed and
the rofor angle. The output speed signal of the speed
encoder is connected to one of the inputs of the
inverter. This is done while the rotor angle is used as a
reference to adjust the initial angle of the applied
voltage. The fundamental components of the three-
phase voltages of the three-phase inverter are given
by[12]:

Va =V2. Vs. cos Oy (3)
Vp = V2. Vs. cos ( Oy — (211 / 3)) (4)
Ve= V2. Vs. cos 6y - (411 / 3)) (5)

Where .= Jwe (£).d€ + 6(0), 6.(0) is the initial angle
of the applied voltages. This inifial angle can be
easily controlled from the inverter and it plays an
important role in the operation of the vector control
synchronous motor. Furthermore, it expresses the
angle of delay or advance of the switching of the
voltage source inverter relative to the measured rotor
position. In the rotor reference frame and by
substituting for we = r  (2)-(4) are transformed to

Vq = V2. Vs. cos [6v(0) — 6r(0)] (6)
Va = V2. Vs. sin [64(0) — 6¢(0)] (7)

For 6:(0) =0, (5) and () become

Vg =2. Vs. cos 6v(0) (8)
Va = -¥2. Vs. sin ©,(0) 9)

2.5 Vector Control of Synchronous Motor

The basic principle in control of synchronous motor
drives based on vector control. The flux position can
be determined by the moment inertia position sensor
because the magnetic flux generated by
synchronous motor is fixed in relation to the rotor
moment position. To ensure the vector control of the
synchronous motor, the technique ia = 0 is the optimal
stfrategy where the motor produce the maximum
torque. If iq is forced to be zero by closed loop
control, then [13]:

Te = 1.5PLm  (if.iq)
od =0f (10)
And
Te = 1.5*P* ®f*lg (11)

Since ®f is constant the electromagnetic torque is the
directly proportional to current iq. The torque equation
is similar fo that of separated excited DC motor. It is
evident from equations (10) and (11) that the starting
control can be achieved by controling the g-axis

current component ig as long as the d-axis current iq
is maintained at zero [14].
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Figure 4 Vector Control Structure of the Synchronous Motor
Drive

2.6 Fuzzy Logic Based

The Structure of a complete fuzzy conftrol system is
composed from the following blocs: Fuzzification,
Knowledge base, Inference system and
Defuzzification. Figure 5 shows the structure of a fuzzy
logic controller.
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Figure 5 Structure of a fuzzy logic confroller

2.7 A Fuzzy Logic Controller

The fuzzification module converts the crisp values of
the conftrol inputs into fuzzy values. A fuzzy variable
has values which are defined by linguistic variables
such as low, medium, high, big efc. Where each is
defined by a gradually varying membership function.
A fuzzy control essential embeds the intuition and
experience of a human operator and sometimes
those of a designer and researcher. The data base
contains a description of input and output variables
using fuzzy sets. The rule base is essentially the conftrol
strategy of the system. It is usually obtained from
expert knowledge or heuristics; it contains a
collection of fuzzy conditional statements expressed
as a set of IF-THEN rules, such as [15]:

RO :1f x1is F1 and x2is F2 .... And xn is Fn
ThenYis Gl i=1,....M 12)

Where: (x1,x2,....xn) is the input variables vector, Y is
the control variable, M is the number of rules, n is the
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number fuzzy variables, (F1,F2, ...,Fn) are the fuzzy
sets.For the given rule base of a confrol system, the
fuzzy confroller determines the rule base to be fired
for the specific input signal condition and then
computes the effective control action.

The general structure of a complete fuzzy logic
confrol system is given in Figure 6. The plant control u
is inferred from the two state variables, error (e ) and
change in error De [16]. The actual crisp input are
approximates to the closer values of the respective
universes of discourse. Hence, the fuzzified inputs are
described by singleton fuzzy setfs. The elaboration of
this conftroller is based on the phase plant. The control
rules are designed to assign a fuzzy set of the confrol
input u for each combination of fuzzy sets of e and
De [17].

-a2_e -al_e 0 al e a2 e

Figure 6 Membership functions for input e
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Figure 7 Membership functions for input De
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Figure 8 Membership functions for output u

28 A Fuzzy Llogic Controller Based Divc for
Synchronous Motor

The experimental of fuzzy logic starting current control
of synchronous motor has emerged as one of the
challenging tasks in the control system. The
generalized block diagram of starting current control
of synchronous motor shown in Figure 2.
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Figure 9 Fuzzy Logic Controller Based DTVC scheme

Fuzzy logic controller is used in the place of Pl
controller. The fuzzy logic has been applied to
estimate torque, speed and current of the motor at
any instant of time comparing the starting torque and
current with desired set values generates the error
signal which is used to compensate the error. The
fuzzy logic controller compares the actual values to
set values and accordingly confrols the firing of
power electronics instruments, which can be a Triac,
IGBT, power electronics or any other suitable devices.

3.0 RESULTS AND DISCUSSION

3.1 Full Analysis Setup

Table 1 shows the SynchronousMotor parameters. The
Simulation system is setup by mathematical modeling
will be results for a Vector Control system when fuzzy
Logic Controller to the synchronous motor for
following parameters:

Table 1 SynchronousMotor Parameters

Parameter Valve
Max Voltage 240 volt
Speed 125 rad/sec
Load Torque 1.0 Nm
Stator resistance Rs 17.5
Number Of poles p 4
d-axis inductance Lsd 366.5 mH
g-axis inductance Lsq 426.5 mH
Moment Of Inertia J 0.00109

Simulation  was performed to show the
performances of the technique used in this section
and based on fuzzy logic controller for the confrol of
the synchronous motor. Figure 3 and Figure 4
represent the starting forque and starting current for
conventional and fuzzy logic controller based vector
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control methods. Comparatively the starting forque
and starting current in Figure 3 is reduced compared
to conventional vector control method in Figure 4. In
Figure 5 and Figure 6 no load starting transient in
conventional and fuzzy logic controller based vector
control methods are represented.

Figure é Proposed Fuzzy Logic-VC: Transient during speed
reversal

From Figure 3 and Figure 5 for conventional and
proposed vector control methods the starting torque
and starting current values are represented with no
load and load in Table 2. From Figure 4 and Figure 6
for fuzzy logic confroller and proposed vector conftrol
methods the starting forque and starting current
values are represented with no load and load in
Table 2.

Table 2 Comparison of Conventional and Fuzzy Logic
Controller based Vector Control methods

Starting Torque Starting Current

Method (Nm) (A)
Conventional
Vector Control 1.1 (No Load) 1.2 (No Load)
Fuzzy controller
based Vector
Control 0.9 (No Load) 1.0 (No Load)
Conventional 1.3 ( speed 1.25 ( speed
Vector Control reversal ) reversal )
Fuzzy controller
based Vector 1.05 (speed 1.15 (speed
Control reversal ) reversal )

3.2 Object Highlighting

The second part of the designs study is highlighting
the effectiveness of the proposed vector confrol
methods for a line starting performance of
synchronous motor with d-gq model parameter, using
a fuzzy logic controller methods both simulation and
manufactures measured experimental data. Figure 7
shows block diagram of the processes system
decreasing starting current for synchronous motor
with fuzzy logic conftroller.

Load of Conveyor

a

Parameter synchronous motor with
d-g model

1

Using Vector Control

ngs

Fuzzy Logic Controller Methods

I

Reducing of Starting current for
synchronous motor

Figure 7 Block Diagram of the starting current controller of
the system
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4.0 CONCLUSION

The paper presents a new approach to starting
current control for synchronous motor. The paper
develops a simple analysis controller to deal with
parameters uncertain and external disturbance and
takes full account of system noise, electronic
implementation and integral control. The control
strategy is based on fuzzy logic controller
approaches. A complete fuzzy logic control based
synchronous motor has been described. The system
was analyzed and designed and performances were
studied extensively by simulation to validate the
theoretical. The simulation results show that the
proposed controller is superior to conventional
confroller in analysis and in fracking precision. The
simulation study clearly indicated the superior
performance a fuzzy logic control, because it is
inherently adaptive in nature. It appears from the
response properfies that it has a high performance in
presence of the plant parameters uncertain and
load. The conftrol of starting current by fuzzy logic
confrol gives fast dynamic response with no
overshoot and negligible steady-state error.
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