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ABSTRACT

This paper describes a strategy to develop a model electric car control of induction multi-machine drive
using single-inverter under unbalanced load conditions. It is discusses improving existing multi-machine
field-oriented control methods using Diagonal Recurrent Neural Network (DRNN), and analyses and

compares them from dynamic performance. By this method the speed and current difference

for both

motors due to load fluctuation was minimized. Therefore, the motors will remain in sync without any
slippage speed on the second drive. Based on simulation results is known that the current steady state, the
controller DRNN produce both motors speed difference is smaller (2 rad/sec) when compared using the PI

controller (7 rad/sec).
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1. INTRODUCTION

In the world of transportation, electric cars
become the main option that can address the
problems the government on fuel begins to run
out. By using electric cars, the environment will be
protected from pollution, especially in urban
areas. Generally, these electric cars using a single
drive, driving is on the rear wheels only or the front
wheels only. It resulted in the motor work harder
when the load changes. For it is necessary to
develop an electric car with a multi-machine drive
controlled and work independently. The process of
adjustment of speed for multi-drive system requires
coordination, so that each drive will work in
accordance with a predetermined control.

Multi-induction machine drives are widely used
for many applications such as conveyer systems,
and electric drive systems such as electric vehicles.
There are two categories in the control of dual
induction motor coordination. They are:

1)single induction

motors.

inverter driving multiple

2) some of the inverter driving multiple induction
motors.

Controls used in past research is more complex
because of the increased number of IGBTs. The use
of a single inverter to control the induction motor

has many advantages as low cost, light weight,
compact structure and less IGBTs. [5][6][7][9].

The speed setting 3 phase induction motor
designed to control speed when each mover has a
fluctuating load. An induction motor will receive
voltage in accordance with the load. To set the
required input voltage power converters. A power
converter device that is used to convert the DC
source into an AC source by adjusting the voltage
and frequency is the inverter. The inverter can be
used as a substitute source of grid to supply
electronic devices that require AC source.

Some inverters with many arms control was
found to have its own drawbacks due to an increase
in the use of IGBTs. In the induction vector control
in multi-machine, several strategies have been
proposed to control it by using several single
inverter[1].

For multi-motor drives, drive systems and
control structure of the method depends on the
applications they use and also on performance,
speed and accuracy required of the drive system.
For applications that do not require very high
dynamic performance, multi-engine, multi-inverter
drive system using a modified control strategy V / f
is described in [2]. Another control method is based
on the strategy V / f is given to space vector
modulated CSI medium voltage drive for multi-
motor drives [3].
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Electric car using multi-machine drives have
some concerns about fluctuating loading. When one
of the motors get a load makes the motor speed
cannot reach the speed reference. This may cause a
slip between the motor with two motors. To solve
the problem required speed settings for each motor
that has a different load.

Artificial neural network method is a method that
is capable of learning any variation of induction
motor speed control system to produce a good fit
for the induction motor in a state of constant speed
even though the motor saddled with the burden of
fluctuating and dynamic.

In the neural network control systems that use the
output speed of the motor as an input called Close
the Loop Controller. This will be discussed in this
study, namely three phase induction motor control
for multi-drive systems with source inverter using
neural networks.

2. Multi-machine induction Drive

A. Proposed Control

The design used for induction motors to control
the multi drive on electric cars shown in Figure 1.
Based on Figure 1, MATLAB simulation is
designed as shown in Figure 2. The system consists
of two 3-phase induction motors with the same
specifications. The both of motors are placed on the
left and right side of the front wheel.

While the block controller used control
techniques using DRNN. To be able to test the
accuracy and success rate of the method offered,
then used another method for comparison. The
selected method is a method using a conventional
PI control[10][11][12][13].

B. DRNN Controller

Recurrent Neural Network (RNN) structure is
largely an artificial neural network (ANN) two
layers with feedback from the output of the first
layer to the input layer first[8]. The first layer is
hidden (recurrent) layer that is composed of
neurons with nonlinear transfer function. The
second layer is the output layer is composed of
neurons with a linear transfer function. DRNN
structure shown in Figure 4 [14].

N Self-recurrent neurons are neurons which has a
feedback of the output neuron itself. RNN
composed of neurons self-recurrent, named
Diagonal Recurrent Neural Network (DRNN).
Compared with fully connected recurrent neural

network, DRNN structure is simpler and the
weights used less, so that the computational load
becomes lighter.
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If the reference sensor of i and xi (n) signal
captured by the sensor i-th reference at the time n,
then input formulated DRNN :

yvimy=x,(n-1), 0=<I, <L,

the L1 element declares the input vector to the
natural d-i.

For the hidden layer of neurons that have j, the
weight matrix input and recurrent weight matrix
when n each expressed as wijll (n) and wj (n), then
the neuron j formulated:

s, =| 3wy () [y, () + w, )y (n = 1)

i =0

with yj (n-1) recurrent connection state of the j-
th neuron in the hidden layer, and yj (0) = 0. Every
neuron in the hidden layer has a nonlinear transfer
function. The output of hidden layer upon n
formulated

e ——
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3. RESULT AND DISCUSSION

y(m=rf (S /(”)) The simulation was performed using Matlab to

The output layer of neurons that have k with ~model as shown in Figure 2 and 3. The value of
linear transfer function, output weighting matrix each parameter to be shown in Table 1.
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In this control, DRNN controller system input
derived from the value of the speed on both the
motor and the speed reference, and the output is an
electric torque reference signal. DRNN controller
consists of three layers with the number of neurons
that are used each is 10-10-1 as shown in Figure 5.
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Sigmoid Neuron Fig. 6. Diagram DRNN Layer, (4) Layer 1, (B) Layer 2,
(C) Layer 3

Fig. 4. Drnn Structure

Layer 1 and 2 are hidden layers, each of which
contains 10 neurons, while the third layer is an
output layer with one neuron. Each layer has a
structure shown in Figure 6.
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Table 1. Simulation Parameter

Parameter
Induction Power Input (Pin) | 50 HP
motors 1 Stator resistance
and 2 (Rs) 0.2 Ohm
D-axis Inductance
(Ld) 8.5 mH
Q-axis inductance
8.5 mH
(Lg)
The number of 4 pairs
pairs of poles (p) P
Z[)oment of Inertia 0.089 Kg.m2
Static Friction
0.005 N-m
af__
Switching 10 kHz
Frequency
Battery 780 Volt

During the simulation, the system undergoes a
disproportionate burden. At first machine (motor 1)
was charged with a torque of 250 Nm, while the
second machine (motor 2) was charged with 100
Nm. The control system is successful, if it can
control the rotation of the second motor with
different loads at the same speed. When the driver
was charged with two different mechanical load,
the electrical load (Te) were perceived by both the
actuator shown in Figure 7.

Based on the figure 8, both drivers experiencing
transient time for 3 seconds to be stable since the
motor is turned on.

Also saddled with different mechanical load, the
system is also set up the second reference speed
motor which is not constant.

Based on simulation results are known to
occur differences in results between the DRNN
controller and PI controller system. This is shown
in Figure 8.

The difference in the speed of motor 1 and motor
2 based on the simulation results in figure 9, shown
in Figure 10.

Torka Elektrik/Te (Nm)
—t

Waktu (detik)

(a)

Torka Elektrik/Te (Nm)

Waktu (detik)

(b)
Fig. 7. The Electrical Torque (Nm) On The Second
Mover: (4) Motor 1, (B) Motor 2

When both the control system is compared,
which is based on the results in Figure 8§ and 9,
there is a difference. Systems with DRNN
controller looks much more stable and both motors
rotating at a speed that seemed relatively few
differences when compared to when the system
uses the PI controller. When using the difference
DRNN motor speed controller 1 and the motor 2
about 2 rad / sec, whereas when using a PI
controller for 7 rad / sec on the condition of steady
state.

Kecepatan (rad/dedtik)

Waktu (detik)

Kecepatan (rad/dedtik)

Waktu (detik)

(b)

Fig.9. Comparison Of The Speed Of Each Engine: (A)
Motor With PI Control, (B) Motor With Control DRNN
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Kecepatan (rad/dedtik)
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(b)
Fig. 10. The Difference Between The Speed Of Both
Drivers: (4) Motor With PI Control, (B) Motor With
Control DRNN

4. CONCLUSION

In this paper, a new strategy for handling multi-
drive electric car with a 3-phase induction motor is
recommended. Based on a comparison of the
simulation and analysis show that when using the
system controller DRNN system performance is
much better than when the electric car is controlled
by a conventional PI. This is evident in the
difference between the speed of the motor 1 and
motor 2 when given a different load on each
controller. At steady state, the difference in speed
of about 2 rad/sec when using controller DRNN,
whereas when using a PI controller at 7 rad/sec.

ACKNOWLEDGEMENTS

This research was supported by grant of Higher
Education Programe University of Jember through
competitive grant. I would like to express my
thanks to everyone who helped me faithfully to
finish the job. I would also like to thank the
reviewers who gave very useful suggestions which
help me improve the quality of research.

REFRENCES:

[1] Bhakti M Joshi, Nukul C Chandorkar, 2014,
Two-motor single-inverter fieldoriented
induction machine drive dynamic performance,
Department of Electrical Engineering, Indian
Institute of Technology Bombay

[2] Iyer J, Tabarrace K, Chiniforoosh S and
Jatskevich J, 2011, An improved V/F control
scheme for symmetric load sharing of multi-
mach ine induction motor drives, 24th
Canadian Conference on Electrical and
Computer Engineering (CCECE)

Ma J D, Bin Wu, Zargari N R and Rizzo S C
2001 A space vector modulated CSI-based
AC drive for multimotor applications. IEEE
Transactions on Power Electronics

(3]

[4] Bouscayrol, et all, 2002, Control Structures for
Multi-machine Multiconverter Systems with
Upstream Coupling

[5] Hephzibah Jose Queen, Jenifer Rosney, 2013,
Speed Control of Dual Induction Motor using

Fuzzy Controller, IOSR-JEEE volume 8

Ashish Chourasia, et all, 2014, Comparison
study of Vector Control of Induction Motor
Using Rotor Flux Estimation by Two Different
Methods, IEEE Transactions on Energy
Conversion Vol 7

K. Gopi, P. Varunkrishna, 2014, Induction
Motor Drives Fed By Four-Leg Inverter, IEEE
Transactions on Energy Conversion Vol 1

B. S Kaloko, et all, 2011, Estimation of Lead
Acid Battery Capacity using RBFNN,
IREMOS, Vol 4 No 3.

(6]

(7]

(8]

[9] A. H. Loka, T. Hardianto, B. S. Kaloko, 2016,
Design and Construction of Control System
SEPIC Converter For Solar Panel Based on

Fuzzy Logic, JATIT, Vol 87 No 2.

[10]E. Levi, et all, 2007, Multiphase Induction
Motor Drives-a Technology Status Review,
IET Electr. Power Vol 1

[11] Tabbache B, Kheloui A. and Benbouzid M. E.
H, 2011, An adaptive electric differential for
electric vehicles motion stabilization.IEEE

Transactions on Vehicular Technology, 60(1):
104-110

[12] Turl G, Summer M and Asher G. M, 2002, A
Synchronised Multi-Motor Control

[13]System Using Sensorless Induction Motor
Drives.International Conference on Power
Electronics, machines and Drivespp. 38-43: 4—
7

[14]Hartani K., Bourahla M., Miloud Y. and
Sekkour M., 2008, Direct torque control of an
electronic differential for electric vehicle with
separate wheel drives, Journal Automation and
Systems Eng.2(2)

1962



