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Abstract— This paper presents a design and implementation of a monitoring and control system for the three-phase
induction motor based on programmable logic controller (PLC) technology. Also, the implementation of the hardware
and software for speed control and protection with the results obtained from tests on induction motor performance is
provided. The PLC correlates the operational parameters to the speed requested by the user and monitors the system
during normal operation and under trip conditions. Tests of the induction motor system driven by inverter and
controlled by PLC prove a higher accuracy in speed regulation as compared to a conventional V/f control system. The
efficiency of PLC control is increased at high speeds up to 95% of the synchronous speed. Thus, PLC proves

themselves as a very versatile and effective tool in industrial control of electric drives.

Keywords— Computer-controlled systems, computerized monitoring, electric drives, induction motors,

programmable logic controllers (PLC)

1. Introduction

Programmable Logic Controllers (PLC) are widely
used in industrial control because they are
inexpensive, easy to install and very flexible in
applications. A PLC interacts with the external world
through its inputs and outputs. Since technology for
motion control of electric drives became available, the
use of programmable logic controllers (PLC) with
power electronics in electric machines applications
has been introduced in the manufacturing automation
[1], [2]. This use offers advantages such as lower
voltage drop when turned on and the ability to control
motors and other equipment with a virtually unity
power factor [3]. Many factories use PLC in
automation processes to diminish production cost and
to increase quality and reliability [4]-[7]. Other
applications include machine tools with improved
precision computerized numerical control (CNC) due
to the use of PLC [7]. To obtain accurate industrial
electric drive systems, it is necessary to use PLC
interfaced with power converters, personal computers,
and other electric equipment. Nevertheless, this makes
the equipment more sophisticated, complex, and
expensive. A power factor controller for a three-phase
induction motor utilizes PLC to improve the power
factor and to keep its voltage to frequency ratio
constant under the whole control conditions. The
vector control integrated circuit uses a complex

programmable logic device (CPLD) and integer
arithmetic for the voltage or current regulation of three-
phase pulse-width modulation (PWM) inverters. Many
applications of induction motors require besides the
motor control functionality, the handling of several
specific analog and digital 1/0 signals, home signals,
trip signals, on/off/reverse commands. In such cases, a
control unit involving a PLC must be added to the
system structure. This paper presents a PLC-based
monitoring and control system for a three-phase
induction motor. It describes the design and
implementation of the configured hardware and
software. The test results obtained on induction motor
performance show improved efficiency and increased
accuracy in variable-load constant-speed-controlled
operation. Thus, the PLC correlates and controls the
operational parameters to the speed set point requested
by the user and monitors the induction motor system
during normal operation and under trip conditions [6-7].

2. PLC as a System Controller

Programmable logic  controllers are  modular,
industrially hardened computers which perform control
functions through modular input and output (1/0)
modules. The modularity of PLC allows the user to
combine generic I/0 modules with a suitable controller
to form a control system specific to his is most simply
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understood needs. The operation of a controller by
envisioning that it repeatedly performs three steps:

a) Reads inputs from input modules

b) Solves preprogrammed control logic

c) Generates outputs to output modules based on the
control logic solutions. Input devices and output
devices of the process are connected to the PLC and
the control program is entered into the PLC memory

(Fig.D[1]
Inputs

Control
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Fig. 1. Control Action of a PLC

In our application, it controls through analog and
digital inputs and outputs the varying load-constant
speed operation of an induction motor. Also, the PLC
continuously monitors the inputs and activates the
outputs according to the control program. This PLC
system is of modular type composed of specific
hardware building blocks (modules), which plug
directly into a proprietary bus: a central processor unit
(CPU), a power supply unit, input-output modules 1/0
and a program terminal. Such a modular approach has
the advantage that the initial configuration can be
expanded for other future applications such as multi
machine systems or computer linking.

3. Control System of Induction Motor

In Fig. 2, the block diagram of the experimental
system is illustrated. The following configurations can
be obtained from this setup.

a) A closed-loop control system for constant speed
operation, configured with speed feedback. The
induction motor drives a variable load, is fed by an
inverter and the PLC controls the inverter output.

b) An open-loop control system for variable speed and
variable frequency operation. The induction motor
drives a variable load and is fed by control mode. The
PLC is an inverter in constant in activated.

c) The standard variable speed operation. The
induction

motor drives a variable load and is fed by a constant
voltage-constant  frequency standard three-phase

supply.

The open-loop configuration b) can be obtained from
the closed-loop configuration a) by removing the speed
feedback. On the other hand, operation c) results if the
entire control system is bypassed. [6-7]
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Fig. 2. Experimental setup

Table 1. Induction Motor Technical Specifications
Volt | Hz. A kw Cos¢ | L/min.
A/220 | 50 4,7 1,1 0,8 1380
Y/380 | 50 2,7 1,1 0,8 1380

Table 2. Inverter Technical Specifications

Output Output Output Output
Voltage Current Frequency | Overload
V) (A) (Hz)

380-460 1-6 0-150 Hz | 150% 60s
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Fig.3. Flowchart of the main program

As a microprocessor-based system ,the PLC system
hardware is designed and built up with the following
modules [7]:

» central processor unit (CPU);

« discrete output module (DOM);

« discrete input module (DIM);

» analog outputs module (AOM)

* analog inputs module (AIM)

* power supply.

Read Inputs:
Forward/Backward signal
Start signal

.Speed set polnt signal ne
Stator current s

.Speed feedback signal
.Stop signal

A

A\ 4
| Compute speed error signal |

Fig. 4. Flowchart of speed control software

Then, by pushing the manual start pushbutton, the motor
begins the rotation. If the stop button is pushed, then the
rotation stops. The corresponding input signals are
interfaced to the DIM and the output signals to the
DOM. The AIM receives the trip signal from the stator
current sensor, the speed feedback signal from the
tacho-generator, and the signal from the control panel.
In this way, the PLC reads the requested speed and the
actual speed of the motor. The difference between the
requested speed by the operator and the actual speed of
the motor gives the error signal. If the error signal is not
zero, but positive or negative, then the PLC according to
the computations carried out by the CPU decreases or
increases the V/f of the inverter and, as a result, the
speed of the motor is corrected.
The implemented control is of proportional and integral
(P1) type (i.e., the error signal is multiplied by gain K,
integrated and added to the requested speed). As a
result, the control signal is sent to the DOM and
connected to the digital input of the inverter to control
V/f variations. At the beginning, the operator selects the
gain K, by using a rotary resistor mounted on the
control panel (gain adjust) and the AIM receives its
voltage drop as controller gain signal (0-10 V).

The requested speed ng, is selected using a rotary
resistor and the AIM reads this signal. Its value is sent to
the AOM and displayed at the control panel (speed set
point display). Another display of the control panel
shows the actual speed computed from the speed
feedback signal. In Fig. 5, the flowchart of this software
is shown. During motor operation, it is not possible to
reverse its direction of rotation by changing the switch
position. Before direction reversal, the stop button must
be pushed. For motor protection against overloading
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currents during starting and loading, the following

commands were programmed into the software.

i) Forward/backward signal is input to DIM.

i) Speed set point signal ng, the stator current s,
and the speed feedback signal are input to AIM.

Read Inputs:
.Forward/Backward signal
Start signal

.Speed set point signal ns
Stator current Is

Speed feedback signal

l

| Lock diirection of rotation|

N

If Nsp< 30!

N \% .
[Speed control mode] [No start motor| IStartAmotorI

Fig. 5. Flowchart of monitor and protection
Software

iii) At no load, Is < 2,5 A, if the speed set point is
lower than 20% or ng,< 300 r/min, the motor will not
start.

iv) At an increased load over 3,2 Nm (40% of rated
torque), Is>,3 A and a speed set point lower than 40%
or ng< 600 r/min, the motor will not start.

v) If the load is increased more than 8,0Nm (rated
torque) Is > 4 A and if the speed set point exceeds
100% or ng=> 1500 r/min, the motor enters the cut off
procedure.

vi) In all other situations, the motor enters in the speed
control mode and the speed control software is
executed as described in Subsection A.

In Fig. 6, the flowchart of this software is shown.
* In overloading situations, the motor is cut off and the
trip lamp (yellow) is lit. The operator must release the

thermal relays and then must turn off the trip lamp by
pushing trip or stop button. The thermal relays are set to
the motor rated current 4 A. Following this, the motor
can be started again.

» The motor can be cut off by the operator pushing the
stop button: the display of the actual speed is set to zero,
the start lamp (green) turns off, and the stop lamp (red)
turns on and remains lit for 3 s.

* The load must be disconnected immediately after the
motor cuts off and before the drive system is restarted.
The motor will not start before 3 s after cutoff even if
the start button is pushed.

4. Results

The system was tested during operation with varying
loads including tests on induction motor speed control
performance and tests for trip situations. The PLC
monitors the motor operation and correlates the
parameters according to the software. At the beginning,
for reference purposes, the performance of induction
motor supplied from a standard 380V, 50-Hz network
was measured. Then, the experimental control system
was operated between no load and full load (8, 0 Nm) in
the two different modes described in Section 3:
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Read Inputs:

Stator current Is
.Stop signal

Speed control mode

l N
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|
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!
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Release thermal relay
Start motor

|

Monitor and protection mode
Fig. 6. Flowchart of cutoff/restart motor software

a) induction motor fed by the inverter and with PLC
control,

b) induction motor fed by the inverter.

The range of load torque and of speed corresponds to
the design of the PLC hardware and software as
described in the previous sections. The speed versus
torque characteristics were studied in the range 500-
1500 r/min and are illustrated in Fig. 7. The results
show that configuration b) operates with varying
speed-varying load torque characteristics for different
speed set points ng,. Configuration a) operates with
constant-speed-varying load torque characteristics in
the speed range 0-1400 r/min and 0-100% loads.
However, in the range of speeds higher than 1400
r/min and loads higher than 70%, the system operates
with varying-speed-varying-load and the constant

speed was not possible to be kept. Thus, for ng, > 1400
r/min both con-figurations a) and b) have a similar
torque-speed response. This fact shows that Pl control
for constant speed as implemented by the software with
PLC is effective at speeds lower than 93% of the
synchronous[4-7].
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Fig. 8. Efficiency of controlled system

The efficiency for different values of ng was also
studied. As depicted in Fig. 8, the results show that
configuration a) in all cases has a higher efficiency than
configuration b). Also, at operation with loads higher
than 70%, the normalized efficiency is n(pu)> 1,
meaning that the obtained efficiency with PLC control is
higher than the efficiency of induction motor operated
from the standard 380-V, 50-Hz network without the
control of PLC and without the inverter. According to
this figure, the efficiency of PLC-controlled system is
increased up to 10-12% compared to the standard motor
operation. From a theoretical point of view, if we
neglect magnetizing current, an approximate value for
the efficiency is

1-5s

“1-sR /R, @

s

where is the slip and R and Rj are the stator and rotor
winding resistances, respectively. As can be seen from
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Fig. 7. Experimental speed torque characteristics with
PLC and inverter

Fig. 7, the PLC controlled system a) works with very
low slip values, almost zero. In all speed and load
torque conditions, the configuration a) has a smaller
slip than configuration b), thus the higher values of
efficiency can be justified and especially at high
speeds and frequencies. At lower frequencies, the
magnetic flux increases and, thus, there is an increase
in magnetizing current resulting in increased losses.
This system presents a similar dynamic response as
the closed-loop system with V/f speed control. Its
transient performance is limited due to oscillations on
torque and this behavior restricts the application of
this system to processes that only require slow speed
variation.

5. Conclusion
Successful experimental results were obtained from
the previously described scheme indicating that the
PLC can be used in automated systems with an
induction motor. The monitoring control system of the
induction motor driven by inverter and controlled by
PLC proves its high accuracy in speed regulation at
constant-speed-variable-load operation. The
effectiveness of the PLC-based control software is
satisfactory up to 96% of the synchronous speed. The
obtained efficiency by using PLC control is increased
as compared to the open-loop configuration of the
induction motor fed by an inverter. Specifically, at
high speeds and loads, the efficiency of PLC-
controlled system is increased up to 10-12% as
compared to the configuration of the induction motor
supplied from a standard network. Despite the
simplicity of the speed control method used, this
system presents:
» constant speed for changes in load torque;
« full torque available over a wider speed range;
» very good accuracy in closed-loop speed control
scheme;
* higher efficiency;
» overload protection.
Thus, the PLC proved to be a versatile and efficient
control tool in industrial electric drives applications.
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