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Abstract—In present scenario in industry PLC is widely used for automation as well as data acquisition along with SCADA. 
Normally the application of PLC focus on logic control and efficiency improvement of process assuming the electrical 
devices like induction motor which is widely used in industry for working in normal condition. Standard protection relays 
are employed along with motor. The paper describes how PLC can be associated for motor protection and de-rating 
indication and control apart from regular automation function so as to have overall control of process and keeping healthy 
condition to reduce breakdown time.  
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I. INTRODUCTION 
 
Induction motors are complex electro-mechanical 
devices utilized in most industrial application for the 
conversion of power from electrical to mechanical 
form. Induction motors are used worldwide as the 
workhorse in industrial applications. Such motors are 
robust machines used not only for general purposes, 
but also in hazardous locations and severe 
environments. General purpose applications of 
induction motors include pumps, conveyors, machine 
tools, centrifugal machines, presses, elevators, and 
packaging equipment. On the other hand, applications 
in hazardous locations include petrochemical and 
natural gas plants, while severe environment 
applications for induction motors include grain 
elevators, shredders, and equipment for coal plants. 
Additionally, induction motors are highly reliable, 
require low maintenance, and have relatively high 
efficiency. Moreover, the wide range of power of 
induction motors, which is from hundreds of watts to 
megawatts, satisfies the production needs of most 
industrial processes. However, induction motors are 
susceptible to many types of fault in industrial 
applications. A motor failure that is not identified in 
an initial stage may become catastrophic and the 
induction motor may suffer severe damage. Thus, 
undetected motor faults may cascade into motor 
failure, which in turn may cause  
 
 
production shutdowns. Such shutdowns are costly in 
terms of lost production time, maintenance costs, and 
wasted raw materials.   

        The motor faults are due to mechanical and 
electrical stresses. Mechanical stresses are caused by 
overloads and abrupt load changes, which can 
produce bearing faults and rotor bar breakage. On the 
other hand, electrical stresses are usually associated 
with the power supply.  

 
        Programmable logic controller abbreviated as 
PLC is widely used in industry mainly for automation 
as well as to improve production rate, quality of 
product, flexibility to change logic to switch over to 
different type, error reduction, reduce breakdown 
time. The normal function of PLC is to control logical 
condition as per the program written in it. The logic 
program deals with various conditions of analog and 
digital parameters related to process condition. The 
conditions related to motor parameters variations and 
its nature not included in logic. Many a time 
breakdown occurs with motor and related 
mechanism. It is possible to associate the logic 
related to motor protection to ladder diagram so as to 
reduce unproductive time. 
 
II. MOTOR PARAMETERS AND PLC 

INTERFACING 
 
There are three different voltage conditions which 
may create    problem to induction motor. They are 

1. Under voltage 
2. Over voltage 
3. Unbalance 

In these case either we have to de-rate the motor or to 
trip it if it is beyond limit. 
              Low voltage is normally not the direct cause 
of motor overheating since the overload relays will 
kick the motor off line when the current exceeds rated 
amps. As a result, the motor will not generate rated 
HP. The motor slip also increases proportionally to 
the square of the voltage drop. 
               It is normally true that motors tend to run 
cooler at rated horsepower at voltages exceeding 
rated voltage by up to 10%, but the current drawn is 
only controlled by the load and at rated current and 
10% overvoltage the motor will be overloaded by 
approximately 10%. The core loss is 20 to 30% 
greater than normal and could cause the machine to 
overheat. If it is verified that the motor will see an 
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overvoltage, the overload current relay must be 
adjusted downward to compensate, or stator 
temperature detectors should be used to monitor the 
temperature. 
 Unbalanced voltage will produce negative sequence 
currents that will produce excess heating in the stator 
winding and rotor bars, but will not produce useful 
power output. De rating of the motor is necessary 
when unbalanced voltages exceed 1%. This condition 
will produce increased heating, increased energy 
consumption and lower efficiency. It should be noted 
that a 2% voltage unbalance can produce as much as 
10% increased losses in the machine. 
                The unhealthy line parameters or motor 
faults can cause rise in temperature. Thus if we at 
least sense voltage level and temperature of motor we 
can predict the problem and trip it by associating it in 
conditional form in PLC logic.  
 
III. DERATING OF MOTOR AND PLC 

INDICATION 
 
Motor de rating and NEMA standards 
The operation of three-phase induction motors under 
unbalanced voltages can cause serious ill effects such 
as overheating, drop of efficiency and reduction in 
output torque. In order to avoid the excessive heating 
in the windings the motor load has to be reduced so 
as to limit the temperature rise to the rated value. 
Therefore to maintain the operational life of the 
motor, the international standards recommend the 
derating of the motor. 
In 1978 the National Electrical Manufacturers 
Association (NEMA) presented the MG1 derating 
graph (Fig. 1). Brighton and Remade reported that the 
NEMA MG1 derating curve is based on empirical 
results, obtained from laboratory tests, indicating that 
the percentage increases in the motor temperature, 
due to voltage unbalance is approximately equal to 
two times the square of percentage of voltage un 
balance. The NEMA MG1 derating curve is the most 
used method in industry to evaluate the motor 
derating under unbalance voltage conditions. 

 
Fig.1. Derating factor vs unbalanced voltage for IM 

 
NEMA defined the unbalance voltage by means of 
the  
“Percent voltage unbalance” (PVU) :- 
PUV= (100* MVD)/VAvg 

Where MVD is the maximum voltage deviation from 
the average line voltage magnitude and VAvg is the 
average line voltage magnitude. 
Since the motor derating is defined by the motor 
temperature rise it is necessary to develop 
experimental studies with an accurate measurement 
of the temperature inside the motor. 
     It is possible to indicate de-rating of motor under 
unbalance condition to reduce losses to make aware 
to user about motor running in abnormal line 
conditions. As we are already sensing voltage levels 
we can put the de-rating logic and give indication 
using ladder diagram. 

 
Fig 2 Temperature rise because of voltage unbalance 

 
IV. IMPLEMENTATION 
 

Fig 3. Schematic Diagram 
 

As shown in block schematic any number of motors 
can be monitored for unbalance, low or high voltage 
along with current and respective temperature which 
are used in process. The voltage and current will be 
sensed by line sensor i.e. CT / PT and given to 
interface card. The interface card contains the 
operational amplifier based circuit which converts it 
to compatible signal level for A/D converter module 
or card of PLC i.e. either 0-10v dc or 4-20ma as per 
industry standard. It will then interpreted by PLC to 
take appropriate action as per ladder program. 
 
It is very easy to program low, high or unbalance 
voltage condition using ladder. Initially the data will 
be converted to integer and real then by using 
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compare statement one can achieve the condition 
required. The examples are shown below. Memory 
location 351, 353, 355 contains the voltage value then 
for high voltage ladder will be shown below. 
 

For high voltage  

 
 

 For low voltage  

 
 

For unbalance take difference and compare with 
real values 

 

 
 

     

 
The test set up used for trial Schneider PLC TWD 
20DRT with analog card used. It is shown in 
photograph below  
     
 
 
 
 

 
Fig4. Test set up 

 
V. RESULTS AND DISCUSSION 
 
The results are taken which not only indicates fault 
but also trips the starter using PLC. 

 
CONCLUSION 
  
As discussed it is possible to use PLC for motor 
protection as well as for de-rating indication by visual 
or audible alarm by assigning digital output. This is 
possible using analog input card for PLC. Another 
advantage is the parameters can be recorded to get 
details of parameter trends also. The trends are 
available using SCADA software and are useful for 
future analysis and production planning. 
 
REFERENCES 
 

[1] P. Hofmann and P. Pillay, “Derating of Induction Motors   
Operating with a Combination of Unbalanced Voltages and 
Over- or Under voltages”, IEEE Transactions on Energy 
Conversion, vol 17, No. 4, Dec 2002 , pp 485-491. 

[2] NEMA Standards Publication No. MG 1-1993. Motors and 
Generators. 

[3] IEEE Guide for AC Motor Protection. Std C37.96-2000. 
[4] IEEE Guide For the Presentation of Thermal Limit Curves for 

Squirrel Cage Induction Machines. Std 620-1996Mr. Sergio 
Daher ―Analysis, design & implementation of high 
efficiency converter for renewable energy system. 

[5] S.A.Boyer, SCADA: Supervisory Control and Data   
Acquisition, ISA, 2004. 

[6] “Practical SCADA For Industry” by David Bailey& Edwin 
Wright’  

Voltage 
3-phase 

Value Trip 
condition 

De-
rate 

Remar
k 

Line/ 
neutral 

223 each 
phase 

no no Norma
l 

line-
neutral 

245 each 
phase 

yes - Motor 
to be 

stoppe
d 

line-
neutral 

210/230/215 no yes Run at 
lower 
rating 

line-
neutral 
voltage 

190 each 
phase 

yes - Motor 
to be 

stoppe
d 

 


