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Abstract— This paper deals with stability of power systems with high fluctuating loads that are caused due to continuous 
operation of high capacity electric shovels (up to 42 cum), drills, surface miners and high capacity Induction Motors in open 
cast Coal mines using Automatic Power factor corrector (APFC). The purpose of this automatic PF corrector is to ensure that 
Power factor of unity is consistently maintained in the power system. This paper also envisages the technology used for 
efficient dispatch of millions of tons of coal by automatic train loading system. The System operating on Program Logic 
Control (PLC) works through Silos (Coal Storage Area), Coal Handling plant (CHP) consisting of conventional belt 
conveyors and Coal Crushers. 
 
 
I. INTRODUCTION 
 
Production of coal is one of the most important aspect 
in today’s economy considering its humongous 
contribution towards fuel requirement for power 
generation.In most of the developed countries Coal 
fulfills more that 50% of Energy requirements. 
Additionally, it is by far the cheapest source of 
energy; even the developing and underdeveloped 
economies have adopted the same for Electricity 
production. It is also used as an input in many other 
industries such asiron & steel, cement, etc. It is   
regarded by many as the black diamond. Thus, 
production and dispatch of coal economically and 
efficiently is a vital job. 
 
II. POWER SYSTEM STABILITY IN COAL 
MINES: 
 
PROBLEM STATEMENT: 
 
The Power systems in open cast Coal mines are 
complex due tostretched outOverhead Lines(High 
Tension/Low Tension)that are used to supply power 
to machines such as 6.6 KV electric shovels (up to 42 
Cum), drills, surface miners etc. These machines are 
deputed in the minesfor removal of overburden and 
production of coal. The Power usage of these 
machines is highly variable in nature and it causes 
large fluctuations to the power systems.Alarge 
number of high capacity Induction motors are put into 
use for pumping out water accumulated in the mines; 
conveyors belts for coal transportation also use the 
same. Additionally, the use of largenumber of 250 – 
1000 Watt HPSV lighting equipment installed in the 
minestoo are inductive loads. As a result, the net load 
becomes highly inductive which causes a lag in 
power factor and makes it difficult to maintainunity. 

Maintaining power factor of electrical system to unity 
is a problem common to most of the industrial 
companies. Several disadvantages of low power are 
discussed further: 

 
 Inefficient use of electrical energy. 
 Overloading of Power Transformers. 
 Imposition of larger reactive power demand 
 Limits number of loads to be connected.  
 Overloading and overheating of HT cables, 

switchgears and busbars. 
 Decreases cost efficiency, imposes penalty 

from power distributor. 
 Poor voltage regulation. 

 
III. INTRODUCTION TO APFC: 
 
Capacitor banks produce a current which leads the 
voltage there by producing leading power factor 
which compensates for the lagging power factor 
produced by inductive loads. Conventionally the 
power factor correction was done by operatingthe 
capacitor banks manually which is inefficient and 
inviable for a power system in the minesdue to high 
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fluctuating loads. Therefore use of automatic power 
factor corrector (APFC) is essential for the power 
system in the mines which basically controls the 
operation of capacitor banks automatically for 
maintaining the power factor to unity.This system 
involves measuring the system voltage and current by 
use of PT (Potential Transformer) and CT (Potential 
Transformer) and converting thesewaveforms to 
square waves through zero-crossing detectors (ZCD). 
The output of ZCDs are then fed to a microcontroller 
which calculates phase difference and thus power 
factor. In case, an error is detected, the 
microcontroller triggers a gate pulse which is fed to a 
bank of thyristors (SCR) which regulates the 
switching of capacitor and inductor banks as per 
requirement and there by maintaining the required 
power factor close to unity. Block diagram for 
thyristor based APFC system is shown in the 
diagram. Certain advantages of using APFC in a 
power system are discussed below: 
 
 Consistently high power factor under high 

fluctuating loads 
 Efficient energy consumption by reducing 

losses 
 Automatic switching of capacitors to get the 

desired output   
 Continuous monitoring of load 
 Protection under internal fault 
 Highly reliable 
 Prevention of leading power factor 
 Eliminate power factor penalty 

   
IV. PLC BASED COAL HANDLING PLANT 
 
Another important aspect of the coal industry is 
economic and proficient coal dispatch which can be 
valued as high as coal production. The process of 
dispatch consists of Coal Handling Plant (CHP) 
which consists of feeder breakers where the dumpers 
or tippers unload the coal and coal crushers where 
coal is crushed to a required size (100 – 250 mm) and 
conveyor belts which is used to transport the crushed 
coal from mines to the surface and ultimately 
dispatch of coal. Usually, operation of these conveyor 
belts, feeder breakers and coal crushers is carried out 
manually by deputation of manpower for each 
machine, this manual operation by manpower is 
highly inefficient as it is almost impossible for the 
operators to monitor the belt or feeder breaker for 
high capacity plants which may lead to belt deviation, 
jamming of coal, belt tearing, etc. Also the 
horrendous working conditions can be injurious to 
human health and manual relay coordination between 
the belts for large capacity plants can be tumultuous. 
 
Therefore, program logic control(PLC) can be 
implemented instead of traditional manual operation 
of the coal handing system. PLC is basically an 

industrial computer control system that continuously 
monitors the state of input devices and makes 
decisions based upon a user based program to control 
the state of output devices. So this system, basically 
consists of a control room where all the input signals 
are fed to a computer control system which monitors 
the running state of conveyor belts, feeder breakers, 
coal bunkers, coal plough, etc. and records data of the 
process. Each machine can be operated by giving a 
corresponding output signal or has an option for 
making it locally operated (manually). In case of a 
fault, per se, belt deviation,belt tearing, motor fault 
tripping, feeder breaker overload, chain breakage, 
etc., it sends an instant signal to the system, that 
indicates the corresponding equipment on simulation 
system on the monitor screenand sends an output 
signal accordingly by the operator. An illustrated 
single line diagram of a typical CHP interconnected 
with Silos is shown below.  
 

 
This plant shown in diagram is currently installed in Asia’s largest 
open cast mine, i.e., Gevra mines which has the handling capacity 
of over 41 million tons. As seen in the diagram, feeder breakers are 
connected at tail end of each stream of conveyor belts which 
crushes the coal and transports it to intermediate bunkers or 
transfer house. Underneath the bunkers electromagnetic or 
electromechanical vibrators are installed, these vibrators are used 
to load the coal on next stream of conveyor belts which ultimately 
unloads the coal into the silos where automatic train loading takes 
place.  

 
V. PLC BASED AUTOMATIC TRAIN 
LOADING SYSTEM 
 
The next step for dispatch of coal is the train loading 
system, where the conventional way is to load the 
train wagons with manual loader, which has many 
disadvantages such as time consuming; unbalanced 
loading of wagons; unsafe for plant, manpower and 
environment etc. To overcome these shortcomings, 
automatic coal loading system can be implemented 
which is highly efficient and economical. Some of the 
advantages are, accurate loading, quicker loading 
time, higher productivity and less spillage. The 
process consists of a silo of certain storage capacity, a 
hydraulic gate installed under the silo which is 
operated either automatically or even manually. Coal 
is transferred to the silo with the help of conveyor 
belt as discussed above. This system is also operated 
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with PLC technology. When a train passes under the 
silo, the PLC system detects the train and following 
functions takes place in subsequent steps: 
 Detection of train speed 
 Type of wagon detection (Engine or coal wagon) 
 Operation of hydraulic gate 
 Spill detection 

 
Operation of the system is highly accurate and 
consistent to ensure balanced loading across all 
wagons. Some of the key functions of the system are 
explained below: 
1. Train Communication System: This detects the 

speed of the train and send signalsto the operator 
of the locomotive that enables him to decide 
when to stop, slow, move forward or reverse and 
also notifies if the train has finished loading as 
per requirement accordingly. The train speed can 
be determined by track mounted switches. 
Generally the incoming train maintains a speed 
of 0.8 km/hr during loading. 

2. Detection of Wagon Position: This detects the 
leading and trailing edges of wagons and 
automatically controls the hydraulic gate and 
chute for loading a wagon. This ensures uniform 
and accurate loading.This uses five sensors 
which enables the system to distinguish between 
engine and wagon. For an incoming train, when 
all five sensors are activated, it identifies it as an 
engine and when three of the five sensors are 
activated, it is a loading wagon and immediately 
loading sequence is triggered.   

3. Spillage Detection System: If material spillage is 
unchecked while loading a wagon, it may 
accumulate over the rail tracks and lead to 
derailment. This system basically detects for 
anymaterial spillages and automatically sends a 
signal. 

4.  High Object Detection: This system 
detectsforany high objects such as track 
maintenance vehicles, raised wagons, etc which 
may lead to damage of machinery and sends a 
signal accordingly. 

 
Some of the advantages of a PLC system are 
discussed below: 
 One single Programmable Logic Controller 

can be integrated with large number of 
machines. 

 It is highly accurate and also correcting errors 
in PLC is extremely short and cost effective. 

 It is space efficient, we can havesingle PLC 
system installedinstead of thousands of contact 
timers and counters. 

 PLC programs can be tested, validated and 
corrected saving valuable time thereby 
increasing efficiency.   

 It is cost efficient, prices of PLC devices is far 
cheaper compared to the prices of the contacts, 
coils and timers used for the same purpose. 
Add to that the installation cost, shipping cost 
and so on 

 Visual operation for large and complicated 
circuits can be seen on the screen which makes 
troubleshooting easier and quicker. 

 Since any large circuits can be operated by a 
single operating system, use of manpower can 
be significantly reduced.  

 
CONCLUSION 
 

1. From the above explanations, it can be 
concluded thatAPFC can be used for economic 
and efficient operation of capacitor banks as it 
maintains the power factor close to unity, 
reduces losses and saves from penalties 
charged by power distributor forpower systems 
in any open cast mine having high fluctuating 
loads. 

2. Use of PLC system in CHP and Silo makes the 
operation more reliable and flexible with self-
monitoring, easy fault detection, safe operation 
of the plant and recording and storing of 
previous data which helps in further 
improvement of the plant. 
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