Mining Machinery
Prof. Khanindra Pathak
Department of Mining Engineering
Indian Institute of Technology, Kharagpur

Module - 10
Lecture - 54
Locomotive

Welcome to today’s class on Locomotive. So, we are discussing about the underground mine
transport system. And in this locomotive is another mode of transportation used in the mines
and it is a very old mine transport practice and still continuing in many parts of the country.

However, in India, we have got a very limited use of very few mines.

They have locomotive. Though we have got a history that in we had locomotive in Hindustan
copper mines also, in the closed mines of Musabani. There were a couple of other mines
where locomotives diesel locomotives that is and then, compressed air locomotives were

used. And then, other than that locomotives are used in a surface mining transport also.

If you remember that in our old iron ore mines, that was in Dalli Rajhara mines that had a
Russian design. A total railway locomotive transportation system connected with the shovels,
shovel used to load on locomotives and they used to bring the material to their processing

plant, but those are of course, have become obsolete in India.
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Locomotive are the machinery to generate (or, in the case of an electric e -
locomotive, to convert) power and transmit it to the driving wheels. Electric Locomotive
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But the locomotive has got certain advantages as well as it is very much used and it is a good
technology which are introduced. You can see here that say our objective of today’s class will
be just introducing you this subject that is where it is for example, you know the locomotive

means this railway transport system where your trolleys or cars will be there on a track and

that will be pulled by the engine.

Then, when we talk about the locomotive; it is that main engine part which exactly generate

that motive force or the tractive effort is there which can be connected to a number of cars on

the back to form a train and it is pulled.



So, this system had got number of different type of based on that what type of prime mover is
used for generating as you can see this figure. In this figure, you are seeing this the steam

locomotive here. So, there are many other form of locomotives as well.

You can see this electric locomotive where this electric locomotives are used very much in
two forms of course, that electric motor will be driving the wheels of this locomotive and a
that electric power it can be it can be obtained from that it is called a trolley line. That means,
there will be an overhead electric line from which it can be collected and then it could be

given over here.

Mainly, these were we say DC motor drive were given and this they used to travel at a higher
speed like up to 25 kilometre per hour. This electric locomotive could pull a train. And then,
they used to give depending on the type of design from 2 6 to 6 kilowatt motors or there could

be 9 kilowatt motors 15 kilowatt motors depending on how much load it will have to carry.

And then of course, there is a AC drive AC locomotives have also introduced recently and in
that we can they can work under a different voltage ratings it is available. Now, they can go

up to 12000 to 55000 kilo Newton tractive force can be generated on this locomotive.

So, you can see that this weight car 4 ton to 15 ton of this your individual car the loaded car
can be formed in a train and can be pulled. So, they are available in different dimensions the

FIDKO, a company in UK; they were they are still producing this type of locomotive system.
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After going through this lesson you will be able to:

* Classify the types of locomatives used in mines
*Explain the basic principles of locomotive and their uses
in mining

" | /
"
Pneumatic Locomotive
" Homestake Gold Min in
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Preserved typical mine train at the Museu de Les Mines d' Eschucha, Eschucha, Spain
https://en.wikipedia.org/wiki/Mi

Now, in this particular lesson’s, we will try to see the classification of the locomotive which

are available or which have been practiced.

And then, we will be trying to know the basic principle on the basis of which you will be
determining that how much power is required to drive a locomotive or how much load it can
be carried. What will be an ideal gradient? What could be the maximum number of cars that
can be pulled by a particular system; these are exactly discussed in this class I hope you will

enjoy it.

That as you can see in this figure some of the old type of that is pneumatic locomotive. In a

you have learnt in your that is a prime movers lectures that compressed air is being used in



the mining industry for giving the power to number of equipment like that we talk about the

drilling machines, this compressor driven drilling machines are there.

Like that you can see here these are the locomotive in which there will be a pressurized air
tank is there and that pressure is controlled to just drive this piston and then you can make

this locomotive to drive.

So, this is a system the other one that typically, they are driving this type of your total
compressor will be there and then, the trolleys are connected at the back and then, they can

carry the material. So, this type of locomotive systems were there.
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Locomotive is defined as a self-propelled, vehicular engine, powered by steam, a diesel, or electricity, for ; 1
pulling or, sometimes, pushing a train or individual railroad cars.

Types

* Steam Locomotive

* Pneumatic Locomotive

+ Battery Locomotive

+ Trolley wire locomotive

* Battery/trolley ~wire locomotive

v Traction type: traction by friction between wheel and rail
v Induced traction wheel forced to the rail by external force
v Rack on the rail is engaged with pinion on locomotive

So, now coming to this. Now, you can note it down that locomotive is defined as a

self-propelled, vehicular engine, powered by steam, diesel, electricity, for pulling, sometimes,



or pushing a train or individual railroad cars. So, that is a generalized way you can tell that
what is locomotive. So, that is a you might have seen in the railway stations whatever you

have seen locomotive is that engine part over here that is the locomotive.

So, and in a that system your transportation system comprises of you are having the track
then, you are having the engine then, we are having the bogies or the cars and then,

combining together you will have to have this.

Now, the total the design of an underground coal mine or a underground metal mine where
you are having this transportation; in that design you will have to take the whole system, how
the total loaded cars will be brought. How in the sub bottom they will be giving, what will be
the pit bottom layout when the cars are taking up with the loaded things then, how there will

be a layout of the bit top layout those things are discussed in a designing a system.

Now, here we will be just talking about the machinery part of it then, what they are. In that,
we can tell that there are different types like a steam locomotive. They based on the prime
mover used. We can have a steam locomotive that is exactly earlier when the steam engines
were there; these are rather the most that ancient and the first mechanization when took place

the steam driven locomotives were there.

Now, those are obsolete. Now, though as I told you the steam driven locomotive were
working in the Tipong Colliery of northeast coalfield, where it was introduced something
around 19 1890 or so about more than 120 years ago. This type of steam operated
locomotives were used where that same coal used to burn and the water they generate that

steam and that locomotion’s were obtained.

So, pneumatic locomotive that as I as you have seen in the previous figure then, the battery
locomotive; this is a we are telling about that now, electric locomotive. In the electric
locomotive, it could be that you are having the storage battery on which you are having the

power and then, that will be driving.



And this battery where exactly a bank of battery will be there and they will be in the mines.
There will be recharging stations that after that shift, the all battery will be again charged back
and then for the next trip they will be ready. So, like that a battery locomotives are used then
trolley wire locomotive is where electric powers could be supplied through that and then, it

will be connected.

So, these were the in to work with underground gas mines to make them. So that; there will
not be any spark to ignite the this your fire damp that type of precautions and safety meters

were there.

And then, there is the another type of locomotive in which a combination type in which that is
exactly at some places where trolley wire is not there. It will be working on battery and

wherever the overhead line will be there, they will be working on electric. So, that is there.

Then other thing is there that how this train with a locomotive can be made that system wise
also. They can be divided as a traction type means; where this whole the power transmission
is based on your friction between the wheel and the rail. So, that is a friction drive on that
where you are getting the traction to, because of the friction then, it is called your traction

type of drive.

Another is induced tractions in which the wheel is forced to have a grip over there and then it
will be moving over there. And the other is a track type; that means, you are driving one
pinion on the bottom of that your locomotive and that on the below on the track, there will be

a in this your rack will be there. So, that it will be engaged and will be going over there.

So, these type of systems this innovative systems were there in the late 19th century. And

then, in the 20th century there were a lot of things and if you go to Europe, many of the places
you will find those in the tourist places, such type of locomotive are used for different

purposes.
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So, if you see about the steam locomotive basically, what is there? There will be the

requirement wise, there will be water will be stored over there and then, there will be a

fireplace when this will be firing at that time then, is your exactly steam will be generated

over here, this steam will be this gate will get open and then, that steam will be passing

through this.

They will be giving into this crank mechanism. This wheel will rotate and then, this exhaust

that is after use that steam will be coming out it will be released over here and that going. So,

this type of system it is there.



So, here you can see this is now, steam is allowed to pass through this and then, when it is
posing this crank mechanism. Now, it will push this. This piston will be now pushing back

and that stream will be going.

So, in this way that exactly whole that, if you see a locomotive steam engines, which were
also used in our Indian railway quite some time, it was there early up to 80’s; such type of
engines were there in Indian railway, where the operator used to sit over here and the there

were that assistant to the driver who used to keep on doing this fire.

Both side of this your boiler or that fire there are the water tanks this strain is to be filled with
water and in every station and then, they used to burn. And the same principle is there which

was in a real life, the make the design of the things were made over here.

So, you can study sometimes. This is too very good at least, if you have now what is called
your crank mechanisms and how these pistons are allowed to move. How your this translatory
motion is given to rotary motion and that rotary motion is given to again a translatory motion.

These things are the basic engineering applications where there and then used to have it.
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The ignition of diesel fuel pushes pistons connected to an electric generator to
generate powers for motors connected ta the wheels of the locomotive. The inventor
Dr. Rudolph Diesel patented diesel engine in 1892.

*  Diesel fuel is stored in a fuel tank and delivered to the engine by an electric fuel -
pump. Diesel fuel has become the preferred fuel for railroad locomotive use due (]
to its lower volatility, lower cost, and common availability. =7

* The diesel engine (A) is the main component of the diesel-electric locomotive.

+ Thediesel engine is connected to the main generator (B), which converts the
engine’s mechanical power to electrical power. The electricity s then distributed
to traction motors (C) through circuits established by various switchgear
components.

*  Because it is always turning, whether the locomotive is moving or not, the main
generator's output is controlled by the excitation field current to its windings.

+  The engineer controls the power output of the locomative by using an
electrically-controlled thrattle. As it is opened, more fuel is injected into the
engine’s cylinders, increasing its mechanical power output. Main generator
excitation increases, increasing its electrical output.

*  Each traction motor (C) is directly geared to a pair of driving wheels. The use of
electricity as the “transmission” for the locomotive is far more reliable than using
amechanical transmission and clutch.

+  Starting a heavy train from a dead stop would burn out a clutch in a brief time.

https://www.midcontinent.org /kids-page/wh kes-a-diesel i/

So, if you see that this in some machines not steam then, it going for the diesel. In a diesel
engine basically, what they do they can work as a diesel to generate your electricity. So, there
will be a diesel engine and that diesel engine will be running a here a generator. Now, this
generator will produce that electric and then, electric current will be brought here in a motor

which will be connected with the wheel and this will be rotating.

Now, this type of system which is there with a mainly with the diesel engine then, the main
generator and then, the electric motor then, the whole engine they will have to have a
different control system, how you will be controlling the motor, what type of braking system

will be providing then.

Because it is a steel to this your that how that wheels will be made to move on the steel and

that whole control will be there in this engine part. So, this is the locomotive then, at the back



of it, there will be the your the connections that is the coupling point where you will be

connecting the train.
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Main Haulage Locomotive

+ Thisis heaviest type of locomotive to perform with the required high traction effort and a speed
rating of six to eight miles per hour (9.7-12.9 kiv/h). Size ranges from 6 to 8 tons (6.4 to 7.3 te)
minimum to 25 tons (22.7te) maximum.

* The majority of the locomotives are of the electrically driven type receiving their power from an

overhead trolley wire carrying either 250 or 500 volts DC.

These locomotives have two sets of driving wheels, with each set driven through gearing by a motor,

Facetors affecting Locomotive size include, infer alia: rail size and weight, radius of rail curvature,  Main Haulage locomotive

road bed conditions, physical size of the tunnel, haulage distance, power requirements.

* Storage battery main haulage locomotives are designed primarily for operation in gassy mines where

conditions are so hazardous that even trolley wire on a main haulage way must be excluded as a

possible source for ignition.

Their design differs from electric type locomotives in that the battery carried with the chassis gives a

weight greatly in excess of that possible with electric type locomotives with the same drawbar pull.

+ Use of Storage battery main haulage locomotives requires small trains and numierous trips, but work

performance when this is done compares favorably with that of electric locomotives of higher drawbar

pull

Where graded favor loads the great weight of these locomotives allows them to haul and keep under

control trips equal in size to those which would be handled by electric locomotives.

* Storage battery haulage locomotives have a speed rating of six miles per hour and battery voltage

ranges from 80 to 250 volts.

So, now, when you talk about the mining. The in the mining this locomotive haulage can be a
different category. One is their main haulage locomotive; that means, which will be bringing
out say, this could be in an inclined shaft; you have studied your underground coal mining
method which could be done by a vertical shaft your mine access can be directly over there or

that could be an incline.

So, if it is an incline, there you can have a trolley type of that electric wires are here and then,
this locomotive through this particular connections; here, you can see that it is connecting this

power is driven over here and then, it is rotating and then, the back side that all your train is



coming. So, this main haulage drive, it is it will be carrying out all that; that is a maximum

load will be coming over here.

So, the what is the basic component of the main haulage system; that means, you will have to
get those stub loaded at the bottom. They will have to combine together connect together to
form and then, couple and then, we will have to connect to the power systems and will go. So,

this is the main haulage locomotive is normally, the it is the robust system.

Now, sometimes what happens this may have here, in this locomotive, you will be having a
battery system also; that means, if at some places where the wire is not there, they can get the

power from the battery.

So, it is basically, an electric locomotive that is a wheel’s are having the electric motor, the

power is coming from the overhead line or from the desert.
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* Main haulage locomotive service consists in hauling loaded cars from the
sidetracks where they have been stored to the shaft bottom or landing, foot of slope, 4

or to the outside in the case of a drift or tunnel.

On the return trip the locomotive hauls empty cars to replace the loads taken away

from the side tracks.

Main haulage efficiency depends on : haulage planning, right sizing of track and

equipment, dispatching system deployed. [

By this means locomotive overloading is prevented since all trips can be

limited to the proper number, the flow of coal is regulated and should additional

help be needed at any point a dispatcher can send an extra locomotive to help

out.

o It might not be economically beneficial at small mines.

Similarly, this is a it is a it service consists of in the hauling load cars from the side racks
where the they have been stored to the shaft bottom and landing. So; that means, basically, at
the where your shaft and if you are going to a pit bottom there up to there, it will be working

or in case of incline shaft, you will be bringing up to here.

So, now let us say while they are getting taking out the loaded stuff, they will decouple it. The
engine will go back and then, there will be already queuing your empty trucks empty racks
will be there. They will be coupled and then, they will be taken back over there. So, that is

how as a main haulage locomotive will be working.
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Gathering Locomotives

* Involves the collection of individual cars at the faces of
rooms or entries, or at other points where loading is
done.

+ Then bringing them to suitable sidings where they are
made into trains for the main haulage locomotives.

+ Gathering may be considered as follows:

A. Room gathering. This is where the locomotive handles the cars in the rooms and hauls them to
the main sidetrack.

B. Entry Gathering. This is where men handle the cars in the rooms or mechanical loading devices
deliver the coal to the entry, or the cars are loaded from chutes and the locomotive handles the
cars between the entry and the side track.

Locomotives in these classes include cable reel, storage battery or combination locomotives.

Gathering locomotives benefit from not needing a trolley wire ran into the tunnels where the work will

take place.

So, now, next thing is their gathering locomotive gathering locomotive. The name as it says
that they will be exactly gathering different from the different sections of your that is there is

a one main haulage road.

So, through that that main haulage road, it could be by an incline up to the top or it could be
the main haulage inside the mine in a board and pillar method from different galleries, it will
be bringing to the near to the shaft bottom or the pit bottom, where there will be the railway
siding type of where you will be doing the shunting over there all the tabs will be brought.

Now, in a gathering one is basically, they will be going to that wherever the work is going on
in the district, from there it will be collected and brought to the main thing. So, they can they

can gather from different wherever the pillaring work is going on, from there it can collect



and then also, it from that while your the development work is going on, from there also, it

can collect and break to the main thing.

So, this is the way how the total transport route or the transport mechanism is planned in

underground, there they will work. So, it is a purpose wise they can be get.
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Cable Reel Locomotives

+ These are light weight locomotives that get their power from the trolley wire either by the
use of a trolley pole and wheel or with the cable.

They may be of the single or double motor type.

They range in size from 4 to 10 tons (3.6-9.1 te) in places where the cars are of high
capacity.

+ The cable is held on a reel which may be of the Long Horizontal Type or the Flat Vertical
Type.

The cable usually pays out over the motorman’s end. The reel may be either operated by
a motor or by a mechanical friction drive.

A throw over switch is operated when changing from trolley pole to cable so the motors
may obtain power from either source. If the cable is of the single conductor type a hook is
thrown over the trolley wire while the return current from the locomotive motors passes
through the track.

Double conductor type uses the secand conductor as a return and requires a ground hook
to be placed over the rail at the entry at the same time as the cable hook is placed on the
trolley wire before the locomotive can operate on the cable.

Then, another thing is this is a in a cable real locomotive; means, there you are having a cable
which will be connected to a trolley systems up to one point and then, it can go to the end
where there is no overhead trolley. But they will be as it will be having a cable reel, that cable
reel depending on the length of it has got it can go for collecting or gathering the mine car to

bring it to some places.



So, that is exactly cable reel is it can be a real horizontally it can be there over there or in the
side it could be a vertically a reel will be there. On that reel from the main gate and box you
can get the power or from the one the trolley wherever the access is there from there the
power will be taken and depending on the length of the trolley it can go to the for gathering

the different of mine cars.

So, that they can be brought to the your main end that say your haulage road from where the
train can be formed and then, it can be carried by the locomotive. So, this is the system how

the mining this transport in an underground mine is planned.

(Refer Slide Time: 18:54)
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Selection of cable reel locomotives is based on : 1
v carsizes,
+ grades,
* radius of room curves,

rail size and

seam height.

Control and speed

Room travel is usually over uncertain track and the low speed locomotive can negotiate

such track with safety b

Advantages of low locomatives (<six miles per hour):

A. Able to exert greater drawbar pull with smoother starting and less wheel slippage, thereby
reducing sand use and wear on tires.

B. Less cable maintenance due to lower current consumption and less liability to being over run.

C. Use of controller at maximum speed point reduces wear on controller and resistance grids,
and less current is lost through less running “on point”. Motors are usually cooler after a shift
of work.

D. Less need of brakes and better control of locomotive and loads on critical grades.

So, now, coming to this whenever it is either whether it is a cable reel or a your this that

locomotive; what will be its size and what will be power. It depend on exactly that what are



the car sizes depending on if you may have a 3 ton mine car or you may have a 2 ton mine car

or you may have even 4 ton mine car; depending on that how much load it can take.

And also, it is called a tear weight that is the there is a self-weight of that car that will have to
be taken, because ultimately there is one thing. You know that the drawbar pull of a
locomotive means; that locomotive. Because of its engine fuel or that whatever you are

having with that what motions you are going to get, that is called your tractive effort.

Then, what will be the resistances that whole train will be giving, because of their self-weight
or there could be, because of their inclinations there will be a resistance that when you
subtract all the resistances from your the tractive effort, which you get that is called your
drawbar pull. Now, that drawbar pull how much will be available will be depending on what

will be the car sizes or that what type of weight will be connecting over there.

Similarly, that your locomotive how much what will be that what type of motor power you
will be selecting will be depending on at what gradient it will be working. Will be discussing
soon that how this resistance is come then, on that rail on which your tarp cars will be there,

their dimensions also affect your system.

Then your what is that exactly the gallery height, because you cannot operate with that then,
whether your two tracks will be there that gallery dimensions also will be working. And of

course, the whole selections will be depending on what speed and how you control over there.

So, overall, that is your whole locomotive system you should always maintain that you
depending on the systems the and that considering the safety, you will be making the

operation parameters.

So, you can find out that this is exactly the there are all the different type of locomotives; they
have got their own advantages and disadvantages. So, because the main thing is there that

how much that your efficiency will be depending on that your system productivity will be



depending on how you are exactly utilizing the available power for trying; that means, how

much dropper pool you are going to get from that equipment.

And for that, exactly this another things you will have to see that how much that system will
require maintenance and how much fuel it will be consuming and then, from those point of
view this your cable drill locomotives are found to be cheaper compared to the other mode of

transport.

Because of its operational is flexibility, other things can be given here and then, this therefore,
the controlling also there is a there is less requirement for the this brakes and those point are

affecting in main designing of the system.

(Refer Slide Time: 22:07)

Storage Battery gathering Locomotives

+ These are locomotives designed to operate entirely on storage battery power and thus eliminate
the use of trolley wires in working sections.
The battery which furnishes the power may be of either the lead acid type of alkaline types.
Number of cells of either type in any one battery should be sufficient to give an average of 80
volts,
Charging stations are necessary to charge the battery at the end of a shift. - -
Extra batteries and facilities for changing battery boxes are necessary where locomotives are
double shifted.
+ Storage battery locomotives may vary in size from four to eight tons with a speed rating of three

and a half miles per hour (5.6 km/h)

* These locomotives are termed “permissible” for use in gassy mines and

in many cases are flame proof.

These locomotives can be used with safety in any part of any gassy

mine since ven the hazard of a cable reel has been eliminated.

* Latest developments in battery locomotives stressing large batteries
assure the operator of sure, steady power throughout the shift without
loss of time due to power failure.

* Absence of cable handling make it productive and more economical of

power due to its lower speed rating and other features of this design.



Nowadays, as we said that electric locomotive can be having also a storage battery gathering
locomotive. That means, this gathering locomotive going to different districts and collecting
the material, they can have a their own battery. With that battery, they will be waiting. So,
they did not depend on that up to the working phase. If the trolley or the power supply is not

given, then also this system can work.

So, they are designed to operate entirely on storage battery power and thus eliminate the use
of trolley wires in the working section. So, this is the main advantage of this system ok. So,
this is also the type of that lead acid type of alkaline type of batteries that those are used and
then, this battery can be charged. So, that is why in the mines there will be a charging stations

so, by which exactly you can economically plan to get that power available for this.

So, they can go of course, their speed and all it is limited to 5.6 kilometre per hour and a those
type of restrictions are there ok. So, they whether they will be working in some of the your

underground mines, where the trolley if it is going.

When you are taking corrections at that time a moving if there is a chance of sparking, so, that
is why in some places they may not be permitted. But this type of battery locomotive
gathering battery locomotive, they can be made easily for that your the battery will not be
leading to any spark and then, that point of view it will be made as a permissible. So, those

arrangements can be there ok.

So, this is a as you can see here, there is no cable so therefore, no cable handling. You will
find in many of the underground accidents. One of the major source of accidents is the cable
handling, whether it is in your locomotive cables or it is for your shuttle cars which you are
using with a cable moving under the mines is a. So, that is why this battery locomotive when

they are using, they will be giving you better performance.
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Combination Locomotives 1

Combination trolley and battery locomotives consist of an ordinary
electrical locomotive equipped with a storage battery.

While operating at the entry, the locomotive operates on the trolley wire
through use of a trolley pole.

When it is necessary to operate in the rooms, the trolley pole is lowered and
the locomotive operates on the battery.

In many cases the battery is connected to the trolley pole lead and charging
takes place while the locomotive is operating on the trolley wire.

Whether this is the case or not, it is best to provide a charging station to
recharge the batteries at the end of a shift.

This type of locomotive can cover more ground than straight storage battery
locomotives due to its higher speed ratings when operating on the trolley
wire but the service is harder on the battery and the life is shortened
considerable due to the constant charging.

Mine Haulage by Chris Murley: http://www.undergroundminers.com/haulage.html

Now, sometimes these two can be combined together. The combination of trolley type and the
battery type then, wherever required you can switch over. So, this type of systems has got the

advantage of both battery type and the cable type can be done over here.



(Refer Slide Time: 24:41)

Mechanics of Locomotive

* D’Alembert’s Principle: If the mass multiplied by the total
acceleration is reversed and considered as force, then this together
with the applied forces, constitute a system in equilibrium.

R T 0=F-Ma

g T=F +Ma +Mg sin 0
Ma -\ o R=M g cos 0

\O

Direction of Motion

Direction of positive
acceleration

So, I think by now, you have learnt about that what is a system of a in case of your a
locomotive, you are having the trolleys and then, you are having a driving engines and they

will have to be introduced.

So, now the basic thing is what type of what should be the engine power how much power
will have to be given that how much that is your drawbar pull will be available, what will be
the tractive effort; this is based on the D’Alembert’s Principle, which you know this is just a

another way of telling the Newton second law.

In the Newton second law, you know that is F is equal to M a, that this part only what they

say; that means, whenever there is a dynamic system like this, that is exactly the your total



force systems that will be must multiplied by the acceleration. These ones when you take

there that equilibrium, this equation is given as a D’ Alembert’s Principle.

And here, you can find out that what is this total force that will be required; exactly that
whatever the gradient force is coming and what is that your inertia force is coming. And that
depending on what is the normal reactions. So, you can see here all the motions and the forces

are given over here from there you can find it.

(Refer Slide Time: 26:15)
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So, even in a then when a will be rolling down; that means, it will be having an angular
velocity and then, it has got a that is your what is that the your total the your moment of
inertia. And then, your radius of gyration they will be affecting and you can easily apply your
school physics that the total kinetic energy; how much it is coming. It will be I omega square

by 2 plus M v square by 2.



So, these ones exactly you can see that total mass that is a M it is your, because of the radius

of gyration’s; this is the total kinetic energy coming over here.

(Refer Slide Time: 26:57)

A locomotive of total mass 20 t has three pairs of wheels of diameter 0.9 m, mass 0.5 te per pair and the radius of gyration 0.38

m. When the locomative is travelling up  gradient of 1 in 200 at a speed of 4.5 m/s, the power is shut off and the brakes 1
applied. The frictional resistance to motion is equivalent to a coefficient of 0.01 and the application of the brakes is equivalent
to a further friction resistance of 0.0125. Calculate the distance the locomotive will travel up the gradient before coming to rest.

By principle of conservation energy: Y

KE at A= PE at B + work done against friction from A to B+ work e = r®
done against brake resistance from Ato B

KE at A=%MLV§ + 1y

Where M, is the mass of locomotive, vy is the speed at A, I, is the moment of inertia of all wheels and wy is the angular
velocity of wheel at A

KE at A=1/2 [20 te x 4.542] + J4[3x0.5x (0.38)2]x(4.542/0.45A2] kNm= 213.8k)
PE at B= M, gH =20 tex 9.81x 5/200 m = 00.981s k)

Work done against friction = F x s=20x 9.81 x 0.01 s=1.962s kI

Work done against brakes = F x s=20x 9.81 x 0.0125 5=1.9625 =2.46s kl

Energy equation gives:  213.8 k1=(0.981+1.062 +2.46) s k!
And s= 213.8/5.403 =39.4 m

Now, you can applying these things, you can do some small numerical to understand what it
is there. A locomotive of mass 20 ton has three pairs of wheels; you can see over here and
then their diameter is given and then, the mass per ton per pair is given. Now, the radius of
gyration is given and when the locomotive is travelling up a gradient in 1 in 200, then at a

given speed the power is shut off and the brakes applied.

Now, the friction resistance to motion is equivalent to a coefficient of this it is given, because
that overcoming the resistance and then, you can apply the brakes how much will what will

be the further friction, coefficient is given.



Now, you can calculate what will be the if you apply the break, after what distance it will stop
that stopping distances. So, it is just only by applying that principle of your kinetic energy,

you can easily find out this equation.

(Refer Slide Time: 28:00)

The friction force F is the Tractive Effort that provides the
force pulling the locomotive and train

Torque T

]

N M, is the mass of locomotive 1
[ Me

Sr
u: Coefficient of adhesion= 0.2-0.25. =0.16 for braking calculation, for skidding adhesion =0.075

Friction force F, upto uM,g

Locomotive needs to overcome:
1. Friction Resistance, R: at wheel bearing =MgR, R=0.01 for Pl Gavgrs
starting, for running R=0.0025; On curves the wheel flanges on

rails get additional friction resistance, Ry = 0.135x(A+B)/r, where

A= wheel base, B is rail gauge, r is the curve radius ‘;:“,.':J o = ]’;:"‘.!L
2. Gradient Resistance, G -y

3. Inertia Resistance, A ’ )

Broad Gauge: width 1676 mm 10 1524 mm
Standard Gauge: widih 1435 mm and 1451 mm =

"Metre Gauge: wicth 1067 tm, 1000 e and 915 man =

thbtt—

So, similar type of problem you need to solve. So, that is a friction force is a the Tractive
Effort that provides the force pulling the locomotive train. Because whenever it is there you

are from the motor in the locomotive, it is giving a torque.

And it’s weight is there when you are moving it there is a frictional resistance to motion. That
means, your that as you know that from the principle of friction for rotating in these ones that

weight into coefficient of friction that will be giving you the total frictional force.



So, to drive this ones at least equal to this. So, that is why your the total friction force will be
coming as a tractive effort. So, these ones you can do now, when you are having a track, you
should remember that there are two things that there are or the track will be two rails; the

distance between the centre point of this two that is called your tech gauge.

And there is a from the distance between this the to the centre of this wheel, it is called your
wheel base. Now, in a railway or any track what you will find your this railway wheels, you

are having a little bit of tapering.

Now, why it is required? You can easily understand that when there will be a curve so that;

this different point will be getting connected and then, that your drive will be taking place.

So, that the dynamism the dynamics of a railway wagons moving on the this rails that is a
very interesting things, but one thing you know that the different goals is you know that in our
country we have got narrow gauge, we have got meter gauge, you have got standard gauge,

and we have got broad gauge.

So, this is a that these are all standardized as you can see from here that is your 1524
millimeter; that is in different country they may have a different definitions for how much
will be those narrow gauge or what will be the broad gauge, because these standards are

maintained. There are other, because of some of the operational and maintenance purposes.

But what most important for you to know as an understanding you can see here this rail.
When it is running over here, at that time when you are taking a train you see that the wheel is
not exactly at the centre, this wheel is coming here up to the flange and it has gone a little bit

away from the flange.

Now, when it is there are four wheels two wheels here, it can be seeing and then, there will be
a transition point so; that means, when it is taking a turn, at that time these portions that

which one is connecting that will be there. So, once you draw this type of figure that is your



we know that what is that attack angle; that positive attack angle and this angle will be

changing when you are taking a turn.

The whole dynamics of it when you study then, you can find out that what should be the
wheel base and all depending on your what will be the railway curve and on that exactly what
type of trolley or what type of car can move on that. So, those things are the detailed study

when you want to do.

(Refer Slide Time: 31:11)
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Bogie behavior during curve negotiation and contact force between wheel and rail

Learning Activity:
Study: Simulation Technology for Railway Vehicle Dynamics by Osamu KONDQ and Yousuke Y{\MAZAK\
at https://www.nipponsteel.com/en/tech/report/nssme/pdf/105-13.pdf E

But this is very interesting on that as you can see over here that is there will be a creep force
coming up there. This attack angle and then, this two type of a lateral creep force and this is

your longitudinal creep force coming on to the outer rail.



And then, if it goes out if your railway gauge is not properly assigned not properly designed
then, this will may go out and then, there could be the derailment and there could be the

accident.

(Refer Slide Time: 31:51)

Gradient Resistance, G 1

Due to the component of the weight @&

\/"/'"J Mg cosd
Inertia Resistance, A A mgshs

By D'Alembert’s principle, Total Downward Force= Reversed (Mass x Acceleration)
Total Downward Force = Mgsin 0+ M gR+MgB MR Mea .,

M, gG
G=Sin 0, Total Force down gradient=M g (G +R +B) 8

R= Friction resistance =0.01 MgB g ”/ i
B = Brake Resistance = 0.0125 PRtk

A=2ES g 058
Mg g
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Total Equivalent Mass = M¢= M, + Mwﬁ

If the train is retarding at a rate a,, the acceleration resistacne can be written as A, it
being useful to include the suffix to ensure that the directicn Is properly considered.

M,, + Total mass of wheel
K = radius of gyration

So, this point exactly how the buggy will be behaving on this. You can study some of the
research article if you want to study more, but thing is that these resistances you can find out

that when a trolley is to move over here, there will be different resistances coming over here.

First is your total M L is the total load which is coming on this truck and the loaded number
of them which have been corrected. So, this will have to be with a particular acceleration’s
going up. So, that is the power requirement, but there will be resistances different resistances

will be coming, because of the total load of it, because of the Grade resistance and because of



the that G is that Gradient resistance then, your Inertia resistance so and that the Friction

resistances.

So, these three resistances will be working on it, when you account for that then, you will be
finding out the calculation is very easy. So, this Inertia resistance; Inertia resistance can be
calculated by this; that means, if you are having that is a your total mass which is coming over
there normally, that at what accelerations you are going it over there and acceleration due to
gravity there as a ratio at about 1. 0 5 8; this becomes exactly a Inertia resistance, which you

can use it over here.
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Total tractive effort for a locomotive of mass M, hauling a train of mass M when accelerating up a gradient is thus: 1

=(ML+MT)9(R+G+A)=].lMLg

So, when you find out the tractive effort, the tractive effort will be depending on that exactly
total what is the mass load of this that is that. This locomotive part what is each this is M L of
this part and then what is the M T. M T is the total load on this all cars together and then,



multiplied by G; what are these resistances that is your the Friction resistances, Great

resistances and your Inertia resistances.

If three resistances are connected that should be equal to at the co-efficient of friction on
which it is moving the whole mass is giving this thing. So, this is the way how you calculate

out the locomotive this the total forces.

(Refer Slide Time: 34:52)
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Locomotive Ideal Gradient a}

The ideal gradient of locomotive operation is one if the effort to pull trains out bye is equal to that
required to haul empties in bye. I.e the full tubs will go down the gradient and all empties will come
up the gradient

Let MI, Mf, Me and Rr be the mass of locomotive, te, Mass of full tubs, te mass of empty tubs, te and
rolling resistance N/te respectively, The condition of wuLeaI gradient:

(M+M£)x981x1000
3

Mi+Mf)x9.81x1000

(M4 M) <R, - = (M, + M) X Ry
Thus ideal gradient. G

(2M, + M; + M,) x 9.81 x 1000
(M; - M) xR,

So, from there equations comes that what is an ideal gradient. Ideal gradient means; suppose,
you are having that is your that it is a gradient of the locomotive operation that is the effort to
pull trains out bye is equal to that required to haul empties in bye so; that means, your empty
cars when you are going to take downward and that one whatever the force will be coming
resistances will be coming and then, when you are taking the this the loaded one upward that

should be equal.



So, you can see here this is your that M 1 is the mass of the locomotive then, your M f is that
mass of the full tubs and then, M e is the mass of the empty tubs and then, R is the rolling

resistances.

Then, this is the your that while the full loaded tub are going that resistance is multiplied this
is the things minus f as, because you are it is opposed by this your gradient you know if it is a
I in 10 or 1 in 15 that G is that gradient this much and then, it is equal to when your this

empties are going then it is plus, because it is in favor of the gradient.

When you put this together; that means, the loaded one moving against the gradient; empties
are going in favor of the gradient. Under these conditions, this gradient if you find from this

equations, this is called your ideal gradient. I hope it is clear the ideal gradient.

(Refer Slide Time: 35:41)
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Minimum mass of the locomotive

+ Working on Level track: if W, Wy, R; and p are the mass of locomotive, te, trailing load of the
train, te, running resistance of locomotive N/te and running resistance of train and coeffeicient af
adhesion respectively,

9810 X X W, — R, X W =Ry x Wy
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L

« Working on unfavourable gradient of 1 inn
9810 X u x Wy, = R, x W,-
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* Working on favourable gradient of 1inn
9810 X X Wy = Ry X Wit 2Ry X Wy
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Now, that what will be the minimum mass of that locomotive that is exactly that your whole
force and all what will be coming. The tractive force that is a function of the mass of the

locomotive. So, what should be the minimum mass that the locomotive should be there.

This will be when it is working on a level track, when it is working in a gradient and then,
while it is going in a unfavourable gradient and when it is going in a favourable gradient, this
total weight of this exact this mass of the locomotive that could be different that you can

calculate it out and you can find out.

That means, whenever you are selecting a locomotive, that depending on the weight of the
locomotive which is there you can tell that how many cars can be connected to it. So, that that
is that the weight of the locomotive is a very very important, because the tractive effort which

can it can generate is depending on itself weight.
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Practice Question ‘
1. A 10 te diesel locomotive hauls 10 mine cars having a tare weight of 1 te and capacity of 3 te.
Assuming that the rolling resistance for all the cars to be 75 N/te calculate the power required to

operate at 25 kmph

Given: M= 10te

M,=10x1= 10te
Ideal gradient G =((2M, + M, + M,)x 9.81x1000)/( (M-M,) xR ) M, = 10x(143) =40 te
=[(2x 10+40+10)x 9.81x1000]/[(40-10)x75]=(70x9810)/(30x75) = 305 R ': 75 NJte

Power =T, x velocity T, = (Mz a5 Mf) xR, - (M +M7)x981x1000 (10+40) X 75 - (10+40)x9.81x1000

305
= 3750- 1608.2= 2141.8=2142 N

Velocity = 25kmph =6.94 m/s

Power = Te x V =2142 x 6.94 W= 14.875 kW
Efficiency of mator 70% /
Motor Power = 21.25 kW

So, now, you can take a question’s you can practice this. Suppose, a 10 ton diesel locomotive
hauls 10 mine cars having the tare weight of 1 ton and capacity of 3 ton. Assuming that the
rolling resistance for all the cars be 75 Newton per ton calculate the power required to operate

at 25 kilo kilometre per hour.

If you see; that from the if we consider the ideal gradient conditions; from there we can find
out what is gradient, we are finding out G your gradient is 305 so; that means, this system can

be working as the ideal operation condition is up to 1 in that is 305 this slope it will work.

And then, you can once you know this gradient your given parameter you take it then, you

need to find out for power, you will have to know what is the tractive effort. The tractive



effort you already know that is your depending on your loaded car and then, this what is your

it is against the gradient.

So, from here, you can find out the tractive effort you know the velocity given in your
kilometer per hour. Convert it to meter per second. So, velocity is known, tractive effort is

known, you can find out the power.

If you know the power then your if you know that this the motor power that is efficiency of
the system is 75 percent. So, divided by 0.7, you will get this. What will be the motor power

required. So, these are very simple calculations you can do it over there.
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2. Alocomotive weighs 20 tef and adhesion to track is 2000 N/te. Find:
a. The coefficient of adhesion
b. The draw bar pull while the locomotive is working on a level track, on adverse gradient of 1in 100, 1 in 20.
¢. Assume that the running resistance of the locomative is 65 N/te
Find coef ficient of adhession = % =0.203
Tractive Effort = 20 x 2000 = 40000 N

Running resistacn= 65 x 20 =1300 N

Gravity component in 1in 100 201962 N

20x9810
5

Gravity component in 1in 100 s 13080 N

Drawbar pull on level = 40000 -1300 =38700 N =38.7 kN

Drawbar pull on adverse gradient of 1in 100 =40000 -1962 =38038 N =38.04 kN "
Drawbar pull on adverse gradient of 1 in 15 = 40000 -13080 =26920 N =26.92 kN {



So; a locomotive weighs about 20 ton force and the adhesion to track is about 2000 Newton
per hour. Find the coefficient of adhesion. Now, this exactly you do not know that coefficient

adhesion is very very important.

Because on that basis only your whether you will be able to run or not and that is why to
improve that adhesions and all you may be knowing that is exactly for improving the braking
power and all the put sandbags; that is all the locomotive they have got the sanding systems
and all that. So, this is also the same formula which you are there you can use it and then, you

can get it.
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Conclusion

* Different types of mine locomotives are introduced
* Basic calculations of locomotive haulage is discussed

So, what I have said here today is a basic what a locomotive system is and we have discussed
about the basic calculation things. I wish that you read about this particularly that mine

transport by N.T. Karelin this book gives. And also, the Mechanics of Bulk Material



Handling by Norman Brook that is exactly a 1971 book which is very good for basic

understanding of the locomotive.

Then, other than that; you will have to do a little bit of internet search for different research
material and you can do it over there. So, I hope that you will be doing this study on

locomotive and see how it can be used.

On the basis of it, you can find out a lot of maintenance of that system how to deploy it over
there and then, how to manage that technology in a mines. This will be giving you a good
creep on the operating and then, you can compare with the other form of transport system and
that cost calculations, cost comparison can be done for getting a basic your management

decisions.

So, I hope you have now understood that what is a mine locomotive and how you should
prepare yourself to know about it. So, there are some D C M S circulars and legislations. So,
you please study the mines act and legislations which are essential for operating these systems

in any mines.

Thank you very much.



