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So, we have been discussing about this Underground Machinery now and we talked about

some of this, what are the different type of loaders; we talked about the gathering arm loader

an old machine and still in some form it is being used in some of the places.
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Underground Mining Machinery

Loaders: Rocker Shovel and SDL

Loaders are the machines used for handling the blasted or fragmented rock mass to load into transporting machinery

OBJECTIVE
Explain the construction and operations of Rocker Shovel and Side Discharge Loaders

By Arpit Gupta - Rocker Shovel Loader info, CC BY 2.0,
https://commons.wikimedia.org/w/index.php?curid=52456177

Today I will be discussing about some other loading machines or the loaders, which are

exactly used in underground mines for fragmented or the, that your blasted rock mass. And in



that two machines we will be discussing today; one is the Rocker Shovel, and the other one is

side discharge loader.

Side discharge loaders are being used in our Indian coal mines as well as these Rockers
Shovel are used in many of our Indian metal mines. So, this machine, Rocker Shovel is also a

very old machine, which is working from 1938.

(Refer Slide Time: 01:27)

Racker Shovel is a Loader, sometimes
referred to as Mucker is a type of
mechanical loader used to load
fragmented rock mass to a transporting

IR T e Ao DRAWING BY BUCK 0. DONNELL, 1967. Ithd the

following written on it."John Spence Finlay,

Superintendent of the North Lilly Mine, Eureka, Utah ‘
revolutionized mining with the evelopment of his

Overshot Loader. Back in 1931 he built and sold four of

these units for $1,600 each.”

ROCKER SHOVEL LOADER

And as you can see here that in this figure, in the old days, the loader means that person was
called loader. Even in India up to 1970s and early 80s, there were these loaders and in if you
will be seeing that there is a designations, as a some people they were recruited as loader and
their job was to use this shovel to load on this type of mine cars and tubs in underground

mines.



So, there was exactly the in 1930s, the people innovations in the in abroad; particularly in
America they started in a that Rocker Shovel this name was given there and they used to,
sometimes this pile is called muck, that is why this machine is also called a Mucker. And this
was the first mechanization in a underground mine and you can see this figure, a picture was

depicted in 1967.

And where it says that, it is exactly the Rocker Shovel, the John Spence Finlay superintendent
of North Lilly Mine of Utah that exactly they brought in 1931. And then thereafter more than
29000 of such machines were manufactured by EIMCO. You may be knowing that, this is
another company EIMCO and that has got an Indian collaboration as EIMCO Elecon in
Gujarat; this mesh, this company has constructed number of material handling systems in

India.

So, this Rocker Shovel what it is exactly? This is a very simple device by which this bucket
which you are seeing over here, it will be pushing that material will be loaded over here; after

it got loaded, then it will be just by pushing a button over here, pneumatically operated.

These machines will be rolling these ones and going into the back and then the back there will
be a trolley standing and there it will be loading; that is why it is rocking shovel and then it
will be coming back. So, this machine was just as a simple mechanical system of lever and
links and they are operated by pneumatic; that is your compressed air where first used in

underground mines.

Particularly in underground coal mine this machine was very much used; because where you
cannot use electricity for the, that is your that fire incidence due to the spark given by the
switches, that is why the pneumatic machines do not have that type of problem. So, you are
having a machines that is a, you are by a lever will be working with pneumatic pressure, such

machines were there.
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After going through this lesson you will be able to:

* Explain the construction, operation and maintenance aspects
of Gathering Arm Loader (GAL)

* Identify the applicability of GAL

* Compare the merits and demerits of GAL over other
excavators

)
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OPERATION

<

ARocker Shovel is usually powered by
compressed air, or in some cases electricity.
Itis commenly mounted on steel wheels
designed to run on narrow gauge rails, with
some later models using metal or rubber-tyred
road wheels.
The cperator, standing on a raised platform to
one side of the machine, operates the contrals,
one lever to drive the machine along the tracks,
Rail Mounted Tire Mounted and another to raise and lower the bucket.
Once the bucket has been filled by driving the
loader forwards into the pile of material, the
+  Dependable Rock loading rocker mechanism throws the contents over the
+  Simple, self centred controls for easy and safe top of the machine and into a wagon behind.
OESAeOR Once full, the loaded wagon can be taken away

<

<

<

<

+  Lowcentre of gravity §
« Easy swinging of upper deck for side digging and replaced with an empty one to allow
« Wide tread wheels with deep flanges for exira loading to continue.

stability
« Power swing, as an option, for virtual pinpoint
control of bucket position
« For operation in gradient steeper than 1 in 6, special
slope loading attachments are available on model 21

So, that we discussed about the gathering arm loader; here you are studying about these
machines which is a EIMCO Elecon; they have manufactured these machines which has got a
Rocker Shovel, which is this particular is a shovelling part and this will be working. You can
see here is a one platform on which the operator can stand and then he will be operating these
levers. So, by this operating this lever, this whole arm it will be going up above this once and

then it will be discharging.

So, this is a simple machines, which could be a tire mounted or it can be a rail mounted and
there is also a variation scroller mounted not much popular. Now, these operations, this
movement of disc can be used by all; as we said these are all pneumatic hose and then there

are the levers.



So, this is exactly the benefit of this, it is a dependable rock loading, simple, self-centred
controls for easy and safe operation, low centre of gravity, so that is why it is a very stable
machine. Then swinging of the upper deck for side digging, it can do that both side digging as
well. Then wide tread wheels are deep flanges for extra stability; this can be the track can be

made wider, so that it can give a better stability.

Then it is a, if your points that which is mounted over here with this, there is a very less wear
and tear of the systems; they can make with proper lubrications. And then the gradient it will

be working in 1 in 6; so that if the slope is more and then there will have to be taken care of.

Now, what is here most important is, the speed at which it will be moving; because
depending on that speed, that material at what angle it will be projectile out and then where it
will be loaded that is control. So, that is a, with a simple mechanical system, they develop

this.
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There are different types of loaders used in underground mines. These are self-propelled crawler or wheel mounted
machine with an integral front mounted bucket; supporting structure and linkage which loads or excavates through
motion of the machine and lifts, transports and discharges material. The loaders can be classified as shown in Table 2.

Table 2 Classification of loaders

Basic Cass Description
Type of A Rocker shove loader ithout bogie
loader B Rocker shovel loader with bogie
(d Rocker shovel loader with slewing
conveyor
D Front or side tipping loader including

load-haul dump loaders

Motive P Pneumatic

power E Electric
EF Electric (flame proof)
D Diesel

Travel R Rail mounted

mode T Rubber tyred (pneumatic or solid)
G Crawler mounted

So, now as a loader, there are different type of loaders are there. So, exactly this rocker
shovel, it comes under as a class A type of loader. Now, there could be some more additional
attachments over there and on which it will be loading; depending on that load the
transporting machine which is to be attached with the Rocker Shovel, there will be additional

features coming and then the type of the machines will be different.

Similarly, the machines are also classified that, it can be pneumatically operated; in some
machines, some places where there is no problem of this explosions due to fire damp and all
like coal mine, you can use electric motor, electric system. But if that electric system can also

be used in underground coal mines, if it is made a flame proof.

So, those are the provisions available, definitely it can be used with a diesel engine as well,

because nowadays lot of development have come in diesel engines. But the special care need



to be taken in using diesel engines underground; because that the air the concentrations of the
diesel exhausts if it goes high, it will be, exactly it will affect the health of the people who are

working underground.

So, that is why depending on that, the machines type they have designated P, E, EF, D like
that designation of the machines are given. Then moreover depending on that whether the rail
mounted, rubber mounted or crawler mounted you can classify. So, there are different way of

classifying these loaders.
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This 3000 kg machine of 2180 mm height is available with a bucket
capacity of 0.15 m?, and hopper capacity of 1.0 m®. It can travel
with a speed of 1.76m/sec

The features of this machine are:
1. Heavy duty geartrain for low noise and trouble free operation
2. Highstrength and impact resistance structure

3. Higher speed, large discharge angle and high hopper
discharge height

4, Low headroom permits operation in confined conditions

L

Light machine weight permits easy handling and
transportation
. Extra large bearing on gear train for longer life

. Box type structure of arm for higher rigidity Eimco Elelcon hopper loader

Splined axles for ease of maintenance

© ® N oo

Spool type valves for smooth easy operations

10. Sturdy and rigid operatiors platform for safety and ease of
operation

Now, you can see here that say, a EIMCO Elecon that the machines which this EIMCO
produced in 1938; they have gone through different type of a developments over here. But
today in this 21st century also, this machine is working and then this is the latest version of

that machines which is shown over here.



So, this is exactly a 3000 kg, only 3 ton weight of this machine and it can work with a height
of 2.18 meter; that means the what will be the gallery size on which it can be worked, because
at the time of this projectile motion what will be the maximum point it will have to get, so
that it should not hit the roof of the gallery, that is what it is the important dimensions in
deploying this machine. It is capacity is 0.15 meter cube and then it can go up; this is say, at a

speed of 1.7 meter per second.

So, these are the different features of these machines; it is a heavy duty generation of low
noise, you can make it to work with a less noise depending on that how you have mounted
and how you have exactly controlled the that is a metal to metal frictions, how you are

reducing depending on that the noise can be made lower.

Then it is a the material of which it will have to be made; it should be selected in such a way
that, their friction should not raise too much of heat or to should not get spark over there.
Then this its speed, it should be working at a higher speed, large discharge angle and high

hopper discharge height these are the features on which it can be designed.

Then this your, you will have to get that low headroom, so that it can work within a
constrained spaces. Then this is the machine weight should be kept as minimum as possible,
so that its handling and the transportation energy requirement becomes less. Then the gear
trains that the drives and all; their gear should be selected in such a way that, it can give a

longer life.

So, now, the how different axials will be fitted, these axials on the wheels how they will be
fitted with the tire those things also designed. So, that means they intricate the features of this

machine ultimately to give a very rugged or robust machines to work in underground.
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Side Discharge Loader (SDL)

SDL is a compact, low profile, narrow wheel based crawler
mounted and electro hydraulically powered with smooth control
system & excellent maneuverability and stability with sufficient
ground clearance.

Applicability:
15 14480:2006 gives the safety and regulatory requirements for

Gradient: 1in4 Indian Coal Mining

Seam Thickness: >1.8m

Working distance: <10m

Gallery width: >3m * Side discharge loaders are used for loading conveyors and

mine cars in underground mines with cross headings,

galleries and tunnels having gradient upto | in 4.

In CIL and SCCL over 900 SDLs and 50 Load Haul Dumpers

(LHD) are in operation and contributing to produce over 40

M te of coal per year.

You can see here, that is the other machines other than this Rocker Shovel this; the next type
of loader we are going to talk about is the side discharge loader. Now, when I talk about the
side discharge loader; before that please clarify whether you have understood that, what is the

loading machines purpose is.

The loading machines if it is to work in underground; it should be of low height, it should be
easily manoeuvrable within a constrained space and it should be operating with safety that is
most important thing. So, in a Rocker Shovel, it has got certain limitations; because of the
type of motions it will be doing, it is going the whole, taking the material all over it and then

they say you are guiding it by making it to fall through the projectiles.

Now, you understand that if there are different sizes of material which is collected and when
they will be throwing over here; the trajectory of the material will be different. So, many a

times there may not be the properly loading; so those type of problems need to be solved. So,



there were the different machines that came up; out of this, the next developed machine was a

side discharge loader.

Now, this side discharge loader it is a compact, low profile, narrow wheel based crawler that
is a narrow wheel. So, that it could be the; if a narrow base means, your gallery width
requirement will be less. So, then it will be electro hydraulically powered that is; that means it
will be having much smoother control, that hydraulic systems have got a very smooth control

over the different motions.

And then the to drive that hydraulic system, there will have to be a wild tank; you have
already studied in a that in our elements of machines when we discussed we talk about the
different type of drive in a hydraulic transmission has got some benefits of its controlling, but
there you know that you have to have a oil tank and from where a pump will have to be

driven.

So, that to drive that power pump, you can give electric power; to bring electricity to
underground, there is also if it is a underground coal mine, we will have to follow the

restrictions given by the DCMS, that what are the safety precautions will have to be there.

That means, there will be for the underground power distribution system; how from the cable
will be bringing the power to a gate and box, from the gate and box then through a trailing
cable the power will be given to this machine. And for that it will be working the hydraulic

system and that is why this machine is a, electro hydraulic machine.

And then what is most important thing is manoeuvrability. So, it will have to take turn say, it
is taking the material; when it will be going either by going in a reverse directions or taking a
turn, it will give and then loading in the side. Loading in the side means, that bucket will be
taking the material and it will be discharging on the sidewise. So, we will be seeing about

that; the thing is in underground that coal seam, it can be having a gradient.

So, this machine is very good, it can work in 1 in 4 gradient; very steep stream also it can

work by. As you can see in the figure, this is our crawler mounted and this crawler mounted



also the travelling gear, they are designed in such a way that it can have a better grip. So, that
of course, this you please note down that, IS Indian standard; not one it is IS 14480 2006, this
standard gives that what are the statutory requirement for a machine which is to work in

underground.

And in this side discharge loaders, they are used for loading conveyors and also mine cars in
underground. If you see that there were a number of during the 70s and at the end of 70s, 80s,

number of Indian coal mines also started taking this underground belt conveyor.

Now, in the belt conveyor, you will have to load it properly. Now, loading the material on the
belt conveyor is a very very important; because if the material is not loaded properly onto the

conveyor belt, then there will be the spillage.

And the spillage from the conveyor belt can exactly make sometimes that cleaning a big
problem and then what happens? If the machine is that conveyor belt is not properly cleaned
or that material is falling onto the return belt, we will discuss when we will be discussing

about the conveyor belt transport that, it can take away of your many operating time.

So, that is why the machine which will be loading should be very efficient machines and the
side discharge loader is a machine which can load onto the conveyor belt also. So, you have
seen that this is a your, can we draw machine throw material by projectile to fall on a
conveyor belt which is continuously moving? So that rocker shovel cannot be used for

conveyor belt loading; but your side discharge loader can load onto the conveyor as well.

Now, in India there are number of about that is a Singareni coal field and Coal India that is
limited; these two companies, they have got more than 900 side discharge loader and then
they have got also another machine we will be discussing in our next class, that is a load haul
dumper LHD. LHD and SDL’s are the main machines, which in our board and pillar method

of coal mining they are being used.

Now, of course an India now as, because underground coal mining is decreasing and they are

not being able to come up to the productivity; there is a lack, there is a less use of these



machines. But these machines only converted our productivity from the underground coal
mining was increased by deployment of these machines; of course there are other machines
like continuous miner and all by which your productivity of the underground coal mining can

be used.

But in a medium scale, a small scale coal mining underground coal mining, LHD and SDL’s

are still the most important machine.

Now, this the machines come as a modular design; I told you at the beginning first class also
that is a, the basis basic features or the special characteristic of underground machinery is
there, modular design, so that can be assembled underground. The main reason is they will be
coming as a, some unit, some sub-assemblies; then they brought separately, brought down to

the case and in the site it is erected.

(Refer Slide Time: 17:17)

+ Modern SDL machines are of modular design, with bucket with hydraulically
driven bi-directional chain conveyor system and side doors for controlled
discharge on either side.

The machine has hydrostatically driven track drive with automatic braking
system ensuring easy manoeuvrability and maintenance.

* The prime mover is generally a flame proof, 3 phase induction motor
operating at 525 V that meets all underground operating requirements.

+ Various systems in the machines are: 1, Electrical System

2. Hydraulic system

3. Propelling system

4. Signalling system

5. Fire Extinguisher system

6

7

8

9

. Lighting system

. Work Control system
. Bucket

. Undercarriage



Now, there is a it is a, it this bucket of a side dishes loader, they can have inside the bucket
there will be a bidirectional chain, by which the chain can move and then this material which

will be collected in the bucket, can be taken out by the chain and then it can be discharged.

By that exactly you may not tilt the bucket too much to get it unloaded; because the chain will
be doing unloading. Because if you have to tilt it by at a raised positions, you require a more
height of the gallery. So, that type of systems have been there in depending on the mines

conditions, you can have a bucket without a chain or with a chain.

Now, this is a, the driving or this machine is mounted on a crawler. So, that you can have
better stability, it can work in gradient and that crawler is driven by hydrostatic by a hydraulic
drive to the crawler. Then also this is a main motor by we which will be driving you know
this hydraulic pumps and all; there is a three phase motor of sometime operating voltage up to

525 volt, these machines are working in things

So, there are a number of systems in these machines; when you go for studying this machine
separately, you know that there will be electric system, there will be hydraulic system, there
will be a propelling system by which this machine will be moving; we say that there is an

undercarriage on which the machines will be travelling, that is a propelling system.

Then there is a signalling system that is your, you will have to communicate from that
machine to the above ground and also there should be the people who are around there, so
that you can give a safety instructions that by some sort of hooting and some type of some
sort of your lighting. Light and this horn; sound and light are used for giving different type of

signal from these machines.

Then also there should be fire extinguisher system; you are using hydraulic oil, though
nowadays this is a mandatory that all the oil and oil hose and all which are made of this must
be fire resistant. And that in spite of that, there should be a fire extinguishing system is a

must.



Then there should be proper illumination in underground; of course this illuminations in
underground is a big important area; particularly in underground coal mining, where we will
have to this use very carefully as you cannot use electricity, it should be intrinsically safe for

KC coal mine.

But in a way now we have at IIT Kharagpur, we have developed now that underground mine
illumination system, where direct solar light can be taken up there by optical fiber, which has

been demonstrated in Jhanjra coal mine.

Similar system can use also for illuminating the area where the such type of machines are
working, which will enhance the safety. Then the work control system will be there; but the
most important thing is the bucket and the undercarriage, because which will be working

mainly.
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SDL Components

*+ Bucket

+ Boom

¢ Gear

* Electric Motor ¥ The operating levers & controls is conveniently located for the machine

* Structural frame for operator.
mounting motors, ¥ The operator can see properly all-round the machine so that travelling
gearbox etc. and loading safety will be ensured.

+ Boom Mounting v All the operations are done through hydraulic transmission
bracket arrangements and are designed for maximum rated load capacity of the

) . machine. T
* Hydraulic cor.nponems. v he fluid used for operation of the hydraulics ar non-toxic and non-
tank, hydraulic motors,  inammanle (FRHF Type : HFB-68 of either Fuchs or Lubrichem
actuators, pipes, valves  conforming to IS:10532(Pt.2) -1983 duly approved by DGMS. )
Travelling gear : ¥ Hydraulic hoses and hose assemblies are in accordance with DGMS
crawler assembly (Tech) circular no. 1 of 1996 DT. 31.01.96 and needs to be approved by,
+ Operator’s cab DGMS for use in underground coal mines.

So, you can now summarize that what are the main components which will be there in any
machines. So, whenever you have been studying, you know that there will be the bucket and
then the bucket will be supported on a boom; then the boom will be supported on the super
that is your the chassis or that, then this will be on a structures which will be having the under

carries unit.

And there will have to be the operators cabin, operators controls will have to be there and the
operator must be protected; there should be a proper protections for his head, so that the roof
fall and all does not accumulate. The machines will have to have this adequate space for its
that keeping the oil tank and other control devices, so that the machine should be properly

balanced.



So, you have got an idea now what this machine is. And this operating levers and controls are
conveniently located that, where from the operator should not have any difficulty; that is why
it is called ergonomically designed machine. And the operator can see properly all around;
from there he should be able to see at the back, he should be able to see at the side, because

sometimes he will be going forward motion, sometimes he will be going backward motions.

So, his visibility should be proper. It is a low center of gravity machines, machine height is
less; so he can easily see the ground also. Unlike in surface mining, where there is a very
large blind area; here exactly very less blind area. And then all the operations are done
through hydraulic transmission, that is your hydraulic control is the main thing in this

machines; that fluid used for this operation should be very carefully selected.

That hydraulic oil which is used it must be non-toxic, it must be; that it should not give any
fume or gas and it should not, it should be fire resistance. All these things are specified and
you will have to select from that, you can see that your that Indian standard specification

numbers are given which you need to see that 1057 532 and 1983.

When you will be working as a mine manager, you will be doing a lot of procurement job;
while doing the procurement, you need to refer to that whether the machine supplier who is
giving, they are really conforming to these standards or not. So, that is why you should have
an open mind and at least if possible make a list of those standards, which are relevant and

related to the use of machinery in mining.

So, now these hydraulic hoses and hose assemblies which are to be used in underground
mines must be approved by Director General of Mine Safety in India. This is a very very
important in mining operations, that is our all these things must be approved. If as a manager,
if you procure some equipment thinking that it is a highly productive giving a very good

productions; but you are using a, that is unapproved type of equipment.



In by chance any accident or anything takes place over there, then you will be losing your job
and then also you will be subjected to some fine and also for in jail. So, that is a very very

important things, it is well controlled industry in mining industry.
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SDL with bucket raised to
discharge position

Components of SDL and its warking pasitions

So, now coming to this exactly the components you have seen that, this it can work in a
gradient; you can see that this is a side discharge loader working on a gradient. You can see
here how the operators cabin is there and in that we can have that your ropes; that is your
rollover protection system over here, then your this whole motor which is kept over here is a

flame proof motor.

Then there is a fire resistant and hydraulic fluids are there which will be operating these

machines. You have got this foot guard that is your the proper type of crawlers are there; that



is the machine is a low center of gravity, which gives outstanding stability of the machine is

very good.

And you can see that the hydraulically operated pistons and all it can lift one side, so that
material can discharge. So, there is a the boom on which this bucket is connected; this boom
can be raised to a dumping positions, depending on the what type of transporting machines

you are loading into.
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SDL- M412

A crawler mounted side discharge loader is a
low profile machine with Flameproof electrical
system manufactured to for operation in gassy
coal mines.

Special Features

+ Outstanding power/weight ratio;
+  Low heat generation;

+ Low center of gravity;

+  Low specific base pressure;

+ Fail safe parking brake;

« Track aligning guards;

+  powerful flood lights;

+  emergency stops;

+ dead man switch;

+ heavy duty construction;

«  Protection of sprocket from ingress of dust..

So, these are the machines which is used. And then the main features that is your special
features is, it has got a very good power to weight ratio; that is a what is the total installed
power in the machine and then what is the total weight of the machine, that is exactly one of

the characteristics by which you judge a machine.



Then it has got low heat generations; while operating up these machines that should not
generate very high heat, so that the operating fluids and all, the temperatures should not go
increasing. Then the center of gravity low is for the stability region. Then low specific base

pressures; that ground bearing pressure it should be low, how it can be done?

By giving a proper width of the crawler, so that the total weight coming on to the floor of the
gallery, it will be less. And then it should have a fail safe parking brake; whenever you are
applying these things that you are staying the machines even if in gradient, the machine

should not automatically move.

So, that is why there is a parking brake; that means when the there will be an interlock, when
you want to operate the machines; then without that is a, if you stop the machines, then the
parking brake will be automatically put on. So, that type of systems are there. So, that will
have to be proper lighting system; there will have to be certain emergency stops, also there

should be a heavy duty construction should be there.

And then the protection of the sprocket from that, exactly there will be working in a dusty
conditions, so that seal on the, this different motors, gearboxes will have to be proper. So, we
can say that, this machine is a low profile machine; it will have be having a flame proof
electrical system and it can work also in underground gassy coal mine. So, that is what is a

most important thing.
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Technical Specifications

+ Bucket capacity (standard): 1.0 m%/1.5m?

+ Traveling speed (max.): 2.6kmph

+ Total weight: 8500kgs/9000kgs

+ Ground pressure: 0.9kg/cm?2

+ Tractive force: 5200kgs

+ Breakout force: 3000kgs

+ Electrical components: flame proof for Underground
gassy mines

+ Negotiable gradient for Driving and loading: 1:4

+ cross gradient 1:6

+ System pressure: 125bar

+ Traction motor: Radial piston fixed Displacement type

+ Payload (max.): 2.0MT

+ Drive power (max.): 55KW

¢ Hydraulic medium: HFB68

And you know that these machines can be sometime improvised that, machines can have
attached it a roof bolting machines also; that is when the machine is working, collecting the
material that it can give, it can drill upward holes are done by which you can just anchor, so

that the protection of the roof can be given.

So, this roof bolting mechanisms that bolt that drilling, the drilling for the putting of this bolt
can be attached with this. So, these machines can in that way it can perform, that is it will be
also protecting the site by doing that additional features can be added onto it. And as I have
already said that, this capacity can be 1 to 1.5 meter cube of bucket, travelling speed is 2.6

kilometer per hour, total weight is 8.5 to 9 ton.

Then the ground bearing pressure is only 0.97 kg; it is exactly a man human who foot can

give about 0.7 kg per centimeter square. So, that is just like little more than human being that



much pressure will be coming over here. Then the tractive force which it can generate is 5.2

tons of weight and similarly the braking breakout force equivalent to your 3000 kg force.

Then your electrical components are must be flame proof. So, the system pressure, the
hydraulic system which will be working with a pressure of 125 bar and then it has got that,
the type of motor which are used is the radial piston type of; this has particular specifications

of the shower EIMCO machines that.
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SERVICE CONDITION:
"he machine is
+ designed for use in drivage of gallery heading or in depillaring Triple Grouser Shoe provides better
section in underground gassy coal mines and shall load the floor gripping. Climbing of machine at
coal/shale/hard sand stone etc. higher gradient will not pose problem.
« able to work satisfactorily & give guaranteed performance under ‘ ‘
heavy dust laden atmosphere with ambient temperature of up.to 45 i

Deg. C (max.) with a relative humidity of 98 %(max..

+ able to work in gallery dimensions of height approximately 2.2Mtrs.
& above and of width approximately 4.2Mtrs.

able to take sharp turns without repeated maneuvering.

+ able to work on load in mucky floor with gradient of 1 in 4 at places,
and with up to 250mm of water at some faces and in cross gradient
of 1in 6.

equipped with triple grouser shoe for adequate gripping on the floor
to prevent slipping down the gradient or in the muddy faces

This machine is manufactured by TRF Tata Robins Fraser that at Jamshedpur, there is a
factory on which this that our, this type of SDL and LHDs are manufactured by Tata Robin
Fraser. There are couple of manufacturers, there EIMCO has got these machines. I think BML

also capable of producing these machines in India.



So, there is a capacity of developing these machines and only thing is we need to now
modernize it, so the next generation of such machines it comes; it will be coming with your
manliness operations, automated operations and then also that is your with a diagnostic or

prognostic system by which the mine manager will be knowing that what is going over there.

So, this is a service condition of the machine is for, it is working in the driving the gallery or
the pillaring actions in underground coal mining; you might have studied in the board and
pillar mining mechanizations, how these machines are very important. It will be exactly that
gallery dimensions that is very very important; depending on the rock mechanics and
geo-mechanical problem property, when you have designed the gallery, that will dictate

whether you can use these machines or not.

And then this machine is a highly manoeuvrable; it can take sharp turn that possibilities are
there. So, this exactly the there is a grousers that the crawler, so that it can have a better grip;
that is call your triple grouser that, the track shoe it has got three type of this grouser plates, so

that the step that is it can work in high gradient also.
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eUndercarriage:

This track mounted machine has tracks independently powered by a hydraulic
axial piston motor through the medium of a robust epicyclic gearbox [1],
which also incorporates an automatic disc brake which is of particular
advantage in gradient operation.

The engineering design layout gives an extremely low centre of gravity, and as
aresult the machine can be deployed on gradients - rising or dipping, up to 1
in3.

1] Please see http:{/www.mekanizmalar.com/transmissicn.shtm for an animation
of epieyciic gear

That this type of crawlers that is where there will be a triple grouser track, it is going over
here; we have got the sprockets and then there is a idler. Sprocket is why which one is driven,
which is given by the hydraulic drive is given over there. So, this track shoes and the track
rollers; there are two type of roller, one roller it state is there at the bottom and there is also a

carrier roller at the top.

So, you have studied these things in surface mining machinery crawler, the same thing is like
that; that is only this track mounted machine has highly, that is your powered by hydraulic
axial piston motor, that is hydraulic axial piston motor how it works, you will have to study a
little bit of your own work. So, that the drive and then what type of braking systems are there;

you need to study about, that automatic disc brake.
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Applications

Use of side-discharge loaders in underground mines require
compliance with specific provisions of Mine Act 1952 and Rules
and Regulations made thereunder.

a) No SDL shall be used unless it is of a type approved by the
Competent Authority and is maintained in its designed
condition;

b) The gate end box controlling power supply to the SDL

machine shall be suitably interlocked with the auxiliary

fan(s) ventilating the blind headings so as to ensure that
unless the auxiliary fan(s) is working the SDL machine
should not receive power. This requirement may be relaxed
for mines having first degree gassy seams.

You please develop a write up how does an automatic disc brake work; because in the, we
earlier discussed about the machine elements. Similarly, the applications of this is there in
your underground coal mine will have to follow the rules; particularly in the mines act 1952,
the rules and regulations are given for it should not be used unless and until it is an approved

type by competent authority, you must mention that.

And that the type of electric systems which will have to be used for this purpose also is
stipulated, you follow it.
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Bucket

* The bucket has a controlled discharge to either side of the machine,
according to position of hinge pin or forward.

* In some machines the large capacity bucket of 600 litre has a break-out
force of 2730 kg. After scooping the material the bucket is rolled hack to
carry position the bucket is moved at desired discharged height.

+ The bucket is designed to suit the rugged duty conditions and for ease
of replacement in underground.

It is equipped with a dual discharge bi-directional chain conveyor side
discharge bucket capable of loading coal into Coal Tubs / Chain
Conveyor.

The capacity of the hydraulic is sufficiently large so that the hydraulic
system will not get abnormally heated during the operation of the
machine and will not cause any discomfort to the operator.

The bucket, you can see here is a special type of bucket, either without a chain you can see
here, one side is open; you will have to while it is collecting, it is there as a reverse directions
gradient will be there. So, that while loading, while bringing it over there, the material should
not fall; at the time of falling, you can give by raising by one and the material will be

discharged.

And in some where there will be a chain conveyor at this bottom of it and that chain conveyor
will be taking out the material. There in agriculture sector there is another side discharge
loader for spreading the soil or spreading of the fertilizers or sometimes in a sawmill or even

in the sense if you take the sawdust and that sawdust to be distributed over a ground.



Then there could be a machines which it can be a conveyor belt will be there and that

machine material will be spreading sideways; you can see number of things up there.
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SPECIAL FEATURES OF SDL
safEty Features 1. Outstanding power/weight ratio
2. Low heat generaticn
Safety Features of SDL include: 3. Low centre of gravity
1. Single phase prevented to protect burn out motor 4. Lowground pressure
against phase unbalance, missing and 5. Servo assisted track controls
negative phase sequence 6. Highest safety standards
. Forward and reverse selection of prime mover 7. Failsafe parking brakes
. Over-current protection 8. Floodlighting front & rear
. Instantaneous short circuit protection 9. Emergency siop faclty

. Shock Protection (80-200/300 mA earth leakage trip
. Under voltage protection to save burn out motor

. Pilot core protection

. Earth Core Protection E
. Isolation door interlocking with switches

10. Maximum manoeuvrability

(=3

. Water spray dust suppression

~

Heavy duty construction
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Learning Activity:
Try to make devices that can protect a motor from single phasing. You can make electromagnetic
overload device, thermistor or bimetallic strip d device. ( Prior to this prepare a small report on

the causes, effects and remedial measures of single phasing of a three phase motor.)

So, that there are different safety faces, safety features are there. As you know that this is a
three phase motor as I said; now there is one problem may come is called single phasing. That
means, it out of the three phase if any one of the phase is getting out; then there will be

overhead and in that time, this could be leading to a lot of other problem.

So, you need to know that how that single facing should be protected, how it will be detected;
those type of basic things must be clear in your mind. So, that is why I have given you a

learning activity; so please try to make devices that can protect a motor from single phasing.



You have studied in your early second year basic paper electric motor, you know that exactly
a single phase motor and the three phase motor, their differences you must make a list of it.
And then in a three phase motor, how exactly the if one phase is out, how the current in the
other two phases will go high and when that high current flow; then your I square R loss will

be very much more and as a result there will be high heat will be generated.

Under that the motor can get damaged, insulation can get damaged and lot of problem may
occur. So, to protect that, you may have exactly a thermistor based or a bi metallic strip based
or a electromagnetic overload devices can be created. A very simple laboratory scale model
can be made by yourself as an hobby on your some three or four Sundays you can use and

device something, that before that study about this and make a report.

So, do this learning activity and then it has got other protection devices like forward and
reverse selection and prime over, it can give a over current protection system; it has got a
instantaneous short circuit protection systems. Try to find out what are the principle of this
particular protection systems and how it work. So, this will be once you know for one

machines it will be applicable for all other machines.

So, it is just a matter of how whether for knowing about the safety features, you will require
about 20 hours in one week; if you can spare it out, make a report on the general safety
features in machinery, you will be able to do these things. So, there are other special features

on SDL, that is basically the special features it is a low heat generation, low ground pressures.

That is your fail safe parking brakes, flight lights, then emergency stop all these things you
now make a list of the features by studying the manufacturers leaflet, whether you can use it
from EIMCO Elecon or you can use for this Tata Robins Frasers or any other things you can

search over there, some of the different machines are they are used in abroad.
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Safety devices

* Extensive safety devices are incorporated, the machine being totally flameproof
and meet the requirements of mining Regulations.

Fire resistant oils can be used.

Powerful electric floodlights are fitted front and rear.

In certain make, when electric power is switched on the front lamps illuminate
white, the rear red.

* Machine reversal movement automatically switches the colour of lighting.

+ The operator is safely seated in a comfortable mid position with controls
conveniently positioned.

The machine is of heavy duty construction throughout, with a sealed hydraulic
system kept cool by, powered high capacity oil cooler.

Now, this they as a safety devices, they have got a very powerful flood light; they have got
excessive safety devices expensive extensive safety devices are incorporated in this machine
so that no accidents take place and no fatality to human being or damage to the machines take
place and for that, the fire resistance oil I have already told to you. Then there should be your,

the type of light which will be used can be considered.
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Auxiliary Devices

A hydraulic power take-off may be fitted for power
supply to ancillary tools such as drills, breakers and
pumps.

A bucket arch erection device and working platform
may also be available as optional fittings.

So, there are many auxiliary devices are also there for the machines, by that will be vary from

make to make.
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Atypical machine has the following specification:

Bucket Capacity: 750 litres
Maximum Pay load: 2.27 tonnes
Average gross Loading capacity: 40-50 cu.m/hr (depends of the machine loaded)

Maximum travelling speed: 2.38 km/hr

[ I

Maximum gradient Dip or Rise: 25 gon. (The grad, also called grade, gradian, or gon is 1/400 of a full circle,
50 one full circle is 400 grads and a right angle is 100 grads. Thus 25 gon is 22.5 degree)

Total weight: 6.72 tonnes
Ground pressure: 0.85 kg/cm?
Break Out force of bucket: 5500 kg

©° o N

Time to lift to maximum height: 6.5 sec
. Time to roll back bucket: 2.5 sec

[
==

. Time to tip bucket: 2.5 sec

—
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. System Pressure: 170 bar (traction)
120 bar (services)
13, Hydraulic fluid: fire resistant
14, Power take of: flow 76 I/min, pressure 120 bar
15Motor: 550/1100 V, 3 phase, 50Hz, 48 kw, FLP and Intrinsically safe
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[Parameter tandard ht.SDL Low ht. SOL xtra Low fit.SDL
Model Code ID113/1000 D137/10000 139/900
lLength.mm 830-5000 50000-£300 1005200
There are three types of SDL:  [Width.mm. Width side dump bucket 3
T " 70 70
standard height, Low height ﬁw ml)o 1100
and Extra low height. Some  [Width chain Conveyor bucket
s IHT.over canopy.mm 11500 145071500 2100
typical dimensions of these Max Heght o ish %m =T o0
machines (make: Simplex)  [pucket Capacitylcum] 1.2 10 0
; INegotiable Gradient
are shown in Table, T o o 7
ross: 16 16 £
[Track Width, mm 50 350 50
[speed(km/hr) [1.7835Dualspeed 1.5 &3.0Dual speed F & 30 Dua
peed
lPay load, kg l1500 1200 P
lBreak out force, kg 000 4500 200
Machine weight, kg 10000 9500 Bs00
Table Features of SDL [Elect motor pover KW @ 550v,3phasels5, 4-pole 55, d-pole 15, 4-pole
50H2 supply
Iydraulic~ System Pressure(kg/sq.cmf140 140 5
uorking
Hydraulic  System Pressure(kg/sq.cmf175 175 75
Imax
ol Face R0~30m 15~106m 27 15m
B.0~4.0m 34.5m .0~ 4.5m
round Clearance,mm 22 200 130
Ype of bucket hain_bucket/Side_dump hain_ Conveyo
Ioucket Chain bucket/Sidebucket
dump bucket

And you try to find out that these machines there could be a standard height, there could be a
low height, there could be an extra height side discharge loader; the make to make this things
will vary the dimensions, but you should be able to have a general idea about what are the

different dimension and specifications of these machines.
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Some standard values of this dimensions are given below:
A: Bucket width 1.55m

B: Bucket height 850 mm

C: Clearance for bucket in roll back position 1.10 m

D: Width over tracks: 1.25 m

E: Maximum height bucket level 3.19m

F: Maximum Head room Bucket tipped 3.63m

G: Maximum tipping height 2.25m

H: Parking height 1.35m

J: Overall Length 4.20m

K: Digging depth 300mm

L: Ground clearance 1.51m Dimensions of SDL.
M: Track Centres 1.51m

N: Track Width 260mm

The dimension wise you can see, if you see the top view, it will be looking like that; the most
important is that what is the total length on which it will be working, what is the total width it
will be working and what is the total operating height it will be having and these dimensions

it vary from make to make, you make a study of that.
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Productivity and Maintenance of SDL

+ Productivity of SDL face is very vital to keep the project economically healthy.

* An hour of idle SDL may be few thousands of rupees as SDL down means the whole
system is down. The SDL needs to work under difficult condition.

+ Such conditions are often vulnerable to cause crawler breakdown, therefore such
breakdowns should be carefully investigated, analysed and documented so that every
occurrence can become an opportunity to train the personal to eliminate future trouble
or to rectify such troubles in a minimum time in future.

And the productivity and maintenance are done very important thing and they can have it by
different type of situations; you will be having a different type of maintenance problem. But
there is a that a checklist given by the manufacturer need to be followed, how you will be

starting on how you will be putting off.

And when you are that that change shift changeover is there, how the operator will be
reporting about the machines, how the log book of the machines will have to be written those

are the management system, which you should be conversant with.

So, that many of the what are the major type of problems which come if the crawler chain

breaks or sometimes your the break is not working, sometimes your the machine protection



systems are not working that need to be checked and it should be brought under some plan

preventive maintenance.
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Major Breakdown

The major breakdown observed in both the SDLs is with hydraulic system. The following are the chronic
problems in the machines
1. Excessive heating of ol resulting in—
1. disintegration of oil and sludge formation,
2. failure of boom lifting,
3. sluggishness of traction,
4. deformation of all rubber parts e.g. ‘0’ rings in the hydraulic system.
. General weakness in main hose connectors and elbows.
. Nipple crack and hose pipe bursting
. Breakdown in various parts of the crawler track assembly and drive sprocket of SDLs
. Spooling of trailing cable causing unwarranted damage of the cables
. Time taken to rectify the machine breakdown in high due to inaccessibility in the parts

. Shearing of various pins due to rough handling
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. Electrical fault, etc.

From lecture notes of Prof, $. K. Das, IIT Kharagpur

Sometimes that some of the major breakdown take place. So, your job is to exactly study
some case studies of failure of these machines in the minds that is normally what you do. And
during your mind visit, during your practical training; you need to collect the this breakdown
time series that, how exactly the history of the machines, how the that your inventory history

of the machines, what are the spare parts being used.

Those type of information should be brought and then systematically studied, so that the

machine performance can be improved.
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To improve the performance pay attention to the following:

1. Local planning for development of design criteria for development and pillar
extraction layout for a particular mine.

. faster and improved indigenous version of face supporting equipment
. Selection of appropriate equipment considering site specific conditions
. Development of phlar extraction methads for thick coal seam

. Engineering solution of strata control problem.

. Proper address to water drainage

. Training of operators , helpers and machine maintenance crew.

. Adequate blast in the face.
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. Compatible mechanization
10. Maintenance and spare parts back up.
11. Providing suitable workshop facilities either unit level or area level.

12. Miners motivation

And then the machine performance improvement could be your other systems on which it is
loading that should be compatible. So, that is a you will have to do this machine study along
with the system study; then only you can ensure that how the maximum performance will be
there. But as a engineer, your motivations and your involvement will have to be more, so that

you can motivate the worker to working with this.

But the most important thing is your rock mechanics and strata knowledge should be very
good. So, that if there be any strata problem, particularly the roof fall problem; if your side
collapse fall problem or if there is a problem in during the blasting, then these machines will

be trouble.

And you can find out even I think very recently within last two years back, there w ere a big

accident, when exactly under a roof collapse a side discharge loader in underground coal



mine, there was a fatal accident; number of such accidents reports you can read in the net or

you can search from different sources.
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Conclusion

* Loaders are vely important machine for maintaining the productivity in mines

+ Understanding of the drives and control of the machine is essential for operation
management

Source: TELECONTROL FOR MINING MACHINERY Dr Valery A Kononoy, IFAC Automation in Mining. Mineral and
Metal Processing. Sun City. South Africa. 1995

So, to conclude over here that, this is a underground mining machinery; particularly the
loader is a very very important for the maintenance of the productivity. And then you need to
know about the operations and the construction of the machine, so that you can prepare a how

to control and how to operate with it.
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Reference

1. SMEhandoook "
2. TRFbrochure
3. EIMCO Elelcon Brechure

So, there are different in SME handbooks and there are different my companies
manufacturers booklets, leaflets; you will have to see and also lot of studies have been done
on the mechanical engineering and electrical engineering of underground machinery. I hope

you will study about this and do that exercise which [ have given as a learning activity.

Thank you very much.



