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Welcome back to our discussions; in today’s class, we will be discussing about underground

Mining Machinery for coal mining, particularly with Continuous Miner.
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Underground Mining Machinery

Continuous Miner

OBIECTIVE
Explain the construction, operations and maintenance of
Continuous Miners

5. Sandvik MC 250

Applicability of Continuous Miner:
Seam Thickness: 1.8mto 5 m
Seam Gradient: 1in 8 or flatter
Desirable Floor Rock: Hard and Dry floor condition
Roof Condition: 36-55 poor roof affects adversely

Joy 12CM series

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

Now, you know that in bord and pillar method, this continuous miner is one of the very
important productive machinery for winning coal. There are a large number of a companies

which manufacture this continuous miner say, for example, Sandvik, Joy Global, Caterpillar,



Eickhoff all these machinery manufacturing company, they have provided this continuous

miner.

So, in this class, we will be discussing the construction, operation and maintenance aspects of
this continuous miner. And you know that this machine is capable of working underground
even some thin seams as 1.8 meter to a seam thickness up to 5 meter; then this it can work in

a gradient of 1 in 8 or flatter, so not very good for very steep seam.

And then the rock floor, that is the gallery floor, it should be hard and dry for it is best
operations. This machine the requires a fairly good roof conditions; so that means these
machines can be applied in a in underground coal mine, where thickness is say 1.8 meter to 5

meter and then where the good roof and floor conditions are there.

So, this machines normally cut from the face and it does not require your any drilling and
blasting. So, you are mechanically breaking the coal and then its load to a shuttle car and the

shuttle car takes the coal to the next feeder breaker or to the conveyor belt.
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After going through this lesson you will be able to:

* Explain the construction, operation and maintenance aspects of continuous miner
* Discuss applicability of Continuous Miner

* |dentify the factors affecting performance of Continuous Miner

Manufacturers: .

. Sandvik Mining

. Joy Global

. DynaMlisk Group pty Ltd

. RTM Equipment Limited

. Atlas Mine and Mill Supply

. CMS underground construction
. A&A import

. aterpillar
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So, this system is a as I said, it is manufactured by quite a good number of company. But
today you will be just learning what are the basic components of this machines and so that

you can talk about the applicability and also that safety aspects of this machines.
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So, if you see that to say there is a quite a good number of machines from different
manufacturers are available; but structurally if you see, it is comprising of some basic
components. That components main is that your a cutter head, that is the cutting the main
rock cutting is done by the cutter, where which is having certain cutting peaks or as you can

see in this figure, that peaks are on a peak box mounted on the scrolls.

Now, there is a gathering head on which the materials are collected and it is sent to a central
conveyor chain conveyor, which gives this to the rear the side chain conveyor from where it is
loaded to the your feeder breaker or to the conveyor through the stage loaders. Now, there is a
certain systems for the operations; as you know that there will be a mechanical loosening of

coal, in that lot of dusts will be generated.



And in the ventilated air, this dust will be airborne and it could be very detrimental to the
health of the miner; because it is a coal dust as you all know that it is a source of

pneumoconiosis type of lungs diseases.

So, there are the dust collecting system is an important system must be there and also there is
a hydraulic systems for controlling various operations of various motors and actuators, we

have got the hydraulic system. So, their arrangements will have to be there.

And as such this machine is powered by electrically; so this whole crawler drives and all they
have for that that all hydraulic pumps to operate, it has got the electric drive. So, these are the
main components. Now, if you see that this your that dimensions of this machine under
different working conditions can be tailor made. And then there are certain size dimensions

are available from various manufacturers.

A study they have revealed that, how these are exactly the different types of that is your
continuous miners you can see that. The maximum cutting head height if you see this, it goes
from 0 to your up to 5000 millimeter of your cutting head height. And at a minimum cutting
head height, which is there you can see up to your less than 1000 millimeter; within that

range, you can see their combinations of different machine has got different.

Now, there is a and then the cutting width, that width is that width of this particular cutter
head, that width also varies; but you can see that though there is a changes in the your cutting
height and this, but the cutting width are more or less within a, but it in a minimum of say or

less than 1500 and at a maximum it is having up to 4000.

So, this is you can see that there is a more or less there is a constancy there; this shows that
the gallery width through which it can work, it can go up to say your gallery width is up to

4000 4500 millimeter this machines can work.



Similarly, if you see the cutter drum, that is the kilowatt rating and the total power installed in
the machine and compared to the weight of the machine, there is also you can see the

behavior. This gives you an idea about how this machine is designed.

(Refer Slide Time: 06:39)

S o i i | Design Trends between:

i i I i ~ (&) cutter drum diameter versus cutting height and (b)
I ot | cutting width versus height

y (a) total power versus total power and (b) total power
i versus cutter drum power.

e | (a) cutter drum speed versus cutter drum
power and (b) cutter drum power versus
cutting height

*+ Influence of the cutting height on the
power demand is insignificant

Now, there is a if you see the design trends of this machine, it also shows that this cutter drum
diameter; if you see that your this and then cutting height, if you see the cutting height and

drum diameter, as your drum diameter increases, the cutting height increases.

So, you can see this different trends. So, to have an idea that all these equipment
manufacturers their leaflets are available in a net, you can find from there, plot it and see the

sketch and then look at the trends how it is there. So, it is a, if you see the cutter drum power



and the cutter height, that is your power consumptions; then it goes a minimum, but then it

Increases.
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Visualisation of continuous miner
machine with integrated PMSM
motors inside cutting drum (length
dimensions in mm)

(after Arkadiusz et al, 2019)

https://journals.sagepub.com/doi/pdf/10.1177/1687814018817364

So, there is a the linear type of relationship is there; though it is just giving an average things,
it gives an idea about how the designers they think of. Now, if you see that this
dimensionally, this machines how it is look like; is you have said that constructional

component wise it has got this drum, that weight.

And there this exactly this head, cutter head it can raise to up to as you say here at the 50
degree and that will be the maximum height to which it will work. So, this as a dimensional

thing is important for you to know when you are going to design your underground face.
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Continuous miner heads

+ Borer type oscilating head type, horizontal drum
type 3

+ extendable, hard head and ripper chain.

+  single, double or triple scroll. Scroll carries the
pick boxes

Depending on scroll choice, the lace can be single

Key bit per line, two bit per line or three bit per line.
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So, there is a; this is a visualizations. Now, you can see that how these different types of these
machines are there. As a constructional component we have already said, that this machine it

is having the front part is a cutter boom.

This is the boom part you can see here, this if you see this boom, this boom is here and this
boom part; in front of that, there is exactly the all in that boom only your cutter electric motor
is installed. And then you have got the cutter, that is your head drum this on this drum, where

there this all the gear boxes are also installed over there.

Then there is the main loading table on which the material will get collected over here and
then this is supported on this is the main your frame. And in that you have got the crawler

tracks; you can see at the bottom the crawler tracks are here, this the machine is a crawler



driven. And then on that, there is a chain conveyor; you can see here, this chain conveyor is

here.

And then there will be the number of electrical equipment these are located here; you can see
that this is the location of all electrical equipment will be placed over here. And that by the
back side of it, there is the all hydraulic equipments are placed, your hydraulic tank, pump
and other things.

And then with the side of it, there is a this dust collecting system; in the other side of it, here
you can see a dust collecting system is there and then the cooling fan all these are available
here. So, these machines, these are all in a modular form and brought over there and then it
can be. And this cutter head that there could be a different varieties of it; it can cut even as a
vertical and horizontal, there are continuous miner, they can give a boring type of vertical

cutting.

And then this can be, there could be a extendable, that may a little bit of telescopic boom can
be provided over there. Then there is could be a chain type of, this cutters are with a drum
there could be a some chain type of thing Dintheader and all those machines were
manufactured, where instead of this cut; there could be a chain which will be going on cutting

over there.

So, these are the scrolls, where you can see they are carrying and this could be a single or here
you can see three scrolls on which this cutters and the peaks are placed. So, now, depending
on this the choice that how you are doing, you can get this the matrices of, if you take just a,
if you develop this drum and see a rectangular plan; how these peaks are placed that will be

having a relationship in how exactly the hardness of the coal and how you are being cutting.

So, depending on the coal properties, you will be deciding this peaks, just like in any other

cutter.
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Centrifugal loading arm (CLA)

rotates in opposite direction

So, if you see here as a constructional component wise that, this part you which you have seen
here; that is in your the gathering part, here it is exactly we are having two centrifugal loading
arm is there. You can see that they are rotating in the opposite direction, this is rotating in this
directions and then this is rotating in this directions by which the material are brought over

here in front.

And this is you can see a single, single chain with the flights both sides; there could be it is a
here, this is your chain conveyor, where these horizontal members are called flights. And then
there is this you can see the fan that is there is electric fan, that is also working over there and
the dust collecting systems are also working over here. And in some designs there could be
even two chains, but mostly that single chain type of things are there. So, these are the way

the material is collected from there.
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What to see in assessing risk due to machinery?

1. Check the accessible parts of machines to ensure that they are designed
and manufactured to minimize sharp edges, angles or rough surfaces
which are likely to cause injury.

2. The shape of the protruding parts or parts requiring handling during
operation and maintenance should be adjudged from handle-ability point
of view

3. For any moving parts the path of motion, kinetic energy dissipation should
be safer. E

4. Stability of elements must be maintained. Elements potential to be
unstable must be assessed for the mass and energy release point of view

5. Potential Energy development due to position, elevated fluid pressures
must be assessed for potential of accidental release.

6. Identification of spots having chances of heat generation and becoming
source of accidents and hazards, identify provisions to limit the
temperature of hot surfaces, to prevent contact with those surfaces/parts

by screens or guards and to provide warning signs against residual risks.

Now, what most important thing is you need to work with this machines in underground.
When you are working with any machines in an underground coal mining, you need to be

very careful about that to avoid accidents and then avoid mishaps.

For that this is exactly some of the general precautions that, whenever you are working with
this type of machinery; you will have to see that the operations are risk free. And for that,
wherever there is sharp edge or angle of rough surfaces, those things need to be looked and
avoided. So, there is a there may be if anywhere, anything is stuck up or having a protruding

portions, you need to remove it off.

So, then this is exactly, this machine should be working underground; wherever it is moving

that around it, the space should be properly clear. Then this the floor on which it is moving



and that machines whether it is your lateral and that your transverse position should be such

that, the stability is maximum.

And anywhere you in operating with a machines, your potential energy development should
be avoided, so that anything whether you can fall or that type of potential energy

accumulation should not be given.

So, you need to identify all the spots, where there could be some problem of this risk is may

be coming.
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7. Find if the machine deployment site is within the maximum permissible longitudinal and
transverse slopes on which the machine can be operated

8. The possibility of instability during erection or dismantling of the machine

9. Accessibility to the regular maintenance components should be supporting to safe and easy
working, the ladder, stairs, catwalks etc. should be free from obstacles, oil and grease work, and
ergonomically designed

10. Machine to work under hazardous conditions must have remotely operating provisions with all
the required controls

11. Operators cabin should be ergonomically design and ensure maximum comfort and working
standards, the adjustability of the cab designs should be assessed.

12. Provisions of protective structures and the controls of the operators cabin need to be checked
for proper dimension, ergonomic provisions, comfort ad ease of operations, vibration exposure
of the operator, ventilation, dust filtration, noise proofing, and air conditioning.

13. The operators location or cabin must have proper escape route, emergency exit like in the form
of knockout windows or knockout panels, on a different side of the cab from that where the
normal exit is situated or provision of tools for breaking the window

14. Visibility and illumination of the site and provisions of clening of windscreens should be

inspected.

So, it is a the machine when you are going to deploy in there, you will have to see the slopes;
that is your the gallery, whether it is your transverse slope as well as the that your along the

line slopes is very very important.



Then this so that in any case wherever this is moving, your instability should not be there; the
crawler track which on which it is mounted, need to be seen that it is properly its tensions
should be proper, otherwise there could be while moving, if the there is the collar pins if they
break and then there could be more problems of maintenance and then there will be loss lose

of time.

So, that is why for the operational risk will be reduced, if your all the hazardous conditions
must be monitored and removed. The operators cabin, this is very very important, where the
operator is placed, his maximum safety is to be maintained, so that any rollover or the roof

fall or any type of things should be protecting him.

At the same time this is a low height machines, in that you will have to provide the operator;
if you want to keep the operator on the machines or if you have to keep it operate remotely,
there should be adequate space from which he can control. So, that is the risk point, that is
another anything happens; if the sudden roof fall or any collapse or any gas in just comes and

things like that, the operator must be able to escape from the machine.

So, for that also the freeness should be there; it should not be that exactly the operator we
need cannot come out quickly, that type of system should be avoided. And the most important

thing is the visibility and illumination must be kept proper.
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15. The machine maneuverability should be inspected considering the
characteristics of the working site which may have space constraints and
which may be an explosive atmosphere

16. Risk of injury exits with crushing, entangling, trapping, cutting or seizing
due to moving or rotating parts, therefore such parts shall be made safe
by guards. However, cutter heads and loading devices will not have
guards.

17. The control devices must be robust to withstang the shock loads,
vibration, temperature and humid conditions.

So, this is general thing which you must know while ever working with any underground
machinery. Moreover the maneuverability, sometimes this machine will have to be positioned
for maintenance; it will have to just see that adjust for the if any side wall fall or anything
takes place. So, that is why the maneuverability of the machine, so that you can steer properly

within that limited space need to be seen.

Then there should be exactly the risk of injury exists for the crushing, entangling, trapping,
cutting, seizing due to the different moving parts. In the machines, the main moving parts will
be your drum will be rotating, your chain conveyor will be moving, your arms will be

moving, your crawlers can be moved.

So, wherever there are motions, you know that in machines in a very early introduction of the

machines I told you; you need to be careful about what are the powered functions, wherever



there is a powered functions, there is a possibility that you can get entanglement with that

motions. So, that point is to be avoided.

So, that whenever you are asked to do a risk assessment of the place where that machine is
deployed, you will have to see those powered functions and their control. So, that the control
must be robust, at any time you should be able to switch. So, whenever you want to study
these machines, go and find out what are the control switches from where also you can stop

the machines, if you observe anything going wrong in the machine.

So, that there should not be, the machines also should have certain capability; it can absorb
certain shock loads, certain vibrations, certain temperatures and humid conditions. Now, this
when it goes beyond, there should be sufficient warning, so that the machine can be stopped.
Now, in the machines, there would be certain automatic safety devices, automatic control to

shut up the power. So, those issues need to be carefully observed.
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Safety and reliability of control systems

* Operational functions and safety related functions snould have separate controls. operational
controls are to perform engineering jobs effectively. safety controls must have high reliability.

* Control systems shall be configured so that:

¥ no dangerous condition can occur should the electric power input to the control system
fail;

v the sequence of operations necessary to avoid dangerous operating conditions (for
example dust suppression system - conveyor system - cutter head) can only be started or
stopped in the prescribed sequence;

v for maintenance and special operation of the machine, individual movements of the
machine shall be possible by means of a lockable operational mode selection switch;

v machines fitted with dust suppression systems can only cut rock or mineral when the dust
suppression system is in operation, unless ground conditions are such that no dust is
o
created

+ The machine shall be fitted with a stop control whereby they can be brought safely to a
complete stop.

So, the safety and reliability of the control systems, exactly it is you will have to see that there
is no dangerous conditions can occur. And sequence of operations in which way it will start
and which it will a it will have to be close; to shutting down and starting sequences as

prescribed by the your operators manual need to be maintained.

The maintenance schedule as given by the manufacturers must be followed and it must see
that, the dust suppression system, illumination system which are working in the machine are

properly adjusted.
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Safety and reliability of control systems

+ Each control station shall be fitted with a control device to stop some or all of the functions of
the machinery so that it is rendered safe. Stop controls shall have priority over the start
controls

+ Machines shall be fitted with emergency stop devices to stop all relevant movements or
functions as quickly as possible to prevent a dangerous situation developing without creating
an additional hazard.

Emergency stop devices shall be located in particular at the control station and on both sides
of the machine, at the rear of the machine, and where appropriate at the front of the
machine. They shall be mounted at a height of not more than 1.8 m from the ground or
working platform as appropriate.

Once stopped the machine shall not restart except by deliberatesactuation of the start
controls.

After re-establishment of the power supply the machine shall only start after an intentional
actuation of the start controls

+ The remote control system shall be designed and constructed in such a way that it will
respond only to signals from the intended control units.

So, this the control stations should be there in the machines from where all the operations can
be monitored; then it must be fitted with the emergency stop. As I said that is if you see that
something is wrong, some fall is coming up, there you are apprehending that the machine may
get jam or stuck or it can get unstable; at that time, there should be a button from which

exactly emergency stop you can operate with, ok.

So, wherever you have operated, at that time you will have to see that this your when you are
working, you will have to restart the machines after a stoppage; you should see that you do
not bypass the safety devices, but you take care of the problems and then only you restart. So,
there is a power supply when you will have to re-establish; it will have to become an properly

seen that no accidents takes place.
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Audible and visible warning system

Brakin,

* For driving the machine, the braking system for the traction system of the machine shall be capable

* The design and construction of the braking systems shall allow the vehicle to function without
« Ay failure in the service or parking brake system shall not reduce the capability to stop and hold the
+ Provision shall be made for examination of brake wear where relevant. Instructions shall be given in

* The braking system shall be designed and constructed in such a way that it does not produce sparks

So, then your there will be the warning systems. So, particularly in this machine, the warnings
are given for the startup for the main hydraulic pump is working or not startup of the cutter

head; then your backward or track movement, if you are moving in a reverse motion or if you

see any dangerous s

For a machine for different operations there should be distinctive audio or visible
warning for adequate duration

* Start-up of main hydraulic pump
« Start-up of the cutter head
* Backwards track movement
¢ Detection of hazardous atmosphere (if monitoring system is incorporated)
g and holding systems
Machines shall be equipped with braking systems for the crawler tracks.

of stopping the machine for the intended slope, as specified in the information for use. The brake
system shall have the ability to hold the machine with a 1,2 factor of safety when all power is shut off.

significant difference in either direction of travel and to be able to mové freely for towing purpases.
vehicle,
the information for use.

or cause fires.

ituations coming in all these cases, there should be a sufficient warning

that could be a audible or a visible warning could be provided.

Now, there is a there will be a breaking system of this machine must be having, that is
whenever you are having; if it working on any that is your gradient, if it is getting a control,

losses control on speeds and all, you should be able to break it. Now, they it must have this

your all the control,

weight.

it should be, it is to be commensurate with the proper dimensions and its



So, designing of the braking system, which will be in compatible with the type of drive motor
selected. So, these are done in the type of whenever you are going to do the, that the designers
take care of it. So, as a result what is the thing in the operational as a manager of the mind,
you must see in the logbook; whether the machine operator or the maintenance people, they

have inspected that or not.

Because the braking system, steering systems, power drive systems, control systems these are
very very important and vital photo machines. So, you should always keep a track of the log

book that and how their maintenance schedule or their conditions are being monitored.
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Dust extraction system

* As part of dust control a dust extraction system is required. The dust extraction

system can be partially integrated with the machine, separate from the machine

or part of the tunnel system.

The layout of the dust extraction system should be compatible with the tunnel

ventilation system.

* Machines shall have provision made for dust extraction on the machine. If at
the purchaser’s discretion a machine is delivered without a dust extraction
system, the manufacturer shall state in the instruction handbook typical
parameters for an external dust extraction system

+ Disturbance of the overall tunnel airflow towards the face, by air discharged
from the fans, radiators and air coolers of the machine shall be avoided.

* The objective of the dust extraction system should be to keep the dust in front

of the operator’s position. Therefore the dust extraction intake should be as

close to the face as possible but not more than 0,5 VA (A = area of face in m?).

The capacity of the dust extraction system should be calculated on the

assumption that to achieve this objective the airflow in the tunnel towards §

face is 0,5m/sec.

Similarly, the dust extraction system is very very important; because as I said this coal mining

dust is can it can generate pneumoconiosis amongst the miner. So, for the dust collections, we



have got a properly that it is a your air is a ventilated air which is coming from there, it will

be entering into.

Then when it is cutting and then while going out, it will be going through a dust suppression
system and they collecting And then the whatever the air will be coming out of this, they will
be coming without any this, dust will be minimized to an extent that the persons working at

the rear of the machine, they do not get exposed to a high dust.
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Noise

+ Thereis a risk of hearing damage and interference with speech
communication, acoustic signals, etc. being sustained by persons working on
or near the machine. Machines shall generate naise levels as low as possible
and practicable. Therefore noise reduction shall be an integral part of the
design process taking into account the existing noise standards

The main noise sources include process noise, cutter head, conveying
system, main drive, de-dusting system, bolting equipment as
interchangeable device.

Noise can be reduced by the following measures:

— use of components and ancillaries with a low-noise emission;

— isolation of structure borne noise or impact sound of power units;
— on board diesel power pack with low noise emission (if installed);
— control cabin with effective sound insulation; i .
— use of noise reducing enclosures, e.g. for power packs, compressor '

So, will be another problem is this noise, because it is a mechanical loosening of coal, while
cutting that the overcoming this cutting resistance. The basic principle of shearing, where
there will be a lot of noise generated; moreover the machines also can vibrate, because of the

machines different parts vibrating, a lot of noise will be coming.



So, the personal protective equipment, that is your ear plug and that ear mufflers must be
used. And noise can be reduced by using the components in a proper low noise emission
system, design could be there and then the isolation structures; wherever there will be

vibrations of one component should not get transmitted to the vibration of the other.

So, there could be a isolator of vibrations. And then there is a will have to have the operators
cabin; it can be given even a active noise control. In the active noise control you generate that,
you observe that whatever the vibration is coming and then you generate the reverse
vibrations. So, that by superimposing the total overall vibrations in the air to give your noise
sensations will not come. So, that is active noise controllers can be provided in the operators

cabin.
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ISSUES RELATED TO RISKS IN MINING

supply of electricity up to the switch box;

use of mining machinery in potentially explosive atmospheres;

use of machine under hyperbaric conditions;

* |oading and transport equipment working along with other excavating
machinery




Now, there are different issues related to the risks in the mining that supply of electricity, then
use of the machinery with in an explosive atmosphere; because there could be firedom that
methane can be emerging while cutting your coal that methane and air mixtures can become

an explosive.

At that time that your whatever the electric motors being used, if they are not FLP struts that
is enclosure, that is flame proof enclosures and all the circuits will have to be intrinsically
safe. So, it must be following the DCMS circular as per our mines act and mines regulations.
Please go through the conditions how that is exactly approval from DCMS will have to be
taken for the flame proofness of the all electrical enclosures and the circuit must be

intrinsically safe.

And then there should be, while you need to see that they fall; that is why loading and

unloading at that places, there should not be any dangerous.
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Electrical requirements

The machine shall be fitted with a switch box at which it shall be possible to cut off all power on the machine. In
addition, it shall be possible to send a signal from the switch box by a pilot core within the trailing cable to cut
off power at the main switch gear.

All switchgear shall comply with the requirements of adequate standards

All conductors and cables shall comply with relevant regulations, standards and rules In addition, cables shall be
oil and water proof and have low smoke and flame resistant characteristics

« The trailing cable shall be mechanically anchored to the machine.

Anon-board cable reel shall be fitted with a device which shall stop tramming of the machine when the length
of the cable left on the reel is equivalent to 1 revolution of the reel.

Control wires may be included in the trailing cable in order to remotely switch off the power supply to the
machine at the supply transformer respectively and the associated main switch gear (gate end box).

« When cables are wound on drums the current load factor shall be reduced in relation to the straight cable rating
as a function of the number of windings in accordance with the cable manufacturer’s specification

Only air cooled transf or fluid cooled fi using synthetic coolants and insulating fluids with
flash points above 300 °C shall be used on machines. Oil filled transformers and transformers using cooling
fluids containing PCB (polychlorinated biphenyl) shall not be used underground.

«  Air cooled transformers shall not be adversely affected by dust in the cooling air.

Similarly, there will be certain your electrical requirements, where will be the switchbox from
where the power will be coming; the power will be coming through a cable, then that trailing

cable how it will be handled.

If the trailing cable will have to be reeled on a reel, then at that time whether you have got
automatically tensions tension sensed automatic cable drilling is there or not that need to be
seen. Then there is a your the conditions that is your the atmospheric conditions need to be
monitored that is; if the machines motor electrical system they may go wrong, then that will

be giving signal.

Say for example, if the electric motors temperature is increasing, at that time it will have to be

taken care of that the cooling system is proper or not and then whether why that thing is



happening that can be investigated. So, that with your, while you are using the electrical

system, you follow the instructions very strictly.

And there is a that particularly there are this transformers, motors and the joints couples that

controls need to be properly looked into.
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Lighting

+ All lighting facilities shall have a degree of protection against water ingress

* Machines shall be equipped with lights for illuminating working areas.
lllumingtion in the working area of the machine shall be at least 100 lux
measured at the rotating cutter head, at the rotating drum or the hammer.
lllumination of the conveyor discharge point shall be at least 20 Lux.

* Machines shall be equipped with lights when travelling. lllumination in the field
of view of the travel area shall be minimum 20 lux and the lights shall come on
automatically when travel mode is selectel.

Machines shall be equipped with integral lighting at locations where regular
maintenance work is necessary.

* Retro-reflective plates shall be fitted to the front and rear of a machine to define
the width of the machine. Each plate shall be a minimum of 0.05 m? in area with
oblique red and yellow retroreflective stripes.

Similarly, all the lighting facilities shall be also it will be protected against water ingress,
because this water if it is coming in the circuit and there could be a problems coming in. So,
your type of illuminations as also in our DCMS circular, they prescribe the particular level of
illuminations, it will have to have there. And that is why the retro reflective plates which are
given, exactly it is not like a mirror reflector that is your; that it should be fitted at the rear

side and the front side, so that it can be properly illuminating the sides.
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Hydraulic systems
« Hydraulic pumps and motors, control systems and the interconnecting pipe work and hoses shall be designed and
constructed according to Standards
« the following requirements shall be met by the hydraulic systems:
— non-toxic hydraulic fluids shall be used;

— machine shall be capable to work with low-flammability hydraulic fluids conforming to adequate standards and
the manufecturer shall state in the information for use, which low-flammable hydraulic fluids can be used;

» Fortransportation purposes machines are normally supplied without oil.

— all hydraulic systems shall be designed so that in the event of rupture of a component the loss of hydraulic fluid is
minimized.

— Hydraulic tanks shall be fitted with low level warning alarms;

— hydraulic cylinders used for lifting shall be fitted with Iuadrsugmim'ng devices mounted on the cylinder;

— hoses and pipes shall be separated from electric power wiring wherever practical and shall be guarded against hot
surfaces and sharp edges;

or other national regulations..

Similarly, the machines you have got a lot of hydraulic systems, because there are that is your
hydraulically controlled that is your motor as well as different actuators are there. So, for that
the fluid, it should not be a toxic type or an inflammable type; then the pressure generated, it
should be that your all the host pipes should be with the proper specification, so that the under

operating pressures and temperature no leak generates and it will be there.

So, all the valves, they need to be also periodically inspected and set, so that they it is a
setting type that pressure and a operations it get in a proper manner. So, these hydraulic

systems will have to be properly set.
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— hoses and pipes which have to be disconnected in operation shall be
fitted with self-sealing couplings with built-in check valves, couplings shall
be marked to ensure correct reconnection;

— atemperature gauge or a temperature monitor which gives a warning
signal if the maximum operating temperature is exceeded shall be provided
in the hydraulic system;

— electrically operated valves shall be of safer design

— it shall be possible to discharge ar'wy stored hydraulic pressure prior to
maintenance even with the power to the machine switched off.

¢+ All rubber hoses and hose assemblies should comply with standards

And then there are the couplings, then the your different gearboxes; how it is connected to the

motors this need to be checked.
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Pneumatic systems

Compressors, air motors, control systems and pneumatic accessories and
interconnecting pipework and hoses of any pneumatic system shall be
designed and constructed according to proper Standards

Fire extinguishing systems

« Fire hazard identification, risk assessment, fire detection, prevention and protection
measures must be as per standards ¢
* Power units such as motors, transformers, hydraulic power packs and electrical cabinets on the
machines generate fire risks. Areas with a concentration of electrical cables and high
temperatures constitute a risk.
¢ Care should be taken to
v reduce sources of ignition, for example, short circuits in electrical systems, hot surfaces,
lack of lubrication, hydraulic oil sprays and lubricating oil leakage and grease leakage;
v reduce the combustible inventory to a minimum, for example by using fire-resistant
materials

So, that means that safety can be ascertained only by inspecting and operating each and every
system properly. Like the hydraulic system there are the pneumatic systems also in this
machines, where there are compressors, air motors and control systems. Now, this pneumatic
accessories wherever it is used, you need to be seen; because these manufacturers are from
different countries, we must see that whether they are following that our Indian standards or

not. So, that proper standards must be ensured.

Then in all machines, because they are working in a different situations and under different
conditions; if any fire takes place that, then the fire extinguishing systems also should be
there. You must take proper care to reduce the source of ignitions; there should not be short
circuit or there should not be any hot surfaces, which may be lubricants and all may get

spread.



So, that is it’s a temperature should not go above the flash points, that need to be very much
seen. And also you should see that the machine does not have many combustible inventory;
combustible inventory like that the that your the operators seat, it may be having that foam
and that leather or plastic type of covers and all that thing, those are. Like that you see in the
machine what are the inflammable materials and you must ensure that this inflammable

material do not come very close to the sources of heat and fire.
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Fire extinguishing systems

+ Allmachines shall be equipped with a fixed fire extinguishing system. The fixed fire
extinguishing system shall cover the places where there is a fire risk according to the fire risk
assessment. No fixed fire extinguishing system is required on machines constructed for the
intended use in explosive atmospheres.

The system shall be filled with appropriate extinguishing agents for the relevant fire risks
envisaged. Activation of the system shall be by manual operation. If low-flammable hydraulic
fluids are not used, automatic operation shall be utilised. The system once activated, shall be
capable of discharging extinguishant over a prédetermined area of the machine without the
need for further human intervention. For equipment within enclosures, discharge shall be
within that enclosure.

Effects on equipment should be considered when selecting extinguishing agents (e.g.
damage by dry chemical extinguishing agents).

So, and so after ascertaining that, you will have to develop and give some fire extinguishing
system, that could be a fixed type of fire extinguishing system. But and that what type of
agent you use; that is whether for electrical fire or for the gas fire, you will have to get the fire

extinguisher with the proper fire extinguishing as it should be there in the machines.
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Portable fire extinguishers

Each machine shall be equipped with a minimum of two portable fire extinguishers
containing a suitable agent filled with @ minimum of 6 kg of an appropriate
extinguishing agent. The extinguishing agent shall be suitable for all classes of fire
including lubricating and hydraulic oils, grease, belt conveyors, hoses, electricity and
diesel fuel. Halon gas shall not be used.

Fire extinguishers shall be readily accessible by the operator and persons on the ground.
Fire extinguishers shall be positioned where they are protected from the effects of heat
and mechanical damage, and if portable be gnounted so that tools are not required for
their removal from holding brackets.

For maintenance and servicing reasons it may be preferable to have fire extinguishers
supplied from local suppliers.

-

Like that you have got the, you can keep some portable fire extinguishers also in the face, so

that in any case if the machines any part gets any flame, it can be put.
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Safety Provisions

+ Machines shall be equipped with devices for retrieval, towing, transportation
and lifting

+ Retrieval and towing points shall be provided at the front and/or rear of the
machines

* To transport machinery safely, tie-down points to anchor the machine e.g.on a
trailer, shall be provided and clearly identified on the machine

<
Lifting points of the machine or sub assemblies shall be provided and be clearly
identified on the machine

space intended for the safekeeping of the operator’s handbook and other
instructions shall be provided near the operator’s station. The space shall be
lockable, unless the operator's station can be locked

Similarly, the there are number of other this safety provisions, some devices are there;
because if you will have to take the machines away, so there should be proper that lifting. For
lifting purposes, there should be the anything how the workers will be carrying these things,
so that for connecting rope, for pulling, for towing all that arrangement should be provided in

the designing.

So, that the lifting positions; you will have to see that you can tie in such a way that, the
center of gravity is properly maintained, balancing is properly maintained and it can be
carried. Because this all will be coming in a modular form, each module will have to be
transported to the underground. So, for that, the design must look into those provisions for

itss towing transportations or lifting are given over there.
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Fluid storage

+ Hydraulic tanks shall be provided with a fluid level indicator. Pressure in the tanks
exceeding the specified pressure shall be automatically compensated by a suitable device
(vent, safety valve etc.).

+ Filler openings of tanks for hydraulic fluid shall have easy access for filling and shall be
located outside the cab.

So, there will be this hydraulic fluids and all, so they need to be properly stored in the

machines.
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Verification of safety requirements and/or protective measures
Risk assessment involves systematic performance of : a. Design Check, b. verification calculation, c. Veisual
verification, d. Measurement and e. Functional tests.

1. Design check: r)  Noise sources
a) Hot surfaces s) Portable equipment, accessory and
b) Stability lighting circuits
c) Control console and cab t)  Trailing Cable
d) Visibility from the operating position u) Transformer
e) Control devices and systems V) Rechargeable batteries
f)  Starting and stopping w) Lighting in working areas and Travelling

g) Emergency stop (on board) and maintenance areas
h)  Stop control function for remote operator %) Retroreflective plates
control ¢ y) Hydraulic system
i) Warning system 2) Fire protection
j)  Power Supply aa) Portable fire extinguishers
k) Remote Control bb) Installing elements for ground support
1) Automatic profiling and guidance systems
m) Braking and holding systems cc) Retrieval and towing
n) Hydraulic cylinders dd) Fueland fluid storage
o) Dust extraction system ee) Maintenance accesibility

p) Exhaust gas control
q) Monitoring for potentially flammable or
explosive gas

So, whenever you go that the protective measures, there are number of checks need to be
there. So, whenever you are going to inspect this machines, make a checklist for that what are
the design checks will be doing; like that whether the hot surfaces stability, all the points
which I have just said are listed over there. You please make this list and so that you can
make a have a point; that if you are going underground to inspect a machines, what are the

things to be looked into.
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2. Calculation
a) Stability
b) Electrical requirements
¢) Lighting in working areas and Travelling and maintenance areas
d) Retrieval and towing

4. Measurement

3. Visual verification a) Warning system
a) Sharp corners and edges b) Noise environment
b) Ladders, access ways and platforms c) Fuel and fluid storage
¢) Control station 5. Functional test
d) Falling objects and ejected material protection at cabin a) Warning system
e) Emergency stop (an board) b) Automatic profiling and guidance systems
f)  Stop control function for remote operator control ¢) Braking and holding systerns
g) Automatic profiling and guidance systems d) Noise emission values
f\) Braking and.holdinl systems v @) Portable fire extinguishers
i) Dust extraction system f) Installing elements for ground support

j)  Exhaust gas control
k) Monitoring for potentially flammable or explosive gas
|)  Trailing cable

m) Retroreflective plates

n) Hydraulic system

0) Fire protection

p) Portable fire extinguishers

q) Retrieval and towing
1) Lifting points

s) Fueland fluid storage

And then after these verifications, what type of measurements and all how you will be

keeping them logged and how you will make a study report that need to be seen.
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So, that is what exactly in a machines, most important thing is that dust management. You
can see here these two type of dust management over there, that is your the from the dust,
flood, and air when it is coming from the front of it; it is going through the suction inlet and
then it is going to the spiral that you are tubing, then it goes to a silencers and then it is going

to a dust extraction fan.

And then ultimately with that your spiral tubing, it is given to the air; then it is going into the
return air, going outside the mines. You can see in these other designs, that is your dust air
intake when it is coming over here; a filter panel is there, the water is spread and then there
will be a scrubber sections, where this dust flood and dust is collected over here and from the

fan that clean air is released. So, this type of arrangements are there in this machine.
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HEE_-S
Conclusion

* The machine has electrical and hydraulic and modern
remote control system.

+ To maintain its reliability Condition based and reliability

based maintenance is practiced.

With bolters provisioning this machine improves the

productivity and profitability of the mines

Continuous miner with satellite bolter

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 that this machine has electrical, hydraulic and modern remote control
systems; to maintain its reliability conditions, you will have to that all the maintenance and
the monitoring should be done in properly as prescribed. And as you can see in this

photograph given over here that, machines can be provided with number of roof bolter.

So, that means, that from the machine itself, you can do the roof bolting for the supporting
purposes. So, these are the red advances coming up; nowadays the modern advance is

coming, how a automated without a operator also these machines can be working.
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So, that you can get a lot of information’s about these machines from the different literature;
but what is important is to know that, how a continuous miners will have to be selected for
deploying in a particular mines, which will have to be compatible with the coal seam, its

gradient, its that is thickness, and its cutting properties.

And then you will have to make the total logistics of your hydraulic system, pneumatic
system, and that electrical system and then operational control, with that only you can achieve

the full out of this machine.

Thank you.



