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

Module — 04
Lecture — 17
Site and Rock Preparation Equipment: Motor Grader

Welcome back today’s class on Site and Rock Preparation Equipment. In the Mining
Machinery we have so far discussed our dozer, ripper, drill, then we also discussed about
scrappers. Now, the other machine which is deployed at the time of site preparation is the

motor grader.
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Site and Rock Preparation

Equipment: Motor Grader

A Motor grader is a long tractor-driven machine with a blade mounted underneath,
which can be fitted and lowered with a hydraulic system. They are used for
developing roads during the site preparation and subsequent stage of surface
mining.
They are often considered as the important auxiliary equipment for surface mining as
they influence the prodq{.rivity of surface mining. This lecture will discuss the types of
motor graders, their construction and operations.

Objectives:
Introduction to mator grader used In surface mining site preparation

Today, I will be talking about this particular machine which is used in surface mining for

preparing the mine for their next phase of operation. After getting the land, we need to make



the roads and that is why this is coming under the road making machinery. Along with that

sometimes we are using the dozer simultaneously also with the compactor.

But, this is a tractor driven machine, this particular machine which is a tractor driven. And it
has got underneath a blade by which it cut and that whole system is operated by a hydraulic
system. And they have they are used as an auxiliary machines, but it has got a huge
implications because as you will be learning slowly that in a surface mining different unit

operations, their cost is also influenced by the road.

The haul road we say in surface mining it is a very, very important component. Sometimes
the haul road itself is considered as a valuable asset for the mines because the evacuation of
material. So that is why we will be knowing this machine, which is deployed in the mines for
road making purposes. And this also sometimes it is used for levelling in the pit floor and

benches. So, our objective of today’s class is to introduce this motor grader in surface mining.



(Refer Slide Time: 02:36)

The grader is a long tractor-driven machine with a blade mounted underneath which can
be lifted an lowered with a hydraulic system.

r going through this lesson you will be able to:

Explain the construction and
operation of motor graders

Watch a motor grader working  hitps://youtu.be/gnvOKIxCriQ)

Now, you can see here this is a grader; it is a very old equipment. You can see here how this
machine started developing in 1911 it came working with this, and there were in the early of
the; early years of the last century, there used to be a they are trying different way of the
scroller mounted the mechanizations in the 20th century, started with this machine used in the

constructions operations.

Particularly in a construction sites this road motor grader were being used. So, after going
through this lecture, you will be able to explain the construction and operation of motor
graders. And also, you will be knowing the importance of it and how to exactly this machine

knowledge will be helping you to manage a mines properly.



So, I suggest that you can see some of the motor grader working in some of these YouTube
demonstrations; there it will help you in understanding this machine. Now you can see here

how old it is, it is a 1911 advertisement.

You can see here this advertisement of 1911 where this J. D. and Adams and Company, they
were preparing a motor grader. That is exactly the purpose was to prepare a road with a
proper gradient and then there different type of functionalities at that time itself it was given.

So, over the years this machine has developed a lot.

(Refer Slide Time: 04:26)

M A grader is a vehicle with a large blade used to create a flat surface.
B The main components of a motor grader are:

1. Blade and circle: For grading of surface

2. Transmission: For providing power from the engine to all
functional elements

4
3. Steering system: to steer the grader on travelling
4. Blade control unit: for raising lowering and tilting of the blade

5. Brake system: to control all the operating systems both parking
and service brake.

Now, this is a vehicle that is a, it is a machine in which we are having a large blade, that blade

will be just scrapping a surface to make it as a flat surface, ok. So, if you see this machine as



you have seen in the first photograph it is having a machine a tractor, and at that front we are

having another wheel and in between below the machines there is this blade.

Now, this blade can move and that is why it is mounted on a circle, and then that is why it is
just like a automobile. It will also have to have a power transmission system. It will also have
to have a steering system and the main operating unit which is exactly working with the road

surface is the blade. So, that blade must be controlled.

Now, how will control; to make the gradient sometimes it will have to be tilted up, sometimes
it will have to mate flat, and sometimes it will have to steer say for example, the road will
have a crown that is a side edges you need to trim, sometimes even for a drain cutting and all
you can use a lot of different type of uses this machines can have; for that you need to have a

control unit.

Now, to do that control we are using this, the hydraulic control, sometimes electro
hydraulically controlled. And nowadays, these machines are with a very sophisticated
instrumentations have come with a laser device and a GPS mounted. So that it can be

controlled even remotely and then the all the quality can be issued through that.

Now, as an automobile it has also got a braking system: the brake mechanisms and all. So, in
the machine elements you have studied that the brakes, that power transmissions and you will

see while studying this machine how they are working.
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Motor Grader Components \ \

1: Ripper P — K
2, 5: Hydraulic Cylinder X s B - ‘1
3, 12: Propeller shaft g Nl | ==
4: Main frame . ’,lw.,‘ 3 |
6: Steering wheel shaft » — i el
7:Cab PR I RV /
8: Engine =N g | N=F N
9: Radiator ' .
10: Rear Axle

11: Clutch

13: Gear Box

14: Blade

15: Slewing circle

16: Slewing circle frame
17: Front axle pivot

18: Front axle

So, as you have seen at the beginning the other photograph you can see a sketch of it, what is
here. You can see that, there is in front of it, that the, it can have a ripper just like at the back
side of a dozer. We use a ripper to scavenge that surface of the road you can use this ripper,

so that it can give a cutting in front of it.

Then, second thing it has got a hydraulic cylinder, this hydraulic cylinder can control the
ripper. Then, there is also a hydraulic cylinder here, this number 5 you can see. This hydraulic
cylinder is for controlling the blade, there is a circle here this circle and then this blade is

mounted over here, this lifting and lowering that control is done by this hydraulic cylinder.

Then, there is a your that for propelling purposes, that is exactly to give the hydraulic motor
the power we are having this propelling, then you have got the main frame you can see this is

your the main frame on which this machine is exactly connected over here. Then, we have got



this steering, we have got this a operators cabin is there, we have got this engine, that there

will be the cooling system for the engine, a radiator will be there and this has got two axles.

This is your the rear axle then there will be for the power, we have got a clutch mechanism by
which the drive is given to here, then there is a gearbox which will be exactly doing the main
power transmission to the wheel is being done over here. And then, the main operating

member is this 14 number, which is the blade or it is also called a mold board is there.

And then there is a circle here, this is you are seeing that from the side view looking like a
rectangular this is a slewing circle and this circle is sub mounted on a frame so that this blade
can move in that frame. And then you have got a pivot point here for the front axle and this is

your front axle.

So, basically when you describe what is a motor grader? Motor grader is having a three axel
equipment, where two axles are there at the rear side with the tractor part and one axle at a
wheels are there for connected with the your main blade part. The main cutting member is

this your centrally located underneath the machine.

And it is exactly the conventionally it is a, you will be having a diesel engine from that diesel
engine, you can get the drive by transmissions over here or also you can have some time a
drive with a hydraulic systems you can make a hydraulically operated things. Then the, this
machine are manufactured by number of company like Caterpillar, Camacho, BML they

produce this.
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So, once you have learned that sketch now you can see a little photograph a Caterpillar
machine. You can see that I was telling about the circle on this circle this blade is mounted
over there. So, what are here you are having a, that is your this hydraulic mechanism here,

which can exactly adjust the and the control this blade.

And then this hydraulic system here, by that which will be controlling this say puts the in the,
you can just a driver can; any driver can operate from by controlling this hydraulic things over
there so it is become the ease of operations. And there is also in the front you can have a front
levelling just like a dozer blade or you can have a that is that your ripper; ripper teeth can be

there in front, ok.

Now, that there is a in sometimes we are having a blade in the front like a dozer and a ripper
you can see here as a back side there is a ripper and then these are all tire mounted machines.

So, this is a you can control and that blade that is it can it has got number of control you can



steer it along the circular path on the circle, you can tilt it on the side and you can lift and

lower.

So, these are the different degrees of freedom of movement of the blade is there which is
controlled. Now, is it clear; that what is a, what is a motor grader that should be there clear in
your mind. That is why when you have studied differentiation elements that exactly those
elements are put together assembled together and then there is an engineering way of thinking
how a new product can come and do some job. And these are the things way how it has

developed you have seen that from the last century to now.
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Igid Frame

requires space for turning and requires maximum sideshift to
lean ditches unless the grader can get into the ditch. It is best

pt on a stable work platform. Use caution near road edges. It is
joud for smooth blading.

fculated Frame
can be turned and maneuvered in tighter spaces. The frame allows offsetting the
wheels away from edges and ditches. Offsetting puts the most machine power
d mass directly behind the load on the moldboard while keeping side-shift to a
inimum to reduce strain on the circle. When properly used it is a good cheice for
the heaviest work and work near edges; use the articulation or it is just a higher
priced rigid frame grader. %

Single Rear-Axle Four-Wheel Drive

Itis used for tighter areas or road alignments. It tends to be
too light for heavy mixing work. Its finish grading capabilities
are limited to low speeds even with tires matched for
circumference. All wheel drive gives it good control in slick
conditions.

So, if you see that, this exactly what are here; that what are the different types of this motor

grader could be made and they have been developed. So, initially there were a rigid frame;



that means, your this front that blade is connected to this your the two axle rear tractor and the

front wheel and in between this is a rigid.

Now, when it is a rigid then what will happen? Whenever it is to take a turn the turning radius
will be more. So, you are making a narrow road and all at that time you cannot use this
because for making wide road and all, that is why the next things were develop they get this
articulated frame. In the articulated frame; that means, there is a pivot or hitch point over here
around which this portion this is a pin jointed thing and then it can move over here that is

called your articulation.

The benefit of this articulation means your turning radius of the vehicle can be lower so that
means, on the road itself it can easily take a turn and it can make a to and fro motions for

preparing a road.

Now, there is also this sometimes when you are working in a that say the haul roads or that is
a road which is on some aluminum soil or some type of very sticky soils and sometimes it is a
buggy soil then, what may happen this tire may penetrate to into it and then, the whatever the

traction force you are getting that tractive force is not sufficient to get it by from one axle.

So, normally your only two wheel drive will not work. So, there you will have to have a
four-wheel drive. So that is why a single rear-axle you can see here the difference of this
machine this is a smaller, but a very effective machine; what is there? Instead of this two rear
axles here we have got these two axles one axle back one front, but all the four wheels; they

have got the drive.

That means, it is a four wheel drive equipment just like you might have seen that jeep or some
of this your cars where the four wheel drives are there particularly working in the hilly terrain.
So, that in a high slope gradient and all that you need more power you get the four wheel

drive so, this is a that type of motor grader.



(Refer Slide Time: 14:18)

Tandem Rear Drive

This places all the engine weight on the tandem drivers for
good traction. Medium to heavy moldboard loadings can be
handled in reprocessing. It has good production capability for
quality finish grading when all the tires’ circumferences are
match

Tandem Rear, on-Demand Front-Wheel Drive

In all-wheel drive it can handle heavier loads than tandems alone.
It has good control in slick conditions. Finish quality grading is
usually done without front-wheel drive, so the same quality and
constraints apply.

So, similarly you can have motor grader with tandem drive. Tandem rear drive; that means we
have got the drive here as well as here. That is a this moldboard heavy moldboard; that
means, that blade this loading when you are making a use resistance cutting resistance are
more at that time you can have this the all the engines weight on the tandem drivers for good

(Refer Time: 14:45) .

That means, you are giving a lot of weight; that means if the weight of the machine is more
you are giving the pushing has also become more so that is to get more dropper pull this
machines have got this we have got a tandem rear drive. Similarly, there could be front wheel
drive also with this machine. So, these machines get more powerful and then it can work in

the severe working conditions.
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MOTOR GRADER

So, here again I have sent you some of the links you can easily go through and find out that
the different manufacturers this motor grader; how they work. So, this Caterpillar can you see
that this blade, you can see in this figure very clearly this is the circle. So, by means of this
hydraulic motions this blade can give a rotation. So, outside the that is your outside the that
your working with of the machine this blade can be placed and you can exactly take care of

the solder of the road also.
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B 49
FUNCTIONS OF MOTOR GRADER
The functions of motor grader in making roads or levelling site are:

a. Culting

b, Lifting

¢. Grading

So, now you have understood the basically what are the different constructional components
of this machines. Now, if [ ask you that what are the main functions what it can do or where it
is deployed? Now for that, your main job is that it will have to cut; that means, the road
surface that upper layer wherever there is an undulations, either you can cut that or sometimes

you want to remove the top surface there also you can cut.

And then what is there in a blade will have to be you can lift it up, so that is why the lifting
operations is also is done by that and then it is a grading; that means, you maintain the
gradient. If the road is to have a say; 1 in 200, 1 in 100 or 1 in 50 gradient so that the drainage

is proper so, to do that type of things it can be done.

Now, initially when this was designed in the early 20th century, at that time it was all done by

mechanically. And then there were at the middle of the last century there were these all the



levels that simple spirit level type of things were coming to get that what will be the gradient.
Then, there were some good in those days of 40’s and 50’s instruments came up that by,
which putting it over there the operator can know; at what gradient and what type of result it

is coming.

And that grading nowadays is a controlled and then you can remotely where your machine is
working over there you can have the sensors sitting in your office with the engineer
controlling the work site can find out that whether the operator is maintaining the proper

gradient as designed for the road.
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The main operating unit of the grader is the blade with
renewable bottom and end cutting edges. The blade is having

capability for the following movements:
4

1. Up and down movement

2. Sideways movement

3. Rotational motion.

So, these are the possibilities of that. So, how that the blade it can it had got different type of
designs of the blades are there. They it will have to have different motions and also it will

have to give a cutting under different conditions. Now, to give the motions it will have to as I



said that it can rotate around a circle it can tilt over there and then it can also give a sideways

movement and so that the cut can be done.

Now, to do that the rock hardness the abrasivity this can be different from site to site. Now to
accommodate; that what is required? The bed blade tip it will have to properly design. I think

by now you know very well that what is the material used for the teeth.

That is you have taught in a or whether the ripper teeth whether your dozer blade, whether is
your scraper blade this, the teeth it should be durable and it should not wear faster and for that

the tungsten carbide, which is a very hard material which is exactly placed over there.

Now, you need to you may study of this how this tungsten carbide their property and then
how it, how it wear out and then how it is life can be increased can be seen. Even now there is
another type of in say for example, in your drill bits and all poly crystalline diamond there
another very good the synthetic material poly crystalline diamonds are nowadays being used

in the drilling machines.
Maybe some of you can do this new investigations that; whether the that is your life cycle
cost of the graders can be improved by having a new type of blade design with a tip with poly

crystalline diamond can be or not these type of things need to be investigated.
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* In atypical model there are have three axles, with the engine
and cab situated above the rear axles at one end of the
vehicle. The third axle is at the front end of the vehicle, with
the blade and a circle in between.

+  Different operations mclude steering, blade control,
blade rotation, travelling and braking. The operations
of'a grader can be done hydraulically or
mechanically.

Now, this is as we have said I am repeating here that we are having this three axles, and then
we have got a cab. Now, these cab design in the recent years have been very matter of interest
for the occupational health and safety. Now, this is one thing when this type of machines will
be working on a road there will be lot of undulations and that is why the seat on which the

operator is sitting if it is not ergonomically designed then he may get a vibrations.

Now, that when the whole body vibration comes then his spine, it may get affected and also
there he can be having some other diseases because of this body vibrations so that is why the
operators cabin are nowadays design in such a way that the operational noise which will be
coming from the engine noise and that cannot that should not give him trouble at the same

time the dust should not be coming over there.

So, in a ergonomically designed operators cabin all these modern facilities can be provided.

Of course, the cost of the machines will go high. Now, the and then the operators they say



ease; that means, it will be controlling only with few levers with the joysticks and some

buttons by pressing the buttons.

Nowadays the electro hydraulic systems and the power transmission systems have got so
much advancement’s you can have there that; how the steering is done, how the blade control
is done, how the blade rotation is done, how the travelling is done, how the braking is carried

out.

Now, these main operations so this is an introductory class for as a mine manager you need to
just see the whether these particular operations are being optimally done or not. And then if
you want to do some more academic work on the machine design part of it, I will request you

please go through some of the operators manual when you will be there that you.

Keep in mind that this equipment can be a matter of study you can, if you study one
equipment in detail then you can understand all other machinery which are being used over

there.
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Types
1. Self powered grader
2. Mechanically controlled

3. Hydraulically controlled

Blade Types
1. Standard Straight Edge or Carbide Tooth
2. Proper pitch for carbide tooth blade.
3. Proper angle for carbide tooth blade

So, for that purpose as a student you need to study those things, but here in this class I am just
giving you an introduction’s then to for your interest. This it can be a self powered grader or it
can be a mechanically controlled grader or it can be hydraulically controlled grader. That

hydraulically controlled this one is nowadays maximum use.

So, you need to know for that; what is this hydraulic controls. So, when we are telling in our
basics of machines at that time we told about that, hydraulic and pneumatic systems, which
are there in a machine. So, the hydraulic circuits and that actuators which are used in a

machines that you can now correlate with those points.



And then the blade which is there, there the modern blades are with a carbide tooth blades are
being used. And then your the pitch and that with angle that are very, very important to put it

over here.

(Refer Slide Time: 23:21)

Working Member

*  Theblade is a curved moldboard with a cutting edge at the bottom and two
corner pieces at the side. Compared to dozer the blade width is less.

*  ATypical blade dimension is 3710x620x 19 mm. The edges are of
replaceable type.

*  The blade has a heavy back reinforcement, which is machined to form rails
that can slide through supporting brackets fastened to two backs welded to the
lower surface of the circle.

*  The cirele is a machined ring with gear teeth in the inner surface. The
blades can be positioned at different angles ng'lh the help of the circle.

*  The blade can be raised or lowered by two lift cylinders. The lifting can be
done at any angle by controlling the lift eylinders.

*  The power transmission system consists of engine, clutch, propeller shafi,
gearbox and differentials like automobiles, However, in this machine, power
tramn with tandem drive or power tram to all wheel drives are available.

So, let us talk little bit of this working member. You can see now in this figure how the blade
is exactly mounted on that there is a this circular wheel. And then it is mounted the blade is
(Refer Time: 23:40) with that and these are movable you can rotate this frame by means of

hydraulic systems, so that it can positioned at anywhere.

And then this whole thing can be lifted lowered and also tilted. So, this you can see the
moldboard this is a curved one you can see from the figure there is a curved one. And then

you can see here what is the difference with a dozer blade in a dozer blade you have seen



there is a heavy moldboard and that only a slight curve is also there, but compared to dozer

blade here the curvature is more, ok.

And the dimensions it is a typical dimension I have given at 3.7 meter to that point 6 meter
and which are 19 millimetre thick, but it is vary from model to model size to size. And then it
has got a back reinforcement at a back side if you do not give a reinforcement that is for just

giving it the necessary strength for cutting.

And then this circle which is also very important it has got some inside teeth on which exactly
it is moving matching with a gear. And the blades can be positioned at different angles with
the help of this circle only. That circle movement is a very, very important one. And it can be

raised and lowered by hydraulic lift cylinder as I have shown in the previous diagram.

And the power transmission that is as you have learned in the basic power transmission
system what we are having? we are having an engine, then we are having the clutch, then we
are having the propeller shaft, then we are having the gearbox and the differentials. And like
any other automobile whatever is there the same thing is there. So, there is no much

complication in this machine.
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* Use the proper blade and pitch settings x
Cung

Improper blade angle and pitch will:
a) Overwork machine and cause it to burn excessive amounts

of fuel,
b) Thrust the machine sideways. P—
¢) Cause unnecessary wear on kpth the machine and the ]

operator.

For maintenance work, the top of the moldboard should be
pitched forward. Pitch varies with types of material, moisture
content, etc.

* With proper pitch and angle, material will roll and have a packing
action.

With improper pitch and angle, material will ball up and cause
both the machine and operator to work harder than necessary

Now, the most important thing is to how you use this blade. So, you can see in the mold
board there is this street portions are connected over there. And then whole operation you will
have to take care of this that what angle you will be making for cutting or it is for the
scrapping. So, you are doing a cutting actions here, and this is a scrapping actions just

collecting over things over there.

So, and then they trust how much sideway trust you will be putting that also on the basis of
your how the hydraulic force has been imparted to this. So, exactly the mechanism as a to
give that particular force in a particular directions the design takes care of it. While operating
we need to appreciate that; what are the things go behind designing this ingenuity and doing

that engineering of such machine.



Now, they put the; this machine must be maintained properly. And that the maintenance
things comes that exactly in a whether you have the if you do not select the right type of blade
for the right type of soil; then you will be always getting a problem it will be wearing out and

all.

So, that is why you will have to design out the maintenance. Whatever, the maintenance
problem come on a particular site. What are the type of failure come on a particular site they
are taken care of in the designing so that they can be minimized. Nowadays, whenever a
manufacturer you are engaging or buying a particular thing giving an order they study your
site and your working conditions. And accordingly in their design certain modifications can

be made that such type of systems are available.
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Articulation

1. Use articulation when possible.

2. Harden shoulders by running front wheels on the shoulder and rear whesls
towards the center of road. This packs the shoulder.

3. Articulate machine for maneuvering.

4. While winging back snow, machine can be held from sliding sideways.
Ditching and sloping is made easier with articulation.

5. Articulate machine when cleaning weditches.

6. Check operator's manual for tips on various maneuvers you can make with
the machine by articulating.

Grader Speed
1. The slower you go, the smother the road.

2. Going faster than 3 mph causes the grader to bounce and the blade to
mave up and down. This eventually leads to a washboard gravel surface.



So, if your this pitch and angles are the then the articulation; I have said the articulation the
front part then. Nowadays it is almost a standard that all these the motor graders they keep the
articulations for their operational use. So, what you must do while instructing your operator
and instructing your that maintenance crew will be working over here you will have to refer

to the manual; because that same machine design to design it varies.

So, now, this one thing you should maintain that while you are working with a grader be
patient towards the speed. If you speed it up you may spoil the road and while repairing it and
you will be running into lot of operating costs. And then normally 3 mile per hour that is what

is exactly the speed they suggest the manufacturer subject.
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I —
Working
* The blade is used to push dirt to the front or to the side at a desired level. Though this machine

can do light excavation, its main purpose is to prepare level surface. The circle or ring to which
the blade is attached underneath can be swiveled vertically and the thereby the casting angle of
the blade can be adjusted. The blade can be angled to shape road banks. Different sizes of
blades and machines with different speeds are available from various manufacturers. Front tires
are usually leaning to resist the force created when the blade is cutting and side casting the

material.

Modemn graders are available with laser reader so that the operator can adjust grader depth and

obtain desired level.

+ The grader productivity depends on the grading speed, grading width, operating factors and
number of passes required to cover the area to be graded.

So, now how do you work it, the working is the blade is used to push dirt to the front of the

side of the desired level. So, the machine it can do a light excavation it is not an excavating



machine. So, do not do like a dozer can do a taking a big dragging prism in front do not do

that, right.

So, that you can select the size of the blade properly and then you can that is your the load,
which will be coming to the it is on the machine and particularly and if your heavy load is
taken then if it gets a skidding type of things your tire may get damaged. So, those things will

have to be taken care of while working.

And then see nowadays this is a laser radar or the laser controlled and electronically
controlled graders are nowadays available. And then by productivity of the equipment that is;
how much meter cube of material it has moved and then how much kilometre of road it has

prepared that is the productivity.

It will be depending on at what speed it is working and what width of the road it has managed
and then what is exactly how many times you are requiring. So, preparing one road if you
need to make the 5, 6 times of coming and then doing; then exactly you are spending lot of

diesel.

So, that is why the productivity (Refer Time: 29:59) it depends on the skill of the operator
also. This operator will have to be trained that how with taking a minimum pass it can do the

grading operation. So, these are some of the things on the site it is controlled.
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Question: A molor grmkr 1s deploved 1n o surface mme for pﬂsﬁlm; job, 1t 15 working on 3 shifts per day nnd the utilization fctor 15 307 The eometn
valume of the soil moved per working pass s 43 cubse meter and cycle tme 18 023 howr. The loosening factor for the site 0 85, Determine the volume cul
by the motor grader per shft
Saluthon:

The vohmse cut per shift is caleulated as:

Qsh = (T Ku V)L Ke)

where,

Qsh: volume cut per shift, m3/shuft

I Shift durntion, hr.

Ku: Utilisation facior

V: geemsetric volume of material moved per working pass, m' &

© Cyele time, br

Kr: site loosening fctor

Thus from the grven data,

Qsh = (8x 0.9 x 45)(0.25 x 0.85)= 1524.7 m?/shaft

So, now try to understand that how we measure this exactly a volume of material which has
been graded. You can write down this question that is a a motor grader is deployed in a
surface mine for profiling job. It is working on 3 shifts per day and they utilizing utilization
factor is 90 percent. And the geometric volume of the soil moved per working pass is 45
meter cube from one point to another point when it goes it is just moving 45 meter cube of

soil.

And the cycle time; that means, going from there and again starting from the beginning to do
that thing one operation’s for this dosing that is your 0.25 hour that is 15 minute. Now, the
loosening factor of this is 0.85; that means, that soil factor we have said that how when you

loosen that part is 0.85.



Now the question is to how to determine the volume cut by the motor grader or how much
material it has cut. So, if you know how much material it has cut in a per hour that will be the

productivity. Now, this volume can be calculated by simple questions that equation.

You take that what is the shift durations in that shift duration in hour how what is your
utilization factor. That means utilization factor is the effective working hours divided by
available hours, so that means, during that shift that machine is used how much time. And
then V is the geometric volume of the material moved per working pass that is; that if you are
having this much width, this much thick and this much length that multiplied that give the

volume this much volume of material has been cut.

So, sometimes it cannot be a straight line, but it can be you can estimate over there. Then,
what is the cycle time that term of depending on the velocity of the machines. And then what
is the site loosening factor in that how much exactly the, that material when it is from the

bank volume it is cut how much it swell.

And then, if you give this data all these values are given and you can calculate. Then you can
find out that is your as in this particular case you are having this is a productivity of that. That

is a hourly or per shift production capacity.



(Refer Slide Time: 32:37)
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Inspection and Maintenance

For maintenance and operator
personnel safety, and maximum
service life of the machine, make a
thorough walk-around inspection
when performing lubrication and
maintenance work, Inspect under
and around the machine for such
items as loose or missing bolts,
trash build-up, cut or gouged tires,
oll, fuel, or coolant leaks, and
condition of blade

So, this type of calculations you may do in mining. But now to tell you the, this machines in a
modern machines they get automatic sensors. Nowadays, mechatronics applications on the
machinery the new researchers they find out by putting some sensors here that is your a in the

valve assembly.

And then there is a mainfall sensors is there this how it is working. Then you have got some
sensors for the control box is there in the operator’s cabin. That operators cabin will be taking
the signals from all that and on that basis they can decide that exactly; how much we will
have to be steered, how much we will have to be lowered and all that. So, this is an area

where you can create a new innovative use of it.

Say for example, to protect the tire; what type of information’s we will have to be done. So,

this type of small mini project or B. Tech project you can take up. Now, if you are going to



work in the mines then what will be there as a first when you do as an under manager or as a

working persons in the mines you will have to learn how to inspect the machine.

Now, this exactly there are number of points while the starting of the shift if you are in charge
of a vehicle you will have to go and check whether the tires are doing ok or not. Whether the
circle drive housing it is proper or not whether the bowl and sockets on which exactly the

articulations will be giving they are free or they are exactly properly lubricated or not.

Then your what is the steps on the grab that is by which you will be going up on that machine.
Whether the stairs and everything is ok you come quickly go or not. That your this point of
the hitch point if there is a, is there any problem in the articulations. Whether this random

housing is that giving any leak if that any hydraulic oil or anything is coming out.

Then your the near the engine compartment you find out whether there is anywhere any fuel
is coming or any oil is leaking those type of things. Then the differential and the
transmissions also you should be inspecting for leaks. Because these are hydraulically
operated machines if there is any leak means the hose pipes or the valves or somewhere the

problem may be there.

So, then the machine cooling system the radiator there you need to check because, if the
cooling system of the machine is not working, then it will be a hell lot of problem. In a diesel
engine; such type of diesel engines which can be a 6 cylinder, 8 cylinder or even sometimes

very big of a 8 cylinder inline or V line engines.

There if the as this high resistance of rock is also being cut more power is generated lot of
heat will be generated. And then if the engine is not properly cooled that engine will stall and
you will be losing your operating time. So; that means, the cooling system of the engine is

very important.

Then engine pre cleaner: how the cleaning actions is done, air cleaner is properly working or
not, if the air cleaner is not working sometimes you will find that when you start lot of black

smoke will be started coming with the exhaust. Then, the hydraulic systems overall that is



whether the oil level is ok or not. That is your; if there is anywhere leaking this type of things

need to be see.

Now, the operator compartment whether all the things are is a whether his conditions will be
comfortable or not, whether this is exactly dust free environment has been maintained or not

though those things. Then, your the main cutting member the blades.

Whether this blade and the moldboard there should be if there is any wear and excessive
damage. Because while operating in the previous shift if there is a teeth is damaged, then you

will find that in your shift while you are working you are going to give a very less production.

So, that is why when you start your shift starts at that time you should see that working
member, so that if by any reason you are getting a less production by in your shift then you
can know that where is the cause that is exactly you have damaged or somebody is damaged
and then exactly the system should be set into right conditions immediately, so that type of;

and then the axels the area (Refer Time: 36:56).

So, what is there you move a clockwise around the machines to each and every component. If

you know and understand that what is the machine then you can deliver the goods.



(Refer Slide Time: 37:05)

Walk-Around Inspection

-y

. Start at same |ocation every time so that you don't miss anything.

. Check all hoses for wear, loose connections, leaks and loose mounting
brackets.

. Check windows, doors, wipers, lights, and direction signals where applicable.

. Check rear tandems for poor alignment and leaks.

. Check all fluid levels as recommended by manufacturer.

. Inspect frame for cracks.

. Check steering system.

. Check brakes.

. Make sure all warning devices are in place and that flasher lights are clean
and working.

10. Clean out machine and wash windows. Také¥pride in your equipment.

11. After machine has been thoroughly checked, start engine and let warm up for

at least 2 minutes in warm weather and 5 minutes or longer in cold weather.

"~
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So, that is what exactly is called a work around inspections as a mine manager you will have
to do this. So, that you can instruct the mechanical engineer, maintenance engineer whoever

is in charge of it they can take the necessary actions on it.

(Refer Slide Time: 37:22)



Conclusion

i.  Motor grader is an useful machine as it has bearing on the performance
of ather systems in the mines

Assignment

Download the article “Productivity of Construction Equipments: Earthwork
Equipments” from
http://ndl.ethernet.edu.et/bitstream/123456789/87980/2/Chapteri202 Pro
ductivity%200f%20Equipments_Lecture%20note.pdf

Develop an excel based calculator of productivity of motor grader being used
at any site.

So, a motor grader is an useful machine and it has a bearing on the performance of the other
systems, because if the haul road is not ok, you may produce in the mines, but the product
must go back to the dispatching for selling. But, if your road is not properly maintained you

cannot evacuate what you produce.

So, that the haul road will take a long that; haul road will make the dumper to take a longer
cycle time, when the dumper will be taking a longer cycle time, either your shovel will be
waiting for when the dumper will come and I will be loading on to the this. So, that is why
the haul road if it is not maintained, then if it is the dumper when it is going with heavy load

then the road is having lot of undulations it is have to change the gears every time in.

Along with the speed is reduced exactly every your shift of the change of the gear you are
consuming more diesel. And the diesel consumption is more means you are giving an exhaust

where exactly diesel exhaust is crunching more environmental pollution.



So, you can see that by maintaining the road you are exactly giving saving the idle time of
your main production machine, you are saving your diesel also you are saving the
environment. Now, are you understanding why this piece of machinery though it is called an

auxiliary machinery, but how important it is for the mining industry.

So, I give you an assignment here, that is a you download one article that is; your
“productivity and construction equipment: Earthwork equipment”. This particular paper it
will be giving you how the productivity of all these machines so far we have discussed they
can be done. Whether it is a dozer, whether it is a motor grader, whether it is a this your
scraper and also some of the machines now will be discussing from next classes are also

there.

So, my request is reading this manual or this principles there you need to develop a very good
either on r or in excel. You use excel develop a calculator or if some of one of you interest
you can easily write a small code or a small software you can develop by using C plus plus or

Java or any other language you know.

Or you can make a just a calculator on a mobile phone; so that the operator or the engineer
can use this basic calculations with the machines by themselves. So, that is an exercise all of

you can do, and if you need anything any help on that you can contact me at any time.

Thank you very much.



