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Off- Highway Trucks: Rimpull Curves and Tires

We are discussing about the transportation machinery in surface mining and in that we have
already discussed and introduced about the mining trucks. So, in that mining trucks of that
Off-highway Trucks, few important concepts are there; particularly, the Rimpull and this

Drawbar pull and another most important component is the tire.
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Off-Highway Trucks
Rimpull curves and tires

Objectives: ‘ /\‘\\%\
A ™

Determining Truck Speeds using Rim pull and Retarder Curves

If a truck moves at a constant speed,
then there s a balance of forces
between the resistance (FR) as opposed
to the movement of the truck and the
thrust force (FT) that it performs to keep
moving

i NPTEL

So, in today’s class, we will be discussing about little bit of this basic concepts regarding the

rimpull and this mining tires. So, as you know that exactly a truck when it will be moving, it



is exactly number of resistances it will be overcoming and that when there will be it will be

overcoming the frictional resistances.

And then, it will be having a thrust force by which it will be going and then, the truck can go
upgrade in a gradient or it may go downgrade in the gradient and this is the whole

phenomena.

That means, the truck will be moving on a horizontal road or a it will going up the gradient or
it will go down the gradient and this could be under two conditions; in the loaded conditions

and in empty conditions.

So, the different forces, how it is working and how the power is being utilized in the truck
and where it is, how exactly you need to get the engine power rating, how will you develop.
So, today’s discussions may give you some idea, where you can do some additional studies

and also, what are the important points you need to cover.
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After going through this lesson you will be able to:

+ Use the rip pull curves of trucks
+ Explain the importance of tires

So, as exactly our main discussions today will be for how to use the sorry this rimpull
diagram, not the rimpull curve. Rimpull curve is a that is a the how the manufacturers give

some this graphs, so we need to use those things in which way that will be discussed today.
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Drawbar pull is the tractive effort (gross pulling force the vehicle ) minus the rolling resistance.

Drawbar pull (DP) of a vehicle is determined by multiplying the torque of the
vehicle's motor (T) by the gear reduction (R) (including the axle and
transmission) and divide that number by the radius of the drive tire (r). The
resulting number represents the tractive effort of the vehicle. In other words,
it's the gross pulling force the vehicle is capable of.

To determine the actual (or net) drawbar pull, you'll need to know how to figure
out the rolling resistance (RR) of the vehicle.

DP=TxR+r-RR
DP=TxR+r-RR

Rim Pull is the pull available at the rim of each of the driving wheel

The rimpull is the result of three factors:
v road grade

v rolling resistance of the ground (soil friction)
v internal friction (this is usually negligible)

So, a Drawbar pull is the tractive effort or the gross pulling force of the vehicle; that means,
that engine power, it is giving that so that this it can take pull the vehicle forward and then,
drawbar pull is that minus the rolling resistances. So, that is what exactly when you are
pulling the vehicle up, it is exactly overcoming the rolling resistances. So, we are getting a

drawbar pull over there.

Now, the drawbar pull of a vehicle is determined by multiplying the torque that a vehicle
motor by the gear reductions, that is from the machines components point of view, we can
calculate out the drawbar pull. And that is exactly the relationship as you know that torque is

forced into this radius that you apply to determine the drawbar pull.

And the resulting number, it will be giving exactly a tractive effort of the vehicle that is a how

the main gross pulling force the destructive effort is that pulling force which is coming up



over there. Now, to determine the net drawbar pull, you need to know that is exactly what is

the rolling resistance of the vehicle.

So, this drawbar pull is exactly we are getting this say to tell that your total load, you are
calculating it out that is what is the vehicle that is torque being applied. And then, what is the
reduction ratio of the gear and what is the radius of the shaft and then, minus the rolling

resistance, this is they gives.

And that Rimpull, it is that whatever is the pull available at the wheel; that means, the wheel
will have to be moving, it will be overcoming the frictional resistances. So, there comes the
your Rimpull. Now, the rimpull will be depending on the road grade that rolling resistance of

the ground and the internal frictions, often the internal friction is rotated.

(Refer Slide Time: 04:46)

+ Rolling Resistance is the force that is resisting motion that is a result of friction
between the truck's tire and the surface in which it is moving on. Results primarily from \
tire flexing and penetration of the travel surface %

+ Grade the steepness of the slope that the truck will be required to travel and can be
measured in degrees, as a percentage or as a ratio.

+ Total Resistance is the sum of grade and the ralling resistance. The total resistance
is used for the Rimpull tables as when the truck is moving upwards it has to overcome
more resistance.

+ Effective Grade is the grade minus the total resistance. The effective grade is
used for the Retard tables, as the truck will have less resistance when it is hauling at
a downward motion as it is hauling in the direction of motion.

Total resistance = Rolling resistance + Grade resistance
Resistance is expressed in: kg/ton (Resistance factor)

Grade resistance: Represents the component of vehicle weight which acts parallel to
an inclined surface=vehicle weight x sine of the angle between road surface and



So, that means, when you are talking about the driving a vehicle, a truck, you need to know
about the rolling resistance that is the force that is resisting the motion that is result of the
friction between the truck and the tire and the road surface of which it is made of and then,

the resulting primarily from the tire flexing and penetrations of this.

So, you can understand over here that is a if you are using a that whenever there will be a tire
which will be on the road surface. In this, there will be a load will be coming over here and
this is along that axials, where it is a moving. It is rolling over here. Now, this tire if it is less

inflated, it will be getting a flexing in the both these sides.

So, that will be here more surface will be taken over and then, if it is a sometimes if this
surface is very loose, at that time what will happen? This will be giving a penetrations over
here. When there will be a penetrations, there will be additional resistances will be coming
over here. So, that is while taking of the rolling resistances, we will have to take care of these

things over there.

So, now whenever we are using a truck on a mines road, you will have to know that whether
the tire is properly inflated or it is exactly whether the road surface, there is any penetrations
because these two things will be affecting your rolling resistance. Then, the grade that is a it
is known as you have shown in the figure there, it will be going upgrade or it will be going

downgrade.

Then, the total resistances, it will be is exactly the sum of the rolling resistance and the grade
resistance. Now, this resistance is expressed as a kg per ton of the vehicle, gross vehicle
weight ok that is kg per ton basis it is expressed. So, the effective grade or the grade minus
the total resistance, exactly when you are working in a real like practical problems, it is the

effective grade which is there. That is the it will be the total resistances they find it out.

So, while you are going to use the different that your rimpull curves given by the

manufacturer based on their lot of testing’s, you will have to have this concept of what is



grade resistance, rolling resistance and then, also the speed methods. We will be coming to

that.

Now, the grade resistant represents the component of vehicle weight which acts parallel to the
inclined surface. So, that is your we find out that one by vehicle weight into that sine of that

slope angle that is how we are finding out the grade resistance.
(Refer Slide Time: 07:52)

0On a hard surfaced road:
- A narrow-tread, high pressure tire gives lower rolling resistance than a broad-tread, low
pressure tire
—This is the result of the small area of contact between the tire and the road surface

On a soft surface (the tire tends to sink into the earth)
- A broad-tread, low-pressure tire will offer a lower rolling resistance than a narrow-tread,
high-pressure tire
- The reason for this condition is that the narrow tire sinks into the earth more deeply than
the broad tire and thus is always having to climb out of a deeper hole that is equivalent to
climbing a steeper grade

v Rolling resistance is expressed as kg of resistance per ton ; Rolllpg reSIStBﬂCBIIH kg may be found by
of vehicle weight or as an equivalent grade resistance multiplying the rolling resistance factor by the
v For example, if a loaded truck that has a gross weight vehicle's weight in tons
equal to 20 tons is moving over a level road whose rolling
resistance is 100 kg/ton , the tractive effort required to
keep the truck moving at a uniform speed will be
20x100=2000 kg ~Foling Ressare s

Table 4-1 Typical values of olling resistance factor

Type of Surtace Ioton kgt
Conerete or aspnait N W o o1
4030
Firm, smooth, flexing sightly undar load 5 152: ig:;:;

Rutted dirt roactway, 1-2 n, peneration 100 50

Soft,rutted drt. 3-4 in. penetration 150

Loose sand or gravel 200 |;3

Soft muddy, deeply rutted 3004 208,
00 150-

“Vaues i parenthases ae b il tros

Now, if you come to that on a hard road surface, I that what type of tire should be used? The
narrow tread high pressure tire gives a lower rolling resistance and in case of your soft surface
the tire tends to sink or that as I said there is a penetration and then, that is here you will be

having a broad road that is a low-pressure tire; the tire design and all will have to be there.



So, that means, you should keep it mind because the our mining conditions, the haul road
conditions that will have to be taken into considerations while selecting the what type of tire
will be used. So, the rolling resistance is expressed is a kg of resistance per ton of the vehicle

weight. This is a point you need to keep in mind.

So, if a loaded truck that has a gross weight of say 20 ton and moving over a level road,
whose rolling resistance is 100 kg per ton. Then, you can find out how much kg is the that is
your and that will be multiplied by your 9.8 or sometimes equivalently 10, that will give you

the total that force or in a Newton haul will be calculating it out.

So, take care of the unit and then you can do it over there. So, now, that rolling resistances, it
varies depending on the surface. That these are standard tables are given. If you take concrete
or asphalt road, you find that is your rolling resistant factor is taken as 20. For other soft,

rutted or that your rolling resistance, you can see here, it may vary up to even 200.

Now, these questions arises that whether you know about the rolling resistances of our road
surfaces or not. Now, equation shown exactly how will you do it. We do not have
experimentally determine rolling resistances of our different road surfaces Tata steel for their
some of the mines, they did some experiment if I remember, but there are still that is many of
our in the coal mining area, you go in any mines ask that what is the rolling resistance of your

road, nobody will be able to tell.

And that will be a varying item depending on the that seasonal things and depending on the
haul road maintenance, this rolling resistances may vary. Now, we need to develop a small
tool by which we can measure the rolling resistances. It can be any tool. If you are just taking
your making a some vehicle to move at the back, if you are having a trolley and then, if you

just measure on a the trolley, how it is being pulled.

At their the tension, if you measure that would be giving a rolling resistances. So, devices can

be designed or found out how to do it over there.
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Impact of tire penetration

It has been found that the rolling resistance factor increases about 15 kg/ton
for each 2.5 cm of tire penetration

It has been found that the rolling resistance is 20 kg/ton for:
- Rubber tired vehicle
- Equipped with conventional tires
- Moving over hard, smooth surface (asphalt)

For muddy it can be 200. for soft soil with 7.5 to 10 cm penetration it is 75.

S

Note: crawler tractors are usually considered to have no rolling resistance
when calculating vehicle resistance and performance

So, the impact of tire penetrations that how much it will be penetrating, depending on that
exactly the that your calculation of the rolling resistance will vary. So, for example, that is
your the crawler tractors they will not be having considering their rolling resistances because
crawler tractors, they have got a different way of moving. Rolling resistances factor will be

coming only our tired vehicle; tired vehicle only.
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Atruck weighting 91 tons is being operated on a haul road of rolling resistance is 20 kg/ton with a tire
penetration of 5 cm. What is the total resistance (kg) and effective grade when:

A. the truck is ascending a slope of 5%

B. the truck is descending a slope of 5%

Solution

~ A ascending 5% slope

Rolling resistance factor (kg/ton)

=20+ 6 x penetration (cm)

=20+6x5=50 kg/ton

Rolling resistance (ton) = 50 kg/ton X 91 ton = 4550 Kg

Grade resistance factor (kg/ton) = 10 x grade (%)

=10x%5(%) = 50 kg/ton

Grade resistance (kg) = 50 kg/ton X 91 ton =4550 Kg b

Total resistance = Rolling resistance + Grade resistance = 4550 kg + 4550 kg = 9100 kg
Effective grade = Grade (%) + Rolling resistance (kg/ton) /10.=5 +50/10 = 10%

So, just try to do it little bit of mathematically. A truck weighing 91 tons is being operated on
a haul road for rolling resistance of 20 kg per ton, that haul road just like your asphalt or
concrete road with a tire penetrations of 5 centimeters, it is there. Now, what is the total

resistance that effective an effective grade?

So, we can usually calculate a the truck is ascending at a slope of 5 percent and the truck is
also descending. So, under these two conditions in that haul road, where it has got about your
5 centimeter penetrations. How will you do? The normally that is your for the penetrations,

they take exactly that 6 into that.

This is a rule, they are following. This is everywhere while doing the calculations, we follow

that the rolling resistances in that kg per ton, it is determined by using this relationship. So,



you can find out here with the given value, it is a rolling resistance. You can determine, it is

coming 4000 that resistance due to the mass of 4550 kg.

Similarly, grade resistance, you can find out and then, the total grade resistance in terms of
the mass. So, that this much kg of force will be applying as a your resistance. So, the total
resistance of 91 dozen 9100 kg force will be coming. So, that is effective grade is calculated
by sum of these two, that will be giving you the total effective grade. So, this is the way how

exactly the resistances are calculated.

(Refer Slide Time: 12:54)

A Truck weights 20,000 kg and produces a maximum rimpull of 18,160 kg at sea level. The
tractor is being operated at an altitude of 3050 m on wet earth. A pull of 10,000 kg is
required to move the truck and its load. Can the tractor perform under these conditions?

attuuc buthe e mdamiunratabud ac whnon Tl raceu puwer o ucivercu

Derating Factor: Index used by manufacturers to express percentage of reduction in
rated vehicle power at various altitudes

<

So, a truck when used at high altitude mine, the power of the truck is to be derated. That is
another things you need to know say for example, a truck which has been for our (Refer
Time: 13:10) mining area, if we have to use that truck say for example, at high altitudes of

say for example, in Panchpatmali hill that bauxite mine or if you are to do a mine in



operations in Sikkim, there exactly we will have to because of the altitude differences we will

have to derate it.

So, that means the same power will not be available because of the less oxygen in the air. So,
this derating factor normally for every 305 meter increase, your 3 percent decrease in the
power rating is done. So, that means, what will be the carrying capacity of the truck, that will

be determining with the help of this.

(Refer Slide Time: 13:56)

A Truck weights 20,000 kg and produces a maximum rimpull of 18,160 kg at sea level. The
tractor is being operated at an altitude of 3050 m on wet earth. A pull of 10,000 kg is
required to move the truck and its load. Can the tractor perform under these conditions?

As the manufacturer’s table is not available ,

Derating factor (%) = (Altitude - 915) / 102

where, altitude is in meters

Therefore: Rated power available (%) = 1- Derating factor

Derating factor = (Altitude - 915) / 102 = (3050 - 915) / 162 = 20.93

Rated power available = 1 - derating factor=1-0.21=0.79
Maximum rimpull = 0.79 x 18,160 = 14,346.4 kg

So, a we can calculate there is another problem has been given over here. A truck weights
20,000 kg and produces maximum rimpull of 18160 kg at sea level. If the tractor is being
operated at an altitude of 3050 meter on the earth, then a pull of 10,000 kg is required to

move the truck and its load.



Now, can the tractor perform under this conditions? So, that means, you will have to find out
that after derating, how much rimpull will be available. Once you calculate that after finding
out that is your, then you can get the initially you will have to find out the derating factor. So,
you can find out the derating factor as because you know that every 305 meter, there is a thing

so, with your given altitudes, you can find out that altitude in meter and you can do distance.

(Refer Slide Time: 14:54)

Drawbar pull

DP = Drawbar pull in newtons
T TXRx1000 AR T'=Motor torque in newton metres
=i R = Overall gear reduction including both axle and trarsmission
1= Ralling radius of loaded driving tyre in millimetres
AR= Road rolling resstance in newtons

GVW = Gross vehicie weight of motive vehicle in kilograms

A vehicle has a motor torque of 200N m, an

overall gear reduction of 10:1 and rolling radius of
the driving tyre is 500 millimetres and a GVW of ‘Table of Rolling Resistance in Newtons per 100 Kilograms of Gross Welght
5,000 kilograms. Determine the drawbar pull of
this vehicle over good concrete surface? (Rolling

resistance of good concrete surface is 15 N per 100 Materials. Values
kg of GVW) Concrete, excellent 10N
Concrete, geod 15N
Concrete, poor 20N
AR/GVW Asphalt, good 12N
Road  [N/100kg
Material of GVW) GWikg) RR(N) R r(mm) T(vm) DP(N) KN Asphie, fair 7N
Good Asphalt, pocr 2N
Concrete 15 5000 750 10 500 200 3250 325 Macadam, good 15N
Mud %5 5000 6250 10 1200 1000 2083333 2083333 Macadam, fair 2N

Macadam, poor

80000

This type of problem when you will solve, you will be knowing about that exactly that how
you will be going to select the engine power. So, that drawbar pull as we give in the very first
slide, the equation is you T R 1000 by r into RR. So, you can find out another problem here.

You solve it.



A vehicle has a motor torque of 200 Newton meter and overall gear reduction is 10 is to 1 and
rolling radius of the driving tire is 500 millimeter and then, gross vehicle weight of this a

5,000 kilogram. Determine the drawbar pull of this vehicle over good concrete surface.

Rolling resistance of good concrete surface is given as a 15 per 100 kg of gross vehicle
weight. If a very well-defined problem. If it is given you know that the parameter that with
the different materials, what are the resistances are also there, this type of charts are available.

You will have to consult that to find out.

Here of course, the value is already given. If it were not a very good road, then then your poor
road, it could have been you can change this value over here and you can find out the drawbar
pull. So, in that way, you make a tabular form and find out the drawbar pull and you can find

that how the dependencies are there.
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Use the Rimpull table for Full/Loaded truck Stadar Arnagonest
Gross Weight
Calculate the Total Resistance that the truck will need to o s
. ; w0 e o e n be
overcome, which is the grade plus the rolling resistance; W

For example, grade = 10% and rolling resistance = 2%, then

Total resistance = 10% + 2% = 12%,

+ Draw aline from a total resistance of 12% to where it 5
intercepts the dotted line for the loaded truck weight. E

+ From the loaded truck weight-total resistance interception, drawa | "
horizontal line to intercept the highest gear .

From the highest gear, draw a vertical line downwards and read the ~ #

velocity that the truck will travel at that grade

+ Extend the blue line and read the Rimpull value in Kg x 1000

1 Resistance
(Grade plus Rolling)

Total

R

o w B 0 @ o B D
. Spoed

The Rimpull value in Kg x 1000 will need to be multiplied by the
gravitational acceleration (9.81 m/s™ to obtain the frictional force
that the truck will be required to overcome in order to travel at
that particular grade and rolling resistance.

So, now, this when we say a rimpull curve or rimpull table, this type of graphs are given by
manufacturer in which a rimpull is given and then, whether at different grade of the
resistances, these grades resistances are given and then, the curve gives at which gear the

vehicle will be running.

Now, these graphs get two lines are given; E for the empty trucks and L for the loaded truck.
This type of graphs will be available for scrapers or the other vehicles also, cranes that is your
even the motor grader, you find all these a tire mounted machines which will moving with a

diesel engines, such type of graphs will be given by the manufacturer.

Now, from here, if you were to find out that a at what will be the maximum speed at which
you can go say for example, here a problem can be to what will be the total resistances, you

can find out. Now, there your you see here the speeds are given. Now, if your truck is running



on a road, say you are having a say 15 percent or say you are in this you are having a 20
percent gradient, we are having a 5 percent gradient. If you are going moving in a 5 percent

gradient, then you can find out your with what is the load on the vehicle.

You can see from here this is into 1000. If it is your 3 ton or it is a 500, 1000 kilo 5 ton that is
a coming over here. So, in this line, you can find out and then, you can form the graph, you
can determine that what will be the at which gear it will be running. Say if it is running on a
second gear, it will be running at a speed of say 10 or that is about 14 kilometer per hour
speed, it can run with a Rimpull. It will be giving about that is your 40 into 1000 that is 40

ton rimpull will be given over here.

So, that is in a the you can calculate the total resistance of the road depending on the grade
resistance and a rolling resistance, you are finding out Once you find out the total resistance,
then you can draw a line from the total resistance. This 12 percent gradient wherever it is

coming, you can draw a line over here.

This 12 percent gradient will be meeting at this point. So, here that is a you are loaded from
there, you draw a horizontal line it goes. That means, at this conditions, it can run on the
second gear of this will have to that maximum speed you can get this much and then your

rimpull available will be this much. This is how exactly the graphs are read.
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.
Vehicle Travel Times

* The rimpull and retarder curves represent maximum speed the
vehicle can mechanically achieve.

* You may have congested areas or sharp turns where travel speed must be
lower

* We normally brake haul roads into segments when grades or
conditions change

* Each segment is assigned a speed based on vehicle capability or anotj
speed constraint

So, another thing is there; the travel time graphs. This is also available that is your under
different conditions, how much time that will be travelling for a loaded truck and as an empty

truck. To by determining that you can also find out this calculations.
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Say for example, a truck whose travel time curves are shown a you can see is a in a figure,
you can see here say for example, this is a travel time graphs. So, in a loaded and then, one it
is given in empty. So, here if you have to use this type of graph. So, suppose your total
distance which you are going to travel is 3000 meter that is 3 kilometer distance to be

traveled.

If you go horizontally, you can find out what is your resistance. If you are telling here that you
have got a total rolling resistance is 4 percent and then, your grade resistance. So, total if you
are finding out the total effective grade is 10 percent. If your effective grade is 10 percent, you

go where this line is meeting at the 10 percent line.

At the 10 percent line you come down; that means, it will take how much time. It is coming

about your this about 6 minute or a 5.5 minute, this much time 5.3 minute time is required for



travelling. Now, if you see the empty one, same thing from here your because it is a negative
gradient now, their effective gradient will be 2 percent gradient. So, that is why you come

from here, come up to this graph.

So, that is a 2 percent choline. If you come down here, you will find that this is getting at your
about 1.5 minute. So, total time taken is 6.5 minute. So, that means, when you are doing

calculating your productivity, you can do the planning and estimations by using these curves.

Wherever you see this our scheduling or mine planning software, they take these curves and
from there, they put right a code and this they take these things into the system so that you can

just find out you give the your conditions that things will be taken up and you can produce.

So, earlier it could be a simple exercise getting such type of graphs, you can do a little axial
based calculations and you can find out and do productivity or the other mine operational
calculations can be carried out. So, that is why you should be able to read this type of graphs
and then find out what it is. Then, the basic thing is how to determine the rolling resistance

and things.
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What is the maximum truck speed?

Max_Speed= Max _EnginePower

Weight * (RoadGrade%+ RollingResis tan ce’4)

So, that is now once you know they wrote grade rolling resistance and you can find out if you
once you have found out the maximum speed, the relationship of the with the max engine
power that is how much will be the engine power required for that particular vehicle, you can
find out and then, you can find out whether your truck is having the right engine for operating

under that condition or not.
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Let us read the tire markings

A: Manufacturer or brand name =l A\
B: Tire size, construction and speed rating designations. Q \
18565HR 13 \
‘ T L s w|
This is the widthinmm | | Thisisthe ratiocf || Thisis || Denotes This s the diameter in I /‘f / |
of the tyre from sidewall | | the height cf thetire || the type of car | | inches of the rim of %\ §/
to sidewall when it's sidewall, section speed tire the wheel that the ‘% MQ/ 04*
unstressed and you're height), expressed || rating of | | constructio | | tyre has been <, \ == &
looking at it head on (or asapercentage of || thetire. || n designed ‘o fiton. \‘5(;& ~'L"W
top-down). Thisis the width. Itis Rfor <
known s the section | | krownasthe Radial 4
width. aspect ratio. In —
7 | thiscase, 65% of = The B in DIN-type tyre
1 - s marking also has the ogd
7 ; 12025mm - the g alsa has the g
saction haight index encoded in it.

These go from a load
index of 50 (190kg) up to
anindex of 169 (5800kg).

So, now we have discussed about this truck that is it is speed, we have reached this force. But
the main thing in any a truck is as I told that is their tires; tires play a very big role in trucks
life. So, today we will be introducing a little bit about the tires. So, let us see that is your

whether the tires has got certain marking. So, whether you understand those markings or not.

So, in a tire, this is a Yokohama my tire. Any tire make you take, there will be number of
marking in the tire. So, one need to know that what this marking means. There will be a first
thing, it will be given a manufacturer brand name and there will be a tire size construction
and speed rating designations will be written over there and then, there will be this rating.

Here a number will be given.

This number has got certain meaning. That is the first one, first three letters, it will be giving

the width in millimeter of the tire from the side wall to the side wall. So, that is exactly the



length it is given and it is you are looking at it head on the top down. So, this is known as the
section width, that section width of the tire is given over here. You can check this is been in

your bicycle, in your car that is everywhere it is a standard form it will be given.

The next two digits, it is the ratio of the height of the tire side wall and expressed as a
percentage of the width. It is known as the aspect ratio. In this case the 65 percent of the 185
millimeter that is your 120.25 millimeter is the section height. That means, from the tire how

you find out that section height, this length, it will be determined from this number.

So, by looking at the tire, you can tell that what will be this tires, this width. Because that in
your mining operations, when the tire will be wearing out their trading will be done and how

it will be behaving on the road surface, this section height is also an important parameter.

Now, next you have got this is the speed rating of the tire, that speed rating will be given
under different road conditions, different climatic condition, different rubber manufacturing.
There will be a speed rating, these are given by number. There is a meaning with that there is

a tabular form, you can find out what is this H means.

Similarly, next there will be this number will be giving the type of car tire construction, that is
if it is a R it will be radial. You know that there is a two type of tires. I just briefly told in the
previous class that is a cross ply and radial that is your bias tire, how they are there. So, this
will be giving, it is a type; it is a radial tire. You might be hearing most of the time car
coming with a radial tire and the last one these two digit, this is the diameter of the inches of

the in inches of the rim of the wheel.

Now, how that the diameter is this is the Rim diameter, you can see here in between and then,
what is the section height? That is total height is given over here and then, that is your the
section height part is this much and outer diameter is there. So, now, does it give you an idea
about now that a tire what are the things you should know? So, if you know the tire markings,

it will be giving an idea about this whole tire height which is there.



And then, that is your here a number it is written, this number it goes about the din type that

is a standard type of the tyre by marking this has been given over here.

(Refer Slide Time: 26:08)

Tire Markings F: approval mark and number. \

D: M&S denotes a car tyre designed for mud and snow.
Reinforced marking only where applicable. T

4
G: Dept of Transport compliance symbols and identification /

numbers. (North American)
H: Country of manufacture. ,/

And then, you can find out that tire marking from here this C it gives that means, here exactly
that what is the tire construction. Then, this tires how it is designated that is whether it is for
the mud or it is for the asphalt road or that is there given. Similarly, there will be a an

approval that is whether you have got proper approval or not, that will be also marked over

here.

Then, the department of transport compliance; in US, they give a compliance number over
here, in US. Then, a country of manufacturing; where it is manufactured, that is also written

over here.
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This indicates the maximum speed that the tire can sustain for a ten minute

endurance without coming to pieces and destroying anything within a
suitable radius at the time.

Speed ratings

Speed Symbol | Max Speed Capability | Speed Symbol | Max Speed Capability
Kmh | MPH Kmh | MPH

L 120 75 s 180 113

M 130 s, |7 190 118

N 140 87 U 200 125

P 150 9 H 210 130

Q 160 0 |V 240 150

R 170 05 | W 270 168

300

So, now that as I said that this is this different speed symbols are given depending on that
what speed for the your small cars that is your in US up to 170 kilometer per hour basis, you

are getting that L, M, N, O, P, Q, R.

So, these numbers are given. From that speed symbol, you will have to see. In the previous, I
we saw that there was a symbol given H. So, that means, a tire with an H symbol can go in a
very high speed that is a 210 kilometer per hour it can go. So, this is the way how exactly the

tire ratings are given.
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Cross-ply components Radial components

Breakers
~

steel
belts

The tread @nsists of specially compounded/vulcanised rubber which can have unique characteristics ranging from wear resistence, cut resistance, heat
resistance, low rolling resistance, or any combination of these. The purpese of the tread s to transmit the forces between the rest of the tyre and the
ground.
The sidewall is a protective rubber coating on the outer sides of the tyre. It s designed to resist cutting, scuffing. weather
checking, and cracking.

The liner is an integral part of all tubeless peumatic tyres. It covers the inside of the tyre from bead to bead and prevents the air
from escaping through the tyre.

The bead of a cross-ply tyre consists of bundles of bronze coated high tensile strength steel wire strands which are insulated with
rubber. A cross-ply tyre desianed for off-road use typically has two or three bundies. A radial on-foad tyre normally only has one. The
bead is censidzred the foundation of the tyre. It anchors the bead on the rim.

Source: http:/iwww.carbibles.comityre_bible_pg2.ntml

Similarly, as I told you that tire could be a cross ply or radial component. In radial tire what
you always hear, people talk about it. There are exactly two beads; here on the bead and then
we are having this is this portion is called chafer. So, that a hardening hard it will be made
hard by this chafer and then, there is the side wall and at the top there is the tread and there is

a this is a steel belt type of steel cords things are ride over there.

You can see their inside that this is the main carcass, they say it is the carcass and there inside
this liner is there. So, this is a radial tyres component. In a cross ply that there are these are
breakers exactly there at a 60 degree angle, they are put it over here and then, they width like
this. So, this is a cross ply type of tyre. Here also you are having the liner, the cord body, that

cores, sidewall and chafer are there.
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Cross-ply components Radial components
Tread

Breakers e

Lirer Body
ply
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The chafer of a radial tyre acts as a
reinforcement. It increases the overall
stiffness of the bead area, which in turn
restricts deflection and deformation and
increases the durability of the bead area. It
also assists the bead in transforming the
torque forces from the rim to the radial ply.

The chafer protects the bead and body from
chafing (wear from rubbing) where the tyre is in
contact with the rim,

So, this how the tread will be there? At the tread means on the top, you might have seen that

in your different tyres have got at a different type of tread. So, here you can know about that

what is the function of each of this component. You can make a study and the on this

different component in case of the chafer of a radial tyre acts as a reinforcement so that it

takes the total load on it.
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So, how exactly the cord there, what is there that is your the carcass role, those things are also

you need to know.

Uner  Cord”
body

Ceres

The cord body is also known as the tyre carcass. It
consists of layers of nylon plies. The cord body
confines the pressure, which supports the tyre load
and absorbs shocks encountered during driving.
Each cord in each ply is completely surrounded by
resilient rubber. These cords run diagonally to the
direction of mation and transmit the forces from
the tread down to the bead.

The body ply of a radial tyre is made up of @
single layer of steel cord wire. The wire runs
from bead to bead laterally to the direction of
mation (hence the term "radial plies"). The
body ply is a primary component restricting the
pressure which ultimately carries the load. The
body ply also transmits the forces (torque,
torsion, etc.) from the belts to the bead and
eventually to the rim.
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Uner  Cord”
body

Ceres

The breakers are also know as belts. They provide
protection for the cord body from cutting. They
also increase tread stability which resists cutting.
Breakers can be made of nylon, aralon, or steel
wire.

The belts are layers of steel cord wires located
between the tread and the Body ply. Off-road tyres
can have up to five belts. Road tyres typically have
one or two. The steel wire of the belts run
diagonally to the direction of metion. The belts
increase the rigidity of the tread which increases
the cut resistance of the tyre. They also transmit
the torque forces to the radial ply and restrict tyre
growth which prevents cutting, cut growth and
cracking.
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ply
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Breakers
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Comparison of Radial and Cross Ply tires

(Chascerisies __|CrossPly ___[Radal |
Vehicle Steadiness v Xe
Cut Resistance - Tread X v
Cut Resistance - Sidewall v/ X
Repairability v X
Self Cleaning v X

Traction
Heat Resistance
Wear Resistance

Flotation

x Bd < B8 <
<B<«<B -«

Fuel Economy

So, here we talk about this tread which is very very important, but that cross ply and radial,
these two tires if you compare; then, you can make this type of comparison table. That is the
vehicle steadiness, cross ply is better. For a cut resistance and tread, your radial tire are better;

cut resistance of the sidewall, your cross plys have got better strength.

Then, repairability of cross ply is better; self-cleaning cross ply is better; then, traction that
radial is better; heat resistance radial is better; wear resistance radial is better; then, your
flotations radial is better; fuel economy radial is better because of these things the radial tires

are nowadays everywhere used.
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Blocks Ribs
Grooves Dimples

Sipes Shoulder

A proper tread design improves traction, improves handling and increases Durability. It
also has a direct effect on ride comfort, noise level and fuel efficiency

Now, when we talk about the tires tread. Do not think that is a many shapes coming with you

might have seen in your bicycle also, now this there are some things you can find out there is

a shoulder of the tyre and there are some sipes, you can see a small like that. Then, there are

some grooves and there are in between this, there are some these are the blocks and these are

the ribs, they make the tyre.
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ipe in
the tread blocks that allow the blocks
toflex. Ths added flexibilty increases
traction by creating an additional
biting edige. Sipes are especially
helpful on ice, light snow and loose
drt.

Shoulders provide
contnuous contact
withthe road while
maneuvering. The
shoulders wrap
slightly over the inner
and outer sidewall of a
tyre.

Dimples are the
indentaticns in the
tread, normally
towards the outer
edge of the tyre.
They improve
cooling.

Blocks are the segments
that mke up the majority
of atyre'stread. Their
primary function isto
provide traction

Aibsarethe sraght
ofblocks
that itea
dicunferential
contact "band "

The amount of open spi tread. A low void rai Isin contact
with the road. A high void ratio increases the abilty to drain water. Sports, dry-weather and high performance tyres
have a low void ratio for grip ard traction, Wet-weather and snow tyres have highvoid ratios.

Tread design of Tyres

Now, designing of each of them has got a particular functions, they do on a road surface. So,
that what are their functions that is particularly that sipes are the small slit like grooves in the
tread blocks and allow the block to flex. These added flexibility increased traction by creating

an additional biting edge. Sipes are especially helpful on ice light snow and loose dirt.

So, that means, how this will be looking, you can see now the different car of different
country and you can compare that they when the tyres treads are designed differently. And
many a time, we do not manufacture tyre in our country for the big trucks and then,
sometimes if they have designed it for some cold country, the same tyre may come over here,

if we are not very much aware of that why it is there and what should be given.

So, I request you to kindly see the tread designs of tires, how it is there. Then, the ribs are the

straight line few blocks that creates a circumferential contact band and then, your blocks there



that exactly primary function is to provide traction and then, these grooves, they play a very
important role for that how exactly that they will be behaving; your tire will be behaving on

water.

(Refer Slide Time: 31:34)

The read pattern will affect the tire's crown rea stiffness,
which n turn will influence the contact pressure
distribution. The greater percentage of void area as
found for example in traction tread patterns result in
higher contact contact pressure levels since the effective
contact area is smaller.

So, this tread pattern will be affect the tire’s crowns rea stiffness, which in turn will influence

the contact pressure and pressure distributions.
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One of the functions of tires is to pump water out of the tread on wet road surfaces.

As the tyre spins, the tread blocks force water into the sipes and grooves and those channel water out
and away from the contact patch where the tyre meets the road. As the tread wears down, the depth
of the grooves and sipes gets less, which in turn reduces the tyre's ability to remove water.

At some point, the tread will get down to a point where all but the lightest of showers will turn any

road slippery. This is called Aquaplaning/Hydroplanning.

AV~

Under good conditions,
with adequate tread, light
water buildup and good

As conditions worsen - less
drainage, higher speed or
more rain, the amount of

At this point, the tread is
overwhelmed with water and is
no longer effective. Water is

road drainage, the tyre
tread is able to disperse the
water from the road

water on the road surface
increases. The tread is only

incompressible so the tyre is
lifted off the road and skates

surface so that the tyre's able to disperse so much across the surface of the water.
i water, and begins to become
contact patch remains in :
inundated.

good contact with the road.

Now, most important thing that because of the tread, they have got a pumping action. In the
rainy season on a road when water will be there that exactly when it will be moving, you can
see that their physics at the that portion because that water will get suck over there and they

will be thrown out at, that way the water will go.

Now, if the tread becomes smooth; that means, the tires are that the trades have got worn out,
at that time you might have got that experience that these are bicycle also, it skid the truck
skid and then it floats, that action is called your aquaplaning or hydroplaning. Exactly what
happens over there? This water they get accumulated, they do not get pumped out of that and
then, a layer of water get dropped up; that means, as if it is floating and here that it already it

will be rotating.



At that time, it will get skid and the (Refer Time: 32:42) this. So, you please read it about
what is this hydroplaning or that aquaplaning. This is a under good conditions with adequate
tread, light water build up and good road drainage, the tyre tread is able to dispense the or
disperse the water from the road surface so that the tyres contact patch remains in good

contact.

So, you can see here that good treads that water is moving. So, if your road is also road
drainage is not proper, then your tire treads are worn out. At that time, some water will be
there and if the tires are really the treads are become flats, then your that more water will be
coming a dangerous situation will come. So, these type of things you need to know and study

about this.
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Primary Tire performance Properties

« Tire dynamics
Araction

* Noise Endurance:
! Traction '
* Rolling resistance

Mechanical: « Durability
* Tread wear
" Bruise

* Cutting, cracking and tearing

" Tire Contact Pressure




So, the performance properties exactly you need to know that there are mechanical and then,

your tires should be that your traction noise, it should not make many heavy noise.

You can see in a roadside that in a traffic side, the traffic noise in a near the highways that has
got to a lot of aecrodynamic noise due to the tire can be determined. This is another area of
study of importance and you need to know about that how the durability the tread, where how

the cutting cracking will take place over there.
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Tire Maintenance

Tire Deflection

The change in the tire’s radius, i.e. the distance measured from the center of the
axle/hub to the ground, when a normal load is applied is referred as tire deflection.

Deflection = Unloaded Radius - Static
Load Radius

Unloaded Radius = Radius of tire inflated to
working pressure without
any load

Static Load Radius = Radius of the tire with the
vehicle and payload on it

Activity: Refer manufacturer's catalogue to
find allowable deflection for
different size of tires

(RiscLosgitatin)  Undenfaton)

Source:http://www.goodyearotr.com/cfmx/web/otr/info/pdf/otr_MaintenanceManual.pdf

The tires can be a very important area where you can study that how exactly the deflection
will take place, under this is whether that your a undeflected tire, how it will behave? A
normal deflections, it will be having appraised over here and then, over deflections there are

different situations may find out over there.



The tire which will be a toroid shape, how it is designed; this is a very important thing. So,
one activity I am assigning giving with an assignment, refer manufacturer catalogue to find

allowable deflection for different size of tires, that how much deflection is allowed.
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When the tire is inflated to the correct pressure for the load, deflection will be within design
limits.

Loading a tire above the specified limit will result in over deflection.
Inflating a tire above the specified limit will result in under deflection

So, this we can find this type of graphs, where the different tire load, the tire deflection is
there. You can find in case of radial tire that more allowable deflection is more; but in case of

bias tire, the allowable deflection is less.
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THE MOST IMPORTANT AND CRITICAL PART OF TIRE MAINTENANCE IS MAINTAINING PROPER INFLATION
PRESSURE

Off-the-road tires are marked with Load Indexes and Speed Symbols. A Load

Index is a numerical code associated with the maximum load a tire can carry at the speed
indicated by the Speed Symbol under specified service conditions.

A Speed Symbol indicates the maximum speed that the tire was designed to operate under
specified service conditions. Some Earthmover Speed symbols are

A2: 5mph 10 kmph
B : 30 mph 50 kmph
E : 43 mph 70 kmph

Specified speeds for HEMM:

30 MPH (50 KMPH) for scrapers, trucks.
25 MPH (40 KMPH) for graders.

5 MPH (10 KMPH) for dozers, loaders.

* Drive-away speeds for roading equipment

So, you can find out that is your what is the how will you maintain this, that will depend on if
your speed as not properly maintained with a particular design of tire. Then, your tires will be

damaging faster. So, that is why for every tire, their speed range must be known properly.
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Overloading may lead to premature tire failure. If inflation pressure is not adjusted
to heavier loads, tires will become unserviceable due to:

» Tread and ply separation.

» Disintegration of the carcass and inner liner (fatigue).

» Radial sidewall cracking.

» Excessive bead chafing.

2

Overloads with the inflation adjusted to compensate may exceed the carcass
strength. This will result in:
* |mpact breaks and cuts.
* Rapid wear.
« Fabric fatigue (loss of nylon cord or steel cables strength).

So, this is a overloading and then, premature tire failure, this is also a case you need to study

about there.



(Refer Slide Time: 35:34)

Tire load and velocity generate forces at the interface of
the tire and roadway, These forces act in two planes within
this interface region, called the contact area or footprint
area. There is a vertical component acting in the "2”
direction, a longitudinal component acting in the "X"
direction, and a lateral component acting in the "Y"
direction.

Inplane contact forces: Lateral and longitudinal direction forces
Sources of Inplanr forces: Tire deformation from the toroidal shape.

Inplane forces<< vertical forces

Tire/road contact pressures types: static, dynamic, and transient.

Because if you have to do a tire economics in a mine, that will be how you can reduce the
premature failure. And for that, a detail studies can be carried out under that you can make a
type of what are the forces coming over here, there you can use a very good your finite
element method for your stress analysis. By doing the stresses, you can find out how it will

behave.
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Lateral Contact forces
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Longitudinal Contact forces

Exactly, there is a that is a lateral contract forces. As for example, here mainly there will be a
vertical load and there will be an x direction and y direction, some forces are coming. How
that forces are distributed over here, you can see on this that exactly that your lateral contact
area, you can see there that F z is there, but F y it is moving like that, but F x it is coming over

this.
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So, this total impact will be coming on your tire, where you can draw this stress diagrams

over here.
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Vertical contact Pressure Distribution

And then, in which region how much stresses are coming, you can find it out. Then, how

exactly the pressure is getting distributed over the road; depending on that, you can find out.
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TIRE CONSTRUCTION

CROWN STRUCTURE

CARCASS STRUCTURE

TIRE DESIGN

TIRE SHAPE
TREAD PATTERN
TIRE DIMENSIONS

Tire Factors Affecting Contact Pressure

So, that means, this behavior will be changing with a different type of a road. So, whether it is
in iron ore mine, in coal mine or in a bauxite mine or in a limestone mine. How that will be
behaving, if you compare it, it could be a very good study and from there, you can give the
input to the mining industry that how they should select tires and how they should maintain

tire.
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Operational Factors Affecting contact Pressures

« Inflation pressure,

* Tire load,

* Wheel alignment,

* Vehicle speed,

* Vehicle suspension type

So, mainly your that you should know that the inflation pressure, tire load, wheel alignment,
vehicle speed and vehicle suspension type, these things to be much properly to get the proper

your tire that is your tire life and better tire that is tire performance.
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Reference

+ Heavy Earth Moving Machinery by Amitosh De
*  https://www.maptek com/pdf/learn/Maptek_AU_2013_Orlando_Leiva_Haulage_Profile.pdf

So, in a nutshell what we have said here today that you can refer to the books, you can refer to
number of this manufacturers catalogue. From there, you will find that to be to manage a
mine, technology management, transportation you will have to pay a lot of attention towards
the tire life. If you can increase the tire life, if you can maintain tire properly, your

productivity of the mine will be increasing.

If you are not maintaining the tire properly, if you are not maintaining the road and tire
interactions with the particular truck selected, you may lead to a over consumption of fuel,
you may lead to a lot of other trouble. So, that is why while learning the machinery, you need

to prepare yourself also to be an effective mine manager as a proper mining engineer.

So, with this, we may stop here. That only you have got some queries., we can discuss it in

our offline mode at different places; but we will become going to the next machinery



transport machinery in our next class, we will be introducing conveyor belt and if required,
you can discuss on these issues and take up some work and then, based on the work, we can

do number of activities need to be created on this.

Thank you very much.



