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Lecture -04
Tractor, Implement and Soil Force Consideration for Tillage Implement Design
(Contd.)

Welcome students; as I explained in my previous class that we talk of the, about the other
tillage equipments. Now, we will talk of those equipment like disc plough, cultivator

etcetera.

(Refer Slide Time: 00:27)

Disk Plough
« A -dISC 'plm'lgh can be forced to penetrate into the Components of Disk Plough
soil which is too hard for a moldboard plough also
good for sticky soils and preferred for deep
ploughing.

* It can be used safely in rough, stony and stumpy
soils without much danger of breakage.

* However disc plough is not suitable for trashy,
rough and cloddy soil conditions

Furrow wheel: The side thrust of the disk plough is taken by the
furrow wheel
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Well, disc plough well I have talked of the disc plough early in the field. Now, here we
can see that the different items of, these are three points hitch which are connected and
the frame, the scrapper, the furrow wheel and the standard which are connected to each
one of the major ones and concave disc. It is a concave disc which has sharpening, very

sharpening about chamfered, so that it cuts the soil.
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Types of disk plough
Standard disk plough

The angle made by disk from the line of travel is called
disk angle.

disk angle vary from 42 “to 45", It helps in adjusting the
width of cut.

The angle made by disk from the vertical is called tilt
angle.

Tilt angle vary from 15" to 25", It helps in changing the
depth of cut.

Disk diameter of standard disk plough vary from 610 mm to 710 mm and made of steel concave disk.
Weight of standard disc blade vary from 180 to 540 kg per disk.

Disk is beveled at the edge of about 2 to 2.5 mm for better cutting.
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Now, types of discs; well I have already told in the field itself that the importance of the
disc is in with respect to its line of motion is important, where you have the disc angle
and the tilt angle. So, tilt angle which varies from 15 to 25 degree and the disc angle
which varies from 42 to 45 degree, this helps in adjusting the width of cut and the tilt
angle helps in adjusting the depth of curve.

And generally, these discs are made of steel and they are in the range of 610 to 710
millimeter in the diameter. These are concave disc and disc is beveled or the chamfering
which is given about 2 to 2.5 millimeter for better cutting of the classes etcetera when it

rolls while doing operation.
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Vertical disk plough:

Disk diameter of vertical disk plough vary from 510 mm to 610 mm and made of steel concave disk.
Weight of standard disc blade vary from 45 to 90 kg per disk.

Disk angles ranges from 35 to 55°, with 40 to 45° being most common.
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Vertical disc, in fact these are implements which are attached, but they are very much
used here. In fact, use about harrows we talk about harrows and these are the implements
which are used in very large equipment, but then we would like to show you that these
are also there and they are being used with lager equipments in other parts of the world
where several discs are there and they are connected at the angles which is the disc angle

ranges between 35 to 55 degrees.
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Disk Harrow

-
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Disc harrow, well you have seen the operation of the offset disc harrow. Now, here are
some of the disc harrows between which I want to show you single acting disc harrow.
Here the soil is sown on one side and soil is sown on this side here, the soil is sown on
this side, the soil on this side. Now, here the soil towards this and the soil is towards this
here. So, then case of this you can see the soil is been sown here, the soil come bit of

here and we have shown in the operation of these.
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Disk harrow ¢ Hitch point
Gang angle (a)

The angle between the axis of gang and the line perpendicular to the
direction of motion.

+ @® Center of gravity

Normally a = 30-35° .
Size of harrow ~H

The size of the harrow shall be determined by the number, diameter of the discs and the width of cut.
For size declaration, width of cut shall be calculated by the following formula:

For single action: For tandem type:
_095NS+03D _0-95 NS+12 D| i .
W= W= W = width of cut in m,
1 000 1 000 N = number of disc spacing,
For offset type: § = disc spacing in mm, and
_095 NS+0-6 D D = diameter of disc in mm.

1 000
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Now, how they are connected and what is the action we will see in later on. Well, disc
gang angle as I told you earlier in case of offset disc which is of varying use. Many
attempts of the disc has used in orchards, sometimes to clear grass as etcetera or to
cultivate the land in between the crops, the horticulture crops or the trees which are there.

So, it will have a look at this.

This is the angle which is the angle which is known as normally the gang. Angle which is
over 30 to 35 degree which has seen the center of gravity of this particular implement is

over here and this is the hitch point to the tractor.

Now, for single action, one the width of operation is given by this the offset. In case of
the offset type, the width operation is given by this. In fact, it comes from the geometry
of that; this has been calculated from the geometry of the whole implement and then, you
should be in a position to use this whenever it is required for finding out the total force

requirement.

For tandem type, the value is something like this where W is the width of curve, N is the
number of disc spacing and S is the disc spacing in millimeter; D is the diameter of disc
in millimeter. So, keeping in view these units and the formulae that we have found out,

you can find out the total draft requirement.
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Problem: Calculate the total width of a single acting disk harrow, having gang angle 30°, total
number of disk 14, disk spacing and disk diameter values of 200 mm and 510 mm respectively.
If the depth of operation is 100 mm, calculate the volume of soil handled per hectare by the
harrow at a working speed of 3.5 km/h

Solution:

Width of a single acting disk harrow

W 095 NS+0.3D W (095 X14 X200)+(03 X510) W=281m

1 000 1000

width (m)xspeed (km/h)
10

2.81x3.5
plea =

Field capacity =F.C.= = 0.98 ha/h =0.98 x 10* m?/h
Now
Volume of soil handled per ha = F.C.x Depth of Operation

=0.98 x 10*x 0.1 =980 m3/h
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Yes and the problem is given on this particular offset disc harrow which is a single acting
disc. Sorry, calculate the total width of the single acting disc harrow having gang angle
30 degree total number of disc, 14 disc spacing and disc diameter, now when you use this
equipment. You have to always think of which particular formula to be used and what are
the units? Because if you do not get the units right, definitely you are not going to get the

correct answer for this.

So, if you use this width here, you can get the value about this much, then field capacity
can be used with width and the speed of operation. So, field capacity works about in so
much and if there is another portion which you see that calculate the volume of the soil

handled per hectare by the harrow at a working depth of 3.5.

So, if this depth operation is known, then you can find out the total volume of soil
handled which is about 900 meter and 80 meter cube per hour. So, accordingly you can
find out that this is the width operation. Now, this is given only to understand; you can
better understand [vocalized-noise] the implement and its accent how it actually feel and
what are the forces which are acting according to power which can be generating or

required for operation of these.
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I Forces on a disk harrow

When side draft is present:

L b (T,~T,)+(dXT,) d xT
— = o+—=
W Ottt D,+D, DS D,

P,-Horizontal component of pull

When no side araft: P,- Force along the line of pull
Hitch point 0 P.- Side draft
o=

W ] ’ Ry, Soil reaction force on front wheel

................ R,,-Soil reaction force on rear wheel
0 - d XT b- Longitudinal distance from the center of front gang to the
offset™ hitch point
DD,

d- Longitudinal distance between center of two gang

CG- Center of gravity

“ é'] o = Horizontal angle of pull
?' 0,45, =Amount of offset from the hitch point to the center of cut
4 % D; and D, = longitudinal component of force of front and rear
gang respectively

T; and T, = Lateral component of force (side force) of front and
real gang respectively
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Forces on disc harrow, well offset disc harrow for offset disc harrow, this is important.
We have also made here and I wanted to show you that when this is the tractor here and
in this tractor, well one thing which I would like to show you is the we know that from
here to here is the wheel base and these two this is known as the wheel tread; this is

known as wheel tread.

Now, this distance keeps on varying and this vary from 48 inches to 76 inches. Although
this is provide, this provision is there in all the tractors, but generally farmers are not
doing it for the simple reason that they do not have the equipment which are to be used
in different root way spacing of the crops. And so, this is not used, but then for the

academic purpose, I think it is worth going about this part.

Well, so in the disc harrow here we can see that a pair of disc harrow is over here [noise]
and we can see that the hitch point is. This is the hitch point through the tractor and this
is one gang and this is another gang. It is offset, this is this point that which CG is there
and some center of the first front gang, it is at a distance of b and the rear gang at
distance of d. Now, the offset if this line is it is which is in this line, then the force acting
is P h. Here P h is the force along the line of pull; now, P h is horizontal component of

pull.



Now, this P x in case there is an angle alpha. That means, when there is no side draft,
alpha is equal to 0, but when there is side draft, this P x comes into picture. So, when this
side draft is not there, it is simply we can take this P h here and the offset, when side
draft is present, this offset is like this and when side draft is not present, the offset is
given by this particular equation; where T is talking of this T should be lateral
component of the force side, side force about front and real gang in case of the torques of

T fand T r, this should have been d.

Now, similarly d is the longitudinal distance between the center of two gangs. This is the
distance b over here and D f and D r are the longitudinal component of force front and
rear just talk of the front and rear now this T this in fact because when this alpha is 0
here, then it should be T r. So, it will be T r here which is the lateral component of the

force on the rear gang, right.

So, this is the mechanics of the forces on the disc harrow. This is the mechanics of forces
on disc harrow and it will be important that if we take up a problem on this and then,

understand. Let us see if you can have [noise]. Yes.

(Refer Slide Time: 10:00)

Problem: A straight hand offset disk harrow is operating with front and rear gang angles of 15° and 21° respectively.
The centers of the gangs are 2.45 m and 4.25 m behind a transverse line through the hitch point on the tractor
drawbar. The horizontal soil force components are Ly =31 kN, S; 2.65 kN, L, = 3.55 kN S, 2.65 kN. Find out the
amount of offset of the center of the cut width with respect to the hitch point.

Solution: - v TR

245m |,

l |

Given:b —2.45m M ‘

d =18m 4
D;=31kN

Tp = 2.65 kN O = d XB L
D, = 3.55 kN offset D,+D, . S

T, =2.65 kN
z/o _ 2.45(2.65-2.65)+1.8 X2.65
offset 3.1+3.35
offset — ¢ 45 Opgiet = 0.740 m
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So, we can have a problem on that and here there is no angle. Alpha is not there which

was discussed over there and here itself also [noise] this T r. So, we can use the equation



which was given earlier and we can find out the offset values; which is up to this. Now,

these problem will help you to better understand what is an offset disc harrow.

Now, from the academic point of view as well as when you want to design for a
particular power source or when you want to have a matching implement design for a
particular power source or when you want to have a number of implements required for
large area where certain power sources are already available and we want to get these to
be connected or to be procured for better mechanization of that a particular farm, then

these will be required. This information will be definitely required for you.

(Refer Slide Time: 11:09)

Cultivator

The task of the cultivators is to deeper pulverize and partly to crush the tilled and musty soil beds. Cultivators
can be used for scarifying stubble before sowing after crops, for destroying turf on the land to facilitate

sinking of the plow during tillage, for mixing fertilizers with soil and other work connected with preparation
of soil for sowing.

Types of cultivator

Rigid tyne cultivator Spring tyne cultivator Duck foot tyne cultivator
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Well, cultivator now this is a secondary tillage implement. You have seen already the
operation of this and in the field the shovels are here. In fact, [noise] and where these are
the shovels which are there when the tool bar is spring tyne cultivator with these are the
springs which are there [noise] and the rigid tyne. The rigid tyne which I had shown you
in the case, yeah this is the rigid tyne and this is the spring tyne. Now, duck foot type of

cultivator.

Now, here this is sweep type here and this is known as the shank on which these small
shanks. No, these are small tools, cutting tools or shovels or cutting tools are attached.

We will see what are the different types of these because different cultivators have been



used for different types of operations, but then many a times, this cultivator is used for a
primary tillage implement. Now, we will have a look at those different types of these

small elements, yes.

(Refer Slide Time: 12:32)

Types of soil engaging tools of a cultivator
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So, these are the different soil engaging tools of a [vocalized-noise] cultivator, this is half
sweep, full sweep, double point shovel, then a single point shovel, the furrow type. So,
these are the ones which are then only used on that depending upon the type of the

requirement in the shanks of those tools.
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Operating zone of the cultivator

Width of furrow
b,

=23t B,

Spacing between two tynes

t,=2a,,, +B,+At
Where
t, = Spacing between two tynes
N are B, =_\\f1dlh‘ol sweep _
A = Maximum depth of operation
At = Clearance between two furrows
At = 2-5 cm for the shovels, Bo = Width of furrow

At = 0-5 cm for the sweeps. 1 = lateral spacing between two tynes
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iy,

Well, when a particular type of element is used, what is the soil zone? What is [noise] yes
[noise]. The soil operating zone of the cultivator you can see that this is the type
[vocalized-noise]. What is the soil zone which will affect? So, you can see that the total
soil zone if these are two consecutive tynes, so the total zone is the distance between this
two, this t 0. This is the distance and this t 0 is given as t 0 is equal to twice a max plus b

0 plus delta t.

So, delta t is the distance, this 2 to 5 centimeter for the shovels and about 0 to 5
centimeter for the sweep type. Now, this will be important when you want to find out the
total width of the implement with respect to this spacing between two tynes and the b 0
width of the sweep, a maximum depth operation. These are all details which were given
over here. So, this will help you in finding out the total width of the implement when a
cultivator with these total operating zone and it is connected with this small tynes

[noise], yes.
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Problem: Compute the draft of a shank of a cultivator having sweep type furrow opener making the
triangular furrow. The width of the sweep is 150 mm and depth of operation is 100 mm. Assume the
soil resistance to be 0.45 kgf/cm?

Solution:
Given: type of the opener : sweep

width of sweep (b) : 15 cm
depth of operation (d): 10 cm

Now
Width of furrow
b(] =2 amax + bu
bo=2x 10+ 15
b,=35cm
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Another small problem is given which will help you to understand how we can find the
total cultivator. So, [vocalized-noise] opening zone or you can find out the total width of
that furrow which has been operated or which has been cut by small elements which are

connected to the cultivator.

(Refer Slide Time: 15:19)

Then Cont.
Cross-section of the furrow

a= 1/2 X bo X d

a=%x35x10=175cm?
Now

Draft acting on one shank

D = soil resistance x cross-section of the furrow

D=025x 175
D = 43.75 kgf
D =429.18 N
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The details are given over here.

(Refer Slide Time: 15:21)

Problem: A nine tynes cultivator has sweep type furrow openers each 8 cm wide. The spacing between
the two tynes is 30 cm. The sweep of the cultivator is making triangular furrows and if the clearance
between two consecutive furrows is 2 cm, find out the maximum operating depth of the cultivator

Solution:
Given:

Spacing between two tynes (T,) = 30 cm
Width of sweep (B,) = 8 cm
Clearance between two furrow (At) =2 cm

=23, + B, +it
30=2a,, +8+2
30-10=2a,,,
Answer = a

10 cm

max =
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A nine tyne cultivator, well another problem which has the similar values which can be
used and you can find out the, you can find out the t 0 over here and it is very simple
problem. Once you go through this, you will be in a position to put those values and get

the answer.

Thank you



