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GEOMETRIC PARAMETERS OF A DISC IMPLEMENT

M. M. Alam*

ABSTRACT

The geometry and opsrating parameters of & disc implement have distinct

influence on soil handling capability. In this paper disc attitude angles have been
redefined in relation to a referance co-ordinate system at the centre of the sphere
of which disc is a part and soil-disc relationship have been analyzed in relation

to disc geometry and operling parameters.
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INTRODUCTION

One of the most difficult task in cultivation of crops is the working of soil. In

addition to ploughs, disc implements can be used to advantage. A disc tool has a complex

geometry with more complex manner of movement. The working parts of a disc execute

not only forward motion alone with the machine but also rotate on its own axis.
Moreovaer. in field operation standard disc implement needs to be set at an angle to the
direction of travel (disc angle) and at an inclination with the vertical axis (tilt angle) for
better performance. Due to these complexity even an efficient field operation needs some
basic information for proper setting of the disc with the variation of operating conditions.
A geometric investigation of the disc tool is also needed to provide useful information for

sound design,
In this paper an attempt has been made to investigate the interaction between a

standard disc implement and the soil in relation to disc geometry, disc setting and working

depth.
GEOMETRIC PARAMETERS

LI T L.

Geometry of Common Disc

A common disc is a section of a sphere cut off by a plane (Fig. 1) and that plane is
callec the disc face plane. The radius of the sphere ‘R’ is the radius of curvaiute of the
disc. The edge of the disc is therefore a circle and the diameter of this circle is called the
diameter of the disc and the radius of the disc edge circle can be represented by ‘r'. The
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depth of tha disc from its face plane along the sphere radius passing through the centre of

the disc edge circle +C* is called the concavily of the disC. The disc radius °‘r* and the
distance ‘a’ between the centre of the sprere ‘O° and

depth of cancavity depends on the .
Thys, the relation betwean sphera radiys

the centre of the disc edge circle ' (Fig. 1). |
‘R’. disc radius ‘r’ and the distance ‘a’ betwean the centers of the disC and sphare can ba

exprassed as :

r =4/R?—a?

In common practice a disc implement operates at an angle with the direction of
travel in horizontal plane. which is called disc angle. In addition to disc angle standard
disc implemant oparates with an inclination with the vertical axis in vartical plane, which
is callad tilt or inclination angle. In this investigation the two attitude angles have bsen

worked out in relation to the co-ordinate axes at the centre of the sphere So that, the
aeometrical interaction between disC imp lement and the soil could be explained with
respect to a referenze co-ordinate system, Tha ceotre of the sphere ‘O’ has been 1a Ken
as the origin of the reference co-ordinate system and directions are chnsen in accordance

to the right-hand rule (Fig. 1). The disc angle « i defined as the projected angle

Prejection

Fig.
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on the horizontal plane made by the line joining the centre of lhe disc edge circle and
the centre of 1he sphere with the x-axis of the reference co-ordinate systom at the cantre
of the sphere, Tha tilt angle or the angle of inclination f is defined as the angle made
by the line joining the centre of the disc edge circle and the centre of the sphere with the
horizontal plane,

Co-ordinates of Disc Cantre

A geometrical analysis in three dimensions has been attempted to determine the
co-ordinates of disc centre 'C’ with reference to the co-ordinate axes at the centre of

the sphere (Fig. 2). The co-ordinatoes of the disc centre can ba written as 3

Xc =acos « cos P
Y. =a sin « cos B
c=1 sin §

Distance between Sphere Centre and Horizontal Soil Surface

At any instant. when aisc is engaged with soil at a predetermined depth of cut,
the distance ‘d” bestween horizontal soil surface and the centra of the sphere (Fig. 1)
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s constant but, the depth of cut along the disc periphery varies .wi!h the disc gaometr,
To predict the soil reaction forces on a disc implement anqlvt-ﬂallv. _:ljlﬁ knnv:..-IedgE of
varying depth at various points on disc periphery in cmta_ct v_wth the soil is very importany.
A particular setting of disc is fixed by the disc angle, inclination angle anf:i the depth of
cut (z). Among them the depth of cut and the inclination angle have an influence on 4

The relation between above mentioned variables and *d’ (Fig. 3) can bo expressed as ;

d=R sin (Fcos —p -

Width of Cut

In operation a particular setting of a disc implegent is fixed by the disc angle, ingl;.
nation angle and depth ef cut. Thesa variables have a significant influence on the width
of cut. The relation between the above mentioned variables and the width of cut ‘w:
(Fig. 4) can be expressed as !

2
W= 25032
cos

v 2 ( 2r cos B—2)

Fig 3 Determinatien of ¢ with respez! to 2ige
Eetting,

F- g
'9 4 Witth of cut in relation to dige setting
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Disc Rear Face Scrubbing
| The disc working surface i1s a part of a sphere, At any instant the lower part of
:fm disc face cuts the soil layer, deforms it and movas along its working surface, V/hen a
IS imelineti
c cperates at large disc and inclinstion angles the rear face of tha disc starts scrubbing
ac-

with fu
irow wall or at the bottom of the furrow. Under thase circurnst!ancaes Comp
at inacrease in draught force

tion tak - . .
on takes place rathar than soil loosening, which causes a gre
Thus. tha nature of soil reaction on a

‘:5 well as vertical and lateral force requirements,

disc implem ; . . . . S5

sc implement mainly depends on tha disc setting, which is hixad by the disc angle, incli-
n the nature of

nation ang'e and depth of cut. Tho disc geomstry has also an effect
soil reaction. The transition between the concave to convex section soil reaction ©an ba
explained from Fig. 5. In Fig. ba, the disc setting is such that tha total soil reaction Is
on the concave side, in Fig. 5b, the disc setting is such that the rear face scrubbing 15
about to start and in Fig. 5¢c, the disc has both concave and convex (scrubbding) soil
reaction. So. it is evident that if any point on the disc edge cicle in contact with the soil
crosses the Y-Z axis plane the rear face of the disc staris scrubbing.

study the scrub2ing

A moving co-ordinate system CXyZ (Fig. 6) can be used to
depth of cul. Assuming the

criteria with the changes in disc angle, disc inclination and

origin coincides with the centre of circular cutting edge of the disc (disc centre); CAis
the direction of travel of the assembly; CY and CZ are the transverse and vertical directions
respectively. An auxiliary system of co-ordinates CX{YZ can be formed by rotating the

axes CX and CY through an angle 90%—a with respect to the Z axis and the system of co-
and CZ through and angle of &

ordinate CX,Y3Z; can be formed by rotating the axes CY,
Axes CX, and CZy are in the plane of the disc cutting edge.
r* is the radius of that

the disc describes a circle and
gle 0 measured clockwise from the

t the point in CX;Y2Zy co-ordinate

with respect to CX;y.
Each point on the edge of

circle. Taking any point on the disC circle at an an
horizontal disc radius. Therefore. the co-ordinates 0O

axes can be determined as :
Xy=r COS 0

Y1=0'

L= —TI sin 0
xes CY, and CZ, with respect to CX, axis through an angle

t the CZ axis throught an angle 90°—x (Fig. 6). the

Rotating co-ordinate a
in the system of co-ordinates

% and then axes CX; and CY abou
co-ordinates of the given point on the disc cutting edge

CXYZ can be found out as .
Xg=r cos0 sin &« + I sin0 cosx sinf

Yo=r sin0 sinx sinf — r cos0 cosz
Zo= —r sin0 cos ¢
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Fig § criteria of disc v@

Y2

Fig § Besic and guxiliory sysiem lf u-anlmn.lu
for the disc rear face scrubbing mnalysis

_————-——

The co-ordinates of the disc centre ( X.. Ye., Zc) with respect to the co-ordinate
axes at the centre of the sphere have been determined earlier. Now, the co-ordinate of
the given point on the disc cutting edge with respect to the reference co-ordinate axes at
the sphere centre can be determined as :

X = Xe —X0
Yu - Y: '——Yﬂ
Lo = Zu '_"Z[]

on the :te:ra:a::E:fT::e:i\i”:cd;fm o cutting aC}ion of a disc implement, that scurbbing
Y—Z axes plare. The siwaﬁo:‘urs 'When any point on the disc cutting edge crosses the
at the edge of the disc cuttin chcum only when the valye of Xo is negative for any point
occur when the value of X g sur 2@ In contact with the soil, Therefore, scrubbing will

. Co-ordinats of BﬂV.pDint 0N the disc cutting edga in contact
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co-ordinale aves at the canira ol 1!
mining tha disc oparating par
range of dise and 11lt anglas.
standing about the infjye

29

CONCLUSION
The attitude angles of 4 djen "Mplamaat hasy hasn radafinad in raleranca ta the
' sohara,  This pravidas an anil stical by Tar datar.
AMBALS 0. A width of cat, dise raar 1aca serabhing critical
1t1s hopad that this AMalysus el providda a batter undar.
N0 ob dise ganmetry avd onarating paramatars an’ soildise

interaction.
NOTATION

a Distance batwean the disc and sphare centras.

C Centre of the disc face circle.

d  Distance between the horizontal soil surface and the sphara cantra,

Q  Origin of the reference co-ordinate system ( at sphere centre ).

R Radius of the disc sp here.

t Radius of the disc face circle,

W Width of cut,

X  X-axis in physical plane.

Y  Y-axis in physical plane,

Z Z-axis in physical plane,

z Depth of cut.

¥o X Co-o'dinate of a given point on disc cutting edge with reference to sphere centre.

Yo Y co-ordinate of a given point on disc cutting edge with reference to sohara cantra.

Z, Z co-ordinate of a given point on disc cutting edge with refarence to spheare centre.

Xc X co-ordinate of the disc centre.

Yc Y co-ordinate of the disc centro.

Zc Z co-ordinate of the disc centro.

Xn X co-ordinate of a given point on the disc edge circle with referance to CXYZ axas.

Yo Y co-ordinate of a given point on the disc edge circle with reference to CXYZ axes,

Zyg Z co-ordinate of a given point on the disc edge circle with reference to CXVZ axas.

X, Xco-ordinate of a given point on Yo disc od ge circla with refarence to CX,Y,Z,
axas, | |

Y: Y co-ordinate of a given point on the disc edge circla with referance to CX,Y,7,
axes. ,

Zy Z co-ordinate of a given point on the disc edge circle with reference to CX,Y;Z,
axes,

&% Disc angle.
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Projacten disc angle.

Disc inchination angle,

£ Projected inclination angle.

fi Angle of any point on the dise circla m
radius,

w
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L]

Hﬂﬂ‘-lrﬂfl [_]ﬂr*lr:v;”qq fron tha hr}”fﬂﬁtﬂ‘ die

REFERENCE

Alam, M, M, (1989). ‘'Soil Reaction Forcas on Agricultural  Disc Implemaent™, Ph, D.
thesis, University of Newcastlo upon Tyne, NE1 7RU, England, Unitad Kingdaom.



