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mABSTRACT : Thegoal of the modern farming systemsisto economize energy consumption and
to reduce farming costs. In this study tractor drawn mouldboard plough of two bottoms was
considered. Three main forceslike draft force, side draft and vertical component were considered
in plough bottom design software. Mouldboard ploughis primary tillage implement, so that plough
bottom has high magnitude reaction forces from the soil during tillage and these reaction forces
effects on construction elements of plough bottom directly. If the construction elements cannot
compensate reaction forces, they become usel ess due to plastic deformation or fracture. Therefore,
structure must have been designed as stable durable enough to avoid undesirable failure cases.
Proper selection and use of agricultural machinesareimportant factorsto achievethisend. Selection
of appropriate tractor power and implement is more complex and tedious due to computational
work involved in solving the equations for draft and working width and depth of ploughing of
mouldboard plough bottom. Thus, acomputer programmewill be developed in visual basic language
to compute width and the dimensions of the plough bottom by entering the essential inputs like
tractor available power, soil type etc. for aparticular farm situation. Results obtained by using this
software were validated by comparing the simulated dimensions with some of the commercially
available mouldboard plough. Hence, the devel oped software can be used as atool for designing
moul dboard plough bottom for different horsepower of tractor and soil conditions.
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any improved tillage implements in place of

raditional implements. Requirement of farm
mechanization for seedbed preparation has increased
during recent years.

The first operation in production of crop is
tillage.Tillage is the first and most important cultural
practice undertaken to attain desired soil surface
configuration and soil physical properties. Ploughingis
one of the most power-consuming and expensive

P:m mechani zation in agricultureleads to introduce
t

processesin agricultural production. Itisknown that the
draft resistance of ploughs, the energy requirement
ploughing, the quantity of ploughing and expensesdepend
onthe plough body design (Vilde, 2008).

Objectives :
—To develop a computer programme for optimum
design of mouldboard plough bottom.
—To validate the computer programme with
commercially mouldboard plough bottom.
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B METHODOLOGY
The software was designed by coding the equations
of mouldboard plough bottom designinvisua basiclanguage.

Design consider ation of mouldboar d plough bottom
(Sharma and Mukesh, 2010) :

Tractor mounted mouldboard plough bottom consists
of share point, share, mouldboard, landside, frog, beam.
The share point is of bar type and is made from high
carbon steel or low alloy steel. The share is also made
from high carbon steel or low aloy steel.

Drawbar horse power (DBHP) of tractor :
Drawbar horse power (DBHP) is given by
DBHP=60 per cent of BHP.

Drawbar pull :
DBHP=Pull (kg) x speed (m/min)/4500
Pull (kg) = DBHP x 4500/ speed (m/min).

Width of implement :

The width of an implement (W) can be calculated
fromthefollowing formula

W=D/ (nx d x R) in cm

where,
D, = Draft requirement of implement, kg
n= Number of bottomsin mouldboard plough
dp = Depth of plowing, cm
R = Specific resistance of soil, kg/cm?.

For ces acting on mouldboard plough bottom :

Variousforces acting on plough bottom are shown
inFig.A:

Draft (D) = P x cosb x cosa

Sidedraft (S) = P x cosb x sina.

Vertical component (V) =P X Sinf x cosa. .
where,

P =Pull of plough, kgor N

0 =Angleof pull with horizontal plane, degrees

o =Angleof pull with vertical plane, degrees.

All the aboveforcesare acting on plough since; the
plough hastwo bottoms, So, draft, side draft, and vertical
component on each bottom of plough are one half of its
original value.

Design of share of mouldboard plough bottom :
The best throat angle (share angle) of the share
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V (Vertical component)

D (Draft force)

S (Side draft)

Fig. A: Direction of force acting on mouldboard plough

bottom (http://en.wikipedia.org)

should be an angle along which soil rupture takes place.
Soil shear angle (6) = 45- @
where,
® = angle of friction between metal and soil.
Now, the share may be assumed like a rectangul ar
plate of area (AABC + ABCD) subjected to bending.
Refer Fig. B.

Fig. B: Shape of share of mouldboard plough

The equivalent rectangular dimensions of share can
be taken as CE and BF, calculated as:

From the similar trianglesABC and BCF

AC/BC = BC/BF or BF = BCYAC

AlsointrianglesABC,AB/BC=snB. So, findangle

Alsofromtriangle CED, L B + L 0_+ L CED = 180°
L CED =180°- L B—L 6,

Find value of CE by using sine theorem.

CD/sinL CED = CE/sin LO
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Unit draft of share = unit draft of soil x factor of
saf ety

Total design draft of mouldboard plough bottom

=width x depth x unit draft

Thetotal draft forcewill act on entire areaof share.
Itisassumed that the soil pressureisuniformly distributed
on share.

Total area of share = area of BCD +area of ABC

Therefore, soil pressure on share =

Total design draft of plough bottom

Total areaof share

This pressureis acting on the share at ¥=20°

Therefore, uniformly distributed load = Soil pressure
on share x sin¥

Length breadth ratio of share=L/b

Share thickness (t):

In the design of plough share law of bending of
rectangular plate with one side fixed and three sides
freely supported may be applied. For uniformly distributed
loads on rectangular plate.

Smax= B X F xb?1t?
where,
S, Maximum stress devel oped load, kg/cm?
F = Uniformly distributed |oad, kg/cm?
b = Width of share, cm
t= Thickness of share, cm
B = A constant, depends on length-breadth ratio
of share.

Design of landside of mouldboard plough bottom :

Landsideisalongflat meta pieceboltedtotheside
of frog and acts as one side of the wedge formed with
the share of mouldboard plough bottom (Fig. C).

0
o O T

'

1s

Fig. C : Landside of mouldboard plough bottom length of
landside (L,)

Length of landsideiscal culated by using following
expression:
L, = 12 x[b x cosF/sina x cos (F + a)]

where,
L= Length of landside from the point of share to
landside, cm
b= Width of landside, cm
® = Angleof soil granular friction, degrees
o = Inclination of pull with vertical plane, degrees.

Width of landside (b) :
Usually width of landside is taken as one third of
sharewidth of mouldboard plough bottom.

Thickness of landside (t) :
f=W xL 23 xt?

where,
f, = Permissible stressinthelandside, kg/cm? or N/
mm?=Yield strength of material/factor of safety
W = Uniformly distributed |oad onlandside surface,
kg/cm? orN/mm?
t = Thickness of landside, cm or mm.

Design of beam of mouldboard plough bottom :

The Mouldboard plough bottom of tractor drawn
plough is attached to a curved beam. As the beam is
curved therefore, theory of bending of curved beams
is applied (Fig. D). According to theory of curved
beams of rectangular section, the bending stress is
given by,

R, X/2

t 1—Principle axis

x/2

| 3
| x/4 |

Fig. D : Cross section of beam of mouldboard plough bottom
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F=Mxy/Axex (R, +Yy)
y = X/2 £ e (X=assume)
where,
F= Bending stress at any point from neutral axis
=Yield strength of material/Factor of safety
M=Maximum bending moment induced in the beam
= maximum draft x distance
R,= The initial radius of neutral surface,cm=R —e
R= Radius of curvature of beam (assume)
e =Distance between the neutral axis and the
principle axisthrough centroid, cm
A=Area of cross section of beam, cm?
If the beam is assumed to be of square section,
each side measuring X cm, then the value of ‘e’ can be
determined by using therelationship,

e = R - X/Log [(R + X/2)/(R + X/2)]

The stress produced in the beam can be calculated
by using above equation and the value of X can be
determined by using allowabl e stressin the beam based
on material of the beam.

F=450000%(X/2+e)/{X?xex (20+X/2te)}

Formulation of software for components of
designing plough dottom :

To design themoul dboard plough bottom acomputer
programme was written in visual vasic 6 language. The
equationsused for programming are selected asgivenin
the above section. All the required equations were coded
in visual basic language and its parameters were
simulated using this software. Input parameters for the
software are given below.

Parameters of bottom :
— Rated engine power (hp)
— Number of bottom
— Drawbar pull (kg)
— Lineof pull (degree)
— Direction of motion (degree).

Parameters of share:
— Factor of safety of share
— Anglefi (degree)
— Angle shi (degree)
— Length-breadthratio
— Throat width of share (cm)
— Maximum stress in share (kg/cm?).
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Parameters of landside :
— Factor of safety landside
- Yield strength of landside (kg/cm?)
— Areaof landside (cm?).

Parameters of beam :
— Factor of safety of beam
— Square section of beam (cm)
— Radius of beam (cm)
— Unit draft of soil (kg/cm?)
— Ground clearance of beam (cm).

Operating parameters :
— Speed of operation (km/h)
— Depth of operation (cm)
— Width of operation (cm).

Type of sail :
- Light sail
— Mediumsoil
— Heavy sail
- Very heavy soil.

Output parameters simulated by the software are given
bel ow.

Parameters of bottom :
— Drawbar horse power (DBHP)
— Width of one bottom (cm)
— Draft (kg)
— Sidedraft (kg)
— Vertical component (kg).

Parameters of share:
— Total design draft of mouldboard plough bottom
(kg)
— Total area of share (cn¥)
— Thickness of share (mm).

Parameters of landside :

— Area of landside (cm?)

— Permissible stressin landside (kg/cm?)

— Thickness of landside (mm).

Computer simulation iscommonly used to visualize
and to investigate a particular system without going
through practical measurement. A computer simulation
also contains the flexibility to choose the design
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ractor BHP, DBHP, pull, speed, draft requirement
of implement (kg), number of bottom, depth of
ploughing (cm), specific soil resistance (kg/cn?),
angle with line of pull and direction of motiol

l

Width of one bottom (W), draft,
side draft, vertical component

Factor of safety of share, angle fi, angle shi, constant B,
throat width of share, maximum Stressin share, factor of

safety and yield strength of landside, area of landside,
factor of safety of beam, square section of beam, radius of
beam, unit draft and ground clearance of beam

Change Total design draft of mouldboard plough bottom, total area of share,

dimensions | | thickness of share, area of landside, permissible stress in landside,

or material || thickness of landside, total stress developed in beam

of beam
A

Is
0.< alowable
stress

Fig. E : Flow chart for the developing programme

parameterswe want to incorporate. The programmewas
based on the algorithm as shown in Fig. E.

Development of software for designing tractor
drawn mouldboard plough bottom :

The software for designing tractor drawn
moul dboard plough bottomwasdeveloped in visua basic
environment. The coding of this software is given in
APPENDIX. The opening screen, input and output screen
of softwarefor mouldboard plough bottom is presented
in Fig. F and G. Provisions were made to change these
input parameters depending on the requirement and thus
making the software users friendly.

APPENDI X
Program in visual basic 6 (coding) :

— Program of components of mouldboard plough
bottom design:

Dim bhp As Double, dbhp As Double, pull As
Double, n As Double, dp As Double, R As Double, Wi
AsDouble, Wp asDouble, lop AsDouble, dAsDouble,
sAsDouble, vAsDouble, domAsDouble, al AsDouble,

a2 As Double, fi As Double, ssa As Double, cd As
Double, bc As Double, X1 As Double, BD As Double,
AB As Double, ac As Double, bf As Double, beta As
Double, ced As Double, ce As Double, fos As Double,
uds As Double, dpb As Double, tas As Double, spsAs
Double, shi AsDouble, f AsDouble, Ibr As Double, Smax
AsDouble, b AsDouble, t AsDouble, fosL AsDouble,
ys As Double, gs As Double, fosB As Double, xo As
Double, €1 As Double, R1 As Double, tw As Double,
wop As Double, LIs As Double, Al As Double, W As
Double, ft As Double, TI As Double, bmb As Double,
psb As Double, fo As Double, dbs As Double, tsd As
Double

Dim Design, PASS, FAIL As Integer

Private Sub Commandl_Click()

bhp = Text1.Text

n = Text4.Text

dp = Text5.Text

dbhp=bhp* 0.6

R = Text6.Text

pull = ((dbhp * 4500 * 60) / 5000) / 2

Wi = (pull * 2)/ (dp* R)

Wp=Wi/2

Text2.Text = Format(dbhp, “standard”)

Text3.Text = Format(pull, “standard”)

Text7.Text = Format(Wi, “standard”)

lop=Text11.Text

dom = Text12.Text

pi=22/7

al=Ilop* (pi/180)

a2 =dom* (pi / 180)

d=pull * (Math.Cos(al) * Math.Cos(a2))

s=pull * (Math.Cos(al) * Math.Sin(a2))

v =pull * (Math.Sin(al) * Math.Cos(a2))

Text8.Text = Format(d, “standard”)

Text9.Text = Format(s, “standard”)

Text10.Text = Format(v, “standard”)

fi = Text13.Text

bc = Text14.Text

shi = Text15.Text

fos = Text29.Text

b = Text30.Text

Smax = Text31.Text

ssa=(45- (fi / 2))

angle=ssa* (pi / 180)

cd = bc/ Math.Tan(angle)

BD=((bc”2)+ (cd™2)"(1/2)

Internat. J. agric. Engg., 9(1) Apr., 2016 : 39-46
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE

143)



YAGNIK C. YOGANANDI, RAJVIR YADAV AND GAUTAMRAY M. VEGAD

AB =12

ac=((bc"2)-(AB"2)"(1/2)

bf =(bc”"2)/ac

X1=AB/bc

beta= (Math.Atn(X1/Math.Sgr(-X1* X1+ 1)) *

(180/ pi))

ced = 180 - beta - ssa

e=ced* (pi/180)

ce=cd* (Math.Sin(angle) / Math.Sin(e))
uds=R * fos

dpb=bc* dp* uds

tas=(bc* cd+AB* bc) * (1/2)
sps=dpb / tas

shi =20* (pi / 180)

f =gps* (Math.Sin(shi))

Ibr = ce/ bf

t=(((b*f* (Win2)/Smax)"(1/2)* 10)
Text16.Text = Format(ssa, “standard”)
Textl7.Text = Format(cd, “standard™)
Text18.Text = Format(BD, “standard™)
Text19.Text = Format(ac, “standard™)
Text20.Text = Format(bf, “standard”)
Text21.Text = Format(beta, “standard”)
Text22.Text = Format(ced, “standard™)
Text32.Text = Format(ce, “standard™)
Text23.Text = Format(uds, “standard”)
Text24.Text = Format(dpb, “standard”)
Text25.Text = Format(tas, “standard”)
Text26.Text = Format(sps, “standard”)
Text27.Text = Format(f, “standard”)
Text28.Text = Format(lbr, “standard”)
Text33.Text = Format(t, “standard”)
Text41.Text = Format(Wp, “standard”)
ys = Text35.Text

fosL = Text34(1).Text

BL =bc/3

LIs=(1/2)* BL * Math.Cos(al) / (Math.Sin(a2)

* Math.Cos(al + a2))

Al =Lls* BL

W =s/Al

ft1 =ys/fosL

TI=(W* (BL"2)/3*ftl)"(1/2)
Text46.Text = Format(LlIs, “standard”)
Text47.Text = Format(Al, “standard”)

Text48.Text = Format(W, “standard”)

Text49.Text = Format(ft1, “standard”)
Text50.Text = Format(TI, “standard”)
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gc = Text36.Text

fosB = Text37.Text

X0 = Text38.Text

R1 = Text70.Text

tw = Text40.Text

bmb=dpb* gc

psb = ys/ fosB

el=R1-xo/Math.Log((R1+ (xo/2))/(R1-(xo

12)))

fo=45000* ((xo/2)+€el)/((xo* x0) * el * (20

+ (xo/ 2) +€l))

If fo>psb Then

Design = “FAIL”

Elselffo<= psb Then

Design = “PASS”

End If

If Combol.Listindex =0 Then
ud=0.39

End If

If Combol.Listindex =1 Then
ud=0.49

End If

If Combol.Listindex =2 Then
ud=0.79

End If

If Combol.Listindex =3 Then
ud=1.2

End If

dbs=tw* R1* ud/ (xo”" 2)

tsd = fo + dbs

Text79.Text = Design

Text39.Text = Format(el, “standard”)
Text51.Text = Format(bmb, “standard”)
Text52.Text = Format(psb, “standard”)
Text53.Text = Format(fo, “standard”)
Text54.Text = Format(dbs, “standard”)

"Aould 203 Fleugh Bodam

oot

Fig. F : Opening screen of the software
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T Foimz = e e
Input parameters af DBLP,Pull Implement width, Corces an plongh hatte Qotpot parameters of OGP, Puoll lmplement width Iorces on ploogh hoatiom
e e
BHP 30 n (No. of bottam) 2 DBHP [300 Wit uf frplement (um) (2918 puil(ky) (456,00
Unit draft (kg/emz) [0.40 dp {depthincm ) po idth of plough battom (cm) 727
]
— { - (—
lop (Linc of pull) lzn dam (diraction of motion} 515 Draft |:kg)|441 L) Side draft (kg)ﬂ 1824 Vertical component (kg) |1bU.b2
Input par 5 of Share d iq Qutput parameters aof Share design
20 — || Soilshearangle 3,00 1546 1.415.2
fi E F520 Bota Total arca of sharc |
BC (cmjl|’15 CD icm) [6423 g'é%ﬁ 12854 Soil pressure on share (kgrem?2 0.51 Calculate
shi [0 (Sk’;i*mmk‘ﬂ” Bl icm) (7543 Length Gk (cm) 1757 Unitarmly distributed laad - 013 lesult
. ) ':kﬂ."n“‘?)
AC (cm) i’13-3? il ine B Length-Breadth ratia 102
Tartar nf safeby 1 (k_q,fcijl
of Share | ' Breadth BF (cm) (4009 Dosign draftaf 88200 Thickness of share [mm)l1 0.1 it
plough bottom ikg)
Input par s of Landside desigi Output parameters of Landside design Form 3
Factor of safety of 4.0 Length of 3 95 Permissible stress HbUU.UU
Landsidc landside (em) | (kg/emz) Uniformby distributed [ 24
Yiell strenygth ol Area ol T Po— Ioad ¥¥ (kg/om2) !
shieny 2000 L 108.49 Tickness of landside|n 13 '
landside kg/cm2) landside r‘ |
{mm}
Input par s of Beam desiq Output parameters of Beam design = =
[ Ground 0 Radius of curvature Bending moment of F%:.ESU.L’ rh"ﬁnrl'?q;':'ﬁ";'n |[|58'85
clearanee (cm) R1 (em) beam (kg cm) eam f (kq/zm2]
FatLur ul Unitdraftul : 27 = PASS Direct 5_&]
= 1]
‘safaty of Beam i soil [Ko/em2) Mo Sl J & (o] P S stresslKg/om2] ]
' Side nfheam ; 45 Parmissihle g
: Eal) Throat width 1144 Total stress 5.5
XD [em) (cm) stregs of beam ] developed (kg/om2) |'4(J
Fig. G : Screen of software for components of mouldboard plough bottom

Text55.Text = Format(tsd, “standard”)
End Sub

B RESULTSAND DISCUSSION

This chapter deals with analysis, interpretation of
results obtained from software simulation and validation
of the software for mouldboard plough bottom.

Validation of software developed for components
of mouldboard plough bottom design :

For validating the devel oped software, the simul ated
dimensions of mouldboard plough bottom were compared
with the commercially available moul dboard plough. For

Unit draft, kg/cm?
Light soil 0.39
Medium soil 0.49
Heavy soil 0.79
Very heavy soil 12

validation purpose, mouldboard plough bottom parameters
weresimulated at 5 km/h traveling speed for 30 hp tractor
showninTable 1.

The minor variations between simulated and
available data were found (Table 2). Hence, the
devel oped software can be used as atool for designing
mouldboard plough bottom for different horsepower
ranges of tractor and soil conditions.

Based on the results simulated by visual basic

Table 2 : Comparison of simulated values and available
mouldboard plough dimensions

Mouldboard plough for
30 hp tractor

Perameters el - AvaTEE

values values
Implementwidth, cm 99.18 98.50
Number of bottoms 2 2
Thickness of share, mm 10.61 10.00
Length of share, cm 47.83 48.50
Breadth of share, cm 46.69 45.00
Length of landside, cm 33.23 33.00
Areaof landside, cm? 498.49 497.00
Thickness of landside, mm 0.27 0.26
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software, the following comparisons were carried out
with available and simul ated val ues of moul dboard plough
bottom proportionate 30 hp tractor.

— Anoverall width of mouldboard plough bottomwas
98.50 cm as analyzed to the simulated value of
99.18cm (Table 2).

— A thickness of share of mouldboard plough bottom
was 10 cm against the simulated value of 10.61 cm.

— Alength of share of mouldboard plough bottom was
48.50 cm as compared to the simulated value of
47.83 cm.

— A Dbreadth of share was 45.00 cm whereas the
simulated value of 46.69 cm.

— A length of landside was33.00 cm while the
simulated value as 33.23 cm.

— An area of landside was 497.00 cm? while the
simulated val ue as 498.49 cnv.

— A thickness of landside was 0.26 mm while the
simulated value as 0.27 mm.

— The variation observed was within the range of 5
per cent. Hence, the software could be effectively
used for predicting variousdimensionsfor amatching
moul dboard plough bottom.

Conclusion :

This study was focused on devel oping of software
for designing mouldboard plough bottomfor tractor and
soil conditions.

—The developed software can be used as a tool for
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matching and designing mouldboard plough for
different horsepower range and soil conditions.

—Theminor variation between simulated and available
data were found.

—The software reduces|ots of manual cal culationsand
directly givesresultant dimensionsrelated to design
of mouldboard plough bottom.

—The software can be used to find out changeinforces
with changein horsepower of tractor and other input
parameters.
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