Bl Research Parer

International Journal of Agricultural Engineering | Volume 13 | Issue 1 | April, 2020 | 121-127

= ISSN-0974-2662 W Visit us : www.researchjournal.co.in ll DOI: 10.15740/HASIJAE/13.1/121-127

Design and field performance of power operated paddy weeder

B P.U. Shahare, D. G. Jadhav, V.V. Aware and N.A. Shirsat

Received : 21.01.2020; Revised : 09.03.2020; Accepted : 22.03.2020

See end of the Paper for
authors’ affiliation

Correspondence to :

D.G. Jadhav

Department of Farm
Machinery and Power,
College of Agricultural
Engineering and Technology,
Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli,
Ratnagiri (M.S.) India
Email: dnyaneshwargjadhav@
gmail.com

mABSTRACT : Improper weed control methods can cause about 30-35 per cent reduction in crop
yield. The power operated paddy weeder was designed and developed for weeding of paddy
crops. In Konkan region, paddy is the major crop cultivated under wet land condition. The hand
weeding method using laboursiswidely adopted at present for paddy. It is costly and drudgerious.
Manually operated cono weeders are being used in some of the pockets of Konkan. It’s capacity
isless (upto 0.12-0.15 ha/day) and its operation isalso heavy dueto itsweight (7.8 kg). Therefore
devel oped power weeder was designed. It was consisted of engine, gear box, propeller shaft, rotor
with blade and main frame and float. The reduction gear box (ratio- 32.5:1) was used to reduce the
speed to 200 rpm. The two types of rotors were developed viz., L shape blade and hexagonal
serrated blade. The serrated blade hasresulted into 9.41 per cent higher weeding efficiency than L
shape blade. The L shape blade has resulted into 1.02 per cent minimum plant damage than
serrated blade. The lowest fuel consumption of power weeder was found with of L shape blade as
0.576 I/h at 40 DA S while the maximum fuel consumption wasfound on using of serrated blade as
0.681/h at 20 DAS. The maximum field capacity wasfound with L shape blade (0.0266 ha/h) than
serrated blade (0.0213 ha/h) at 40DASwhichis30.39 per cent higher.
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ice (Oryza sativa L.) is a staple food of mass
szopul ation of Indiaand Asiawith production of
06.54 mT and 43.90 million haareaunder rice
cultivation. Maharashtra and Konkan has 1.6 mha and
0.42 mhaland under rice cultivation with production of
about 3.057 and 1.042 mT, respectively (Anonymous
2015). The most common methods of weed control are
mechanical, chemical, thermal, biologica and traditional
methods.
Nganilwa et al. (2003) opined that a farmer using
only hand hoefor weedingwould find it difficult to escape
poverty, sincethislevel of technology tendsto perpetuate

human drudgery, risk and misery. The mechanical
weeding either by hand tools or mechanical weedersare
most effective in both dry land and wet land (Nag and
Dutt, 1979 and Gite and Yadav, 1990 and 1985). In
Konkan region, paddy isthe magjor crop cultivated under
wet land condition. The hand weeding method using
laboursiswidely adopted at present for paddy. Itiscostly
and drudgerious. Therefore cost effective and efficient
technol ogies are needed to be adopted by the farmers of
Konkan region for getting advantages of agricultural
mechanization. Manually operated cono weeders are
being used in some of the pockets of Konkan. It’s capacity
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isless (upto 0.12-0.15 ha/day) and its operation is also
heavy due to its weight (7- 8.5 kg). If akind of drive
preferably a small portable engine is provided to such
weeder, the durdgury involved can be reduced to a
greater extent. Its higher capacity can speed up the
weeding work and male and female worker can be more
comfortablewhile using such weeder. Hence effortshave
been made to develop power operated paddy weeder.
It’s performance was also evaluated.

B METHODOLOGY

Based on agronomi ¢ requirement of paddy the power
operated paddy weeder was devel oped. The design and
development theindividual componentswere also made.
Thedesigns of various components are described bel ow.

Power requirement:

For determining power requirement of the weeder,
the soil resistancefor siltloam soil was considered to be
0.35to0 0.5 kgf/cm? (Basavarg et al., 2016). Hence the
maximum soil resistance wastaken as 0.5 kgf/cm?. The
travelling speed of cono weeder (DBSKKV) and
developed cono weeder-1 (Double handled), cono
weeder-2 (Single handled) were 1.66, 1.71 and 1.69 km/
h, respectively (Shirsat et al., 2016). Tayade (2016) was
recorded average travel speed of Ambika paddy weeder
to be 1.66 km/h. The comfortable working speed in the
paddy fieldswas observed 2.5 km/h (Ratnaweeraet al .,
2010). The maximum speed of operation of the weeder
was considered as 2.5 km/h (0.7 m/s). Total width of
coverage of cutting blades (single set) was in the range
of 20 to 30 cm. The depth of operation was considered
as 4 to 7 cm and transmission efficiency to be 80 per
cent. Selection of proper enginewasvery important while
devel oping the machine. Power requirement for power
operated paddy weeder was cal culated using following
formula(Sahay, 2010).

a,=EEL£%gﬁiilhp ..... (1)
where,

P, _Power requirement, hp

S, = Soil resistance, kgf/cm?

d = Depth of cut, cm

w = Effective width of cut, cm

v = Speed of operation, m/s

Hence, power requirement was calculated as 1 hp
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Total power required:
The total power required was calculated was
= o Q)
where,
M = Transmission efficiency. (0.80)

P = % .80=1.25hp

Considering theoverloading factor tobe 1.4 thetotal
power =1.25%x 1.4=1.75 hp.

The, premier hawk 1.75 hp @ 6500 rpm petrol
engineis selected for the study.

Diameter of the rotor shaft:

For designing therotor shaft, the maximumtangentia
force which can be endured by the rotor should be
considered. The maximum tangential force occurs at the
minimum tangential speed of blades, which was
calculated by the following (Bernacki et al., 1972).
CgX75XN¢ XnNe XNy

- ..(3)

Ksz

where,

K, =Maximumtangential force, kg,

C, = Over load factor (1.5 for non-rocky soils and
2 for rocky soils),

N, = Power of engine, hp,

n_= Traction efficiency for the forward rotation of
rotor shaft as 0.9,

n, = Co-efficient of reservation of engine power
(0.7-0.8),

u = Minimum tangential speed of bladesn/s.
1.5x75x1.75x0.9x0.75

(oL T5X0.9X0.75
S 3

K = 39.66 kg.
Tangential peripheral speed, u, was calculated using
thefollowing equation,

U:ZXHEONXR (4)

where,

N = Revolution of rotor, rpm, and

R = Radius of rotor, mm.

_ 2x3.14x200%0.16

T

After substituting val uesfor revolution of rotor shaft
(200 rpm) and itsradius as 16 cmin eg. (4), tangential
peripheral speed was obtained as 3.35 m/s. Using the
tangential peripheral speed and other parametersin eq.

=3.35m/s
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(3), the maximum tangential force was determined as
39.66 kg.

The maximum moment on therotor shaft (T, ) was
calculated the following equation,

T .. =K.xR ...(5)

where,

R istherotor radius (cm).

kg
T =3966 x16 = 634.54 ——
max cm

Theyield stress of rotor made from mild steel was

250 MPa. The allowable stress on the rotor (tai) was
calculated by thefollowing equation (Mott, 1985)

- :0.577>;k X0y (6)
where,

Tal = Allowable stress on rotor shaft, kg/cm?,

k = Co-efficient of stress concentration (0.75),

f = Co-efficient of safety (1.5), and

6 = Yield stress, 250 MPa

By solving Eq. 6 the allowabl e stress on rotor shaft
were determine as 735.62 kg/cn.

The torsional moment being the most important
factor that significantly affects the rotor shaft design.
Considering the equation for calculating the torsional
moment on rotating shafts, the required diameter for the
rotor shaft could be obtained as

16X Tmax
e A7)
d=1.6cm
Considering factor of safety to be 1.2

Therefore, 1.8 cm diameter shaft for rotor was
selected.

Design of cutting blades:

In rotary weeder, one-fourth of the blades act
simultaneously on the soil. The total power of the
machine was distributed between the blades. For cutter
blade design, number of blade, cutting width and thickness
wereimportant parameters. During cutting, bladeswould
be subjected to shearing as well as bending stresses.
(Bernacki et al., 1972 and Khodabakhshi et al., 2013).

Design of rotor with L shape blade:

For therotor with L shape bade following parameter
were considered

— No. of flanges on rotor shaft = 2

— No. of blades on each rotor = 4

— Diameter of flange = 130 mm

— Thickness of the blade =2 mm

— Width of blade =25 mm

- Length of bend portion of blade (S) = 70 mm.

— Blade material - M. S.

The bending stress, shear stress and equivalent
stress were calculated and these stresses were
compared with bending stress, shear stress and equivalent
stress of M.S. material. The higher values of the
equivalent stresses of the selected material than
calculated stress indicated safe design (Bernacki et al.,
1972).

The soil force acting on the blade (K,) was
calculated by the following equation (Bernacki et al.,
1972).

KgxC
Ke = ﬁ -(8)

K, =39.66 kg

where,

K, =Maximumtangential force, kg,

C = Co-efficient of tangential force as 2,

i = Number of flanges 2,

Z,= Number of blades on each side of the flanges
(considered as 4)

n, = Number of bladeswhich act jointly on the soil
by total number of blades.

Thedimensions of the bladeswere defined and are
presented in Fig. A. Thevaluesof b, h, S and S, were
considered equal t0 0.2, 2.5, 7 and 3.5 cm, respectively.
(Bernacki et al., 1972).

— — 7113000 —

LN

320.00
?.\ o

be=02om

Fig. A : Dimensions of flange and blade

Considering the shape of the blades, the bending
stress (ng), shear stress (t«:), and equivaent stress(c )
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were calculated by the foll owing equations (Bernacki et
al., 1972).

K
Bendingstress(o ) = 655 .(9)
be xhe?

Shear stress(t g¢) = M (10)

&he

6 . 3
e _0.63:xbg
g e o

Equivalent shear stresso, = /ozgz +A4t .2 .(12)

By solving Egn. 9, 10 and 11 values of stresseswere
bending stressto 1332.57 kg/cn?, shear stressto 877.06
kg/cm? and equivalent stress of 2202.88 kg/cr?. For M..S.
the allowabl e bending, shear and equivalent stressesare
1580.56 kg/cm?, 1172 kg/cm? and 2828.21 kg/cn?,
respectively. The obtained value of equivalent stressis
less than allowable equivalent stress of M.S. material.
Therefore design was safe. Hence, the dimensions of
the blade were confirmed and final designed dimensions
areshown in Fig. A.

Design of rotor with serrated blades:

Theanother blade was devel oped considering same
load on depth of operation, working width were same.
The same rotor shaft was used as L shape blade. The
serrated blade was developed to reduce contact area
and to resolve the problem of soil mass sticking over the
blades. The geometry of the blades affects the draft as
well as vertical and lateral components of soil forces
(Kepner et al., 1978). The 15-20 cm width of cut was
the most appropriatewithin human limitation (Tiwari and
Dutta, 1985). Asthe paddy weeder was planned to work
in the paddy crop transplanted at 20 to 25 cm, the width
of blade was selected as 150 mm.

Thetotal weight of the machine was supported on
the rotor. By taking total weight of machine as 24 kg,
theload acting on onebladeis24/2i.e. 12 kg. Considering
the unit draft of light to medium soil in Konkan region as
0.35 kg/cn?, and width of blade 150 mm. The depth of
blade was cal cul ated by foll owing equation (Sharmaand
Mukesh, 2010).

%xdxunitdraftzLoad on blade(kg) (12

where,
d isthe depth of blade.
Therefore,
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1—25xdx0.35=12

d=45cm

Total six blades were fitted on the rotor shaft

The design dimensions of the serrated blades is
shownin Fig. B.

r~ d=4.5 cm

I,—— =15 cm J

Fig. B : Dimensions of serrated blade

Description of developed paddy weeder:

The developed paddy weeder consists of engine,
gear box, propeller shaft, rotor with blade and mainframe
and float. A petrol engine of 1.75 hp @ 6500 rpm (make-
Premier Hawk, 2 Stroke) selected as prime mover for
the developed weeder. The reduction gear box (ratio-
32.5:1) was used to reduce the speed to 200 rpm. The
same speed was given to rotor of the machine. Therotor

Table A : Technical specifications of the developed paddy weeder
Sr. No. Descriptions Values/ specifications
1. Engine Premier Hawk, 2 Stroke
2. Power 1.75 hp @ 6500 rpm
3. Fuel Petrol
4. Dimensions, mm 1300 x 700 x 1000
5. Gear Box Oil lubricated, worm
6. Speed ratio (32.5:1)
7. Blades L-shape blade, serrated blade
8 No. of blade rotor 2
With L shape blade 4 blades
With Serrated blade 6 blades
9. Types of blade
L shape blade Weeding width 150 mm
Serrated blade Weeding width 150 mm
10. Float Size, mm 840 x 140 x 70
11. Mudguard
Shape C shape (semi-circular)
Size Length - 370 mm
Width - 180 mm
12. Shaft Length- 500 mm
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has two blades viz. L shape and Hexagonal serrated
blade. The bottom of the weeder was provided with the
float. Total working width of the weeder was 300 mm
having rotor shaft of length of 500 mm. Total 4 blades
were provided with rotor having L shape blade. To avoid
throwing of mud and stones towards operator a mud
flap is provided covering the upper and rear side of the
blades of therotary cutting units. Total 6 serrated blades
were provided for the hexagonal rotor. The specifications
of devel oped power weeder for paddy in Konkan region
isasgiveninTableA. The performance of the devel oped
weeder for the both the bladeswas studied independently.

Field Performance of paddy weeder:

The performance of developed paddy weeder was
measured in terms of weeding efficiency, plant damage,
field capacity, field efficiency, fuel consumption (Fig. C).

Weeding efficiency:

It is the ratio between the numbers of weeds
removed by power weeder to the number of weeds
present in aunit area and is expressed as a percentage.

Weddingerfficiency(O/o)=M .(13)
W1
where,
W, = Number of weeds counted per unit area
before weeding operation

W, = Number of weeds counted in same unit area
after weeding operation.

Plant damage:

It istheratio of the number of plants damaged after
operation in a row to the number of plants present in
that row before operation. It isexpressed in percentage.

Plant damage (%) = 1—% .(14)

where,

p = Number of plantsin a10 mrow length of field
before weeding

g = Number of plantsinal10 mrow length of field
after weeding.

Effective field capacity:

Field capacity (ha.h™) was computed by recording
the area weeded during each trial run in a given time
interval. With the help of stopwatch, time was recorded
for respectivetrial run along with area covered.

Theoretical field efficiency:

Theoretical field capacity of themachineistherate
of field coverage that would be obtained if the machine
was performing its function 100 per cent of thetime at
the rated forward speed and always covered 100 per
cent of itsrated width.

RN AN
Field testing of developed paddy weeder in paddy
field

Fig. C :

Field efficiency:

Field efficiency istheratio of effectivefield capacity
tothetheoretical field capacity, expressed as percentage.
Itincludesthe effect of timelost inthefield and of failure
to utilize the full width of the machine.

Effectivefield capacity g‘?g
€25 100 ..(15)

Field efficiency (%) =
Theoretica field capacity & o2
ehg

Fuel consumption:

The fuel consumption has direct effect the
economics of the power weeder. It was measured by
top fill method. It was expressed in liter per hour.

B RESULTSAND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Comparative performance of developed paddy
weeder with different blade:

The developed weeder with L shape and serrated
blade was operated for weeding in paddy field under
low land condition. Theweeding operation wasperformed
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Table1: Field performance of developed paddy weeder with different blade at different time

Weeding efficiency of

power weeder
different blades at different weeding time

using

at 20 DAT, 30 DAT and 40 DAT after transplanting.
The comparative performance of the weeder with
different bladesis explained through (Fig. 1-2).

Conclusion:

The weeding efficiency were found with serrated
blade 87.37 per cent whereas L shape blade has given
weeding efficiency as 79.85 per cent at 40 DAT. The
serrated blade has resulted into 9.41 per cent higher
weeding efficiency than L shape blade. The minimum
plant damage were found with L shape blade 0.97 per
cent at 20 DAT whereas serrated shape blade has given
minimum plant damage as 0.98 per cent at 20 DAT. The
L shape bladeresulted into 1.02 per cent minimum plant
damage than serrated bl ade. The maximum field capacity
were found with L shape blade (0.0266 ha/h) than
serrated blade (0.0204 ha/h) at 40 DAT which was
30.39% higher. Theminimum fuel consumption of 0.576
lit/hr found with L shape blade at 40 DAT whereas
serrated blade has given minimum fuel consumption as
0.646 lit/hr at 40 DAT which is10.83 per cent less over
serrated blades. For weeding point of view the weeder
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Sr. Particulars Serrated blade L- Shape Blade
No. 20DAT 30DAT 40DAT 20DAT 30DAT 40DAT
1 Weeding efficiency, % 82.11 84.74 87.37 77.25 77.11 79.85
2. Plant damage, % 0.98 164 233 0.97 161 185
3. Field capacity, ha/hr 0.0189 0.0197 0.0213 0.0237 0.0265 0.0266
4. Field efficiency, % 75.72 80.11 81.06 78.37 83.07 84.82
5. Fuel consumption, lit/hr 0.680 0.655 0.646 0.586 0.581 0.576

95.00 | Weeding efficiency

87.37 250 Plant damage 233
85.00 8211
77.25 7711 i

75.00 2.00 185
8 - 161 1.64
& o
g 65.00 dg 150
“éﬁ 5500 B L Shape blade g 100 0.97 0.98 ® L Shape blade
g  Serrated blade T m Serrated blade
= 4500 050

35.00

0.00
2500 20 DAS 30 DAS 40 DAS
20 DAS 30 DAS 40 DAS Weeding time, DAS
Weeding time, DAS

Plant damage by power weeder using different
blades at different weeding time

with serrated blade performed better in field.
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