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Abstract: Garlic is a very significant crop that is grown all over the world, especially in Ethiopia.  Garlic is widely used 

as a clove, for consumption and medicinal purposes.  Despite wide use, many problems are not solved in the production 

system, among which planting technique seems the first.  Due to the lack of a garlic planter system farmers still use 

traditional methods for planting garlic cloves this traditional method is inefficient, tiresome, labour-intensive, and time-

consuming.  So by providing planting machines the above problems was eliminated and improve planting efficiency and 

garlic productivity.  The main aim of this study was to design and development of a tractor-drawn multi row garlic 

planter capable of planting garlic clove.  The following method was used, studying physical properties of garlic clove, 

design all of machine component construction process, laboratory test and cost analysis.  The developed tractor drawn 

garlic planter consists of hopper, feed cup, clove metering mechanism, furrow opener, ground wheel, three-point hitch 

and furrow covering device.  The clove rate for seeds at different hopper filling and they were recorded were 122.86, 

116.01 and 111.23 kg respectively.  The meter clove were observed average mechanical damage at different hopper 

filling level (¼ fill, ½ fill and full fill) were 0.803%, 0.91% and 1.124% in of garlic clove respectively.  The production 

cost of garlic planter is $ 854.46.  Therefore garlic planting machine can assist the farmers to save time, reduce planting 

operation cost and prevent drudgery of labour.  Creating a good platform for the farmers to adopt and use the garlic 

planter effectively and efficiently should be considered by the policy makers. 
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1 Introduction 

Garlic (Allium sativum L.) belongs to the 

alliaceous family and is a shallow-rooted vegetable 

crop (Gomes Viana et al., 2021). Garlic is a very 

significant crop that is grown all over the world, 

especially in Ethiopia. During the main cropping 

season of 2020/2021, Ethiopia produces 1.14 million 
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quintals of garlic (Central Statistical Agency [CSA], 

2021), the most of which is marketed in markets other 

than home consumption. Increased productivity and 

yield per unit area would allow farmers to earn 

considerable returns as a cash crop in many sections 

of the country. During the 2019 main crop season, 

Ethiopian garlic growers harvested 89.98 quintals per 

hectare (CSA, 2021). Ahmad et al. (2022), designed 

and develop seven-row tractor rear-mounted planter 

for garlic. By taking row width of 17.5 cm and clove 

to clove spacing of 10 cm, the hypothetical seed rate 

per hectare was 444,444 cloves per hectare. The 
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theoretical seeding mass rate was calculated to be 

3.82 q ha-1 for Desi variety and 15.6 q ha-1 for 

Chinese variety that was near to suggested seed rate 

(4-7 q ha-1 for desi and 15-17 q ha-1 for Chinese). 

Kushwaha et al. (2020), design, develop, and assess 

the effectiveness of a push-style manually controlled 

garlic planter. The result for Hill to hill spacing, seed 

placement depth, seed density, number of seeds per 

hill, soil cover over the seed, missing hills, operating 

speed, and field capacity were 7.36 cm, 4.98 cm, 

1.1%, 4.98%, 13.46%, 3.31 km h-1, and 0.0367 ha h-1, 

respectively. Zilpilwar and Yadav (2020) develop 

tractor-driven garlic clove planters with miss index, 

multiple index, quality of feed index, mechanical 

clove damage, the planters' effective field capacity 

and field efficiency are 3.64%, 5.64%, 90.72%, 

5.70%, 0.32 ha h-1, and 79.02%, respectively. The 

lack of a garlic clove planter in Ethiopia, on the other 

hand, has an impact on garlic production because 

traditional methods for planting garlic seeds are 

inefficient, tiresome, labour-intensive, and time-

consuming, causing serious backaches for farmers, 

high production costs, and manual planting cannot 

achieve planting uniformity, resulting in non-uniform 

growth. As a result, employing a garlic planter 

machine, production maximization and labour 

drudgery are achieved by minimizing these issues. To 

overcome this problem, it is vital to design, construct 

a garlic planter machine that's feasible and 

straightforward to function. The aim this study is to 

design and development of a tractor-drawn multi row 

garlic planter machine that's accessible to provincial 

ranchers who develop garlic. 

2 Materials and methods 

2.1 Description of study area 

The design, fabrication and performance 

evaluation of the tractor-drawn multi-row garlic 

planter was conducted at Awash Melkassa 

Agricultural Research Centre (AMARC) in 2021 GC, 

which is located at 117 Km from Addis Ababa city. 

The geographical location of the research centre is an 

altitude of 1466 m above sea level and lies on the 

geographical coordinates of 8° 24' 0" N, 39° 20' 0" E 

Latitude and Longitude point, respectively. The mean 

annual rainfall ranges between 500 mm to 800 mm 

and the average annual minimum and maximum 

temperatures are 12oC and 36oC respectively. 

2.2 Overall structure of the garlic planter machine  

As shown in Figure 1, the main components of 

the garlic planting machine include frame, clove 

hopper, clove metering mechanism, drive mechanism, 

furrow opening, clove covering devices and three 

point hitch.  

 

Figure 1 Overall structure of garlic planting machine 
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2.3 Garlic clove physical and mechanical 

properties  

The physical properties of garlic clove are an 

important factor for the design of garlic planter. 

Gojjam and minjar varieties were selected for the 

study. The physical properties of garlic namely: 

geometric mean diameter, surface area, shape index, 

bulk density and angle of repose.  

The geometric mean diameter of the garlic cloves 

was determined as follows (Garnayak et al., 2008). 

𝐷𝑔 = √𝐿 𝑊𝑇
3

                             (1) 

Where: L = length (mm); W = width (mm); T = 

thickness (mm). 

The surface area of the cloves was determined as 

the area of a sphere of the same geometric mean 

diameter as follows (Bakhtiari et al., 2011). 

As= 𝜋 × 𝐷𝑔2                            (2) 

Where: As= surface area, (mm2); Dg=geometric 

diameter, (mm). 

Shape index is used to evaluate the shape of garlic 

cloves and it was calculated according to the 

following Equation 3 (Abd-Alla, 1993). 

𝑆ℎ𝑎𝑝𝑒 𝐼𝑛𝑑𝑒𝑥 =
𝑊

√𝐿𝑇
                         (3) 

The garlic clove is considered as oval if the shape 

index>1.5, on the other hand, it is considered 

spherical if the shape index < 1.5.     

The bulk density (ρb) of the cloves was 

determined using the standard test weight procedure 

by filling a container of 30 cm height and 10 cm 

diameter with the garlic cloves from a height of 15 

cm from the top surface of the container at a constant 

rate and then weighing the cloves (Özgüven and 

Vursavuş, 2005). 

 𝜌𝑏 =
𝑀𝑠

𝑉𝑐
 ,   Kg/m3                      (4) 

Where: Ms =total mass of cloves in the container, 

(Kg); Vc = volume of the container, (m3). 

The angle of repose of garlic clove was measured 

by the emptying method, to determine the dynamic 

angle of repose by using an open-ended cylinder of 

15 cm diameter and 50 cm height. The cylinder was 

placed at the centre of a circular plate having a 

diameter of 70 cm and filled with a clove. The 

cylinder was raised slowly until it formed a cone on 

the circular plate. The angle of repose was calculated 

using equation (Karababa, 2006): 

𝜃 = 𝑡𝑎𝑛−1 2𝐻

𝑑
                         (5) 

Where: θ= angle of repose, empty or filling (deg.), 

H= height of the cone, (cm);  d=diameter of the cone , 

(cm). 

2.4 Design computations for the machine 

components  

2.4.1 Drawbar horsepower 

To design the planter first of all, working width of 

the implement was calculated according to Sharma 

and Mukesh (2019). Draw bar horse power (DBHP) 

is the 60 % of brake horse power (BHP). The 

available horsepower of a 4WT is 25 hp, Therefore, 

We know 4WD tractor draw bar horse power (DBHP) 

= 60% of BHP. Therefore, DBHP = 25 hp × 0.6 = 15 

hp. 

The tractor draw bar horse power (DBHP), 

draught available (Df) was calculated by equation 

(Sharma and Mukesh, 2019). 

𝐷𝐵𝐻𝑃 =
𝐷𝑓∗ 𝑉

270
                         (6) 

Where: Df = draft force, kg; V = speed, km hr-1. 

Generally the speed of garlic planting was done 

on the range 2 -5 km hr−1 (Knapp et al., 2011). 

Let the forward speed of planter be 3 km hr−1. 

Putting the values in the Equation 6, Draught 

available for planting=
1

15 270

3

hp

km hr


= 1350 N. 

2.4.2 Draft on furrow openers 

Draft of one furrow opener was determined as 

follows (Sharma and Mukesh, 2019). 

De=unit draft × cross sectional area of furrow 

opener, N                                                      (7) 

But to find the cross section area of furrow opener 

𝑡𝑜 = 2𝑎 × 𝑡𝑎𝑛𝜃 + 𝐵𝑜 + △ 𝑡                 (8) 

Where: to = the distance between the furrow 

openers, cm; a = depth of furrow, cm; Bo = width of 

shank, cm; △t = clearance between two furrows, cm. 

to=2× 6 ×  tan30°+4+ 19.07 30 cm 

Width of furrow opener = 2amax + Bo      (9) 

Width of furrow opener = 2× 6 + 4 = 16cm 
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Cross sectional area of furrow opener =

26 16
48

2 2

depth width cm cm
cm

 
               (10) 

 Then, draft on one furrow opener was determined 

by Equation 10 above. 

Do= unit draft × cross sectional area of furrow 

opener   

Do= 0.3 kg cm-2× 48 𝑐𝑚2 × factor of safety = 0.3 

kg cm-2  × 48 𝑐𝑚2 × 2 = 28.8 kgf = 28,8 N 

Number of furrow openers = 
Total draft

 𝑑𝑟𝑎𝑓𝑡  𝑜𝑛 𝑜𝑛𝑒 𝑡𝑖𝑛𝑒
 = 

1350

28.8
 = 46.8 

But designing of 46 furrow opener (46 rows) of 

garlic planter will have a buckling effect and will also 

create problem in transportation and handling. 

Therefore, it is better to design a garlic planter with 4 

rows seed and 30cm spacing between furrow openers.  

Working width of garlic planter = 4 furrow 

opener × 30 cm spacing =120 cm  

The designed machine has four rows garlic 

planter with different components.  

2.4.3 Design of main frame 

The mainframe was constructed from mild steel 

square pipe. Design was based on torsion and bending 

due to induced draft. Material of the main frame was 

selected based on weight and required strength. The 

frame is the skeletal structure of the planter which 

forms the platform on which other components are 

mounted. It was selected for its light weight but 

strong enough to withstand the imposed loading. 

The total draft was given by Equation 11 (Bosoi 

et al., 1987). 

Total draft = k × n × a × b          (11) 

Total draft = (0.3 × 4× 6× 16) = 115.2 

Total draft× factory of safety = 115.2 × 2 (factory 

of safety for M.S. =2) = 230.4 kg 

Where: k= unit draft (kg cm-2 ); n= number of 

furrow opener; a=depth of furrow (cm); and b= width 

of furrow (cm). 

Torque produced on the square bar will be 

estimated by:  

Torque on the square bar = draft × ground 

clearance. But, Ground clearance = 50 cm, then  

T = 230.4 kg × 50 cm = 11520 kg·cm 

In addition to the torque, the bending moment 

would also be produced. The bar was considered as a 

simply supported beam on the frame in between the 

furrow openers. To estimate the maximum bending 

moment will be given by Equation 12 (Bosoi et al., 

1987).  

Mmax = W× L                           (12) 

 Mmax= 230.4 kg× 150cm = 34560 kg·cm 

Where: Mmax = maximum bending moment, W= 

total draft (total weight on frame), L= total length of 

the frame. 

Equivalent torque due to torsion and bending 

moment is also estimated by Equation 13 (Khurmi 

and Gupta, 2005).  

Te= 2 2 1/2( max )M T                        (13) 

Te = (345602 + 11520 2)
1

2= 48875.22 kg-cm 

Where: Te= equivalent torque, (kg·cm), T= torque 

on the bar, (kg·cm), Mmax = Maximum bending 

moment (kg·cm).The maximum shear stress and polar 

moment of inertia developed at the centre of the tool 

frame was obtained by Equations 14 and 15 (Khurmi 

and Gupta, 2005). 

4

fs R Te

d I


                          (14) 

Where: fs = shear stress at any section, R = 

distance of the section from neutral axis (assume = 10 

cm), Te = torque produced, I = polar moment of 

inertia, t = 9.6. 

Assume that, maximum working stress of 1120 

kg

𝑐𝑚2  was occurred at the centre of the frame. For 

square section having each side measuring d. 

I=Polar moment of inertia=
4

9.6

d
          (15) 

The factor of safety was taken as 4, Fs is 1,120 kg 

cm-1. 

1

4

1120∗10

𝑑
=

48875.22

𝑑4

9.6

  = 
11200

𝑑∗4
=

48875.22∗ 9.6

𝑑4  =𝑑3 =

 
1876808.448

11200
  = 5.5 cm = 6 cm = 60 mm 

Therefore, considering availability of next higher 

section the square bar section 60 mm×60 mm×3 mm 

was selected to make the frame of garlic planter. 
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Figure 2 Garlic planter frame components  

2.4.4 Design of clove hopper 

On the basis of reviews and studies of physical 

properties of Gojjam and Minjar varieties garlic clove, 

the average bulk density of garlic clove was 535.7 kg 

m-3  and the angle of repose was 26∘ had taken for 

designing the clove hopper. Trapezoidal shape of 

cloves box is used in the machine for free flow of 

clove. The capacity of the hopper was determined by 

considering the following factors (Sharma and 

Mukesh, 2019). 

Agronomic requirement garlic variety:  

 Row to Row distance: 30 cm  

Clove rate (assumed): 100·140 kg ha-1  

 Bulk density of garlic clove: 535.7 kg m-3  

The working width of garlic planter 

Ww = N × S                               (16) 

Where: Ww = working width of the planter, (m), N 

= number of furrow openers use, S = distance 

between two consecutive furrow opener, (m) 

Ww = 4 × 30 cm = 120 cm = 1.2 m 

Wp = Ww + 2b = 1.2+ 2 × 0.15 = 1.5 

Then length of clove box (Lb) = Wp – 2b 

Where: Lb = the length of clove box, (m); Wp = 

width of the planter, (m); b = distance between the 

side box wall and ground wheel, (m). 

Lb = 1.5 m – 2 × 0.15 = 1.5 – 0.3 = 1.2 m 

Let, take field efficiency of garlic planter = 75% = 

0.75  

The, actual field capacity of garlic planter. 

( ) ( ) (%)

( )
10

km
speed working width of planter m field efficiency

ha hrAFC
hr

 



      (17) 

AFC =
3 1.2 0.75

0.27
10

km
m

hr
 

  

Clove mass = clove rate (kg hr-1) ×area covered 

(ha hr-1) × time (hr) 

Clove mass = 140 kg hr-1 × 0.27 ha hr-1 × 2 hr = 

75.6 kg 

Garlic clove weight are 75.6 kg and the angle of 

repose of garlic clove was 25.5°, therefore the angle 

of the inclination of the side wall of a hopper should 

be more than the angle of repose of the clove for easy 

flowing of the clove 30°. The volume of hopper was 

calculated by Equation 18 (Sharma and Mukesh, 

2019). 

Weight of garlic
Volume of hopper

bulk density of garlic
     (18) 

  3

3

75.6
0.14

535.7

kg
Volume of hopper m

kgm
   

Consider spillage losses of 10%. Therefore total 

volume of hopper. 

Volume of hopper = 0.14 𝑚3+ 0.014= 0.154 𝑚3 

  
( )

2

a b
hV lb

 
   
 

h
                     (19) 

Where: Vh = volume of the seed hopper having 

trapezoidal section, (𝑚3); a = bottom width of the 

hopper, (m); b = top width of the hopper, (m); h = 

height of seed hopper, (m); lb = length of the seed 

hopper or box, (m), θ = angle inclination of hopper. 

Let, take trapezoidal bottom width is = 25 cm 

=0.25 m. 

b = a + 2l 

2

2
h

a a l
V h lb

  
   
 
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But,  
ℎ

𝑙
= 𝑡𝑎𝑛𝜃, l = hcot𝜃  

2 2 cot
( cot )

2
h

a h
V h lb a h h lb

  
        
 

 

0.154 𝑚3 = (0.25 m + h cot30) × h × 1.2 m  

h = 0.4 m 

Then, Vh =(
(𝑎+𝑏)

2
×  ℎ ) × 𝑙𝑏 

0.154 𝑚3= (
(0.25m + b)

2
 × 0.4) × 1.2 m 

b = 0.513 m  

Specification of the hopper are: Vh = volume of 

the seed hopper having trapezoidal section = 0.165𝑚3, 

a = bottom width of the hopper = 0.25 m, b = top 

width of the hopper = 0.513, h = height of seed 

hopper = 0.4 m, Lb = length of the seed hopper or box 

=1.2 m, θ = angle inclination of hopper= 30° , 

Thickness of seed hopper = for mild steel sheet 2 mm. 

 
Figure 3 Clove hopper 

2.4.5 Design of furrow openers 

To design the furrow opener available draft from 

the tractor that exerted on the tip of furrow openers 

on the length of furrow openers was determined by 

Equation 20 (Bosoi et al., 1988). 

Total draft= k × n × a x*b                    (20) 

Total draft = 0.3 × 4 × 6 × 16= 115.2 kg  

115.2
  28.8

4
Each furrow opener kg   

Bending moment = draft x length of the shank 

= 115.2 kg × 50 cm = 5760 kg·cm 

Bending stress was determined by Equation 21 

(Bosoi et al., 1988). 

M C
f

I


                               (21) 

Where: f = bending stress, (kg 𝑚−2); I = moment 

of inertia, (𝑚4); M = bending moment, (kg.cm); C = 

distance from the neutral axis to the point at which 

stress is determined, (cm). 

The section modulus axis was computed by 

Equation 22 (Bosoi et al., 1988). 

Z =
𝑀

𝑓
                                    (22) 

Assuming bending stress is equal to 1120 kg cm-2. 

3

2

5760
5.14

1120

kg cm
Z cm

kg cm


 


 

Where: Z= section modulus of the furrow (cm3), 

M= bending moment, (kg·cm) 

            F= bending stress, (kg cm-2) 

The width of the shank was determined by 

Equation 23 (Bosoi et al., 1988). 

𝑍 =
𝑏ℎ2

6
                                (23) 

Where: Z= section modulus of the furrow, (𝑚3), b 

= width of shank, (cm), h = height of shank, (cm) 

Width of shank was considered as 1:4, i.e. (h: 4b) 

(Bosoi et al., 1988). 

𝑍 =
𝑏(4𝑏)2 

6
=  

16𝑏3 

6
= 5.14 cm3 

b= 1.24 cm = 12.44 mm 

Considering the factor of safety and availability of 

material is standard size.  

The thickness of shank furrow opener was 

selected = 8 mm 
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Therefore, the width of the shank = 12 mm 

Height of shank = 4 ×12= 48 mm  

Therefore, a Mild steel flat Tyne of 48 × 12 mm 

size was selected. 

 
Figure 4 Furrow opener 

2.4.6 Design of clove metering mechanism 

In designing the clove metering cups, the feed cup 

type clove metering was selected for the machine for 

sowing of garlic clove The dimensions of each feed 

cup were decided by maximum size of garlic clove 

from Gojjam and Minjar varieties can be put in the 

feed cups considering the mean geometric diameter of 

the garlic clove and shape cup was determined based 

on shape index of garlic clove. 

The number of cups on the metering cup (n) was 

determined by Equation 24 (Sharma and Mukesh, 

2019). 

𝑛 =
𝜋× 𝐷

𝑁𝑟×𝑆
                         (24) 

Where: n = number of cups on the metering chain, 

D = diameter of transmission wheel, (cm). 

Nr = Speed ratio, transmission wheel to cup, S = 

spacing required between two cloves (cm), But, the 

speed ratio of ground wheel to metering mechanism 

is, 

Nr =
𝜋𝐷

𝑁𝑠∗ 𝑆
                            (25) 

Take ground wheel diameter = 52 cm 

Circumference of the ground wheel = πD= 𝜋 ×

 0.52𝑚 = 1.63 𝑚  

Number seed required in one revolution of ground 

wheel (Ns) = 
πD

𝑆
 =

1.63𝑚 

0.1 𝑚
 = 16.3.7 = 16 seeds 

  𝑁𝑟 =
πD

𝑁𝑠× 𝑆
=   

1.63𝑚

16× 0.1 𝑚
=  

1.63𝑚

1.6
= 1.0.  

The speed ratio = 1 

Then, number of cups will be 𝑛 =
𝜋× 𝐷

𝑁𝑟× 𝑆 
 = 

1.63𝑚

1× 0.1 𝑚
 

= 
1.63𝑚

0.1𝑚 
 = 16.3= 16 

Therefore, sixteen cups were provided on the 

periphery of each metering chain. The metering chain 

has 16 numbers of cups on its periphery. 

The feed cup seed metering mechanism was 

selected for sowing garlic cloves, The diameter of 

clove metering was determined by Equation 26 

(Sharma and Mukesh, 2019). 

𝑑𝑟 =
𝑉𝑟

𝜋𝑁𝑟
                                       (26) 

Where: dr = diameter of seed metering, (m), Vr = 

peripheral velocity, (m min-1), Nr = rpm of metering 

mechanism 

In one revolution = 1.63 meter is covered 

The speed of tractor = 3 km hr-1 = 50 m min-1 = 

0.833 m s-1 

Then, 
50 𝑚/𝑚𝑖𝑛

1.63 𝑚/𝑟𝑒𝑣𝑒𝑙𝑜𝑡𝑖𝑜𝑛
 = 30.67 rpm = 30 rpm 

 𝑑𝑟 =  
50𝑚/𝑚𝑖𝑛

𝜋∗ 30
𝑟𝑒𝑣𝑒𝑙𝑜𝑡𝑖𝑜𝑛

𝑚𝑖𝑛

 = 0.5 m = 0.5 m 

The spacing between consecutive cups was 

calculated by Equation 27 (Sharma and Mukesh, 

2019). 

𝑡 =
𝜋𝑑𝑟

𝑛
                             (27) 

𝑡 =  
𝜋∗ 0.5

16
 = 0.1 m 

Spacing between consecutive cups is = 0.1 m 

 

 
Figure 5 Clove metring mechanism 

The gear ratio was determined using Equation 28 

(Sharma and Mukesh, 2019). 

Gear 

ratio=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑠𝑝𝑟𝑜𝑐𝑘𝑒𝑡𝑜𝑓 𝑠𝑒𝑒𝑑 𝑚𝑒𝑡𝑒𝑟𝑖𝑛𝑔 𝑠ℎ𝑎𝑓𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑠𝑝𝑟𝑜𝑐𝑘𝑒𝑡 𝑜𝑓 𝑔𝑟𝑜𝑢𝑛𝑑 𝑤ℎ𝑒𝑒𝑙
                                                      

(28) 

   𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 =
14

14
 = 1:1 

Based on Knapp et al. (2011) recommendation 
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operation speed of tractor drawn garlic planter was 2 

up to 5 km h-1. 

 Speed selected for design 3 km h-1.  

 Number of teeth on sprocket of ground wheel 

was 14.  

 Number of teeth on sprocket of seed metering 

shaft was 14. 

The dimension of each feed cup was selected 

based on the average size of garlic clove from 

varieties that can be put in the feed cups considering 

the mean geometric diameter of garlic and the shaped 

cup will be determined based on the shape index of 

garlic clove. Diameter cup 44 mm and thickness 3 

mm it made from galvanized metal sheet. 

2.4.7 Determination of planter components weight 

2.4.7.1 Planter component weight 

The weight of each part designs was calculated 

using Solid work software 2013. The input of the 

software was part design equipped with dimensions 

and material type selection. The software has its own 

material types with their densities. Once the part 

design was feed with dimensions and material type, 

the Solid work 2013 gave the output of the selected 

component area, volume and mass.  

Table 1 A solid work software weight determination analysis for garlic planter 

Sr.No components Quantity Area(𝑚2) Volume𝑚3) Density 

(
𝑘𝑔

𝑚3
) 

Unit mass(kg) Total mass 

1 frame 1 0.291 0.00231927 7870 18.25  

 

18.25  

 

2 hopper 1 0.20225 0.00030375 8000 2.39  2.39 

3 Three-point 

linkage 

1 0.248 0.002976 7870 23.42 23.42 

4 Main shaft  1 0.0007068 0.00092 7870 7.24 7.24 

5 Metering 

shaft 

2 0.0002545 0.00033 7870 5.2 5.2 

6 Furrow 

opener  

4 0.0248 0.000372 7870 11.71 11.71 

7 Furrow 

coverer 

4 0.0159 0.0002385 7870 7.5 7.5 

8 Seed tube  4 0.028 0.000195 7870 1.53 1.53 

9 Bearing  7 0.0194 0.00051 7870 4.01 4.01 

10 Ground 

wheel 

2 0.163 0.00163 7870 12.35 12.35 

11 Metering 

device 

4 0.0163 0.000272 7870 2.14 2.14 

12 Total 

weight of 

component 

parts 

     95.74 

13 Taking 2% 

margins for 

the weights 

of welding 

bolts, nuts, 

etc. 

     1.914 

14 Total 

weight  

     97.65 

Total mass of all components which lay on the 

wheel shaft was 97.65 kg.  

The weight of planter was calculated by using 

Equation 29 (Sharma and Mukesh, 2019). 

W = m × g                             (29) 

Where: W= weight, (N), m=total mass of the parts, 

(kg), g= acceleration due to gravity, (9.81 m  s - 2),  

W = 97.65 × 9.81 = 957.94 N 

2.4.7.2 Weight of garlic clove 

The weight of the clove in the hoppers was 

estimated from the volume of the hopper determined 

earlier above and the mass of clove was estimated 

using the following Equations 30 (ITSI-SU, 2011). 

 𝑊𝑐𝑙𝑜𝑣𝑒 =  𝑀𝑐𝑙𝑜𝑣𝑒 × 𝑔                  (30) 

            𝑊𝑐𝑙𝑜𝑣𝑒= 75.6 kg × 9.81 m s-2 = 741.63 N      

Total weight of a 4WD tractor-drawn garlic 
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planter was becoming: WT = Weight of parts + 

weight of garlic clove 

Total weight = 957.94 N + 741.63 N = 1699.57 N 

2.4.7.3 Total weight of the prototype planter 

The total weight of the prototype planter 

including the weights of clove and clove hopper, 

frame, clove metering shaft, furrow opener, furrow 

coverer, clove tube, and three point linkage was 

estimated to 1699.57 N.  

2.4. 8 Determination of force, torque and power 

required to derive the planter 

2.4.8.1 Determination of force required to derive the 

planter 

A rolling resistance force (F), which was assumed 

to act horizontally at the wheel and ground interface 

or ground and wheel contact patch, was estimated 

using the Equations 31 and 32 (Macmillan, 2002) 

F = (𝐶𝑅 + i) × N                          (31) 

F =((
𝑍

𝑑
)1/2 + 𝑖) × N                          (32) 

But Z = on soft surface = 0.05 d = 0.05 × 50 cm = 

2.5 cm  

N= weight f planter on each wheel = 
1699.57 

2
 = 

849.78 N 

 i = gradient of the ground let, i= 5% = 0.05 

F = ((
2.5

52
)

1

2 + 0.05) ∗ 849.78 N = 228.8 N 

F= 228.8 N 

Where: F= rolling resistance force, (N); CR= 

coefficient of rolling resistance, d = wheel diameter, 

(cm); 

Z = maximum wheel sinkage depth, (cm);  

N = weight of planter on each wheel, (N);  

i = gradient of the ground. 

2.4.8.2 Determination of torque on the ground wheel 

Torque on the ground wheel is estimated by using 

Equation 33 (Sharma and Mukesh, 2019). 

𝑇 = 𝐹(
𝑑

2
)                                 (33) 

𝑇 = 228.8N(
0.5 m

2
) = 57.2 N m 

T= 57.2 N m 

Where: T = torque on the ground wheel (N m); F 

= rolling resistance force (N); d = diameter of the 

ground wheel (m) . 

2.4.8.3 Determination of power requirement of the 

planter 

The power requirement of the planter was 

determined by Equation 34 (Sharma and Mukesh, 

2019). 

P = T × Nw                  (34)  

Where: P = power requirement of the planter, 

(kW), T = torque, (N m), Nw = wheel revolution, 

(rpm) 

P = 57.2 × (30 rpm ×
2𝜋

60
) = 179.69 W = 0.17969 

KW 

P = 0.17969 KW    

2.4.9 Design of chain and sprocket 

Chain and sprocket that was available in Ethiopia 

was selected for transmitting power from ground 

wheel shaft to shaft of metering mechanism. The 

chains are mostly used to transmit motion and power 

from one shaft to another. 

The power required to operate the seed metering 

mechanism was transmitted from the drive wheel 

through chain drive. Since the power transmitted in 

the garlic planter is very low, the smallest size 

available chain, i.e. motor bicycle chain was used for 

tractor drawn garlic planter. For power transmission, 

14 teeth size sprocket was fitted on drive wheel. 

Another sprocket of 14 teeth size was used for driving 

shaft so that the transmission ratio of approximately 

1:1 was maintained. 

2.4.9.1 Calculation of chain length 

The length of the chain was calculated by using 

Equations 35, 36 and 37 (Sadhu, 1988). 

L= m × p                             (35) 

Where: L= length of chain, (cm); m = number of 

chain links, P = chain pitch, (mm) 

But, the number of chain links 

M=2Cd+
𝑁1+𝑁2 

2
+ (

𝑁1−𝑁2

2𝜋𝐶𝑑
)2               (36) 

 𝐶𝑑 =
𝑐𝑐

𝑝
                                    (37) 

Where: Cd = centre distance chain, (mm), P = 

commercial available chain pitch, 6.35 mm ; N1= 

number of teeth of the pinion, 14, N2 = number of 

teeth of the sprocket, 14; Cc = approximate centre to 

centre distance between sprockets, 540 mm. 
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Solving for Cd 

 𝐶𝑑 =
𝑐𝑐

𝑝
 = 

540 mm

6.35 𝑚𝑚
 = 85.039 mm 

Solving for M  

M = 2 × 85.039 + 
14+14

2
+ (

14−14

2𝜋𝐶𝑑
)2 = 184.07 

M = 184 pitches 

Solving for L 

L = M ×P = 184 × 6.35 = 1168.4 mm                                                                                                                                                         

L=1.168 m 

Now, since the chain length in pitches is changed 

from 184.07 to 184 pitches, the exact centre to centre 

distance of the sprockets has to be corrected (Sadhu, 

1988). 

C= (e+(𝑒2 − 8𝑚)
1

2 ) × 
𝑝

4
             (38) 

But, e and m are determined by equations 39 and 

40 (Sadhu, 1988). 

e = LP- (
𝑁1+𝑁2

2
)                           (39) 

e = 184 -(
14+14 

2
) = 170 

m = (
𝑁2−𝑁1

2𝜋
)

2
                               (40) 

m = (
14−14

2𝜋
)2 = 0 

Therefore, the corrected centre to centre distance 

between the sprockets is  

C = (170+ (1702 –  8 × 0)1/2) * 
6.35

4
 

C = 539.75 mm 

2.4.9.2 Determination of chain velocity 

Average chain velocity was estimated by 

Equation 41 (Sadhu, 1988)  

Vav=
𝑛∗ 𝑝∗ 𝑟𝑝𝑚

376
                           (41) 

Vav = 
14∗ 0.375∗ 30

376
 = 0.418 

𝑚

𝑠
 

Where: Vav = average chain velocity, (m 𝑠−1), n 

= the driven sprocket no. of teeth, maximum 

revolution of the driving sprocket = 30 rpm, P = chain 

pitch, 6.35 mm = 0.375 inch 

2.4.9.3 Determination chain force 

The total load (force) on the driving side of the 

chain was calculated by using Equations 42, 43, 44 

and 45 (Sharma and Mukesh, 2019). 

FT=F+Fc+Ff                                (42) 

Where: FT = the total force, (N); F = the force 

due to power transmission, (N); Ff = frictional force, 

(N); Fc = centrifugal force on the chain, (N). 

𝐹 =
𝑃

𝑉𝑎𝑣
                           (43) 

   F =
185.29

0.418
 = 429.88 N 

Where: F = the force due to power transmission, 

(N), P = power at garlic planter wheel or power to be 

transmitted, (Watt), Vav = average chain velocity, 

(m.𝑠−1). 

𝐹𝑐 =
𝑊×  Vav2

𝑔
                            (44) 

                F=
 1.5× 0.418 2

9.81
 = 0.0267  

Where: Fc = centrifugal force on the chain, (N), 

W = weight per meter of the chain (1.5 N m-1); g = 

gravitational acceleration, (9.81 m 𝑠−2). 

Ff=W×Kf×Cc                           (45) 

             Ef= 1.5× 4 × 0.54 = 3.24 N 

Where: Ff = frictional force, (N); Cc = nominal 

centre to centre distance between the sprockets, (0.54 

m), Kf = friction factor = 4 for horizontal drive, 2 for 

inclined drive and 1 for vertical drive (Norton, 2005).  

Then, FT = 429.88 + 0.0267 + 3.24= 433.147 N 

According to American National Standard 

institute (ANSI) standard, the minimum tensile 

strength of the chain was 3470 N (Did-Daido Co, 

2015). To avoid breakage and failure of the chain, the 

safety factor should be more than one. Checking 

safety factor, Sf was calculated by using Equation 46 

(Sharma and Mukesh, 2019). 

𝑆𝑓 =
𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

𝐹𝑇
                           (46) 

Sf = 
3470

433.147
 = 8, the value is greater than unity. 

Therefore, we can conclude that the chain is safe 

from breakage. 

Where: Sf = safety factor, FT = Total force on 

driving chain, (N) 

2.4.10 Design of ground wheel shaft 

The ground wheel shaft was made of mild steel 

rod. The length of the bar was kept as 1500 mm to 

facilitate the hub on the both ends and sprocket at the 

one end of shaft. The shaft was rested on two hubs 

which was fitted on the frame. 

The shaft was initially decided to be fabricated 

from ductile material (mild steel rod). Hence, the 
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design was based on ductile material whose strength 

is controlled by maximum shear stress. For a shaft 

having little or no axial loading, the diameter of the 

shaft was obtained using the ASME code Equation 47, 

(ASME, 1995) given as: 

𝑑3 =
16

𝜋∗ 𝑆𝑠
√(𝐾𝑏 × 𝑀𝑏)2 + (𝐾𝑡 ×  𝑀𝑡) 2    (47) 

Where: d = diameter of the shaft, (mm), Mt = 

torsional moment, (N m), Mb = bending moment, (N 

m), Kb = combined shock and fatigue factor applied 

to bending moment, Kt = combined shock and fatigue 

factor applied to torsional moment, SS = allowable 

stress, (MN 𝑚−2) 

For rotating shafts, when a load was suddenly 

applied with minor shock (Khurmi, 2005) 

(recommended that values of Kb = 1.2 to 2.0 and Kt = 

1.0 to 1.5 to be used. Furthermore, it was noted that 

for shaft without a keyway, the allowable stress (Ss) 

must be 55 MN 𝑀−2, and for shaft with key way, the 

allowable stress (Ss) should not exceed 40 MN 𝑀−2. 

2.4.10.1 Determination of vertical forces acting on 

the ground wheel shaft 

The vertical load diagram on the ground wheel 

shaft was showed below. 

 
Figure 6 Vertical force distribution on the shaft 

Where: RA = vertical reaction at wheel A, RB = 

vertical reaction at wheel B, Wc = half of the total 

weight acting at bearing C, (849.78 N), Wd = half of 

the total weight acting at bearing D, (849.78 N), Ff = 

vertical chain force, (446.5367 N) 

Total weight of the potato planter which lay on 

the shaft was 1699.57 N refer above section. 

WC=Wd = 849.78 N 

WC is half of total weights. 

To know the unknown force of RA and RB, use 

equilibrium equation method. 

∑MA=0 

RB × 1.4 m + Ff × 1.207 m –Wc × 0.0965 m – Wd 

× 1.3035 m =0  

RB × 1.4 m + 433.147 N × 1.207 m – 849.78 N × 

0.0965 m – 849.78 N × 1.3035 m = 0 

RB × 1.4 m + 522.8 N m – 82 N m – 1107.68 N m 

= 0 

RB = 476.34 N 

The summation of all force gave RA 

RA + RB + Ff – Wc – Wd = 0 

RA + 476.34 N + 433.147 N – 849.78 N – 849.78 

N = 0 

RA = 790.07 N 

 
Figure 7 Vertical shear force and bending moment diagram 
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2.4.10.2 Determination of horizontal force acting on 

the ground wheel shaft   

The forward driving force is 228.8 N and applied 

horizontally at point A and B. 

RAH + RBH = 228.8 N 

RAH = RBH = 
228.8N

2
 = 114.4 N 

Where: RAH = horizontal reaction at wheel A, (N); 

RBH = Horizontal reactions at wheel B; FH = 

horizontal force (N). 

Torsional moment (Mt) on the shaft were 

calculated using Equations 48 and 49 (Ryder, 1989) 

𝑀𝑡 =
𝑃× 60

2𝜋×𝑁
                                (48) 

P=F×V                                   (49) 

     P = 228.8N× 0.833 m s-1 =190.59 W 

𝑀𝑡 =
𝑃× 60

2𝜋×𝑁
 = 

190.59×60

2𝜋×30
 = 60.66 N m 

Where: Mt = torsional moment, (N m); P = power 

required to drive the machine, (kW); N = speed of the 

shaft, (rpm); P = power required to drive the machine, 

(kW);V= Forward speed (m.𝑠−1); F= force required 

to drive the machine, (N). 

The maximum bending moment on the shaft was 

determined from the following expressions given by 

Equation 50 (Richard, 2011).  

𝑀𝑏 = √(𝑀𝑣)2 + (𝑀ℎ)2                    (50) 

       𝑀𝑏 = √(76.24)2 + (62.92)2  = 98.85 N m 

Where: Mb = maximum bending moment, (N m) ; 

Mv = vertical bending momentum= 76.24 N m from 

bending moment diagram ; Mh = horizontal bending 

momentum = 62.92 N m from bending moment 

diagram 

Using Equation 47 above  

𝑑3 =
16

𝜋× 𝑆𝑠
√(𝐾𝑏 × 𝑀𝑏)2 + (𝐾𝑡 ×  𝑀𝑡) 2    = 

16

𝜋 ×55× 106 √(2 ×  98.85)2 + (1.5 ×  60.66)2 

  d = 27.2 mm 

Therefore, the standard size of 30 mm shaft 

diameter has been used. 

 
Figure 8 Horizontal force distribution on the shaft 

 
Figure 9 Horizontal shear force and bending moment 

2.4.11 Design of clove metering shafts 

The vertical load diagram on the driven wheel 

shaft was as showed below. 

Weight of cloves on 16 cups + weight of chain + 

weight of 16 cups 

Weight = 0.0024 kg + 1.5 kg + 0.2 kg = 1.7024kg 

* 9.81 m s-2 =16.7 N 

Let RA, RB and RC = Reactions at A, B and C 

respectively 

∴ RA + RB + RC = Total load acting downwards 

at C, D, E and F 

RA + RB + RC  = 16.7 N + 16.7 N + 16.7 N + 

16.7 N = 66.8 N 

Figure 9: Horizontal Shear Force and Bending Moment Diagrams 
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                           Figure 10 Force distribution on the metering shaft  

 
Figure 11 Metering shaft shear force and bending moment diagrams 

 
      Figure 12 Force distribution on the two span of metering shaft 

Considering each span simply supported. 

Free bending moment,  

For span AB, bending moment at D = 
𝑊∗𝑎∗ 𝑏

𝐿
 = 

16.7∗ 0.0755∗ 0.447

0.5225
  = 1.078 N m 

Where: w = weight of chain, seeds and cups at the 

point D, a= distance of point D from reaction A (RA) 

b= distance of point D from reaction B (RB), L= 

distance of span AB or distance reaction A to reaction 

B. 

For span AB, bending moment at E = 
𝑊∗𝑎∗ 𝑏

𝐿
 = 

16.7∗ 0.3735∗ 0.149

0.5225
 = 1.778 N m 

Where: w = weight of chain, seeds and cups at the 

point E 

 a= distance of point E from reaction A (RA). 

 b= distance of point E from reaction B (RB). 

 L= distance of span AB or distance of reaction A 

to reaction B. 

For span BC, bending moment at F =
𝑊∗ 𝑎∗ 𝑏

𝐿
 = 

16.7∗ 0.149∗ 0.3735

0.5225
 = 1.778 N m 

Where: w = weight of chain, seeds and cups at the 

point F 

 a= distance of point F from reaction B (RB). 

 b= distance of point F from reaction C (RC). 

 L= distance of span BC or distance of reaction B 

to reaction C. 

For span BC, bending moment at G = 
𝑊∗𝑎∗ 𝑏

𝐿
 =  

16.7∗ 0.447∗ 0.0755

0.5225
 = 1.078 N m 

Where: w = weight of chain, seeds and cups at the 
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point G 

a = distance of point G from reaction B (RB). 

b= distance of point G from reaction C (RC). 

L= distance of span BC or distance of reaction B 

to reaction C. 

Free bending moment diagram for span AB and 

BC, then calculating the area for span AB and BC. 

 
        

X1= XL = 
𝑎+𝐿

3
= 

0.3735+0.5225

3
 = 0.299                      

X1= XL = 
𝑎+𝐿

3
 = 

0.149+0.5225

3
 = 0.2238 

X2 = XR = 
𝑏+𝐿

3
= 

0.149+0.5225

3
 = 0.2238                       

X2 = XR = 
𝑏+𝐿

3
= 

0.3735+0.5225

3
 = 0.299 

By spplying three moment theorem for A-B-C, 

MA (L1) + MB (L1+L2) + MC ((L2) + 
6 𝐴1 𝑋1

𝐿1
 

+
6 𝐴2 𝑋2

𝐿2
 = 0  

MA (L1) + 2MB (0.5225+0.5225) + MC ((L2) + 

6∗ 0.4645∗ 0.299

0.5225
 +

6∗ 0.4645∗ 0.299

0.5225
 = 0  

MB = -1.459 

Know reaction force at RA, RB and RC can be 

calculated 

For span AB 

 
                                                                          

∑MA=0   

16.7 *0.0755 +16.7 * 0.3735-RB *0.5225 -1.459 

= 0 

RB = 11.55 N 

∑FY=0  

RA + RB -16.7-16.7 = 0 

RA = 21.85 N 

For span BC 

                                             
 ∑MA=0  

16.7 * 0.149 +16.7 * 0.447 - RC*0.5225 + 1.459 

= 0 

RC = 21.85 

∑FY=0  

RB + RC -16.7-16.7 = 0  

RB = 11.55 

RB = 11.55 +11.5 = 23.1, from both span 

Torsional moment (Mt) on the shaft was 

calculated using Equations 51 and 52 (Ryder, 1989) 

𝑀𝑡 =
𝑃∗ 60

2𝜋∗ 𝑁
                     (51) 

P = F * V                   (52) 

   = 16.7 N * 0.833 m s-1 = 13.91W 

Then, 𝑀𝑡 =
13.91∗ 60

2𝜋∗ 30
 = 4.43 N m 

The equivalent twisting moment on the shaft was 

determined from the following expressions given by 

Equation 53 (Khurmi, 2005)  

𝑇𝑒 =  √(𝐾𝑚 ∗  𝑀)2 + (𝐾𝑡 ∗  𝑀𝑡)2          (53) 

 𝑇𝑒 =  √(1.5 ∗ 6.9)2 + (1.2 ∗  4.43)2 

Te = 11.635 N m 

Where: M = maximum bending moment, 6.9 N m 

from bending moment diagram (N m), 𝑀𝑡 =torsional 
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moment moment, (N m), Te = Twisting moment (or 

torque) acting up on the shaft (N m) 

From above section using Equation 47. 

𝑑3 =
16

𝜋 ∗  𝑆𝑠
√(𝐾𝑏 ∗ 𝑀𝑏)2 + (𝐾𝑡 ∗ 𝑀𝑡) 2 

 𝑑3 = 
16

𝜋∗ 55∗  106 √(2 ∗ 3.69)2 + (1.5 ∗  11.635) 2 

     d = 11.9 mm 

Therefore, the standard size of 18 mm clove 

metering shafts diameter has been used. 

2.4.12 Design of ground wheel drive  

Two ground engaging wheels, with external 

diameters of 50 cm, were designed as an integral part 

of the clove metering mechanism. They are connected 

to the clove metering device through chain and 

sprocket where produces the necessary force to drive 

the metering cup. The rim of wheel was made from 

mild steel flat iron 6 mm thick and 100 mm wide. 

Each wheel had six spokes made from mild steel rods 

with diameter of 12 mm and length of 225 mm, and 

were welded to the rim and hub at the centre of the 

wheel that served as bushing or shaft bearing, at equal 

interval 

Estimation of the force required to drive the 

planter using Equation 54 (Sharma and Mukesh, 

2019). 

𝐹𝑓 = (√
𝑍

𝑊𝑑
+ 𝑖) ∗  𝑀𝑤𝑒                                 (54) 

Where: Ff = Force required to drive the planter, 

(N), Z = Maximum tolerable wheel sinkage depth, 

(let Z= 3 cm), Wd = Wheel diameter, (50 cm), Mwe = 

Machine weight on each wheel, (849.78 N), i = 

Gradient of the ground, (let i=5%, Macmillan, 2002) 

Ff = (√
3𝑐𝑚

50𝑐𝑚
+ 0.05) ∗  849.78 𝑁 = 250.64 N 

Ff = 250.64 N 

The torque of the ground wheel was determined 

by Equation 55 (Sharma and Mukesh, 2019). 

𝑇 = 𝐹𝑓 ∗ (
𝑊𝑑

2
)                             (55) 

Where: T= torque produced by the ground wheel, 

(N m), Ff = Force required to drive the planter, 

(261.55 N), Wd = Wheel diameter, (50 cm) 

𝑇 = 250.64 ∗ (
0.5

2
) = 62.66 N 

T = 62.66 N 

Shear stress on the ground wheel was determined 

by Equation 56 (Sharma and Mukesh, 2019). 

𝜏 =  
𝑇

2 ∗ 𝐴𝑚∗ 𝑡𝑤
                   (56) 

Where: τ = shear stress on the ground wheel, 

(kPa); T= torque produced by the ground wheel, (N 

m); Am= the area of the wheel calculated based on 

the median diameter of the wheel, (𝑚2). 

tw = thickness of the wheel wall, (0.006 m); r = 

the outer radius of the wheel, (0.3 m); rm= the 

median radius of the wheel, (m). 

The area of the ground wheel was determined by 

Equation 57 (Sharma and Mukesh, 2019). 

𝐴𝑚 = 𝜋 ∗ (𝑟𝑚)2 =  𝜋(0.25 − 0.5 ∗  𝑡𝑤)2     (57) 

 𝐴𝑚 =  𝜋(0.3 − 0.5 ∗  0.006)2 = 0.19 𝑚2 

Then, 𝜏 =  
62.66

2 ∗ 0.19∗ 0.006
 = 

62.66

0.002299
 = 27.48 KPa 

Comparing this shear stress with the maximum 

allowable shear stress of the mild steel sheet metal << 

max, 80 MPa, which tells us the wheel was safe for 

operation. 

The angle of twist can be estimated using the 

Equation 58 (Richard, 2011) 

𝜃 = 𝜃1 ∗  𝐿                            (58) 

𝜃 = (
𝑇𝐿𝑚

4𝐺𝐴𝑚
2∗ 𝑡𝑤

) ∗  𝐿  = (
62.66∗ 2𝜋(0.5−0.5∗ 0.006)

4∗ 80∗0.192∗ 0.006
) ∗

 0.1 = 0.0000000102 degree  

  𝜃 = 0.0000000102 degree (negligible) 

Where: L= length or width of the wheel, 0.1m, T= 

torque produced by the wheel, 62.66 N m. 

 Lm=the length of the median line of the wheel, 

θ1=the angle of twist, G= modulus of rigidity, 80GPa 

for stainless steel. 

The angle of twist produced by the wheel is 

negligible since the torque is small. 

2.4.12.1 Design of hub  

The hub of a wheel is one of the most important 

components of rigid wheel. It gives support to the 

spokes and the shaft. The diameter of the hub is 

calculated using following formula. The outside of 

the hub is given by Richard (2011). 

D =1.50 d + 25.00 mm  

D= 1.50 ×30 mm +25 mm= 70 mm 
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Where: D = outside diameter of hub, mm, d = 

diameter of shaft, mm 

Considering the availability of material 50 mm 

diameter of hub is used 

The length, L, of hub is given by Richard (2011).   

L = 
𝜋∗ 𝑑 

2
                                    (59) 

L = 
𝜋∗30

2
 = 47.1 mm 

The inner diameter of hub was taken equal to the 

diameter of the shaft i.e. 30 mm.  

2.4.12.2 Wheel width   

When two cylindrical objects of length L and 

diameters d1 and d2 contact, a narrow rectangle of 

width 2b and length L is created.   

The contact stress between two cylinders 

expressed by Zhupanska (2011).  

𝑏 = √(
2𝐹

𝜋𝐿
) ∗ (

(1−(𝑉1)2 )

𝐸1
+

(1−(𝑉1)2)

𝐸2
/(

1

𝑑1
+

1

𝑑2
 )  (60)   

𝑃𝑚𝑎𝑥 =
2𝐹

𝜋𝑏𝐿
                       (61) 

The stress created has an elliptical distribution 

across the contact zone (Figure 13). 

 
Figure 13 The contact stress between two cylinders  

The above equations apply to a cylinder and a 

plane surface (d= ∞) contact (Richard, 2011).   

Poisson's ratio is a measure of the Poisson effect, 

the phenomenon in which a material tends to expand 

in directions perpendicular to the direction of 

compression. Conversely, if the material is stretched 

rather than compressed, it usually tends to contract in 

the directions transverse to the direction of stretching. 

It is a common observation when a rubber band is 

stretched, it becomes noticeably thinner. Again, the 

Poisson ratio will be the ratio of relative contraction 

to relative expansion and will have the same value as 

above.   

Where: d1= Diameter of the wheel, 0.50m, d2= 

Diameter of the contacting surface, ∞  

 F = the force exerted by the wheel, 849.78 N, L = 

Contact length/width of the wheel with the ground, 

0.1 m, Pmin = the minimum penetration 

resistance/pressure of the ground (at 0-10 cm depth) 

at optimum moisture content, cone, 550 KPa 

(Tsegaye, 2015) 

ѵ1= Poisson ratio of steel, 0.3 (Norton, 2005), ѵ2= 

Poisson ratio of sandy loam soil, 0.25-0.4 (Norton, 

2005), E1 = Young’s modulus of elasticity of steel, 

200 GPa (Norton, 2005). E2=Young’s modulus of 

elasticity of sandy loam soil, 10-50 MPa (Norton, 

2005). Four-wheel tractor drawn planter wheel width 

in the design was 10 cm and this had to be checked 

whether the width selected would allow the wheels to 

rotate on the surface of the ground without sinkage or 

not. If Pmax < Pmin, it is assumed that the width of the 

wheel is safe. If not, the width of the wheel has to be 

increased to some level to avoid wheel sinkage in 

operation. Calculating width (b) 

𝑏 =  

√(
2𝑥849.78𝑁

𝜋𝑥 0.10𝑚
) ∗ (

(1−(0.3)2 )

200 𝑥109𝑝𝑎
+  

(1−(0.4)2)

50 𝑥 106𝑝𝑎
 /(

1

0.5𝑚
+

1

∞
 ) 

 b = 52*10−3 

Calculating maximum pressure (Pmax),  

𝑃𝐦𝐚𝐱 =
2∗ 849.78𝑁

𝜋𝑏∗ 0.1
 = 104.035*103 

Pmax = 104.035 kPa, <<<<<<<< Pmin =550 kPa,  

Pmax < Pmin,  

Therefore, the size of the width of the garlic 

planter wheels is adequate and the wheel would rotate 
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on the surface of the ground without sinking into the soil.  

 
Figure 14 Ground wheel 

2.4.12.3 Spokes 

Each wheel had six spokes made from mild steel 

rods with diameter of 12 mm and length of 225 mm, 

and were welded to the rim and hub at the centre of 

the wheel that served as bushing or shaft bearing, at 

equal interval 

2.4.13 Clove tube  

Clove tube was the main unit that conveys the 

clove from the hopper-through metering device to the 

furrow opener. It was fitted to connect the feed cup 

outlet to the furrow opener. The clove tube carries the 

garlic clove discharge from metering device to the 

furrow openers. It is easy to fixed and remove the 

clove tubes as it was made from galvanized sheet 

metal. The uniformity of clove distribution, along and  

 

across the rows, was influenced by the clove tube. 

Keeping the above consideration, a sheet metal tube 

with an inner diameter of 100 mm was selected. The 

length of clove tube was kept 974 mm. 

2.4.14 Furrow coverer 

 The furrow coverer was one of the important 

parts of the planter, it covers the garlic clove for 

proper growth of crop. 

 2.4.15 Three point linkage 

Three-point linkages were provided to connect the 

frame of garlic planter to the tractor. Three- point 

linkages consist of two lower arms and one upper arm. 

To attach the implement with tractor lower and upper 

arms was made on the frame. 

Table 2 Three-point hitch specification 

Category Hitch pin size Lower hitch spacing  Tractor drawbar power 

Upper link Lower link 

0 17 mm 17 mm 500 mm < 20 hp 

1 19 mm 22.4 mm 718 mm 20 -45 hp 

2 25.5 mm 28.7 mm 870 mm 40 -100 hp  

3 31.75 mm 37.4 mm 1010 mm 80 – 225 hp 

4 45 mm 51 mm 1220 mm 180 – 400 hp 

Source: American Society of Agricultural Engineers ASAE (2010) 

2.5 Laboratory test 

2.5.1 Calibration of the planter 

After fabrication of the planter, calibration of the 

prototype was carried out to determine the seeding 

rate obtainable at different hopper capacity and the 

variation among furrow openers when the machine 

was stationary. The procedure for calibration were as 

follows: (1) The width of coverage of planter is equal 

to the product of the number of furrow openers and 

the spacing between two consecutive openers; (2) 

Area covered in 10 revolution of ground wheel was 

determined; (3) The planter was jacked up so that the 

ground wheel runs freely. A mark was made on the 

drive wheel and at some convenient place on the body 

of planter so as to count the revolution of the drive 

wheel easily; (4) The cloves were filled in the hopper 

and plastic bag were placed under the furrow openers; 

(5) The quantity of cloves dropped from furrow 

openers for 10 revolution were collected and weighed; 

(6) The quantity of cloves dropped was converted on 

hectare basis i.e.kg/ha; and (7) Three replications 

were taken for 2 km hr-1, 2.5 km hr-1 and 3 km h r - 1 

speed for garlic cloves were observed. 

2.5.2 Cloves damage test 
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The test was conducted to find out the percentage 

of damage of garlic cloves that takes place during 

actual operation. The percentage of damage of clove 

during calibration was found out by the rotating 

ground wheel. The number of cloves collected was 

weighed. Out of this, the damaged cloves was 

separated. The metered clove were identified and 

treated as damaged cloves was weighed separately 

and percentage damage was calculated as follows.   

𝐷𝑎𝑚𝑎𝑔𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑎𝑚𝑎𝑔𝑒𝑑 𝑐𝑙𝑜𝑣𝑒 

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
×  100   (62) 

2.5.3 Clove germination test 

Garlic clove samples (100) cloves was taken 

randomly and kept in the clove germinator and water 

was sprinkled at optimum water requirement of garlic 

clove. The temperature of the clove germinator was 

maintained at optimum. The sprouts of clove was 

observed after seventh-day and number of sprouts 

was count daily. The counting of sprouts was stopped 

when the number remains constant. Since the sample 

is 100 cloves, therefore, the number of sprouts 

straight away gave the germination percentage of 

cloves. The germination percentage of garlic cloves 

was determined before and after the laboratory test of 

metering systems (Belcher, 2013).  

2.5.4 Soil moisture content  

The sample were collected from five randomly 

selected sites across the field. The moisture content 

was determined in the laboratory by the oven-dry 

method. The moisture content (dry basis) was 

determined by Equation 63 (Belcher, 2013) 

𝑊 =
𝑊𝑤−𝑊𝑑

𝑊𝑑
 × 100%                    (63)  

Where: W= Moisture content, (% db.), Ww= Wet 

mass of soil, g, Wd = Dry mass of soil, g 

2.5.5 Soil bulk density 

The bulk density of the soil was determined by 

the core cutter method. The core sampler of the soil 

of known volume was collected and weighed. The 

ratio of the dry weight of soil to the volume gives the 

bulk density. The soil bulk density was determined by 

using Equation 64 (Rangapara, 2014).  

Bulk density of soil(g 𝑐𝑚−3) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓𝑐𝑜𝑟𝑒 𝑠𝑎𝑚𝑝𝑙𝑒𝑟 (𝑐𝑚3)
   

(64)   

3 Result and discussion 

3.1 Physical properties of garlic clove 

In order to get some of physical properties of the 

garlic clove, 40 sample cloves were randomly taken 

from Gojjam and Minjar variety of garlic clove and 

their length, width and thickness were measured 

using Vernier calliper. The geometrical dimension of 

the principal axes (L is length, D is the width and T is 

the thickness) of randomly selected garlic seeds were 

measured using Vernier calliper. The mean length (L), 

width (W), thickness (T), geometric mean diameter, 

surface area and shape index of two different garlic 

was found in the ranges from 28.55 to 29.33 

mm,13.17 to 13.23 mm, 10.44 to 10.57 mm, 15.53 to 

15.89 mm,769.18 to 807.88 mm2 and 0.755 to 0.78 

respectively. Angle of repose garlic was maximum 

26°, minimum 25° and average is about 25.5°. 

The average values obtained for geometric mean 

diameter, surface area and shape index of the selected 

garlic cloves was became 15.71mm, 788.53mm2 and 

0.767mm respectively. The results in Table 3 show 

that garlic seeds were more or less spherical in shape. 

As a result, metering devices with circular cups were 

designed to accommodate it.  

Table 3 Physical properties of two different garlic varieties 

Physical properties Units 
Two different varieties of garlic seed 

Gojjam Minjar Average 

Mean Length Mm 28.55 29.33 28.94 

Mean Width Mm 13.17 13.23 13.2 

Meant thickness Mm 10.44 10.57 10.5 
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Mean geometric diameter mm 15.53 15.89 15.71 

Mean Surface area mm2 769.18 807.88 788.53 

Mean Shape index  0.78 0.755 0.767 

Angle of repose ° 26 25 25.5 

The obtained shape index was compared with the 

recommended limits and classified into different 

classes (The garlic bulb is considered as oval if the 

shape index > 1.5, on the other hand, it is considered 

spherical if the shape index < 1.5). Shape index of 

garlic bulbs was calculated by equation below 

Equation 65 (Abd-Alla, 1993). 

Shape Index=W/√LT                              (65) 

Gojjam, shape index = 0.78 spherical     

Minjar, shape index = 0.755 spherical 

3.2 Laboratory performance of garlic planter 

The newly developed tractor drawn garlic planter 

was tested in the laboratory to evaluate its 

performance. The results are discussed in the 

following paragraphs. 

3.2.1 Effect of operating speed on seed damage at 

different hopper fills  

Three replication is carried out for calibrating the 

garlic planter in the laboratory. Figure 15 indicates 

the effect of three different speed at three hopper 

level on clove damage for different observation 

varied with operating speed 2 km hr-1, 2.5 km hr-1 and 

3 km hr-1. 

 

Figure 15 Effects of planter forward speed on garlic clove damage at different hopper fill levels 

From Figure 15, it is shown that as the speed 

increased, the mechanical damage of garlic clove 

increased. It is due to higher rotational speed of 

metering mechanism at higher forward speed. At 

higher rotational speed the cup strikes the cloves with 

great impact, resulting in mechanical damage.  

The correlation between seed damage at different 

operating speed and level of hopper fill was showed 

in Figure 15. The data obtained from the testing were 

analysed, linear regression showed good correlation 

between seed damage and operating speed in all trials, 

high coefficient of determination (R2=0.9996, 

R2=0.9868 and R2=0.9999) were observed with 

complete hopper fill, ½ hopper fill and ¼ hopper fill 

respectively. 

3.2.2 Hopper filling effect on the clove rate 

Clove rate increased with the increase in hopper 

fill and operating speed decrease as shown in Figure 

18. The increase in clove rate with the increase in 

hopper fill and decrease in operating speed might be 

due to decrease in exposure time to pick the clove and 

due to decrease slip of clove from the cup due to 

lower speed of metering device. 

This may be due to the variability of garlic clove 
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in size and shape, vibration of metering chain when 

hopper fill level is low and the friction between the 

metering chain and garlic clove at the picking zone 

due operating speed. 

 
Figure 16 Effect of hopper fill levels on clove rate of garlic clove at different operating speed levels 

Figure 16 indicates the effect of hopper filling on 

clove rate (kg hr-1) of garlic clove for different 

observation varied with the hopper filling (full, ½ fill 

and ¼ fill). The clove rate of the planter cloves was 

tested at three levels of hoppers fills for three 

different operating speed. 

The correlation between clove rate at different 

level of hopper fill and operating speed was showed 

in Figure 16 The data obtained from the testing were 

analysed, linear regression showed higher correlation 

between clove rate and hopper fill level (complete 

hopper fill, ½ hopper fill and ¼ hopper) in all trials, 

high coefficient of determination (𝑅2 = 0.989, 𝑅2 =

0.991 𝑎𝑛𝑑 𝑅2 = 0.987), were observed with 2 km 

hr-1, 2.5 km hr-1 and 3 km hr-1 respectively.   

3.3 Physical properties of soil 

3.3.1 Moisture content and bulk density of soil 

During carrying out the experiments, the soil 

conditions of the experimental field were studied and 

different parameters were calculated (Table 4). The 

soil of the field was sand–loam soil. Moisture content 

of soil was measured by oven dry method. Five soil 

samples were taken randomly at 5 different locations 

in the plot using core sampler of 5cm diameter and 

5cm height. 

The mean data on soil moisture content after 

tillage operations at 0 to15 cm are recorded and 

presented. Average value of moisture content (Dry 

basis) and bulk density of experimented plot was 

found 11.78% and 3.224 gm cm-3 respectively. 

Table 4 Moisture content and bulk density of soil 

Sample No Weight of soil(gm) 
Weight of soil after 

oven dried(gm) 

Soil moisture content 

(Db) (%) 

Volume of core sampler 

(𝑐𝑚3) 

Bulk density(gm 

cm-3) 

1 358.86 321.86 11.49 98.17 3.278 

2 341.3 303.33 12.51 98.17 3.089 

3 351.13 316.8 10.83 98.17 3.22 

4 364.06 322.23 12.98 98.17 3.28 

5 355.16 319.66 11.1 98.17 3.256 

Average 347.13 316.77 11.78 98.17 3.224 

 
3.4 Cost analysis 
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Table 5 Materials for construction of the planter and its cost 

Sr.No Type of material Specification Material used  Cost (USD) 

1 Hollow square pipe 60 mm×60 mm×3 mm 6 m $ 17.46  

2 Sheet metal  3 mm×1000 mm×3000 m 4 m $ 7.27 

3 Galvanized metal sheet  2 mm×1000 mm×2000 2 m $ 6.55 

4 Angel iron 5×40×40 3 $ 6.18 

5 Round bar  Ø20×6000 mm 2.4 m $ 5.09 

6 Round bar  Ø 30×6000 mm 1.5 m $ 4.91 

7 Metal bolt and nut M-6 ×60 8 pcs $ 0.72 

8 Metal bolt and nut M-8 ×50 10 pcs $ 1.27 

9 Metal bolt and nut  M-10 ×100 16 pcs $ 2.91 

10 Metal bolt and nut M-10 ×120 32 pcs $ 6.4 

11 Motor cycle Chain  6.35 mm pitch 6pcs $ 30.55 

12 sprockets 14 Number of teeth 9 pcs $ 8.18 

13 Bearing P206 2 pcs $ 10.91 

14 Bearing P203 4 pcs $ 21.82 

15 Flat iron 10 ×60 ×6000 6m $ 4.91 

16 Electrode Ø 2.5 2 pack $ 5.45 

17 Paint 2 litre 2 litre $ 2.73 

Total cost(USD) $ 143.31 

Table 6  Machine and labour cost 

 Type of machine  Machine cost/hr Working hour  cost Labour cost/hr Working hour Total price 

 Universal metal 

cutting 

$ 12 8 $ 96 $ 0.7 10 $ 7 

 Welding machine $ 8 8 $ 64 $ 1 12 $ 12 

 Power hack saw $ 6 2 $ 12 $ 0.6 3 $ 1.8 

 Lath machine $ 14 12 $ 168 $ 2 12 $ 24 

 Rolling machine 

manual 

$ 5 5 $ 25 $ 0.6 8 $ 4.8 

 Radial drill 

machine 

$ 8 4 $ 32 $ 1 10 $ 10 

 Grinding 

machine 

$ 6 5  $ 30 $ 0.6 10 $ 6 

 Bending machine $ 4     2 $ 8 $ 0.7 4 $ 2.8 

Sub total $ 435  $ 68.4 

Total fabrication cost of garlic planter. 

Table 7 Cost summary 

No Cost variables Summary 

A Raw material cost $ 143.31 

B Material wastage 2.5% $ 3.58 

C Machine cost $ 435 

D Labour cost  $ 68.4 

E Overhead cost 5% (C+D) $ 25.17 

F Profit 10% (A+B+C+D+E) $ 67.55 

G Sells tax 15% (A+B+C+D+E+F) $ 111.45  

H Selling price $ 854.46 

The result showed that the developed tractor 

drawn garlic planter worked satisfactory functionally 

and therefore proposed its use for the planting of the 

garlic using 18.65 KW tractor. However, tractor 

drawn garlic planter which is estimated to be 

$ 854.46 to be high for a single farmer to own the 

machine but by renting farmers can save time, reduce 

production cost (planting operation cost) and prevent 

drudgery of labour.  

4 Conclusion 

The following conclusion could be made from the 

laboratory test of tractor drawn garlic planter: 

• The tractor drawn garlic planter works 

satisfactory and saves time. 

• The clove rate for seeds at different hopper 

filling and they were recorded were 122.86, 116.01 

and 111.23 kg respectively. 
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• The meter clove were observed average 

mechanical damage at different hopper filling level 

(¼ fill, ½ fill and full fill) were 0.803%, 0.91% and 

1.124% in of garlic clove respectively. 

• The developed tractor drawn garlic planter 

worked satisfactory functionally, can save time, 

reduce planting operation cost, prevent drudgery of 

labour, and therefore proposed its use for the planting 

of the garlic seed.  
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