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EDITORIAL

Yoshisuke Kishida
Chief Editor

July, 2023

The war between Russia and Ukraine has been going on for over a year and shows no signs of abating. 
This war has had a huge impact on many countries. Ukraine and Russia export a lot of food to Africa. 
This war has greatly reduced these exports and has caused food shortages. As a result, the number of 
hungry people in African countries is increasing due to food shortages. African countries that depend on 
food imports from Russia and Ukraine want this war to stop somehow, and they are trying to figure out 
how to stop it. The leaders of African countries will surely visit Russia and Ukraine and talk about how 
to stop the war in the future. Throughout history, man has developed science and technology, and indus-
try has used them to do many good things for mankind. But science and technology, if used wrongly, can 
become a weapon of war. For example, nuclear power, which uses nuclear fission reactions, for example, 
is spreading around the world. However, the experience of Hiroshima and Nagasaki in Japan has taught 
us that it is sometimes difficult for human beings to use these “technologies” correctly. 

Africa will soon have the largest population in the world, overtaking Asia, which currently has the 
largest population in the region. Therefore, the most important policy is to strengthen food production 
and agriculture. The spread of agricultural machinery is essential. The question is how to promote agri-
cultural mechanization in Africa. All people involved in agricultural machinery around the world should 
think together about how to promote agricultural mechanization in Africa. Agriculture is a way for man 
to harmonize with the earth’s life system and agricultural mechanization is indispensable for the im-
provement of agriculture.

Africa is a very large region with different climatic conditions, different soil conditions and different 
plant conditions. The continent is very diverse, for example, a desert spreads in northern area such as 
Egypt, and areas of heavy rainfall are located in the central part of the continent.  Therefore, the mecha-
nization of agriculture in Africa will require different kinds of agricultural machinery to help farmers to 
do the right work for the region and for crops, rather than simply applying the same methods.

Most agricultural work has been done by human labor, but from now on, mechanization of agriculture 
must be promoted. Agricultural mechanization needs to be diversified. 

When I visited Tanzania last year, I visited rice fields that had been established with Japanese aid. The 
area was equipped with combine harvesters and other agricultural machinery provided by Japan free of 
charge, but all the combine harvesters were broken and not in use. In other words, there was no one in 
the area who could repair the combines. This means that to promote agricultural mechanization in Af-
rica, it is necessary to educate and train local people who understand agricultural machinery. Africa will 
have the largest population in the world in the coming years, and agricultural machinery is in a great 
need for the region. Let us all work together to promote it.
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Abstract

This study analyzed regional 
differences in productivity of ag-
ricultural machinery sector using 
data envelopment analysis (DEA) 
approach. In this research, we iden-
tify areas with high productivity in 
agricultural machinery based on 
data envelopment analysis method. 
The data source was a database in 
the National Statistics Office of Iran 
(Agricultural Time Series Data-
base). Concerning the performance 
approach in this study, data envel-
opment analysis should be used with 
regarding to input-based process. 
In order to analyze data from DEA 
method with input-based approach, 
different provinces of Iran were se-
lected as the decision making unit in 
a particular crop year. The efficiency 
of provincial centers has been eval-
uated during 2013 and 2016. Based 
on the results, the centers with 
performance index of 1 deemed 
as efficient centers. These centers 

having high technical performance 
include Ardebil, Hamedan, Jiroft, 
Kurdistan, Ilam and Isfahan. Other 
provincial centers have been techni-
cally inadequate or efficient Pareto 
Kopman.

Keywords: Agricultural Machin-
ery Productivity, Data Envelopment 
Analysis, Technical Performance, 
Pareto Kopman Efficiency.

Introduction

It is important to efficiently uti-
lize agricultural machinery as an 
important factor in development of 
any country in the agricultural sec-
tor. In the last two decades, there 
has been a great deal of changes in 
the content and quality of global 
markets; the move towards re-
gionalization and globalization of 
markets has accelerated; in parallel, 
the pivotal period has come to an 
end and the period of production is 
based on efficiency and quality. It is 

in the process of formation (Ardal 
et al., 2011). Crop producers aim to 
optimize their use of machinery and 
avoid wasting valuable resources, 
using their agricultural machinery 
to suit their needs and abilities.

Regarding to the important role 
of the mechanization as an essential 
and basic stimulus for the develop-
ment of agriculture, it meets the 
diverse needs of both producers and 
consumers on the other hand (both 
inside and outside of the country), 
(Amon, 2013). Apart from the fact 
that the manufacturers are utilizing 
machinery, the company is also fo-
cusing on improving the efficiency 
of our province and the countries 
provinces. One of the main features 
of this transformation is the growth 
of production. This research will try 
to identify the outputs and inputs of 
using the machineries the country 
provinces in terms of efficiency in 
using agricultural machinery and 
discussing the optimal use. Al-
though the agriculture section has 

Vali Rasooli Sharabiani
Dept. of Biosystems Engineering, 
University of Mohaghegh Ardabili,
Ardabil, IRAN
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the main role is employment.it has 
minor role in national production. 
According to tis, farmers outcon is 
low in the above category and they 
don’t have enough qualification to 
produce more in our country, ac-
cording to lock of water resources. 
We can’t plant most are as to pro-
duce more. So, the only way to 
increase productivity is to regard 
the machinery efficiency. If we fol-
low this trend, the amount if harvest 
will increase. Therefore, formers 
involvements increase duet pro-
ductivity to achieve this goal form-
ing equipment must be provided 
enough.  

Theoretical Foundations

Based on studies by Bahaian and 
Najafi (2017) the third generation 
is based on the ideas generated by 
the media. Indicates a median score 
based on the mean score, with a 
mean score based on the mean score 
View article View with a menu, a 
menu of basic ideas. In terms of 
the number of mouse clicks, the 
maximum spacing is 1.72 times the 
average spike: With the highest av-
erage fruit juice prices, the average 
monthly consumption is 1.26 times. 
Resea rch by Madame Madan i 
(2016), who provided some infor-
mation on human capital. In order 
to evaluate the situation using the 
tractor in Kerman province required 
data includes acreage number and 
balance of machines used in agri-
culture, costs and revenues using 
the tractor, working hours based on 
different types of farming activities, 
go to Statements or interviews with 
beneficiaries. These statistics mea-
sure the horsepower per hectare, 
level of mechanization internal rate 
of return and net present value of 
investment in the purchase and use 
two types of tractor units in 20131 
Romania is used. Eventually, it 
turned out that the top 10 percent of 
the company had an interest rate of 
84% on their corporate group. The 

current results also showed that the 
average yields were approximately 
0.37 and 1.24, respectively.

Nasabian and Shahriar (2013) 
in a study relating to determine 
economic efficiency of agricultural 
production units showed that all 
wheat production units in Khorasan 
province have low economic effi-
ciency, which is related to their low 
technical efficiency. This means that 
by using a specific input, producers 
cannot access the maximum profit 
and thus the resources are not used 
efficiently. Shajri and Barikani’s 
study (2008) was conducted to de-
termine the economic efficiency of 
agricultural production coopera-
tives and the factors affecting their 
economic efficiency. The results 
of estimating the profit function of 

agricultural production cooperatives 
in Fasa, Firozabad, Marvdasht and 
Eglid show that the amount of initial 
and current capital of the coopera-
tives of agricultural production and 
the cost of all their activities are 
directly related to the marginal 
profit. Also, the results of economic 
efficiency distribution of agricul-
tural production cooperatives of the 
mentioned cities show that their av-
erage economic efficiency is 0.741. 
The study results of the factors af-
fecting the economic efficiency of 
agricultural production cooperatives 
in these cities show that the level 
of education of the CEO, the num-
ber of activities of the agricultural 
cooperatives (activity variety), the 
distance of the agricultural coopera-
tives from the city center and their 

Table 1 Performance evaluation of centers in 2016

DMU 
No. RTS ∑λ

Input-
oriented 

CRS 
efficiency

DMU
Name

Bench 
marks

1 East Azarbaijan 1.00000 1.000 Constant 1.000
2 Western Azerbaijan 0.67406 3.620 Decreasing 0.002
3 Ardebil 1.00000 1.000 Constant 1.000
4 Esfahan 0.49311 0.601 Increasing 0.256
5 Ilam 0.81628 0.441 Increasing 0.006
6 Bushehr 0.29078 0.957 Increasing 0.000
7 Tehran 0.81700 15.387 Decreasing 6.359
8 Chahar Mahal Bakhtiari 0.68188 0.494 Increasing 0.362
9 Khorasan 0.78225 0.439 Increasing 0.000
10 Khuzestan 1.00000 1.000 Constant 1.000
11 Zanjan 0.78620 1.984 Decreasing 0.351
12 Semnan 0.69334 1.348 Decreasing 0.236
13 Sistan and Baluchestan 0.51765 4.050 Decreasing 0.619
14 Fars 0.49504 1.122 Decreasing 0.010
15 Qazvin 1.00000 1.000 Constant 1.000
16 Qom 0.66492 0.076 Increasing 0.000
17 Kurdistan 0.73801 14.973 Decreasing 8.920
18 Kerman 1.00000 1.000 Constant 1.000
19 Kermanshah 1.00000 1.000 Constant 1.000
20 Golestan 1.00000 1.000 Constant 1.000
21 Gilan 0.83694 2.244 Decreasing 0.291
22 Lorestan 1.00000 1.000 Constant 1.000
23 Mazandaran 0.80238 4.372 Decreasing 0.003
24 Central 0.56604 8.746 Decreasing 0.112
25 Hormozgan 1.00000 1.000 Constant 1.000
26 Hamedan 1.00000 1.000 Constant 1.000
27 Yazd 1.00000 1.000 Constant 1.000
28 Mantagh jiroft v kerman 1.00000 1.000 Constant 1.000
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location. Co-operative company in 
Firozabad city (compared to Eqlid, 
Marvdasht and Fasa cities) has a 
positive effect on economic efficien-
cy, type of government management 
(as opposed to autonomous manage-
ment) and duration of activity of 
agricultural production cooperative 
company and being located in Fasa 
city (Compared to Eglid and Marv-
dasht cities) and the location of the 
cooperative The city Eghlid (to the 
city MARVDASHT) has negative 
impact on the economic efficiency 
of agricultural production coopera-
tives in the province.

Ma hd av i  a nd Rezaei  (2010) 
Comparative analysis of technical 
efficiency studies of Iranian agricul-
tural sectors, one of the most impor-
tant issues in development process 
in any country, especially develop-
ing countries like Iranian this tech-
nique, optimal use of production 
factors in production is meant.  In 
production process. According to 
the results, the average technical ef-
ficiency was 68.51% for the whole 
agricultural sector and 78.56%, 
67.45% and 59.54% for the various 
sectors such as agriculture, horticul-
ture and poultry, respectively, the is 
statistics show a potential increase 
in Iranian agriculture. Production is 

up to 32% by using the same factors 
of production and can be increased 
significantly by considering the fac-
tors that contribute to increasing 
technical efficiency.

The study by Luimi and Abbasi 
(2003) shows that the mechanization 
level in the north of Ahvaz is 1.1 hp. 
Despite the relative desirability of 
this level, the degree of mechaniza-
tion was low for the most of appro-
priate technology operations, and 
most of the tractor farmers. They 
use only primary and secondary 
daily soil for routine operations. On 
the other hand, the qualitative status 
of the area mechanization, includ-
ing user skill, machine management 
and support services, wheat respect 
to calculated parameters such as low 
tractor productivity (about 40%), 
high harvest loss (about 9.4%), and 
poor training of machine users have 
no balance with the level of mecha-
nization of the area. Consequently, 
in order to increase the efficiency 
of agricultural machinery in the 
region, along with paying attention 
to the training of the mechanization 
of its various operations. Suitable 
machines and equipment must be 
provided.

However, given the low degree 
of innovation and adoption of new 

technology in the local farming-
based system, besides training and 
extension classes, and showing sam-
ple farms, encouraging and support-
ing mechanized service companies 
should be done to provide more ma-
chines and equipment. The results 
of the Sarbazi and his colleagues 
study (2013) showed that the mecha-
nized level in this study was about 
0.96 hp which indicates a deficiency 
in the tractor power of the area to 
reach the normal level of one hp per 
hectare, the government has to add 
2009 horsepower to tractor power in 
the area.

Saeedi Rad et al. (2017) study of 
the technical and economic evalu-
ation of the performance of PAW 
combines showed that the tertiary 
combines had the highest field ca-
pacity (0.48 ha/h) and the lowest 
yield (64.9%). Compared to the oth-
er two combines; the highest return 
(74.68%) belongs to the two-row 
combine. The lowest weight per-
cent remaining on the calf (7.87%) 
is seen at a speed of 1.2 km/h. The 
results of economic evaluation and 
comparison three-row combine with 
two double row combine show that 
the three-row and two-row combine 
also have less return on investment 
(3.29 years) than the other two com-
bines.

The main purpose of the research 
was to analyze the regional differ-
ences in agricultural machinery sec-
tor productivity using Data Envelop-
ment Analysis (DEA) approach. For 
this the two objectives were found:
a. Examining the provincial centers 

of productive efficiency by using 
of agricultural machinery with 
the Data Envelopment Analysis 
(DEA) approach.2

b. Assessment and Comparison 
of Provincial Centers according 
to and Efficiency in Using Ag-
ricultural Machinery with Data 
Envelopment Analysis (DEA) Ap-
proach.
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Research Method

3.1 Definitions
Productivity: A concept that as-

sesses the cost of resources spent a 
goal achievement. Thus, comparing 
the outputs with the inputs deter-
mines the efficiency.

Data Envelopment Analysis: One 
of the most effective tools in this 
field is data envelopment 7 analyses, 
which is used as a non-parametric 
method to calculate the efficiency 
of making units. The use of data 
envelopment analysis techniques is 
rapidly increasing today and is be-
ing used in the evaluation of various 
organizations and industries such as 
banking industry, post office, hospi-
tals, training centers, power plants, 
refineries and so on.

Making Decision Unit: The de-
cision-making unit is an organiza-
tional unit with a separate structure 
that is managed by a person named 
chief or officer.

The purpose of this study was 
to analyze regional differences in 
agricultural machinery sector pro-
ductivity using data envelopment 
analysis (DEA) approach. In this 
research, the researcher seeks to 
identify productive areas in the field 
of agricultural machinery produc-
tivity based on data envelopment 
analysis method, so this research is 
an applied one because after the re-
search completion, its findings can 
be used in the research community. 
The current study is a descriptive-
case one in terms of data collection. 
Duet above explanations, the type of 
research is a descriptive-case one.

A library study is used to exam-
ine the dimensions of the problem 
according to available books and 
articles. According to productiv-
ity trend, using data envelopment 
technique must be preferred. The 
making decision units are diverse 
provinces in a harvest period. (Agri-
cultural and employment is used to 
collect data base).

3.2 CCR-DEA Model
Consider a set of decision units 

whose number is n. Also suppose 
that each (j = 1, 2,..., n) DMUj uses 
m input or Xij source (i = 1, 2,..., m) 
and s sits your output. Outputs are 
Yrj (r = 1, 2,..., s). The CCR relative 
model is defined as follows.

Max h0 = 
∑r μryr0 	 (1)	      ∑i ϑixi0

In equation (1) the decision variant 
are μr and ϑi and their coefficients are 
Xi0 and Yr0, respectively. Finally, the 
fractional planning model for evalu-
ating the performance of making 
decision units is written as follows.

Max h0 = 
∑r

s
=1 μryr0

		       ∑i
m
=1 ϑiyi0

s.t.
 ∑r

s
=1 μryrj ≤ 1   j = 1, 2,..., n     (2)	   ∑i

m
=1 ϑiyij  

μr, ϑi ≥ 0   ∀ r, i

The above fractional program-
ming model was f i rst  used by 
Charnes et al. (1978) and is called 
CCR. In this model a fractional 
planning model is used to evalu-
ate each DMU so that the objective 
function of this model is to maxi-
mize the ratio.

Max ∑r
s
=1μryr0	

s.t. ∑r
s
=1 μryrj − ∑i

m
=1 ϑiyij ≤ 0         (3)

j = 1, 2,..., n		
∑i

m
=1 ϑixi0 = 1		            

 (4)μr, ϑi ≥ 0   ∀ r, i
In fact, the fractional program-

ming model answer (3) is the same 
as the linear programming model 
answer (4). Model (4) is an input-
oriented model. Because by enlarg-
ing by considering the input value 
as one, it enlarge the value of the 
linear equation of the outputs. In 

Table 2 Effective evaluation of centers in 2017

DMU 
No. RTS ∑λ

Input-
oriented 

CRS 
efficiency

DMU
Name

Bench 
marks

1 East Azarbaijan 0.86328 0.984 Increasing 0.000
2 Western Azerbaijan 0.29889 0.426 Increasing 0.000
3 Ardebil 1.00000 1.000 Constant 1.000
4 Esfahan 1.00000 1.000 Constant 1.000
5 Ilam 1.00000 1.000 Constant 1.000
6 Bushehr 0.96419 0.451 Increasing 0.036
7 Tehran 1.00000 1.000 Constant 1.000
8 Chahar Mahal Bakhtiari 0.57577 0.283 Increasing 0.045
9 Khorasan 0.44514 0.404 Increasing 0.007
10 Khuzestan 0.21919 1.092 Decreasing 0.000
11 Zanjan 0.68484 3.871 Decreasing 0.300
12 Semnan 0.65245 0.781 Increasing 0.022
13 Sistan and Baluchestan 0.17180 2.061 Decreasing 0.226
14 Fars 0.59414 0.504 Increasing 0.050
15 Qazvin 1.00000 1.000 Constant 1.000
16 Qom 0.52722 1.181 Decreasing 0.073
17 Kurdistan 1.00000 1.000 Constant 1.000
18 Kerman 0.30273 2.926 Decreasing 0.039
19 Kermanshah 1.00000 1.000 Constant 1.000
20 Golestan 1.00000 1.000 Constant 1.000
21 Gilan 0.67506 4.433 Decreasing 0.584
22 Lorestan 0.97124 4.014 Decreasing 2.167
23 Mazandaran 1.00000 1.000 Constant 1.000
24 Central 1.00000 1.000 Constant 1.000
25 Hormozgan 0.37072 0.228 Increasing 0.074
26 Hamedan 1.00000 1.000 Constant 1.000
27 Yazd 0.61821 7.224 Decreasing 3.443
28 Mantagh jiroft v kerman 1.00000 1.000 Constant 1.000
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most cases number of communities 
is greater than the number of per-
formance indicators (including in-
puts and outputs). Solving the Dual 
Model Number 3 makes it easier 
to linear programming problem, 
so Dual Model Number (4) can be 
shown as following.

θ* = Min θ
s.t. ∑j

n
=1 xijyrjλj ≤ θxi0   i = 1, 2,..., m

s.t. ∑j
n
=1 yrjλj ≥ yr0   r = 1, 2,..., s

λj ≥ 0   j = 1, 2,..., n	 (5)
The optimal values are always 

less than or equal to one. If the op-
timal value is equal to one in the 
DMU0 will be an efficient unit and 
if the optimal value is less than one, 
the DMU0 will be ineffective. The 
optimal value represents the perfor-
mance value of DMU0 and DMU0 
can be a part of the making decision 
units.

In model (5) there are definite 
values for the input and output con-
straints and their values are calcu-
lated as follows.

si
− = θ*xi0 − ∑j

n
=1 xijλj   i = 1, 2,..., m

sr
+ = ∑j

n
=1 yrjλj − yr0   r = 1, 2,..., s

(6)
In relation (6), we show the val-

ues and the helping variants of the 
input and output respectively. Using 
the concepts of helping variants we 
have the following DEA model. In 
the following model, model (5) is 

first implemented and the optimal 
values are obtained and inserted in 
the following model, then the fol-
lowing model is solved.

Max ∑i
m
=1 si

− + ∑r
s
=1 sr

+

∑j
n
=1 xijλj + si

− = θ*xi0   i = 1, 2,..., m
∑j

n
=1 yrjλj − sr

+ = yr0   i = 1, 2, ..., s
(7)

Using Model (7) we define the ef-
ficiency of making decision units as 
follows.

The DMU0 function has high ef-
ficient (in 100% efficient). If si

− = sr
+ = 

0r
+ = 0, θ = 1
In this case, DMU0 is efficient for 

Pareto-Copman.
The DMU0 function inefficient if 

si
− # 0 or θ* = 1 or sr

+ ≠ 0 for some i 
and r. In this case DMU0 is Farrell’s 
efficient.

DMU0 is ineffective if θ* < 1.
It should be noted that the value 

indicates technical, radial or relative 
efficiency. According to the above 
definitions, the following concepts 
are defined in data envelopment 
analysis.

If θ* = 1, DMU0 is technically ef-
ficient, and if θ* < 1, then DMU0 is 
technically ineffective.

If θ* = 1 and si
− ≠ 0 / or sr

+ ≠ 0 is for 
indri DMU0 is technically efficient, 
but this unit has mixed inefficien-
cies.

If θ* < 1 and si
− ≠ 0 (or) sr

+ ≠ 0 for 

some i’s and r’s, then DMU0 is both 
technically inefficient and mixed 
inefficient.

Statistical Findings of the 
Study

The findings of the research are 
reported in the following tables 
based on statistical data on agricul-
tural machinery sector productivity 
across provincial centers.

Based on the results of the centers 
which performance index is 1, the 
centers are efficient. These centers 
are technically efficient.

On the other hand, since all help-
ing variants relating to inputs and 
outputs are zero after solving the 
model, these centers are either 
Pareto-Kopman efficient or efficient. 
The above chart compares these 
centers. The centers being more ef-
ficient have tendency to 1.Also since 
for the other θ* < 1, these centers are 
technically inefficient the input or 
output other centers also have com-
pound on the other hand 

When one of these covariant is 
more than zero the center is mixed 
technical efficient. According to this 
fact that some centers have the val-
ues of co variants as zero, they are 
Pareto kopman technical efficient to 
their inputs (si

−) and outputs (sr
+) are 

zero after solving the model, the Pa-
reto Kopman technique is efficient.   

Due to findings, the centers which 
performance index is 1 are efficient 
centers. These centers technical per-
formance. Ardebil, Hamedan, Jiroft, 
Kurdistan, Ilam and Isfahan have 
been effective this year.

On the other hand, since all co 
var iants relat ing to inputs and 
outputs are zero above solving 
the model, these centers are either 
Pareto-Kopman efficient or efficient. 
The chart compares these centers. 
The centers that are more efficient 
have high tendency to 1 in compul-
sion with other centers. In addition, 
since for the other θ* < 1, these 
centers are technically inefficient, 
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on the other hand, when solving the 
model, at least one of the input or 
output covariant is zero, so these 
other centers are mixed  inefficien-
cies. Since the centers that have the 
index of covariant relating to their 
inputs (si

−) and outputs (sr
+) are zero 

after solving the model, the Pareto 
Kopman technique is efficient .Due 
to this fact that the centers with in-
put covariants (si

−) and output ones 
(sr

+) valued as zero they are technical 
and parto kopman efficient.

Conclusion

The purpose of this study was 
to analyze regional differences in 
productivity of agricultural machin-
ery sector using Data Envelopment 
Analysis (DEA) approach. Provin-
cial centers efficiency assessment 
of agricultural machinery sector 
is based on their inputs (type of 
machinery, time of use and energy 
consumption in terms of fuel and 
employment, costs, water and area 
cultivated). We have examined the 
power of these provinces in terms 
of production and production ef-
f iciency. Findings of the study 
indicate that different centers have 
significant differences in produc-
tion efficiency. Based on the results, 
the centers with their performance 
index 1 were efficient. These centers 
are technically efficient. Ardebil, 
Hamedan, Jiroft, Kurdistan, Ilam 
and Isfahan have been effective this 
year.

According to the results, it is sug-
gested that: Provinces that have 
been more efficient in the field of 
agricultural machinery productiv-
ity should allocate their production 
based on the principle of absolute 
and relative profit or increase the 
percent aye of cultivated area. The 
provinces that have been ineffective 
in producing should r evaluate their 
efficiency in the different agricul-
tural machinery sector, and change 
machinery, educate the use of ma-
chinery and type of machinery. The 

provinces need assess their produc-
tion inputs and outputs indepen-
dently to improve their production 
strengths based on production in 
different time duration.  
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Abstract

In India, the cultivation of cassava 
is mainly done in states of Kerala, 
Tamil Nadu, Andhra Pradesh, Na-
galand, Meghalaya, and Assam; 
Tamil Nadu stands first both in area 
and production, and followed by 
Kerala and Andhra Pradesh. The 
total area under tapioca in India is 
216.66 thousand ha and production 
is about 7,319.13 thousand metric 
tonnes. At present planting is done 
manually. The planting is done by 
women laborers by placing stakes in 
the ploughed and ridged soil. This 
tedious process requires around 
20 man days/ha. The farmers con-
tract the entire planting operation, 
which leads to increased cost of 
cultivation. If suitable system is 
developed for easy planting, they 
can get considerably higher price 
and profit. Currently very few plant-
ers are available in India hence, to 
eliminate the above problem, de-
velopment of a cassava planter was 

attempted. To optimize the design 
of cassava stake cutter, an experi-
mental cassava stake cutter was de-
veloped with main components viz., 
Hopper, Cutting blade, and Motor. 
The experimental cassava stake cut-
ter was tested for its performance 
and was found working satisfacto-
rily. An experimental cassava stake 
planter was developed to optimize 
the speed of counter rotating roll-
ers for planting the cassava stakes. 
The test results indicated that the 
best planting was obtained at roller 
speeds of 400 rpm and 360 rpm and 
the highest number of stems per 
minute was 80. Similarly, the lowest 
number of stems per minute was 50 
stems at speed of 190 rpm. Based on 
the optimized parameters, a tractor 
operated single row cassava stake 
cutter planter was developed and 
evaluated under laboratory and field 
conditions. From the laboratory 
trials the highest number of stakes 
per minute of 62 was obtained with 
the planting wheel speed of 1,421 

rpm and cutting blade speed of 38 
rpm and damage percentage of 34.7 
was recorded. The average length 
of stake cut was recorded as 160 
mm and the average diameter of the 
stake was measured as 31 mm. The 
effective field capacity of the devel-
oped planter is 0.18 ha h-1. 

Keywords: Cassava planter, stake 
cutter, cutter planter

Introduction

According to FAO classification, 
root and tuber crops form staple diet 
for three per cent of the global pop-
ulation. Cassava is mostly used for 
human consumption in the African 
continent and in the South America. 
Industrial utilization of cassava is 
prominent in Thailand, Indone-
sia, Vietnam, India in the form of 
starch, sago, dried chips, flour etc. 
In India, the cultivation of cassava 
is mainly done in Kerala, Tamil 
Nadu, Andhra Pradesh, Nagaland, 
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Meghalaya, and Assam. Tamil Nadu 
stands first both in area and produc-
tion, followed by Kerala and Andhra 
Pradesh. The total area under tapi-
oca in India is 216.66 thousand ha 
and the production is about 7,319.13 
thousand metric tonnes. It is a crop 
of food security in Kerala. By virtue 
of its diversified uses, it has become 
an important commercial crop in the 
agricultural economy of states like 
Tamil Nadu and Andhra Pradesh. 

Cassava is also an important cash 
crop, especially in the state of Tamil 
Nadu where about 61% of total cul-
tivation under cassava is located; 
it is the raw material used for the 
industrial production of starch and 
sago and caters to the needs of 1,300 
starch and sago factories, provid-
ing employment to 0.4-0.5 million 
people 

(Byju et al., 2010; Anon., 2012).
Cassava yields in India are by far 

the highest in the world, however in 
terms of cassava production in Asia, 
India comes third with a total pro-
duction of 9.6 MMT after Indonesia 
(22 MMT) and Thailand (30.08 
MMT). The reason for this disparity 
is due to the high production costs 
as a result of unavailability or high 
cost of labour. Consequently, the 
cost per tonne of cassava produced 
is still fairly high, making it dif-
ficult for India to compete in the 
world market (Howeler, 2012). For 
the past three decades, India’s cas-
sava production has not seen much 
significant change, however yield 
continues to increase significantly, 
chiefly due to the use of improved 
cassava varieties (Howeler, 2012). 
If this trend continues for the next 
decade, it is envisaged that labour 
constraints will be shifted from land 
preparation to harvesting as is been 
experienced in most cassava grow-
ing regions of Africa.

Cassava is normally planted using 
stem cuttings, also called “stakes”. 
The stems are normally cut when 
the mother plant is 8-12 months old. 
Stakes derived from the lower and 
middle part of the stem have signifi-

cantly higher germination rates than 
those derived from the upper part of 
the stem (George et al., 2001), and 
150-200 mm stakes have higher ger-
mination than shorter stakes of 50-
100 mm length (Fig. 1). 

Planting Method 
If the soil is loose and friable, 

stakes can be planted vertically by 
pushing the lower part of the stake 
about 50 mm length into the soil. 
When the soil is well prepared and 
friable, planting vertically is faster 
than planting horizontally, but care 
should be taken that the eyes or 
buds on the stakes face upward. 

Cutting is at an angle, which 
makes it easy to insert the stake into 
the soil, but the Centro International 
de Agricultural Tropical (CIAT) 
recommends horizontal cutting be-
cause a slanted cut increases tissue 
exposure and dehydration (Sinthu-
prama, 1980).

Helio (1980) explained the cas-
sava stems preparation for planting 
in Brazil. 

A circular saw powered by an 
electric, gasoline or diesel motor 
was used to cut the stems into 200 
mm length, and placed them in 
plastic boxes for use as the planting 
material for a Sans planter. Akhir 
and Sukra (2002) reported about 
a cassava stems cutting machine 
in Malaysia. The stems are cut by 
seven circular saws attached on the 
horizontal cutting shaft, which was 
operated by an electric motor. The 
conveyer chain with pegs was used 
to convey the cassava stems to the 
cutting unit. It can cut up to 3,300 
stakes h-1. Guzel and Zeren (1990) 
studied the theory of free cutting 
and its application for cotton stalk 
cutting. The results indicated that 
when cutting height was 100 or 150 
mm and diameter of stalk ranged 
between 10 and 25 mm, energy con-
sumption of blades were from 240 
to 289 kg-m. Also, maximum and 
minimum velocities for blade varied 
from 46.97 to 51.87 and 33.67 to 
36.52 ms-1 respectively.

A cassava stem cutting unit was 
developed to generate the design 
data for its use on a prototype of a 
cassava planter (Lungkapin et al., 
2007). It consisted of a 255 mm cir-
cular saw blade, cam mechanism, 
bottom plate, electric motor (0.75 
kW) to operate saw blade and a mo-
tor (0.37 kW). The cassava stems 
were fed manually into a feeding 
chute for free fall on to the bottom 
plate, and then these were cut by the 
circular saw operated by an electric 
motor. Cutting capacity depended 
on cam shaft speed. At 50 rpm cam 
shaft speed, minimum cutting ca-
pacity was found to be 5,034 stakes 
per hour (40,272 stakes day-1) with 
83.91% cutting efficiency. The stems 
were undamaged when operated at 
these conditions and showed satis-
factory germination performance.

At present planting is done by 
manually. The planting is done by 
women labours by placing stakes in 
the ploughed and ridged soil. This 
process requires around 20 man 
days ha-1 and is a tedious work. The 
farmers contract the entire planting 
operation and this leads to increased 
cost of cultivation. If suitable system 
is developed for ease in planting, the 
farmers may get considerably higher 
price and profit. Currently very few 
planters are available in India hence, 
to eliminate the above problem de-
velopment of cassava planter was 
attempted.

Material and Methods

The farmers cultivate cassava for 
edible and industrial purposes. The 
edible varieties are Sree Visakham, 
Sree Sathya, Sree Jaya, Sree Vijaya, 

Fig. 1 Cassava stakes for planting
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Sree Rekha and Sree Prabha. For 
industrial purpose, the available va-
rieties are H-97, H-165, H-226, Sree 
Harsha, etc.

Development of Laboratory Model 
Cassava Stake Cutter and Planter 

Cassava Stake Cutter
The experimental cassava stake 

cutter was developed (Figs. 2 and 3) 
with the following components:

a. Hopper
b. Cutting blade
c. Motor

Hopper 
This unit consists of two hopper, 

one is feeding hopper another one is 
delivery hopper. The feeding hop-
per is made of mild sheet. It is trap-
ezoidal in shape. Delivery hopper is 
round in shape with diameter of 80 
mm. 

Cutting Blade 
Cutting blade is made of mild 

steel. Diameter of cutting blade is 
200 mm. It is used to cut the cassava 
stem in constant speed. 
Motor 

 A 0.5 hp motor was used for cut-
ting the cassava stems. The cutting 
blade is rotated with the help of mo-
tor.

Experimental Cassava Stake 
Planter 

The Hopper
This unit consists of two hoppers 

one is a feeding hopper, another 
one is a delivery hopper (Fig. 4). 
This feeding hopper is made of MS 
with the dimensions 300 × 300 × 
300 mm, which is trapezoidal in 
shape. At the base of the hopper a 5 
mm diameter opening is provided 
and then below the feeding hopper, 
two numbers of counter rotating 
rubber rollers are placed. The vari-
able speed motor gives the power to 
rotating rollers. Below the rollers, 
the delivery hopper is attached with 
funnel shape.
Worm Gears

The drive gear contains 60 TPI 
(teeth per inch) 12.5 mm diameter 
gear and driven gear contains 20 
TPI- 5 mm diameter gear. The drive 
gear directly connected to the vari-
able speed motor with help of uni-
versal joint. The drive and driven 
gear ratio is 1:3.
Rubber Rollers

It is made up of rubber with the 
following dimensions (15 × 5 mm) 
and the gap between these rollers 
is adjusted. The rollers are counter 
rotating.

Power Drive
Power drive is used to control or 

adjust the speed of the rollers. The 
rollers will be rotated in the speed 
range of 0-400 rpm.

The performance of stem cutting 
unit was analyzed with different 
circular saws, cam shaft speeds and 
cutting shaft speeds.

The following indicators were 
used to evaluate the performance of 
the developed cutting unit: in terms 
of cutting capacity, cutting efficien-
cy, stem damage, power require-
ment, specific energy consumption 
and percentage of germination. 

Their details are as follows:
a) Cutting capacity (stakes/h)

Cp = s / t
Where, s = number of stakes, t = 

time (h)
b) Cutting efficiency (%)

Ef = (Cp / Theoretical cutting ca-
pacity) × 100

The theoretical cutting capacity 
was estimated to be twice the cam 
shaft speed.
c) Percentage of damaged stakes (%)

= (D / s ) × 100
Where, D = Number of damaged 

stakes after cutting
All kinds of broken stakes (ex-

cluding rough cut-face) were consid-
ered to be damaged stakes.

Development of Tractor Operated 
Cassava Planter 
A Prototype Tractor operated 

single row cassava stake cutting and 
planting equipment was developed 
at CIAE, RC, Coimbatore (Fig. 5). 
The developed unit consists of main 
frame, stake cutting system, stake 
planting mechanism, transmission 

Fig. 2 CAD drawing of experimental 
stake cutter

Main
Frame

0.5 HP 
Motor

Cutting
 Brade 

Feed
 Hopper 

Delivery
 Hopper 

Fig. 3 Operational view of experimental 
cassava stake cutter

Fig. 4 Experimental Cassava stake planter 
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system and ridger. 
Main Frame Assembly

The main frame of size 1500 × 
790 mm is made of 75 × 50 mm MS 
rectangular tube with tractor hitch-
ing set up. A platform size of 785 
× 400 made up of 50 × 50 mm MS 
square tube. Above the platform an 
operator seat is provided for seating 
an operator to feed the cassava stem 
in a height of 460 mm from the plat-
form.
Ridger

The double disk ridger has two 
560 mm diameter flat coulter disks 
mounted on bearing hubs. The two 
disk hubs are attached to a rigid, an-
gled axle. The disks had an included 
angle of about 15° and had a single 
contact point. The disk contact point 
is such that the disk gap is diverging 
for the arc of the disk that is in the 
soil. The trajectory of the unplanted 
billet is forward of the disk axle. 
Both the discs were placed opposite 
to each other. The distance between 
the discs can be adjusted by sliding 
the shank to alter the ridge width. 
A ridging shaper was attached the 
back side of the ridge to smoothen 
the ridge. The designed height of 
ridge is 150-170 mm top width is 
300 mm and the bottom width is 
500 mm, which may slightly vary 
depending on the soil condition. 
Hopper

Two numbers of hopper size 860 
× 405 × 450 mm made of MS sheet, 
were fixed in the both sides of plat-
form to keep the cassava whole stem 
as a feeding material.
Cutting Assembly 

The cutting assembly consists of 
two sets of counter rotating shafts 
of diameter 65 mm. Around the 
periphery two or four number of 
blades size 100 × 50 × 10 m were 
fitted at equal distance in between 
the rubber shafts of diameter 65 
mm was placed to hold the stem 
firmly to facilitate the cutting ac-
tion and preventing the damage to 
the stake. The number of blades can 
be changed to get optimum stake 
length of size 200-240 mm. The 

rotary blades gets drive from the 
PTO of tractor through suitable gear 
transmission.

The cassava stem is manually fed 
through a chopper box that cuts the 
whole stem of cassava into stakes 
approximately 200-240 mm in 
length. The chopper box has sharp 
knives mounted on rotary drums to 
cut and feed the stakes. The twin 
drums are gear-driven and are syn-
chronized such that the knives over-
lap and cleanly cut the cassava stem. 
Two stakes are produced for each 
rotation of the drum, and the pitch 
circle diameter of the drum is about 
twice the billet length (800 mm). 
Rubber feed rollers ensure posi-
tive feed of the cane stalk through 
the chopper box with minimal rind 
damage. As the chopper box is driv-
en from the PTO drive, this meter-
ing system produces very uniform 
stake spacing when used by trained 
operator. 
Planting Mechanism

The counter rotat ing r ubber 
wheels of diameter 170 mm are fab-
ricated and fitted below the cutting 
assembly to push the cut stakes in 
to the ridge with force. The fun-

nel tubes fitted above the planting 
mechanism and below the cutting 
assembly guide the cut stakes to en-
ter in to the counter rotating wheel 
assembly directly without any di-
version. Below the planting wheels, 
a channel like provision is made to 
guide the pushed stake to enter into 
the soil on top of the ridge directly 
in vertical position.
Transmission System

The power transmission arrange-
ment for cutting assembly and plant-
ing mechanism arranged accord-
ingly to get power from the tractor 
PTO. By changing the suitable gears 
speed of cutting mechanism and 
speed planting mechanism can be 
changed.
Tail Wheel

A spring loaded disc of diameter 
410 mm made of 4 mm thick MS 

Table 1 Technical specification
Sl. 
No. Speed (%) Setts/minute 

1 Over all dimension (L × B × D), mm 1810 × 1730 × 1250
2 Weight, kg 344
3 Ridger disc type
4 No of discs 2
5 Disc size(dia) 560 mm
6 Number of rows one
7 Cutting mechanism counter rotating shafts with rectangular 

blades
8 Planting mehansim counter rotating planting wheel
9 Drive PTO drive

Fig. 5 Tractor operated cassava planter

Table 2 Experimental data for optimization roller speed for planting
Sl. 
No. Speed (%) RPM Setts/minute Setts/minute 1 2 3
1 50 190 64 56 65 61.66aa

2 60 240 56 61 66 61aa

3 70 290 70 69 71 70bb

4 80 320 70 69 71 70bb

5 90 360 82 78 80 80cc

6 100 400 78 82 79 79.66cc
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sheet is provided to guide the plant-
er and counter balance the stability 
of the planter. 

Results and Discussion

Performance evaluation of the 
experimental cassava stake planter 
using cassava stems of different 
varieties was carried out. The ex-
perimental data for optimization 
of roller speed for number of setts 
planted per time is given in Table 2.  

The test results indicate that the 
best planting was obtained at roller 
speed of 400 rpm and 360 rpm and 
the highest number of stems per 
minute was 80. Similarly, the low-
est number of stems per minute was 
50 stems in the speed of 190 rpm. 
Damage to the stems was not ob-
served when operated at these con-

ditions. 

Laboratory Evaluation of Proto-
type Cassava Planter 
Laboratory evaluation data are 

furnished in Table 3.
From the Table 3 it was inferred 

that the cutting capacity increased 
with increase in engine speed, the 
highest cutting capacity of 3,720 
stakes per hour recorded for engine 
speed of 2,000 rpm and the lowest 
cutting capacity of 2,940 stakes per 
hour recorded for engine speed of 
1,500 rpm. The cutting efficiency 
was almost similar to all the speeds. 
The average cutting efficiency is 
81%. The damage percentage of 
stakes also increased with increas-
ing the speed. The lowest damage 
of 11.83% recorded for engine speed 
1,500 rpm and the highest damage 
of 19.76% was recorded for 2,000 

rpm (Fig. 6).

Evaluation of Prototype Under 
Field Condition
The operational view of the plant-

er is shown in Fig. 7 and the stakes 
planted are shown in Fig. 8. Table 
4 shows the results obtained during 
the field evaluation of the prototype 
cassava planter. Data presented for 
each trial is the average of three rep-
etitions. For example, if the desired 
size of the stake is 200 mm, and the 
prototype is adjusted to produce 
stakes with this length, the result of 
the uniformity in size parameter in-
dicates the efficiency of the machine 
to produce and plant stakes with the 
intended size. 

Planting Depth
The average values of planting 

depth were measured as 63.7 and 
20 mm for planter with two and 
four blades respectively (Table 4). 
From this data it was found that the 
planter with two blades is closer to 
the recommended depth of planning 
of 50 mm. 

Mean Spacing
The mean value of the stake spac-

ing of each stake planted row was 

Table 3 Laboratory evaluation data of cassava planter
Sl. 
No. Parameters Engine speed, rpm

1,500 1,700 1,900 2,000
1 Cutting blade speed, rpm 29.9 33.5 36.4 38
2 Planter speed, rpm 1,093.6 1,185.6 1,329.6 1,421
3 No of Stakes min-1 49 54 57.3 62
4 Damage, % 11.83 14.9 16.6 19.76
5 Cutting capacity, stakes h-1 2,940 3,240 3,438 3,720
6 Cutting efficiency , % 0.81 0.80 0.78 0.81

Fig. 6 Relationship between Engine 
speed and stake damage

Fig. 7 Operational view of tractor 
operated cassava planter

Fig. 8 View of planted field

Table 4 Field performance data comparison for two and four 
blades
Sl. 
No. Parameters Four blades Two blades

1 Plant spacing, mm 209.3 440.6
2 Depth of planting, mm 20.0 63.7
3 Stack length, mm 129 243.2
4 No of Nodes 6 13

Table 5 Overall performance data
Sl. 
No. Parameters Value

1 Uniformity in spacing, % 87.77
2 Uniformity in depth of planting, % 84.89
3 Missing, % 7.8
4 Effective field capacity, ha h-1 0.18
5 Field efficiency, % 85
6 Fuel consumption, lh-1 3.0 
7 Tractor forward speed , km h-1 2.0
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recorded as 440.6 mm and 209.3 
mm for planter with two and four 
blades respectively (Table 4). The 
mean spacing of cassava stake 
planted with two blade is very closer 
to the recommend spacing of 450 
mm. 

Stake Length 
The average values of stake length 

were recorded as 243.2 and 129 mm 
for planter with two and four blades 
respectively (Table 4). From this 
data it was found that the planter 
with two blades is closer to the rec-
ommended stake length of 200 mm. 

No of Nodes
The average number of nodes 

were recorded as 130 and 60 mm for 
planter with two and four blades re-
spectively (Table 4). From this data 
it was found that the planter with 
two blades is closer to the recom-
mended number of nodes of 10. 

The overall performance data of 
cassava planter is summarized in 
Table 5.

Conclusions

The test results indicated that the 
best planting was obtained at roller 
speed of 400 rpm and 360 rpm and 
the highest number of stems per 
minute was 80. Similarly, the lowest 
number of stems per minute was 50 
stems at speed of 190 rpm. From the 
laboratory trials the highest number 
of stakes per minute of 62 was ob-
tained with the planting wheel speed 
of 1,421 rpm and cut ting blade 
speed of 38 rpm, and corresponded 
to damage percentage of 34.7. The 
average length of stake cut was re-
corded as 240 mm and the average 
diameter of the stake was measured 
as 31 mm. The effective field capac-
ity of the planter is 0.18 ha h-1. 
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Abstract

This investigation was oriented to 
the design, manufacture and evalu-
ation of a solar dryer for aromatic 
plants. For the fulfillment of the 
proposed objectives, appropriate 
theoretical-methodological bases 
referring to the subject were estab-
lished and the pertinent computer 
tools were used. Amongst the main 
results obtained, it was evident that 
the theoretical foundations pro-
posed made it possible to establish 
the design parameters of a solar 
dryer for aromatic plants. Using 
the SolidWorks computer tool, the 
developed prototype was designed. 
The manufactured solar dryer was 
evaluated using 0.8 kg of bay leaves. 
During the process, a weight loss 
of 25% and a moisture reduction 
rate of 4.34% / h were obtained and 
changes in the main physical and 
organoleptic properties of the bay 
leaves were shown. Thermodynami-
cally, a total heat flow of 23.86 kW 
and a thermal efficiency of 37.4% 

were achieved, which demonstrated 
that the developed prototype has 
adequate efficiency. From the eco-
nomic point of view, a specific cost 
was reached to dry one kilogram of 
bay leaves of 37.25 peso/kg and an 
operating cost of 1.49 peso/h.

Introduction

Cur rent ly,  10 to 40% of the 
harvested products never reach 
consumers. That occurs mainly in 
developing countries due to the de-
composition and contamination of 
the produce (Esper and Muhlbauer, 
1998).

There is a diverse range of post-
harvest technologies applied to the 
preservation of perishable foods. 
However, in spite of being one of 
the oldest methods, the drying is 
still one of the most practical meth-
ods to extend the shelf life of the 
product and guaranteeing the physi-
cal, chemical and nutritional proper-
ties of foods (Balladin and Headley, 

1999).
Drying is an expensive process, 

which represents between 35 and 
40% of the total production cost. 
Amongst the drying processes cur-
rently applied are industrial drying 
methods, solar drying and the com-
bination of both as a way to reduce 
energy consumption and improve 
product quality (Sagar and Suresh, 
2010).

Since industrial dryers are not 
available to most small farmers, the 
use of low-cost and non-polluting 
alternative and renewable energy in-
creases the economic viability of the 
process by reducing its application 
costs (Curcio et al., 2008; Purohit 
et al., 2006; Tshewang, 2005). Solar 
dryers are an alternative to drying 
in developing countries, where out-
door drying is the most widely used 
conservation method by small farm-
ers (Purohit et al., 2006).

Taking into account that a high 
percentage of these farmers do not 
have access to the electricity net-
work and the use of energy from 
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fossil fuels has not been feasible due 
to costs, an effective alternative for 
drying their products is the use of 
renewable energy. 

Various types of small-scale solar 
dryers have been developed and 
evaluated with their implementation 
in tropical and subtropical regions 
(Esper and Muhlbauer, 1998).

There are economic, social, envi-
ronmental and cultural factors that 
are relevant in the design of dry-
ing technologies. For small-scale 
agricultural producers, only those 
activities and investments that sig-
nificantly increase their incomes are 
significant, either directly by reduc-
ing costs or by increasing produc-
tivity. Therefore, unless solar drying 
systems offer exceptionally attrac-
tive benefits compared to outdoor 
drying or other drying systems, it 
will not be possible, in practice, to 
improve their acceptance (Purohit et 
al., 2006).

Under these circumstances, it is 
necessary to know and improve 
the current process of solar drying 
of agricultural products, and thus, 
reduce post-harvest losses, increase 
the quality of products, increase the 
efficiency of the process and achieve 
greater acceptance by farmers 
(Sagar and Suresh, 2010).

In 2006, world imports of aro-
matic plants recorded operations 
of more than $ 1.06 billion USD, a 
figure that reveals an inter-annual 
increase between 7% and 44% dur-
ing the five-year period under study.

The United States, Germany and 
Japan consolidated as the main 
consumers of these products. The 
US market allocated an amount of 
188 million USD to import these 
products, a value that represented an 
increase of 9% compared to 2005. 
In the specific case of Germany, it 
accumulated purchases of 128 mil-
lion USD and a five-year increase 
of 63%. The Japanese market, be-
came the third destination for world 
imports of aromatic plants and, 
despite having experienced a slight 
decrease of 3% in 2006 compared 

to the amounts imported in 2005, its 
purchases during the period 2002-
2006 ranged from  90 million USD 
to 100 million USD. It is important 
to note that there is a divergence in 
the destinations of imports, with 
Europe, Asia and North America as 
the main buyers of aromatic plants.

Within the post-harvest process, 
drying is the most important step 
and it helps to achieve product qual-
ity, since the commercialization and 
conservation conditions will depend 
on it. It is considered as optimum 
result to bring the fresh material to 
10% moisture content. The require-
ments for drying preparation are 
very high and, if they are not met or 
are not carried out at the right time, 
there is a danger of losing a large 
amount of active ingredients. The 
speed of drying, temperatures and 
air circulation are factors that de-
termine good drying. The objective 
is to provide a product with a mini-
mum percentage of moisture content 
in its tissues, which preserves color 
and aroma. Optimum drying tem-
peratures vary in different species, 
although in general they range from 
21° to 27°C (Fretes, 2010).

Due to the importance of post-
harvest management, specifically 
the drying of aromatic plants, it is 
necessary to carry out research that 
allow designing and manufacturing 
a solar drying for aromatic plants.

Material and Methods

Theoretical-Methodological Bases 
for Determining the Physical 
Properties of Aromatic Plants
Knowing the physical properties 

of aromatic plants constitutes vital 
information in engineering, to adapt 
and operate machines, to design and 
build storage structures, to establish 
adequate transport systems, to de-
sign solar dryers, to perform quality 
analysis and to control processes 
involved in post-harvest handling. 
These properties include height, 
density, mass, moisture content and 

weight loss or mass variation.
Moisture content is an index 

of product quality that can be ex-
pressed on a moisture basis or on a 
dry basis, as shown in expression 
(1). It is also possible to determine 
this parameter using a humidity 
meter (Klaassen, 1983; Sato, 1994; 
Ohshita, 1995).

Mwb = W / (Wa − W) × 100; %  (1)
Where, W: Water content, kg; Wa: 

mass of product after drying pro-
cess, kg. 

The degree of humidity of aro-
matic plants is measured for one 
hour to observe the change in mois-
ture content; this is called the rate 
of reduction of humidity per hour, 
which can be determined by the ex-
pression (2):

Mm = (Mi − Ma) / to;  %/h          (2)
Where, Ma: Moisture content af-

ter drying process, %; Mi: Moisture 
content before drying process, %; 
to: Operation time, h.

Loss of weight or variation of 
mass is the difference in mass of 
aromatic plants before drying with 
respect to it after being heat treated, 
it varies upwards during the drying 
process and directly inf luences in 
its duration, determined by means 
of the expression (3) (Thompson, 
1985).	

Pp = (Wb − Wa) / Wb × 100; %    (3)
Where, Pp: Loss of weight, %; Wb: 

mass before drying process, kg; Wa: 
mass after drying process, kg. 

The mass of the product after dry-
ing can be determined using a bal-
ance, if this measuring instrument 
is not available, then the mass of the 
product after drying can be deter-
mined using expression (4):

Wa = [Wb × (100 − Ma)] / (100 − 
Mi); kg		             (4)

In the specific case of determin-
ing the size of the leaves of aromatic 
plants, a sample of 50 leaves is 
randomly selected. The thickness is 
measured with the use of a microm-
eter with an accuracy of ± 0.001 
mm or minimum diameter. In the 
case of the mean and larger diam-
eters, thickness is determined using 
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a Vernier with an accuracy of ± 
0.01; these measurements are made 
before and after the drying process.

For the determination of the volu-
metric density of the leaves of aro-
matic plants, a sample with a mass 
of 1 kg is selected. It is compressed 
in a test tube until the interstitial 
spaces are minimized. At the end of 
compression, the volume occupied 
by the leaves is observed. To obtain 
the volumetric density, the mass is 
divided by the volume it occupies.

Theoretical-Methodological Bases 
for the Design of Solar Dryers for 
Aromatic Plants
Drying is generally accomplished 

by applying heat to a substance with 
a certain percentage of moisture. It 
is very important to know the dry-
ing behavior, as well as the condi-
tions and properties of the solid, 
because, based on them, the dryer 
can be designed according to the 
required needs. The study of drying 
also includes a set of problems such 
as geometries, fluid mechanics, heat 
and mass transfer, etc.

Bases for Calculating the Struc-
tural Resistance of Solar Dryers 
for Aromatic Plants
For the calculation of structural 

resistance of drying installations 
and other elements of agricultural 
machines and installations, the 
foundations defined by Feodosiev 
(1980), Stiopin (1985) were consid-
ered. In the specific case of solar 
drying installations, the resistance 
of the trays that support the mate-
rial to be dried must be determined, 
as well as the structure of the dryer 
under study, which is determined 
through the safety factor (SDS) and 
of the stresses resulting from the 
third resistance hypothesis (Von 
Mises) using the SolidWorks®2017 
computer system.

Bases for the Design of the Drying 
Chamber
For the design of the drying 

chamber, the volume of product to 

be processed (V) must be known, 
which can be determined by the 
volumetric density of the product. In 
the specific case of aromatic plants, 
the average volumetric density is 
200 kg/m3, so that the volume can 
be determined using the following 
expression:

V = W / ρ, m3	 (5)
Where, W: mass of product, kg; ρ: 

volumetric density of product, kg/
m3.

The volume of the drying cham-
ber (Vcs) must be four times the 
volume of the product, so that this is 
determined by the expression:

Vcs = 4 × V, m3		  (6)

Bases for the Design of the Product 
Placement Trays to be Processed
For determination of size of the 

trays, what is stated by Aparicio et 
al. (2011) is considered, which es-
tablish that the separation between 
trays should be approximately 2 
inches or 4 cm high.

With the knowledge of the volume 
of the drying chamber and the prod-
uct to be processed, it is possible to 
determine the volume of the trays 
(Vb), which in turn makes it possible 
to determine the number of trays re-
quired. The size of the trays must be 
considered in order to guarantee an 
easy loading and unloading opera-
tion of the drying installation.

Bases for the Design of the Solar 
Collector in Drying Installations
According to Montero (2005) 

for the design of solar collectors, 
eff icient materials are normally 
selected to increase the outlet tem-
perature of the air stream and, at the 
same time, to reduce the heat lost by 
the surfaces, that is, insulating ma-
terials. Aluminum, copper or gal-
vanized steel, usually painted non-
reflective black, is normally chosen 
for the absorbent plate and the plate 
can be smooth, corrugated or V-
shaped. For the cover, transparent 
plastics with good mechanical prop-
erties (methacrylate, polycarbonate, 
polyethylene, etc.) and for the walls, 

the materials can be very diverse, 
but they must be insulators such as 
glass wool, rock wool or similar, 
and wood to give solidity.

The efficiency of the solar collec-
tor is a relevant parameter to check 
the correct operation of the dryer. A 
common value for natural convec-
tion is about 40-60%, being higher 
for forced convection with adequate 
airflow.

The collector efficiency is de-
fined as the ratio between the heat 
power that is transmitted to the fluid 
stream, and the power that reaches 
the solar collector in the form of so-
lar energy.

η = Qu / (It × Ac)	 (7)
Where, Qu: Heat that absorbs the 

air current from entering the col-
lector until it leaves the collector, 
W, It: Total radiation on the inclined 
surface of the collector in W/m2, Ac: 
Collection area in m2.

Qu = ma × Cpa × (Tfo − Tfi); W   (8)
Where, ma: is the mass f low of 

air, kg/s; Cpa: is the specific heat of 
the air, J/kg °C; Tfo: the air outlet 
temperature in the collector, °C; Tfi: 
inlet air temperature in the collec-
tor, °C.

For the measurement of the mass 
f low of air, a PROVA-AVM-05 
anemometer is used, which offers 
the value of air speed. The ambient 
temperature is measured with three 
thermometers with a scale from 0 to 
50°C and ± 0.1°C degree of preci-
sion, one of them placed on the sur-
face of the layer of  leaves, another 
one at the bottom of it and the third 
one in the solar collector. To deter-
mine the magnitudes of the cross-
sectional area of the humid air outlet 
and the total area of the collector 
and walls of the drying installation, 
a tape measure of 5 m and a degree 
of precision of ± 1 mm is used. The 
thickness of the wall of the collector 
and walls of the prototype is deter-
mined with a vernier of ± 0.01 mm.

To support the efficiency of the so-
lar collector, the foundations stated 
by Uriol (2016) regarding the deter-
mination of the energy balance for 
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polyethylene roofs are considered, 
where the following hypotheses are 
considered:
a) There is no temperature gradient 

across the thickness of the cover 
and absorbent plate.

b) The system is perfectly insulated, 
there are no air leaks.

c) The heat capacities of the cover, 
absorbent plate and insulation are 
negligible.

Theoretical-Methodological Bases 
for the Determination of Heat 
Transfer in Solar Dryers of Aro-
matic Plants
To establish the fundamentals of 

heat transfer in drying installations, 
the criteria recognized by Faires and 
Simmang (1978), Geankoplis (1998) 
and Cengel (2002) are considered.

To dry a solid two fundamental 
and simultaneous processes take 
place:
a) Heat transmission to evaporate 

the liquid.
b) Mass transfer in internal humid-

ity and evaporated liquid.
Heat transfer is defined as energy 

in transit due to a temperature dif-
ference, that is, whenever there is 
a temperature difference between 
different bodies, a heat transfer must 
occur. Heat can be transferred from 
one body to another through three 
ways. These are conduction, con-
vection, and radiation.

Theoretical-Methodological Bases 
for the Functional Evaluation of 
the Aromatic Plant Drying Instal-
lation
For the functional evaluation of a 

drying installation, general behav-
iors have been established (Roa and 
Ortega, 2011), that is why it is very 
important to analyze and define the 
parameters that are taken into ac-
count when designing them. 

Parameters to Evaluate during 
the Drying Process
Drying aromatic plants decreases 

the amount of moisture to pre-estab-
lished levels. The required decrease 

in humidity ∆M serves as the basis 
for determining the amount of water 
that will be evaporated.

∆M = (M i − Mf) / (100 − Mf) × 
100; %		             (9)

Where, ∆M: moisture content re-
duction, %; Mi: Initial moisture con-
tent, %; Mf: final moisture content, 
%

So the mass of water to be evapo-
rated is:

W = (Ws × ∆M) / (100 − ∆M); %
(10)

Where, ∆WH2O: mass of water to 
evaporate, kg; Ws: mass of dry mat-
ter at the end of the process, kg.

Theoretical Bases for Economic 
Analysis
In order to determine the profit-

ability of the manufactured proto-
type, the bases were established to 
determine the operating costs.

  
Bases for Determining the Oper-
ating Cost of the Prototype
For the determination of the oper-

ating cost (Cexp), the determination 
of the fixed costs (Cf) and variable 
costs (Cv) of the prototype is re-
quired and the sum of these costs al-
low determining the operating cost 
(Iglesias, 2002; Hunt, 1983; Iglesias 
et al., 1999). That is to say:

Cexp = ∑
n

C
i=1

fi + ∑
n

C
i=1

vi; peso/h        (11)

Specific costs (Cesp). The specific 
costs define the cost in peso for 
each unit of work carried out. That 
is, the existing relationship of the 
operating cost in peso/h, between 
the productivity (Pinst) in t/ h, for the 
prototype is determined by:

Cesp = Cexp / Pinst; peso/t	 (12)
The productivity of the drying in-

stallation is obtained from the rela-

tionship between the amount of wa-
ter removed in the process and the 
time required to reach the adequate 
humidity for storage or further pro-
cessing (to).

Pinst = W / to; kg/h	 (13)

Results and Discussion

Design and Manufacturing of the 
Prototype for the Solar Drying of 
Aromatic Plants
The designed and manufactured 

solar dryer for aromatic plants (Fig. 
1) has a solar collector whose geo-
metric dimensions are 1500 × 500 × 
96 mm and a drying chamber whose 
geometric dimensions are 1000 × 
500 × 400 mm. It is based on the 
operating principle of raising tem-
peratures both in the solar collector 
and inside the drying chamber and 
achieving adequate air extraction as 
essentials to increase the efficiency 
of the drying process. On the other 
hand, the structural resistance cal-
culations were carried out to guar-
antee that the prototype supports 
the loads to which it is subjected 
and the maximum deformations that 
it can withstand when the trays are 
full of leaves of aromatic plants.

With the purpose of evaluat-
ing the structural resistance of the 

Fig. 1 Solar dryer of aromatic plants 
developed in research

Table 1 Results of the heat flow obtained in the component parts of the proposed 
drying system.

Materials
Q, kW

Area, m2
Thermal 
Efficiency, 

%Conduction Radiation Convection Total

Drying Chamber 15.00 0.19 -0.060 15.13 1.63
37.4Collector 8.35 0.11 -0.033 8.43 0.89

Total 23.35 0.30 -0.093 23.56 2.52
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prototype, the maximum stresses, 
displacement and unitary deforma-
tion to which it is subjected were 
determined. For this, the Solid-
Works®2017 computer system was 
used, which, using finite elements, 
considers the criteria by Von Miss-
es.

To determine these values, a mass 
of 10 kg was taken as a reference, 
considering the volumetric capacity 
of the trays located in the proto-
type’s drying chamber, which have 
a volume of 0.007 m3.

As it is seen in Fig. 2a, the maxi-
mum displacement is obtained be-
tween the upper limit of the polyeth-
ylene collector and the lower edge 
of the drying chamber, reaching a 
value of 2.3 mm, observing that the 
limit displacements are at the cen-
tric points. In Fig. 2b, it is observed 
that the unitary deformation reaches 
a value of 9.69 × 10-4. In Fig. 2c it 
is shown that the maximum tension 

obtained is 1.5 × 107 Pa, at the base 
of the drying chamber, which when 
compared to the maximum allow-
able stress of the material, demon-
strates the structural resistance of 
the prototype. 

Energy Transfer in the Proposed 
Drying Installation
In Table 1, the behavior of the 

heat f lows that respond to each of 
the energy transfer mechanisms 
can be seen. These results are of 
great importance due to the char-
acteristics that this type of system 
must have. It must achieve higher 
temperatures than those of the en-
vironment to carry out an efficient 
drying process, without damag-
ing the physiological quality of the 
product to be dried. The heat flow 
results were determined separately 
for the drying chamber and the solar 
collector.

From the results of each heat 

transfer mechanism, the total heat 
f low of the developed drying in-
stallation was determined, which 
amounts to 23.56 kW. That shows 
that the proposed design works as 
an installation of drying. From these 
values and the value of the average 
incident solar radiation in Cuba, 
that is 5 kW/m2.day, the thermal ef-
ficiency of the prototype was deter-
mined. It reached a value of 37.4% 
and means the percentage of solar 
energy that is used by the system, 
favorable to carry out the solar dry-
ing process of bay leaves. These 
results validate the thermodynamic 
principles on which the prototype 
was designed.

Determination of the Main Physi-
cal Properties of Bay Leaves
In order to increase the produc-

tivity and efficiency of the drying 
process, a solar dryer for aromatic 
plants was developed, which was 
designed, manufactured and evalu-
ated in areas of the Agricultural 
Mechanization Center (CEMA) of 
the Agrarian University of Havana.

For the evaluation process, a 
sample of freshly harvested (un-
dried) bay leaves was taken from 
“La Joya” farmhouse. The sample 
had an initial mass of 0.8 kg and the 
behavior of its physical properties, 
before and after the aforementioned 
process was determined. Size, 
moisture content and final mass of 
the product before and after drying 
were determined (Tables 2 and 3).

As it can be seen in Table 2, with 
the performance of the solar drying 
process, the values of the orthogonal 
dimensions and, correspondingly, 

Fig. 2 Resistance values: a) displacement, b) unitary deformation and c) maximum stresses when applying a load of 10 kg

(a) (b) (c)

Table 3 Behavior of the loss of moisture and mass of the bay leaves during the 
drying process

Initial Mass, kg Final Mass, kg Initial Moisture 
Content, %

Final Moisture 
Content, %

Amount of water 
removed, kg

0.8 0.6 35 13.13
0.2Weight loss , % Moisture reduction rate, %/h

25 4.34

Table 2 Bay leaf size behavior before and after the drying process

Average orthogonal dimensions, 
mm

Bay Leaves 
(Before 
drying)

Bay Leaves 
(After

drying)

Difference, 
mm

Long  (L), mm 66.54 64.35 2.19
Width  (a), mm 35.94 32.94 3.00
Thickness (es), mm 0.36 0.29 0.07
Diameters
Geometric mean diameter (Dg), mm 9.51 8.20 1.31
Arithmetic mean diameter (Da), mm 34.28 30.31 3.97
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the diameters are reduced, because 
of the shrinking of the leaves. This 
confirms that the drying process 
influences directly on these proper-
ties.

To achieve a better understanding 
of the results shown in Table 2 and 
appreciate the influence of the dry-
ing, images of the leaves were taken 
before and after that process (Fig. 
3).

As it can be seen in the previous 
figure, the leaves, before being sub-
jected to the drying process, had an 
intense green coloration and, after 
the drying process, they took on an 
opaque green color with a tendency 
to brown.

Another observed property was 
the texture; before the drying pro-
cess, the leaves had a marked elas-
ticity (they did not fracture easily) 
and after drying, they fractured eas-
ily. That demonstrates the relation-
ship between moisture content and 
texture.

The influence of the drying pro-
cess on the loss of moisture and 
mass was determined from the rela-
tionship between the moisture con-
tent and the initial and final mass of 
the sample analyzed (Table 3). 

Functional Evaluation of the Drying 
Installation for Aromatic Plants
In order to analyze the drying 

process of the bay leaves, the kine-
matics of it was determined inside 
the drying chamber, that is, the de-
crease in moisture content was ob-
served as a function of the operating 
time (Fig. 4).

As evidenced in Fig. 4, to achieve 
the reduction of the moisture con-
tent f rom 35% to 13.13%, for a 
sample of bay leaves with an initial 
mass of 0.8 kg, only 5 h of operating 
time was required, linearly reducing 
the moisture content of the analyzed 
sample. This efficiency in the dry-
ing process is given by the values 
of weight loss or mass variation and 
the rate of moisture content reduc-
tion (Table 3).

In addition to these results, the ef-

ficiency of the installation was also 
validated with the values of the va-
porization rate and the productivity 
achieved, which were 0.02 kg/h and 
0.04 kg of water removed/h, respec-
tively.

To evaluate the operation of the 
prototype, the temperature inside 
the drying chamber was monitored 
and its behavior can be seen in Fig. 
5.

As it is observed in the Fig. 5, 
the minimum difference between 
the temperature obtained inside the 
dryer and the ambient temperature, 
was obtained after placing the sam-
ples inside the installation (at the 
beginning of the drying process). A 
difference of 1.2 °C was observed.  
However, when the drying process 
stabilized, a maximum difference 
was reached between the tempera-
ture obtained inside the dryer and 
the ambient temperature of 12.1 °C. 
This difference was obtained at the 
third hour (13:38 h) after the drying 
process started.

In general, during the entire dry-
ing process, an average temperature 
increase of 7.48 °C was achieved, 
which gradually increased, without 
appreciating thermal collapses, an 
aspect that reveals the functionality 

of the installation designed.

Economic Analysis

In order to carry out an in-depth 
economic analysis with respect to 
the prototype developed, the operat-
ing costs of the prototype during the 
process were determined, which are 
represented in the Table 4.

The cost in salary is based on 
the current minimum wage in the 
country, as well as the amount of 
work done in hours. The costs in 
fuels and lubricants are nil since the 
manufactured prototype does not 
require fossil fuel, or lubricants for 
its operation. The depreciation cost 
reaches a value of 0.04 peso/h, with 
the initial price of the prototype 
being 536.71 peso, considering an 
annual depreciation percentage of 
12% and an annual load of 180 days 
working 8 hours. The cost in main-
tenance and repair only considers 
the replacement of the polyethylene 
cover, which must be replaced an-
nually. The specific or required cost 
to dry one kilogram of bay leaves 
is 37.29 peso/kg. To obtain these 
values, the productivity achieved by 
the prototype was considered, which 
was 0.04 kg/h, for a mean moisture 

Fig. 3 Bay leaves: a) before the drying process; b) after the drying process

(a) (b)

Table 4 Economic costs per hour of operation of the prototype
Costs Drying process

Depreciation cost (Cd), peso/h 0.04
Fuel-lubricant cost (Ccl), peso/h 0
Electricity cost (Cel) peso/h 0
Maintenance-repair cost (Cmr), peso/h 0.003
Cost in salary (Cs), peso/h 1.45
Operation Costs (Cexp), peso/h 1.49
Specific cost (Cesp), peso/kg 37.25
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content reduction rate of 4.34%/h.

Conclusions
 

a) The proposed theoretical-method-
ological foundations made it pos-
sible to manufacture and evaluate 
a solar dryer for aromatic plants.

b) With the use of the developed 
solar dryer, a weight loss of 25% 
and a rate of moisture reduction of 
4.34%/h were achieved, showing 
variations in the main physical 
and organoleptic properties of the 
bay leaves.

c) Using the SolidWorks 2017 com-
puter tool, the structural resis-
tance analysis of the developed 
prototype was performed, ob-
serving that it resists the loads to 
which it will be subjected.

d) The total heat f low of the pro-
posed aromatic plant solar dryer 
amounts to 23.86 kW, reaching a 
thermal efficiency of 37.4%, which 
shows that the prototype devel-
oped has adequate efficiency.  The 
economic analysis shows that the 
developed prototype is feasible for 
small-scale agricultural produc-
ers dedicated to the production of 
aromatic plants.

Recommendations 
 

a) Introduce the prototype devel-
oped in productive areas for the 
production of aromatic plants.

b) Carry out other investigations us-
ing other aromatic and medicinal 
plant varieties, where the maxi-
mum capacity of the facility is 
used.

c) Carry out research aimed at ana-
lyzing the quality of the products 
processed in the proposed instal-
lation, as well as the behavior of 
the active ingredients and essen-
tial oils.
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Abstract

This study was carried out to de-
sign and develop a tractor operated 
liquid fertilizer applicator, which 
could place liquid fertilizer inside 
soil simultaneously with seed. The 
liquid fertilizer selected was Urea 
Ammonium Nitrate. A liquid fertil-
izer metering system was developed 
that comprised a piston pump, con-
trol valve, distributor and conduit 
pipes. The piston pump was oper-
ated by tractor power take-off.  The 
metering system was calibrated 
for nitrogen basal dose applica-
tion. There was approximately 30-
33% increase in f low rate with an 
increase in pressure from 0 to 1 kg-
cm-2, whereas, there was only 6-10% 
increase in flow rate when pressure 
changed from 1 to 2 kg-cm-2. For a 

flow rate range of 11.1-17.96 l min-1, 
the required pump speed ranged be-
tween 245-421 revolutions per min-
ute. A shovel type furrow opener 
was modified to conduit the fertiliz-
er into soil. Modified shovel furrow 
openers were able to place liquid 
fertilizer inside the soil at a depth of 
3-4 cm below the wheat seed. The 
prototype liquid fertilizer applicator 
had an average draft requirement of 
3.2 kN at full tank load (300 liters). 
The average slip of applicator was 
6.23%. The average field capacity 
and field efficiency were 0.23 ha.h-1 
and 72% respectively for continuous 
operation of the applicator at an av-
erage speed of 1.78 km.h-1.

Keywords: applicator, tractor, 
liquid fertilizer, wheat, Urea Am-
monium Nitrate

Introduction

Granular fertilizers are widely 
used in the crop production system. 
In global fertilizer demand, Nitrog-
enous fertilizer has the major share 
(60%) compared with phosphoric 
(22%) and potassic (18%) fertilizer 
(FAO, 2017). Among Nitrogenous 
fertilizer, urea commands a world-
wide market share of 58 percent 
(Anonymous, 2017). However, Urea 
has a major disadvantage in terms 
of losses of N through volatiliza-
tion, if it is not incorporated into 
the soil soon after application (Chen 
et al., 2016). Injection of liquid 
fertilizer into the soil can reduce 
nutrient loss through volatilization, 
reduce surface runoff pollution, and 
increase plant uptake of nutrients. 
Application of aqueous urea at root 
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zone depth enhanced plant growth 
performance parameters in addition 
to better germination (Kant, 2008)). 
Due to the limitations of prilled 
urea, liquid fertilizers are popular in 
foreign countries viz. USA, Europe-
an Union, Australia and many more 
(Anonymous, 2017 and Isherwood, 
2003).  

The most widely used nitrogen-
based liquid fertilizer in these coun-
tries is Urea Ammonium Nitrate 
(UAN), which is an aqueous solution 
of urea and ammonium nitrate. UAN 
solutions are commonly injected into 
the soil beneath the surface, sprayed 
onto the soil surface, dribbled as a 
band onto the surface, added to ir-
rigation water, or sprayed onto plant 
leaves as a source of foliar nutrition 
(IPNI, 2019). UAN contains nitrogen 
(N) between 28-32%. The NO3- por-
tion (25% of the total N) is immedi-
ately available for plant uptake. The 
NH4+ fraction (25% of the total N) 
can also be assimilated directly by 
most plants but is rapidly oxidized 
by soil bacteria to form NO3- (ni-
trate). Soil enzymes hydrolyze the 
remaining urea portion (50% of the 
total N) to form NH4+, which subse-
quently transforms to NO3- in moist 
soil conditions.

It is easier to calibrate equip-
ment to uniformly apply UAN via 
liquid applicators as compared to 
other types of fertilizer materials 
(Leikam, 2012). It is also easier to 
accurately regulate the desired rates 
of crop nutrients with liquid ap-
plication equipment as compared to 
granular fertilizer. Urea Ammonium 
Nitrate (UAN) accounts for 5% of 
the total fertilizer consumption in 
the world (Anonymous, 2017). How-
ever, the shift of fertilizer consump-
tion pattern from prilled urea to 
UAN is increasing and contributed 
28% of the fertilizer demand in the 
United States of America and 12% 
in European Union (Anonymous, 
2017). However, in India, 84% of 
the total fertilizer consumption is 
in the form of prilled urea. In In-
dia, way back in the 1970s, a public 

sector company developed a liquid 
fertilizer ‘Ankur’ that was found 
to be a good source of Nitrogen for 
wheat (Singh and Aggrawal, 2012). 
In spite of a number of benefits of 
liquid fertilizers for manufacturers’ 
as well for farmers, the use of liquid 
fertilizers did not pick up in India 
due to lack of appropriate liquid fer-
tilizer application technology. The 
non-availability of scientific data on 
application methodology and yield 
benefits of UAN and the lack of nec-
essary proper storage and transport 
facilities for UAN among farmers 
hindered the popularization of liq-
uid fertilizer (UAN) in the country. 

Application of liquid fertilizer 
alongside the seed needs a precise 
and proper method to avoid con-
tact of seed with liquid fertilizer. 
The precise placement of fertilizer 
and seed is critical for the efficient 
use of fertilizer and for enhanced 
plant growth. Fertilizer placed in 
high concentrations next to the 
seeds can result in toxic effects to 
the seedlings. If the concentration 
of fertilizer is too high close to the 
developing seedling, germination 
and emergence can be adversely 
affected. If seed and fertilizer are 
separated appropriately, fertilizer 
banded vertically below or laterally 
at some depth below the seed can 
efficiently provide nutrients to the 
seedling and without any damage to 
the roots. Simultaneous placement 
of seed and liquid fertilizer requires 
the development of a liquid fertilizer 
application system that can facilitate 
the differential depth application of 
seed and liquid fertilizer for proper 
seed emergence and root establish-
ment. 

Keeping the above points in view, 
a tractor-drawn liquid fer tilizer 
applicator prototype, which could 
place the fertilizer inside soil was 
designed and developed. 

Material and Methods

For the development of liquid 

fertilizer (i.e. UAN) application 
system, optimum placement depth 
of liquid fertilizer in the soil, fur-
row opener design and appropriate 
liquid fertilizer metering system 
are of critical importance. It was 
recommended to keep a vertical gap 
of at least 2 and 3 cm between seed 
and UAN with dilution ratio (UAN: 
Water) of 1:10 and 1:5 respectively 
while sowing wheat (Sundaram et 
al., 2017). For the design of furrow 
opener, type, size and material need 
to be given due consideration. In 
contrast to granular fertilizer, the 
liquid fertilizer metering can be 
either gravity fed or pressurized. 
The pressurized metering system 
although better in performance as 
compared to gravity fed, demands 
an optimum operating pressure and 
efficient liquid distribution system. 

Urea Ammonium Nitrate fertil-
izer was provided by the National 
Fertilizer Limited, Nangal, India.  

Design of Various Components of 
Liquid Fertilizer Applicator
Different components of liquid 

fer tilizer applicator viz. furrow 
opener, liquid fertilizer metering 
system, power transmission system 
for the pump, seed hopper and liq-
uid fertilizer tank were designed 
and fabricated.

Furrow Opener
Furrow opener is the most critical 

components in the design of liquid 
fertilizer applicator as it has to make 
a furrow as well as help in plac-
ing liquid fertilizer below the seed. 
Shovel type furrow openers were 
selected as they are the most com-
mon type of furrow openers used 
in conventional tillage (Chaudhuri, 
2001). Due to the corrosiveness of 
UAN liquid fertilizer towards mild 
steel (Cahoon, 2002), it was decided 
to use narrow Poly Vinyl Chloride 
(PVC) tubes for the conduit of liq-
uid fertilizer in order to avoid con-
tact between UAN and the furrow 
opener surface. A groove of cross-
section 7 × 7 mm was made in the 
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lower front shank to fit the selected 
delivery pipe for liquid fertilizer. 
For placement of seed, the boot 
of the conventional seed drill was 
modified by split opening the lower 
part into two halves and shaping it 
with the help of hammer in the form 
of small furrow opener (Fig. 1 a & 
b).

Design of Shank of Furrow Opener
Shank is the straight part of the 

furrow opener that bears the load 
received at the lower part of furrow 
opener.

Draft force exerted on furrow 
opener was calculated using formula 
(Kepner et al., 1987):

D = k0 × W × d	 (1)
Where,
D = draft, N
k0 = specif ic soil resistance, 

N.mm-2 = 0.0147 N/mm2 was select-
ed for medium soil (Varshney et al., 
2000), for calculation of draft it is 
taken as 5 times the value of normal 
soil (Sharma and Mukesh, 2008)

W = Width of furrow opener, mm
 d = Maximum depth of operation, 

mm
Assuming, W = 25 mm, d = 120 

mm as liquid fertilizer had to be 
placed at appropriate depth in the soil 
and k0 = 0.0147 × 5 = 0.0735 N.mm-2 

and substituting in equation 1
D = 0.0735 × 25 × 120 N = 220.5 N
Taking factor of safety as 3, 
Total draft acting on a single fur-

row opener = 220.5 × 3 = 661.5 N
Total draft acting on nine furrow 

openers = 661.5 × 9 = 5.953 kN
Considering shank as a cantilever 

beam, the maximum bending mo-
ment was calculated as 

Bending moment (M), N-mm = 
Draft (N) × Length of shank 
(mm) = 661.5 × 500 N-mm = 
330.75 KN-mm	            (2)

Section modulus (z) of the shank 
was computed by

z = I / y	 (3)
Where,
I = Moment of inertia of the rect-

angular section, mm4

y = Distance from the natural axis 
to the point at which stress is deter-
mined, cm

Also, from the classical f lexural 
formula

σ = My / I	 (4)
Where, 
σ = Bending stress, Nmm-2

M = Bending moment, N-mm
y = Distance from the natural axis 

to the point at which stress is deter-
mined, mm

I = Moment of inertia of the rect-
angular section, mm4

Allowable bending stress of mild 
steel = 70 Nmm-2 

Taking factor of safety = 2, (factor 
of safety for mild steel is taken as 
1.5 to 2), (A.S.M.E.)

Design bending stress = Allow-
able bending stress x-factor of safety 
= 70 × 2 = 140 Nmm-2

From equation 3 and 4,
z = M / σ = (330.75 × 1000) / 140 

mm3 = 2362.5 mm3

The most assumed ratio of the 
thickness (b) to the width (h) of the 
shank, b:h = 1:3 to 1:414.

Assuming, b:h = 1:3 and h = 3b
From equation 4,
z = I / y
Moment of inertia of rectangular 

section, I = (b × h3) / 12
Distance from the natural axis to 

the point at which stress is deter-
mined, y = h / 2

Hence, z = (b × h2) / 6 = 2362.5
[b × (3b)2] / 6 = 2362.5
b3 = (2362.5 × 6) / 9
b = 11.63 mm
The adjacent thickness available 

for Mild Steel iron flat was 15 mm
Therefore, width of shank = 3 × b 

= 3 × 15 = 45 mm
Hence, an MS flat of 15 × 45 mm 

was found to be sufficient to bear 
the bending moment caused by to 
the draft force on furrow opener. 
The nearest available flat of 20 mm 
× 50 mm was selected for designing 
shank of furrow opener. 

Liquid Fertilizer Metering System
To avoid over-fertilization and 

under fertilization, liquid fertilizer 
should be distributed uniformly 
among different delivery tubes for 
uniform on field application. A cir-
cular distributor made of nylon was 
designed and developed (Fig. 2). It 
had a simple design with a central 
inlet opening into a disc-shaped 
chamber. To maintain uniform pres-
sure and uniformity of f low, the 
volume of the inside chamber of the 
distributor was kept as minimum 
as possible. Nine holes were drilled 
around the periphery of the distribu-
tor at a spacing of 10 mm and each 

Fig. 1 Shovel type furrow opener

(a) Different Views and major dimensions (b) Prototype furrow opener
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hole was screwed. The discharge 
from each pipe was measured and 
used for the analysis of flow unifor-
mity and calibration (Fig. 3).

Design of Distributor
From the geometry (Fig. 2),
Inner perimeter of the chamber = 

(diameter of connector x no. of con-
nectors) + (Space among two con-
nector x no. of connectors) = 8 × 9 + 
10 × 9 = 162 mm

Inner Diameter of Chamber = Pe-
rimeter / π = 162 / π = 52

Keeping the thickness as 10 mm, 
Outer diameter of the chamber 	

= Inner diameter of chamber + 
thickness = 52 + 2 × 10 = 72 mm

The UAN applicator was to be 
operated by a commonly available 
40-45 hp tractor. Different moving 
components of the machine were 
supplied power from the tractor. A 
piston pump was used to pump liq-
uid fertilizer and deliver it from the 
fertilizer tank to the distributor.

A suitable power transmission 
system was designed and fabricated 
for this purpose. The rpm of PTO 
varied as the engine speed varied. 
The tractor had to be operated in the 
field at a speed ranging from 1.5-
2.0 km.h-1. A relationship between 
engine rpm with PTO rpm as well 
as the linear speed of tractor was 
established (Fig. 4). The tractor was 
operated in lower first gear in the 

tilled filled which had a soil mois-
ture content of 12 ± 2% (db). The 
engine speed was changed to differ-
ent levels by changing the location 
of hand accelerator of the tractor. 
The PTO rpm was measured by 
contact type tachometer.

Experimental Set Up for Calibra-
tion of Liquid Fertilizer Metering 
System
An exper imental  set-up was 

fabricated for calibration of liquid 
fertilizer metering system with the 
provisions of varying (a) input rpm 
to the piston pump, and (b) pressure 
variations for different discharge 
levels. The experimental set up in-
cluded one storage tank, a piston 

pump for supplying liquid fertilizer, 
a distributor, a pressure regulating 
valve, a ball valve to control liquid 
flow, connecting pipes, and power 
transmission system (Fig. 3). The 
power transmission system included 
a three-phase motor for driving 
pulley of the pump and a variable 
frequency drive (VFD) for control-
ling the rpm of the motor. Change 
in frequency by 0.1 Hz caused a 
corresponding increase/decrease of 
induction motor rpm by three units. 
The variation in the discharge of the 
pump was obtained by varying the 
speed of the pump. The study was 
conducted for discharge rate and dis-
charge uniformity at different pump 
rpm and input pressure, Table 1.

Fig. 4 Relationship among engine speed, PTO speed and 
forward speed of tractor

Fig. 3 Experimental set up for evaluation of liquid fertilizer 
metering system

①

②

③

④

⑤

⑥
⑦

⑧

①Fertilizer tank
②Motor
③Motor with pump
④Variable speed drive
⑤Pressure relief valve
⑥Liquid distributor
⑦RO pipes
⑧Collection units

Fig. 2 Different views of liquid fertilizer distributor
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The estimated UAN requirement 
was 340 and 170 l ha-1 at 100 and 
50% basal dose of nitrogen in wheat. 
UAN was diluted with water in the 
ratio of 1:10, 1:12.5 and 1:20 for ap-
plying 100%, 80% and 50% basal 
doses of Nitrogen, respectively. The 
range of pump rpm for the study 
was selected based on the rpm of 
power take-off (PTO) of the tractor 
as the UAN applicator metering sys-
tem was to be operated by PTO. At 
rated rpm of the tractor engine, the 
rpm of PTO was 540 ± 10. Hence, 
an operating range of 225-750 rpm 
was selected. Eleven selected rpm 
levels of pump were selected (Table 
1). The selected pressure levels for 
the study were 0, 1 and 2 kg-cm-2. 
During the experimentation, the 
tank was filled with water. Initially, 
the frequency of VFD was kept at 

15 Hz, which gave a motor rpm of 
450. The discharge from each deliv-
ery pipes was collected in a plastic 
container of 5 litre capacity and 
measured using a measuring cyl-
inder. The frequency was changed 
through VFD in increasing order 
from 15-50 Hz to get the required 
pump revolution. The discharge 
from each pipe was measured and 
based on these observations f low 
uniformity analysis was carried out.

Statistical Znalysis of Discharge 
Data 
The discharge data thus, obtained 

from the experiments on perfor-
mance evaluation of liquid fertilizer 
metering system was formatted in 
MS EXCEL package and the Coef-
ficient of Variation (C.V) of the av-
erage data was calculated to find the 

uniformity of distribution. 

Seed Hopper
A trapezoidal seed hopper most 

commonly used in seed cum fertil-
izer drill was used for fabrication 
of UAN applicator. The bottom of 
the box was flat and rounded at the 
corners. The inclined guiding plates 
were fitted at the base to help the 
movement of seed towards the inlet 
opening of the metering device. Due 
to the placement of fertilizer tank 
in the front part of the machine, 
the seed hopper was positioned 150 
mm behind the frame and 900 mm 
above the ground. 

Seed Metering Mechanism
Fluted roller type seed meter-

ing mechanism was selected for 
metering of wheat seed. The rate of 
seeding with the f luted roller was 
controlled by changing the expo-
sure length of the fluted roller to the 
seed.

Liquid Fertilizer Tank 
Liquid fertilizer tank of appropri-

ate size and shape was required for 
UAN solution. Due to the liquid na-
ture of fertilizer, balance of the ma-
chine both lateral and vertical was 
likely to be disturbed particularly 
during operation of the machine. 
Fertilizer tank of 500 litre capacity 
was mounted at the rear of the peri-
staltic pumping based aqua-ferti-
seed-drill (Dey and Mani, 2004). 
The machine during its operation 
in the field faced serious instability 
problem in the vertical direction. To 
counter the challenge in the present 

design of the experimen-
tal setup, a tank of 300 
litre capacity was mount-
ed on a platform made 
of angle iron of size 40 × 
40 × 4 mm. The platform 
was suppor ted by the 
main frame of the ap-
plicator. The size of the 
tank was 1040 × 620 × 
465 mm. 

Table 1 Experimental plan for calibration of the liquid fertilizer metering system
Variables Levels Details Measured parameter

Pump rpm 11 225, 255, 300, 330, 374, 420, 
450, 525, 600, 675 and 750

a. Flow rate through 
different pipes, l min-1

b. Distribution uniformity 
among pipe flow rates

Pressure, k gm-2 3 0, 1 and 2

Fig. 5 Dimensions (mm) and different views of prototype UAN applicator

a. Front view

b. Side view c. Top view
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Fabrication of UAN Applicator
Based on the selected designed 

values of different components of 
UAN applicator, a prototype was 
fabricated. The dimension of the 
prototype is presented in Fig. 5 (a, 
b & c). The complete machine with 
various components is shown in 
Fig. 6 (a & b). 

Field Evaluation of Developed 
UAN Applicator
The field experiments for the per-

formance evaluation of the tractor 
operated UAN applicator designed 
and developed after laboratory test-
ing, was carried out in the experi-
mental farm of IARI, New Delhi 
during the period November to 
April 2017-18.

The important indicators of ma-
chine performance i.e. draft, slip, 
field capacity and field efficiency 
were calculated using the following 
data observed in the field.
a) Time taken to cover a given area
b) Actual depth of placement of seed
c) Speed of operation

Draft of the Developed Prototype 
UAN Applicator
Draft is the horizontal force re-

quired to pull the machine by a 
tractor. The draft requirement of 
the UAN applicator was measured 
by the rolling method as given 
by RNAM (RNAM, 1995). A hy-
draulic dynamometer of capacity 
1200 kg was attached to the front 
of the tractor to which the unit was 
hitched. The auxiliary tractor pulled 
the applicator mounted tractor (in 
neutral gear) while the implement 
was in the operating condition. The 
draft was recorded as well as the 
time taken to cover selected travel 
length of 20 m. The experiment 
was repeated trice and the average 
draft was computed. The difference 
between the readings indicated the 
draft requirement for the applicator.

Ground Wheel Slip Measurement
When the tractor tires rotate faster 

than the ground speed of the trac-

tor, slip happens. As a result, less 
than 60% to 70% of the power that 
a tractor engine develops is used to 
pull an implement through the soil. 
For efficient operation, optimum 
wheel slip is required. The distance 
covered in five revolutions of the 
ground wheel covered by the UAN 
applicator was recorded for calculat-
ing the wheel slip using the follow-
ing expression (RNAM, 1995).

Slippage (%) = [(du − dg) / du] × 
100

Where,
du = actual distance traveled by 

ground wheel at no load, m
dg = actual distance traveled by 

the ground wheel at load, m    

Field Capacity and Field Efficien-
cy
The theoretical field capacity is 

the rate of field coverage that would 
be obtained if the applicator was op-
erating continuously without inter-
ruptions like turning at the ends and 
filling of the hopper. The effective 
field capacity is the actual average 
rate of coverage including the time 
lost in filling hopper and turning 
at the end of rows (Kepner et al., 
1987). 

Theoretical field capacity =  (W × 
S) / 10, ha.h-1			

 Where, 
W = width of coverage, m
S = Speed of operation, km.h-1

Field efficiency is the ratio of ef-

fective field capacity to the theoreti-
cal field capacity as shown below.

Ef =  (FCe / FCt) × 100	
Where,
Ef: Field efficiency, %
FCe: Effective field capacity, ha.h-1

FCt: Theoretical field capacity, ha.h-1

Results

Calibration of Fertilizer Metering 
Unit of the Applicator
The f low rate of the pump had 

to commensurate with the liquid 
fertilizer requirement in the field. 
The liquid fertilizer requirement for 
different basal doses of N applica-
tion was ascertained. The required 
UAN flow rate in totality as well as 
for individual delivery pipe at 100% 
basal dose of N was determined 
through the experimental setup. At 
a tractor forward speed of 1.23, 1.5 
and 2 km/h, the required flow rate 
for 100% basal dose of Nitrogen (@ 
120 kg/ha) was 11.1, 13.5 and 17.96 
l min-1, respectively. The pump was 
operated by the motor at different 
speeds controlled through a variable 
frequency drive (VFD). 

Effect of Pump Speed and Line 
Pressures on the Pump Flow Rate
In general, the flow rate from the 

pump increased as the line pressure 
and the pump speed increased, Fig. 
7. There was approximately 30-

Fig. 6 Developed Prototype UAN applicator

①Fertilizer tank, ②Piston pump, ③Pulley, ④⑥Fertilizer tube, ⑤Seed box, ⑦Furrow opener, 
⑧Ground wheel, ⑨Seed boot opener

①

②

③

④

⑤

⑥

⑦
⑧

⑨

a) Front view b) Rear view



VOL.54 NO.1 2023 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 33

33% increase in f low rate with an 
increase in pressure from 0 to 1 kg-
cm-2 whereas there was only 6-10% 
increase in flow rates when pressure 
changed from 1 to 2 kg-cm-2. The 
flow rate varied linearly (R2 > 0.98) 
with pump speed at selected pres-
sure levels. For a f low rate range 
of 11.1-17.96 l min-1, the required 
pump speed was ranged between 
245-421 rpm. However, these flow 
rates could be achieved by different 
combinations of line pressure and 
pump speed. As the line pressure 
increased the f low rate of pump 
increased, but, at a decreasing rate. 
The f low rate varied linearly (R2 
> 0.98) with pump speed at the se-
lected pressure levels (Fig. 7). For 
different basal doses of nitrogen 
different flow rate is required. The 
calibration helped in choosing the 

required pump rpm for different 
flow rates.

Effect of Pump Speed and Line 
Pressure on Distribution Unifor-
mity of Flow Rates 
The flow rates of liquid fertilizer 

through each delivery pipe were 
recorded and analyzed for their uni-
formity distribution. A uniform flow 
rate by different tubes led to higher 
uniformity coefficient and uniform 
nitrogen placement. The distribu-
tion uniformity was in the range of 
96.7-99.1%, 96.7-99.5% and 92.8-
99.1% at pressure levels of 0, 1 and 
2 kg.cm-2, respectively at different 
pump speeds, Table 2. The observa-
tions on the evaluation of the liquid 
fertilizer pumping system at differ-
ent operational parameters revealed 
a significant effect of pressure and 

speed on flow rate.

Fabrication of Prototype UAN 
Applicator
The prototype UAN applicator 

was fabricated with the design val-
ues obtained during the experiment. 
The specification of the developed 
UAN applicator is described in 
Table 3.

Performance Parameter of Proto-
type Liquid Fertilizer Applicator
The machine performance of liq-

uid fertilizer applicator was studied 
by determining draft, slip, f ield 
capacity and field efficiency. The 
average soil moisture content during 
field evaluation was 9.5% (wb). The 
average draft requirement of the ap-
plicator at full tank load (300 l) was 
3.2 kN. The average slip was 6.23%. 
The average field capacity of 0.23 ha 
h-1 was obtained for continuous op-
eration of the applicator at an aver-
age speed of 1.78 km h-1. A field ef-
ficiency of 72% was observed which 
was in the permissible range of 60-
80% for seed drill (Kepner et al., 
1987). The refilling of fertilizer tank 
was a major cause for time lost in 
the field. No repairs, breakdown and 
adjustment of components during 
the operation were observed. Seeds 
were placed in the recommended 
range of seed depth of 30-50 cm and 
the average depth of placement was 

Fig. 7 Pump Flow rate affected by speed and line pressure

Table 2 Mean flow rate and distribution uniformity among delivery pipes at different line pressure and pump speed

Pump 
speed

Line Pressure
0 kg cm-2 1 kg cm-2 2 kg cm-2

Mean Flow rate 
through each pipe

(l min-1) Mean ±  SEm

Distribution 
Uniformity 

among pipes (%)

Mean Flow rate 
through each pipe

(l min-1) Mean ±  SEm

Distribution 
Uniformity 

among pipes (%)

Mean Flow rate 
through each pipe

(l min-1) Mean ±  SEm

Distribution 
Uniformity 

among pipes (%)
218 0.74 ± 0.020 97.3 0.97 ± 0.011 98.9 1.04 ± 0.038 96.3
245 0.85 ± 0.020 97.7 1.13 ± 0.056 95.0 1.15 ± 0.027 97.6
289 0.92 ± 0.021 97.8 1.30 ± 0.043 96.7 1.34 ± 0.097 92.8
315 1.01 ± 0.034 96.7 1.40 ± 0.037 97.4 1.44 ± 0.005 96.5
356 1.13 ± 0.032 97.2 1.65 ± 0.025 98.5 1.71 ± 0.015 99.1
395 1.23 ± 0.016 98.7 1.83 ± 0.014 99.3 1.88 ± 0.063 96.6
421 1.35 ± 0.019 98.6 1.98 ± 0.008 99.6 2.05 ± 0.056 97.3
496 1.48 ± 0.027 98.2 2.21 ± 0.011 99.5 2.28 ± 0.037 98.4
569 1.62 ± 0.024 98.5 2.31 ± 0.018 99.2 2.38 ± 0.027 98.9
639 1.74 ± 0.016 99.1 2.42 ± 0.012 99.5 2.55 ± 0.062 97.5
700 1.97 ± 0.022 98.9 2.60 ± 0.062 97.6 2.85 ± 0.039 98.6
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Table 3 Specifications of prototype UAN applicator
S. 
No. Items Values

A Over all dimensions ( L × B × H ), mm 1800 × 1420 × 1080
B Seed metering
   I Type of seed metering mechanism Fluted roller
   II Hopper size, mm 1700 × 260 × 260
C Liquid metering
   I PVC Tank (L × B × H), mm 1040 × 620 × 465
   II Pump (Piston) 34 l min-1@950 rpm
   III Pressure relief valve 1-7 bar
   IV Rotary distributor 

Inside chamber diameter, mm
Outer Diameter, mm
No. of holes at periphery
Hole dia. at periphery, mm
Delivery pipes diameter (inner), mm

52
67
9
10
4

D Ground wheel
   I Type Spike toothed wheel
   II Effective diameter of ground wheel, mm 360
   III Number of spikes

Spike (Length × Height × Thickness)
12

100 × 25.5 × 5
E Furrow opener
   I Number of furrow openers 9
   II Type of furrow opener  Shovel type
   III Groove size (fertilizer tube), mm 7 × 7 

F Power transmission
Pulley diameter (PTO shaft), mm 152.40
Pulley diameter (Pump), mm 63.50

G Weight of UAN applicator 
Tank full of UAN, kg 565
Empty tank, kg 265      

observed as 42 mm. 

Conclusions

The prototype UAN applicator 
was developed with the provision to 
simultaneously place seed as well as 
liquid fertilizer. The machine con-
sisted of three subunits- fertilizer 
metering system, furrow openers, 
and seeding unit. The fertilizer me-
tering system included piston pump, 
control valve, liquid fertilizer dis-
tributor unit and delivery pipes. The 
pump was operated by the power 
take-off a unit of the tractor. The 
required flow rate of pump suitable 
for applying 100% basal dose appli-
cation of nitrogen was in the range 
of 11.1-17.96 l.min-1 attained at a 
pump rotational speed of 245 to 421 
revolutions per minute. The applica-
tor was able to simultaneously place 
both liquid fertilizer as well as seed 
at desired differential depth.
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Abstract

India is the largest producer of 
chilli contributing 40% of world’s 
production. Despite of its varied use 
in daily life, still the chilli farmers 
lack suitable machinery for their 
agricultural operations. Hence, this 
research on design and development 
of chilli planter for direct sowing of 
seeds was undertaken as direct sow-
ing of seeds helps in obtaining in-
creased plant densities with reduced 
labour and planting costs to improve 
the yields. Three metering mecha-
nisms, namely, horizontal edge drop 
metering, roller type metering and 
cup type metering mechanisms 
were selected and their designs were 
modified based upon physical prop-
erties to suit for chilli seeds. All 
these mechanisms were tested for 
their performance under laboratory 
conditions to find the best suitable 
device for chilli seeds. Based up on 
the laboratory results, the develop-
ment of chilli planter for direct sow-
ing of seeds was carried out using a 
cup type metering mechanism. Per-
formance of the planter under field 

conditions was evaluated and the 
planter was found to function effec-
tively under field conditions by plac-
ing the seeds at a mean seed spacing 
of 27 cm has been obtained. The 
Missing Index of the planter vared 
from 6.06 to 15.15%. The draft of 
the planter varied from 50 to 159 kg 
as the depth of operation changed 
from 2.3 to 5.4 cm at varying speed 
of operation from 1.5 to 2.5 km/h. 
The wheel slippage of the tractor 
was found to be 4.38 to 7.31% as 
the depth of operation varied from 
2.3-5.4 cm respectively. Average 
values of theoretical and actual field 
capacities were reported as 0.27 and 
0.18 ha/h and field efficiency of 65-
71% was recorded. The total cost 
of operation of the developed chilli 
planter is found to be Rs. 287.78/h.  

Keywords: chilli, planter, meter-
ing mechanism, cup type metering 
mechanism

Introduction

Sowing operation is one of the 
most important cultural practices 

associated with crop production. 
Increase in the crop yield, cropping 
reliability, cropping frequency and 
crop returns all depend on the uni-
form and timely establishment of 
optimum plant populations. India 
being the largest producer of chilli 
contributing 40% of world’s produc-
tion and despite its varied use in our 
daily life we lack suitable machinery 
for their agricultural operations. Ris-
ing in nurseries and transplanting in 
fields have increased the demand for 
labour in chilli production thus in-
creasing the cost of cultivation (Gou-
dappa, 2012). Even by transplanting 
method, multiple types of machinery 
are required for sowing i.e., for sow-
ing the seeds in nurseries and trans-
planting seedlings into the fields. 
One solution for this problem might 
be changing the method of sowing 
from transplanting to direct sowing. 
Leskovar and Cantliffe (1993) found 
that direct-seeded plants maintained 
a more-balanced root, stem, leaf, and 
fruit dry matter partitioning than 
transplants and direct sowing prac-
tice helped in increasing the plant 
densities with reduced labour and 
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planting costs to improve the yields. 
Chilli is a fruit of the plant Capsi-

cum annuum that come from the ge-
nus capsicum belonging to the family 
of Solanaceae. Capsicum is derived 
from the Greek word ‘Kapsimo’ 
means “To Bite”. Chilli (Capsicum 
annuum L.,) is an important spice 
as well as commercial crop avail-
able in either green or as dried red 
fruits. Chillies are believed to have 
their origin in the region of tropical 
America. Chillies usually require 
warm and humid climate for growth 
and they usually grow in wide range 
of soils where loamy soils are good 
under irrigated conditions and black 
soils under rainfed conditions. In 
India, chilli yields two crops per year 
i.e., they are cultivated as both Rabi 
and Kharif crops with a production 
period of about 4-5 months.

The farm power availability on 
Indian farms has seen a considerable 
rise from 0.295 kW/ha in 1971-72 to 
2.02 kW/ha in 2016-17 because of 
considerable decline in the use of an-
imal and human power in the fields 
but the overall level of mechanisation 
is still less than 50%, as compared to 
90% in developed countries.

Shambu and Thakur (2019) evalu-
ated the performance of seed drill 
that sows jute and mustard seeds 
manually. They found that length 
and breadth of jute seed was to be 
little higher than mustard seed hence 
the metering device was developed 
in such a way that the dispensing 
hole for jute was made little longer 
than that of mustard. Singh et al. 
(2017) developed and evaluated the 
performance of single row manual/ 
bullock drawn multi crop planter 
suitable for hilly regions to sow the 
seeds like wheat, maize, soya bean, 
lentil, peas, mustard and millets us-
ing cell type seed metering mecha-
nism with 4 different sizes of cells 
on the roller for seed metering and 
fluted roller for fertilizer metering. 

Reddy et al. (2012) evaluated the 
performance of different seed me-
tering mechanisms under simulated 
conditions. The inclined plate me-

tering mechanism with elongated 
shape and 6 number of cells on the 
plate and horizontal plate metering 
mechanism in circular shape with 
24 number of cells on the plate were 
tested on the laboratory test rig of 
sticky belt method. 

Ahmadi et al. (2008) modified 
the conventional seed drill in such 
a way that it can be used as a preci-
sion seed drill for planting small 
seeds, oilseed rape in particular. 
They found that the effect of forward 
speed on seed rate of oil seed rape 
in the modified roller was found to 
be not similar to that of conventional 
roller. Gaikwad and Sirohi (2007) 
developed a precision plug tray seed-
er, using indigenous materials and 
off-the-shelf available standard com-
ponents. This prototype pneumatic 
seeder was fabricated and tested for 
its performance for sowing capsi-
cum and tomato seeds in plug trays 
and concluded that the use of graded 
and coated seeds was necessary to 
achieve a higher percentage of sow-
ing singles. Wanjura and Hudspeth 
(1968) studied the seed metering and 
seed pattern characteristics of hori-
zontal edge drop planter for dispers-
ing cotton seed. Considering the past 
research work, need for planter for 
sowing of chilli seeds, importance 
of direct sowing for reducing cost 
inputs and technological sophistica-
tion that offers minimum labour re-
quirement and provides high density 
cropping system that is comparable 
with the traditional transplanting 
system research work on design and 
developing of a chilli planter for di-
rect sowing of seeds was adopted.

Material and Methods

2.1 Design and Development of 
Chilli Planter     
The entire work of design and 

development of chilli planter is done 
in following stages:
a) Determination of physical proper-

ties of the chilli seeds for design-
ing the components  

b) Design of components based on 
physical properties of seeds  

c) Laboratory testing of selected 
seed metering mechanisms  

d) Development of planter with the 
best suited metering mechanism 

e) Evaluation of the developed chilli 
planter

2.2 Determination of Physical 
Properties of the Chilli Seeds 
The physical properties were deter-

mined for efficient design of planter 
components to work effectively with 
good accuracy in the field. Accord-
ingly the seed properties such as 
size, sphericity, geometric mean di-
ameter, surface area, angle of repose, 
thousand kernel weight, co-efficient 
of static friction and bulk density 
of chilli seeds were calculated and 
based on those results the compo-
nents of chilli planter were developed 
(Mohsenin, 1970).

2.3 Design Components of Chilli 
Planter

2.3.1. Seed Metering Device
Considering the ease of opera-

tion of metering device and cost of 
operation three types of metering 
devices namely horizontal edge 
drop metering type, roller type me-
tering device and cup type metering 

Fig. 1 Developed seed metering devices

(i) (iii)(ii)
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devices were selected and modi-
fied accordingly to meter the chilli 
seeds as they are light in weight and 
small in size. The number of cells to 
be facilitated on the seed metering 
device and the diameter of the seed 
metering device was calculated.

Number of cells on the seed me-
tering plate, n = (π × Dg) / (i × x)

Where,
Dg = Diameter of the ground 

wheel, cm
i = Gear ratio to be maintained 

(1:1)
x = required seed to seed spacing, 

cm
Diameter of the seed metering de-

vice, dr = Vr / (π × Nr)
Where, Vr = peripheral velocity of 

the seed metering device, m/s; Nr = 
rpm of the roller, rpm   

By using these dimensions the 
selected metering devices were de-
veloped and the specifications of the 
metering devices were given in the 
Table 1.
2.3.2. Design of Seed Box

Seed box is designed in such a 
way that it can hold adequate quan-
tity of seed, shape of the box should 
freely pick and meter the seed from 
the box and deliver it to the seed 
outlet, must permit easy loading and 
unloading of the material.

Volume of seed box, Vb = 1.1 × Vs                         
Where, Vs = Volume of the seed, cm
Volume of the seed, Vs = Ws / γs

Where, γs = Bulk density of the 
seed, g/cm3, ωs = Weight of the seeds, 
g

Volume of the seed, Vb = 1.1 × (Ws 

/ γs)
By considering the amount of 

seed the box has to carry and it’s 
suitability to seed metering device, 
the shape of seed boxes were chosen 
and the specification of the Devel-
oped seed boxes were given in the 
Table 2.
2.3.3 Testing of Developed meter-
ing devices under laboratory
All the selected seed metering 

devices were tested for their per-
formance on the sticky belt setup 
established at the laboratory main-
taining a constant speed ratio of 1:1 
to evaluate the performance param-
eters of the metering devices such as 
seed to seed spacing, missing index, 
and multiple index.
a. Seed to Seed Spacing

The distance between two consecu-

tive seeds was measured by a steel 
rule and the results were noted. The 
spacing was measured at different lo-
cations and an average value is noted.
b. Missing Index

The Missing Index is the percent-
age of spacing greater than 1.5 times 
the theoretical spacing. Missing 
rate is determined by the following 
equation. 

Missing Index, % = (n/m) × 100
Where, n = number of seeds miss-

ing during pickup by metering wheel 
into seed tube; m = number of seed 
should be dropped by the metering 
wheel if there is no missing of seeds. 
c. Multiple Index

The Multiple Index is the percent-
age of spacing that are less than or 
equal to half of theoretical spacing. 
Multiple index is determined by the 
following equation. 

Multiple Index, % = (p/m) × 100
Where, p = number of times mul-

tiple dropping of seeds occurred 

Table 1 Specifications for developed seed metering devices

Particular Horizontal seed metering 
device

Roller type seed metering 
device Cup type seed metering device

Material used for construction Nylon (Plastic)
(Nylon 66 A125, Mold surface 
Temperature 90°C, Elastic 
modulus 2690 MPa)

Nylon (Plastic)
(Nylon 66 A125, Mold surface 
Temperature 90°C, Elastic 
modulus 2690 MPa)

Mild steel
(Yield Strength: 275 MPa
Tensile Strength: 475 MPa)

Diameter of the seed metering 
device

10 cm 10 cm 10 cm

Number of cells on the seed 
metering device

3 3 3

Salient Features The plate was developed in such 
a way that it is having 1 cm 
thickness at the centre of the 
plate and made tapered toward 
the edges such that it is having 
a thickness of 1 mm.

The size of hole on the roller 
is based upon the axial 
dimensions of the seed.

3 cups were developed from 
square rod 8 × 8 × 8 mm with 
hole of size 5 mm in diameter 
on one side of the rod and 
tapered on the other side i.e. 
to the shape of a truncate so 
that seeds won’t stay upon the 
surface during operation.

Fig. 2 Developed seed metering devices

(i) (iii)(ii)

Seed delivery tube

Seed delivery tube
Seed delivery 
tube

Seed walls made 
of plastic

Gate for
removing seeds

Provision for the shaft to 
pass through
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from the delivery tube; m = number 
of seed dropped by the metering 
wheel if there are no multiple seed

2.4. Testing and Evaluation of the 
Developed Planter

2.4.1 Testing for Seed Rate
The developed planter was tested 

for seed rate by collecting seeds 
when the seed hopper was loaded 
with half of its capacity and the 
drive wheel was rotated 50 times in 
raised position.

Seed rate (kg/ ha) was calculated 
by using the equation given below. 

Seed rate (kg/ha) = Total amount 
of seed collected (Ws) / Area 
covered for 50 revolutions

Area covered by the planter in 50 
revolutions is calculated as:

Area covered for 50 revlitions m2 
= (π × D × N) × W

W here,  D = d iameter of  the 
ground wheel, cm; N = number of 

revolutions of ground wheel = 50 
revolutions; W = working width of 
planter, cm
2.4.2 Field Evaluation of Devel-
oped Chilli Planter
An 18 hp, Mistubishi Shakti MT 

180D 2WD tractor with the devel-
oped planter was evaluated in a black 
soil of plot size 20 × 20 m under field 
conditions. The field performance 
parameters such as draft require-
ment, depth of operation, missing in-
dex, multiple index, theoretical field 
capacity, effective field capacity, field 
efficiency, wheel slip and fuel con-
sumption were evaluated by standard 
procedures in the field.

2.5 Economics of the Developed 
Chilli Planter for Direct Sowing 
of Seeds
By using straight line method the 

fixed and variable costs of chilli 
planter were calculated by under-

taking certain assumptions when 
necessary. This cost was compared 
with the cost of chilli planting with 
the cost of operation by traditions 
methods. (Investigations were done 
about the cost of sowing for chilli 
crop from different farmers and re-
search articles and the cost of trans-
planting operation was assumed 
to be a minimum of Rs. 4,500 per 
hectare which was very less than the 
original cost) 

Results and Discussion

3.1 Physical Characteristics of the 
Chilli Seeds
The physical properties of the 

chilli seeds were measured and the 
average values are tabulated as be-
low (Table 3).

3.2 Development of Chilli Planter
Before developing a chilli planter 

suitable to the mini-tractor, CAD 
drawings drawn in CATIA software 
were used for fabrication of the ma-
chine. Three seed metering mecha-
nisms namely edge drop metering 
mechanism, roller type metering 
mechanism and cup type metering 
mechanism were selected and suit-
able seed boxes for each metering 
mechanism were developed and all 
the three metering mechanism were 
tested in the laboratory. Of all the 
three cup type metering was found 
to be effective and a planter for chilli 

Table 2 Specifications for developed seed boxes
Parameter Horizontal edge drop metering Roller type metering Cup type seed metering

Material used for 
construction

 Soft Wood 
(Guava Wood) 

Galvanised iron sheet 
(Garde:SS301, Thickness: 2 mm)

Galvanised iron sheet 
(Garde: SS301, Thickness: 2 mm)

Shape of the box Cylindrical Pyramid truncated at the top Frustum of a pyramid (developed)
Dimensions of the 
seed box

Height: 12 cm
Diameter of box: 10.1 cm

Top: 15 × 12 × 15
Bottom: 5.5 × 2.5 × 5 cm

Total Length: 30 cm 
Width: 6 cm
Height: 14 cm

Salient Features 2 holes are provided at the base of 
the box, one of 2.54 cm in diameter 
for the passage of the shaft through 
it so that power transmission to the 
seed metering plate is done and the 
other of 1 cm in diameter to act as 
an outlet for seed metered to which 
seed tube is attached.

A seed metering house is attached to 
the seed box in which, the metering 
roller rotates in housing and 
developed in such a way that the 
roller can be removed by loosening 
one side of screws of the plate and 
the seed delivery tube is in turn 
attached.

A seed gate is provided at the 
bottom of the box for providing 
feasibility to remove the seed out 
of the box

Table 3 Physical properties of the chilli seeds 
Particular    Value

Length, mm 3.817 ± 0.03
Width, mm 3.114 ± 0.03
Thickness, mm 0.729 ± 0.07
Sphericity, % 0.538 ± 0.04
Geometric mean diameter, mm 2.05 ± 0.02
Surface area, mm2 13.22 ± 0.04
Bulk density, g/cm3 64.5 ± 0.024
Coefficient of static friction, Galvanized iron 0.490 ± 0.03
Coefficient of static friction, wood 0.785 ± 0.02
Coefficient of friction, glass 0.557 ± 0.01
Angle of repose, degrees 28.21 ± 0.01
Thousand kernel weight, g 5.346 ± 0.01
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for direct sowing of seeds based on 
the cup type metering mechanism 
was developed. The developed chilli 
planter has been presented in Fig. 3. 
The specifications of the developed 
planter are given in Table 4. 

3.3 Laboratory Testing of Selected 
Metering Mechanisms
All the three selected seed meter-

ing devices namely horizontal edge 
drop metering device, roller type 
metering device and cup type seed 
metering device were tested indi-
vidually for their performance pa-
rameters namely seed spacing (seed 
to seed spacing), missing Index and 
multiple index. The comparative 
performance of all seed metering 
devices were as shown in Figs. 4-6 
respectively, and remarks are as 
mentioned in Table 5.

3.4 Selection of Seed Metering Device
Based upon comparison of labora-

tory test results, Cup type metering 
device at 25 rpm was found to main-
tain optimum spacing and negligible 
amount of missing and multiple index.

3.5 Laboratory Testing of the De-
veloped Chilli Planter 
The amount seed required to sow 

the seeds with the developed chilli 
planter in one hectare area is found 
to be 0.5 kg/ha. The inspection for 
seed damage has been done visually 
and no such damage has been found.

3.6 Evaluation of Chilli Planter 
Under Field Conditions   

3.6.1 Measurement of Wheel Slip-
page
The wheel slip was found to be 

var ied f rom 4.38-7.31%. It was 
found that during different depths 
at constant forward speed of the 
planter, the wheel slip was increased 
while increasing the depth of op-
eration. The reasons for increasing 
the wheel slip while increasing the 
speed maybe due to increase in 
draft force of the planter. 
3.6.2 Seed Spacing

The seed spacing was decreased 
from 28 to 26.5 cm as the speed of 
operation increased from 1.5 to 2.5 
km/h. The decrease in seed spac-
ing of the tractor is attributed to 
increase in wheel slip of the tractor

3.6.3 Missing Index
The seed missing index under 

field condition fount to vary from 
6.06 to 15.15 % as the speed varied 
from 1.5 to 2.5 km/h. The increase 
in the miss index might be due to 
increasing wheel slippage of the 
ground wheel. 
3.6.4 Theoretical and Effective 
Field Capacity  
Theoretical field capacity found 

to vary from 0.20 to 0.34 ha/h with 
an average value of 0.27 ha/h and 
effective field capacity found to 
vary from 0.14 to 0.22 ha/h with an 
average value of 0.18 ha/h, as the 
change in speed of operation from 
1.5 to 2.5 km/h. The field capac-

Table 4 Specifications of the developed 
chilli planter

Parameter Details
Overall height, mm 450
Overall length, mm 1400
Overall width, mm 650
Metering mechanism Cup type 
Number of rows 3
Seed to seed spacing 30
Row to row spacing 45
Type Fully mounted

Fig. 3 Developed chilli planter for direct sowing of seeds

①Furrow opener
②Frame
③Ground wheel
④Hitch point 
⑤Seed box

Fig. 4 Effect of number of revolutions on spacing of 
different metering devices

Fig. 5 Effect of number of revolutions on Miss Index of 
different metering devices

Fig. 6 Effect of number of revolutions on Multiple index of 
different metering devices

③ ⑤

②

④

①
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Table 5 Summary of comparative performance seed metering devices
Parameter Horizontal edge drop metering Roller type metering Cup type seed metering

Mean spacing Chilli seeds were found to be 
getting into the clearance provided 
for rotation of the metering device 
in the seed box.

The seeds were unable transfer onto 
the metering device as they were 
getting overlapped in the seed box.

The optimum placement of seeds 
can be attributed to placement of 
cups on the seed metering device 
and good pick up and dropping 
capabilities of the developed cup 
type seed metering device.

Missing Index As the revolutions were increased, the 
metering device is unable to drop the 
seed into the seed delivery tube in 
such a short span of time.

The seed were getting jammed and 
there was no free flow of the seeds 
from the seed box to metering device

Negligible at most times as the 
metering device has picked the 
seed with good precision.

Multiple Index The seeds were found to be getting 
into the clearance provided between 
the box and the metering device and 
getting dropped into the tube along 
with the metered seed in the cell.

Negligible at most times as the 
metering device has dropped the 
seed with precision.

Seeds were found to be overlapped 
on the metering device and getting 
dropped along with the seed that 
has been picked up in the cup.

ity was increased with increase the 
speed of operation due to increase 
in rated time of operation. The field 
efficiency seen to vary from 71.42 
to 65.71 % as the change in speed of 
operation from 1.5 to 2.5 km/h.

3.7 Economics of the Developed 
Planter 
The economics of the developed 

planter was done taking the cost of 
the prime mover and the considering 
an annual use of the planter as 200 h/
year. The cost of operation per ha is 
found to be Rs. 1,598.77. The cost of 
operation was comparatively very less 
when compared with the traditional 
transplanting method and cost sav-
ing of about 64.48% may be achieved 
with the developed chilli planter. 

Conclusions 	

A research work on design and 
development of a chilli planter for 
direct sowing of seeds was under-
taken. Accordingly, three metering 
mechanisms viz., horizontal edge 
drop metering, roller type metering 
and cup type metering mechanisms 
were selected and their design was 
modified according to the require-
ment based on the physical proper-
ties of the seeds. Based upon the 
laboratory tests it was found that 
cup type metering mechanism func-
tioned well and hence, the chilli 

planter with the cup type meter-
ing mechanism was developed and 
evaluated for its performance under 
laboratory and field conditions.

With the developed planter mean 
seed spacing of 27 cm has been 
obtained as the speed of operation 
increased from 1.5 to 2.5 km/h. The 
wheel slippage of the tractor was 
found to be 4.38-7.31% as the depth 
of operation varied from 2.3-5.4 cm. 
Average values of theoretical and 
actual field capacities were reported 
as 0.27 and 0.18 ha/h at a varying 
speed of 1.5-2.5 km/h. Field effi-
ciency of 65-71% was recorded and 
found to be declined as the speed 
of operation increases from 1.5-2.5 
km/h. Economics of the chilli plant-
er was evaluated and cost of opera-
tion was found to be Rs. 1,598.77/
ha and is found to be comparatively 
very less with the traditional meth-
od of planting chilli.
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Abstract

Dinanath is an important range 
grass of India, seeds of which are 
lighter, f luffy and hairy in nature. 
Traditionally, separation of nucleus 
seeds from f luffy dinanath grass 
seeds is cumbersome and time con-
suming. Hence, a defluffing machine 
consisting of feeding chute, feed 
rollers, serrated cylinder assembly, 
grading unit and power transmission 
unit was designed and developed 
considering the physical properties 
of the dinanath grass seed and eval-
uated for its performance. The mean 
values of seed dimensions (length 
× width × thickness) for fluffy seed 
and nucleus seed were computed 
as 6.20 × 2.77 × 1.83 mm and 2.89 
× 1.10 × 0.82 mm, respectively. 
The average bulk densities of fluffy 
and nucleus seeds were 7.65 kg/m3 
and 613.63 kg/m3 respectively. The 
machine performance like defluff-
ing capacity (4.9 kg/h), defluffing 
efficiency (92.1%) and nucleus seed 
recovery (22.82%) were evaluated 
at 7.0% moisture content and 545 

rpm of serrated cylinder speed. The 
machine saved 76% processing cost 
as compared to traditional manual 
defluffing. Drastic reduction (99.7%) 
in volume of f luffy seed could be 
achieved after defluffing.

Keywords: Dinanath, Nucleus 
Seed, Defluffing Capacity, Defluff-
ing Efficiency

Introduction 

Grasses are the best propagating 
material for marginal and unculti-
vable wastelands, forest and range-
lands, but non-availability of quality 
seed in sufficient quantities is one 
of the reasons to obstacle the green 
fodder production. Availability of 
good quality seed is only 25-30% 
in cultivated fodder and < 10% in 
range grasses and legumes in India 
(Anonymous 2011). Among annual 
range grasses, dinanath (Pennis-
etum pedicellatum) is an important 
fodder species, because of high 
early vigor, adaptability to very 
poor soils and high productivity 

with minimal input. However, dur-
ing seed production in huge quan-
tities, the lightweight small seed 
enclosed in voluminous fluff leads 
to difficulties in precise sowing in 
the field. Reducing the volume and 
extracting nucleus seed (true seed 
or naked seed) for precise sowing 
is the requirement for large scale 
adoption of the dinanath grass. The 
nucleus seed is easy to mix in the 
soil during sowing by broadcasting. 
If awns and other appendages are 
removed, it is better to embed the 
seed with pelleting technology to 
ensure their firm establishment in 
the field. Authors like Linnet (1977) 
and Loch (1993) have extensively 
covered the principles, practices of 
pasture seed processing followed 
in different countries. Maity et al. 
(2017) worked on layered pelleting 
of nucleus seed of dinanath grass 
with soil and observed highest 
germination of 91%. Each spikelet 
(fluff) contains 2 to 3 nucleus seeds, 
separation of which is difficult due 
to their minute size. Defluffing (re-
moval of fluff and hairs from fluffy 
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seeds) is an important post-harvest 
operation in grass seed processing. 
Traditionally, def luffing of f luffy 
dinanath grass seeds is done manu-
ally by beating the harvested and 
dried crop to separate nucleus seed. 
This process is time consuming, la-
bor intensive and recovered nucleus 
seed includes foreign materials and 
damaged seed.

Various size reduction processes 
have been reported for many grass 
seeds depending upon their ultimate 
use. Hammer milling of the seed of 
seca stylo (Stylosanthes scabra) was 
done to reduce the hard seed content 
(Hopkinson and Paton, 1993). It de-
hulled 52% of seeds and when light 
materials aspired off it reduced bulk 
weight by about 20 percent. Loch 
(1993) experimented for dehulling 
in Chloris gayana using horizontal 
cone-shaped polishing chamber. 
The seed was rubbed against the 
surrounding mesh screen (0.83 mm 
apertures) by nylon brushes rotat-
ing at 945 rpm and 50-70% of the 
caryopsis was extracted from the 
surrounding husks. Arude et al. 
(2018) developed a spike cylinder 
type single locking cotton feeder 
cum cleaner for double roller gin 
and observed 15 to 20% increase in 
the output with improved fibre qual-
ity. Very little information is avail-
able about defluffing of fluffy grass 
seeds. Thus, developing machine for 
the separation of f luff of dinanath 
grass seeds is essential for getting 
nucleus seed for effective fodder 
production. This study, therefore, 
presents the design, development 
and evaluation of the defluffing ma-
chine for dinanath grass seeds.

Material and Methods

The study was undertaken at Indi-
an Council of Agricultural Research 
(ICAR) - Indian Grassland and 
Fodder Research Institute (IGFRI), 
Jhansi, India. The required physi-
cal properties of dinanath grass 
(variety BD-II) seeds for developing 

the prototype of defluffing machine 
were determined. The moisture con-
tent was determined by heated air 
oven method at 105 ± 3 °C for 24 h 
(AOAC, 1980). Length, width, thick-
ness, arithmetic mean diameter, 
geometric mean diameter, spheric-
ity, surface area, volume, bulk den-
sity and 1000 seed mass were deter-
mined using the relationship given 
by Dursun and Dursun, 2005 and 
Singh et al., 2016. The average size 
of fluffy dinanath seeds and nucleus 
seeds of dinanath were determined 
by randomly selecting 100 seeds 
and were measured using a digital 
vernier caliper (Mitutoyo Corpora-
tion, Japan; Model No: CD-12’’ C; 
least count 0.01 mm). Thousand 
seed mass was determined by pick-
ing the sample of thousand seeds 
randomly from the lot and the mass 
of each sample were measured on a 
precision electronic balance having 
accuracy of 0.01 g. Bulk density of 
seeds was measured using AOAC 
method, in which a 500 ml cylinder 
was filled with dinanath seeds to 15 
cm of height and calculated as the 
ratio between the seed weight and 
the volume of the cylinder.

Design and Development of De-
fluffing Machine 
The def luff ing machine (DM) 

consisted of: serrated cylinder (SC) 
assembly; feeding chute (FC); feed-
ing rollers (FR); grading unit (GU); 
and power transmission unit (PTU). 
The detailed design procedures are 
stated in following sections.

Serrated Cylinder Assembly: The 
SC was made of wood (360 mm φ, 
580 mm long) with serrated iron 
teeth at equal distances on its outer 
periphery. SC was mounted on the 
rotating shaft fixed on angle iron 
frame and powered by 0.75 kW elec-
tric motor through belt pulley drive 
mechanism. SC speed of the DM 
was decided through trial runs on 
the existing cotton batting machine 
which is used for quilt making. The 
operating cylinder speed of the cot-
ton batting machine was found in 

the range of 400-800 rpm depend-
ing upon the load during operation. 
Based on this, a speed of 600 rpm 
was selected for designing the cyl-
inder speed of DM. The SC was 
covered with upper casing and per-
forated lower casing. On inner sur-
face of the upper casing, sand paper 
was fixed. Concave clearance and 
sieve size were decided on the basis 
of size of dinanath grass seeds.

Feeding Chute: Size of FC was 
decided based on the bulk density of 
fluffy dinanath seed. Feeding chute 
was placed tangential to the feeding 
rollers to facilitate the feeding of 
fluffy grass seed.

Feeding Roller: Two feeding roll-
ers each of 60 mm φ, 615 mm long 
were provided in FC. Power from 
main shaft of SC was transmitted 
to the upper feeding roller through 
chain sprocket system which was 
placed in opposite side of main 
pulley. Lower FR was connected 
to upper FR through meshed gear 
mechanism. 

Grading Unit: A grading unit 
comprised of a sieve at the top and a 
MS tray at the bottom was attached 
below the SC assembly with the pro-
vision of crank shaft and belt pulley 
system to provide reciprocating ac-
tion to the sieves. 

Belt and Pulley System: Size of 
pulleys and the lengths (L) of belts 
used in the design of the machine 
were determined using the equation 
(1) and (2) respectively (Khurmi and 
Gupta, 2007).

N1D1 = N2D2	 (1)
Where, N1 is speed of drive (mo-

tor) pulley (rpm); N2 is speed of 
driven (SC) pulley (rpm); D1 is di-
ameter of drive pulley (mm); D2 is 
diameter of driven pulley (mm).

L =  π (D + d) + 2C + (D + d)2    
(2)

        2			  4C	
Where, C is distance between 

drive and driven pulleys (mm); D is 
diameter of drive pulley (mm) and, 
d is diameters of the driven pulleys 
(mm).

Ergonomic Consideration: Ergo-
nomic considerations were used in 
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the design for safety of the worker. 
The length of the feeding chute was 
kept 950 mm as per IS: 9020-2002. 
Height of the machine was kept 
950 mm as per average waist height 
(natural indentation) of the worker 
for better comfort work. The ma-
chine consisted of all safety guards 
over power transmission system.

The conceptual design and draw-
ing of DM was prepared with the 
help of PTC Creo Parametric 3.0-
2014 software and fabricated. The 
front, back, top and isometric views 
of the designs of defluffing machine 
are given in Fig. 1 and the views 
of fabricated machine are shown in 
Fig. 2.

Testing Procedure of Defluffing 
Machine
The prototype of DM was tested 

for def luffing of f luffy dinanath 
grass seeds (Fig. 3). Experiments 

were conducted by taking 9 samples 
each of 500g of feed mass of fluffy 
dinanath grass seeds at three levels 
of  moisture content  (7.0%, 9.0%, 
11.0%) using Randomized Block 
Design (RBD) having 3 replications. 

On star t of the motor, the SC 
along with FR start rotating and GU 
start moving to and fro. The bunch 
of fluffy seed was fed in the FC and 
the seed materials were slightly 
pushed towards FR by a person. 
Simultaneously, the SC pulled the 
mass through the gap between the 
iron teeth and the upper casing. The 
experimentation on the machine 
was started after 2 minute of start 
when steady state of inflow and out 
f low of the materials occurs. The 
rotational speed of cylinder was 545 
rpm during operation. The defluffed 
nucleus (true) seeds along with the 
separated hairs and powdery dust 
particles passed through the open-

ings of the upper screen of the GU 
and dropped down on the bottom 
tray during the reciprocating motion 
of the grading assembly. The time 
taken in defluffing the selected mass 
of the f luffy seeds were measured 
by using a quartz stop watch and the 
samples retained on the top sieve 
and bottom tray of GU were col-
lected separately. The top screen of 
the GU contains the seed cover ma-
terials such as hairs and appendages 
without the true seed and few non 
defluffed seeds. Further, separation 
of nucleus seed, dust particles and 
bigger chaffs from the mixture of 
seeds retained on the bottom tray of 
GU was done separately using two 
square opening test sieves of sizes 
1.18 mm and 0.60 mm. The material 
retained on 0.6 mm sieve was the 
desired nucleus seed.

Fig. 1 Front, back, top and isometric views of the CAD design of defluffing machine

Top view

Front view Back view

isometric view



VOL.54 NO.1 2023 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 45

Computation of the Performance 
Parameters
The formula used in computing 

the defluffing capacity, defluffing 
efficiency and the percent nucleus 
seed recovery are stated as follows:

Defluffing capacity, Dc

It is the ratio of mass of fluffy seed 
fed to the defluffing time. Defluffing 
capacity (kg/h) was estimated as:	

Dc(kg/h) = F / 1000 =    3F        (3)	         Dt / 60       50Dt

where,	 F is mass of fed seed sam-
ple (g) and, Dt  is time of defluffing 
(min).

Traditional method of defluffing 
of dinanath seeds (Fig. 4) includes 
drying of harvested crop followed 
by beating manually with wooden 
stick (1 to 2 m length) on threshing 
floor and sieving. This process has 
less defluffing output (6 kg per day/
woman). 

Defluffing efficiency, De

It is the ratio of mass of defluffed 
seed to the total mass of fed seed 
sample expressed in percentage. 
Preliminary tests on prototype 
indicated that the material passed 

through top sieve of GU and re-
tained on bottom plate of GU do 
not have any fluffy seed. Chances of 
non defluffed seeds were only on the 
samples retained on the top screen. 
Therefore, the De was calculated us-
ing 5 g random sample from the ma-
terial retained on the top screen of 
grading unit and following formula 
was derived to calculate the De.

De(%) = (Mass of defluffed seed × 
100) / (Total mass of fed seed) = 
(1 − (Mass of non defluffed seed) 
/ (Total mass of fed seed) × 100 
= [1 − (MND  ×  Mt) / 5F] × 100

(4)
Where, F is mass of fed seed sam-

ple (g); MND is mass of non defluffed 
seed from 5 g random sample taken 
from top screen (g) and, Mt is mass 
retained on top screen of grading 
unit (g).

Nucleus seed recovery, Mn

It is the ratio of quantity of nucle-
us seed obtained from sieving of the 
mixture retained on bottom tray of 
GU to the mass of fed seed sample 
expressed as a percentage and is 
given as 

Mn (%) =  (Mass fraction retained 
on 0.6 mm sieve × 100) / (Total 
mass of fed seed) = (Mf / F) × 100

(5)

Results and Discussion

The mean values of physical 
properties of both fluffy and nucleus 
dinanath seeds were determined for 
designing the machine as shown in 
Table 1. The mean values of seed 
dimensions (L × W × T) for fluffy 
seed and nucleus seed were 6.20 
× 2.77 × 1.83 mm and 2.44 × 0.82 
× 0.58 mm respectively. Similarly, 
Da and Dg for fluffy seeds were 3.6 
mm, 3.11 mm respectively and for 
nucleus seeds, the respective values 
were 1.28 mm and 1.05 mm. Dg 
value was found more than that of 
its width and thickness. The sizes of 
fluffy and nucleus seed were taken 
into considerations to design the 
concave clearance, sieve sizes of 
lower casing and GU. Ten millime-

Table 1 Physical properties of fluffy and nucleus seeds of dinanath grass at 9% 
moisture content

Properties Mean value
for fluffy seeds

Mean value
for nucleus seeds

Length (L), mm 6.20 ± 0.97 2.44 ± 0.21
Width (W), mm 2.77 ± 0.67 0.82 ± 0.13
Thickness (T), mm 1.83 ± 0.66 0.58 ± 0.11
Arithmetic mean dia. (Da), mm 3.60 ± 0.53 1.28 ± 0.12
Geometric mean dia. (Dg), mm 3.11 ± 0.58 1.05 ± 0.12
Sphericity, % 50.57 ± 9.56 43.01 ± 4.32
Surface area (As), mm2 31.41 ± 12.29 3.49 ± 0.82
Volume (V), mm3 10.97 ± 7.27 6.62 ± 3.02
1000- seed mass, g 0.819 ± 0.03 0.478 ± 0.01
Bulk density (ρb), kg.m-3 7.65 ± 0.24 613.63 ± 10.66

Fig. 2 Fabricated defluffing machine

Fig. 3 Defluffing machine in operation

Fig. 4 Traditional method of defluffing
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ters concave clearance was selected 
considering the maximum length of 
fluffy seed (6.20 + 0.97 mm) in view 
of one thin layer of fluffy material 
lodged onto the rotating SC while 
in operation, whereas 2.6 mm round 
sieve size of lower casing was taken 
so that all the material which are 
crushed passed through it on GU. 
Similarly, 1.8 mm round opening 
sieve was selected for the top screen 
of GU so that the nucleus seeds and 
smaller dust particles pass through 
the openings of top sieve. 

The mean value of sphericity for 
fluffy and nucleus seeds were 50.57 
and 43.01 respectively. According 
to Dutta et al. (1988), seeds having 
sphericity less than 0.70 may not 
be considered spherical. The mean 

value of ρb of fluffy and naked seeds 
were 7.65 kg/m3 and 613.63 kg/m3. 
This indicates that the ρb of nucleus 
seed was 80.21 times the ρb of fluffy 
seeds. Data on ρb was used for the 
design of size of FC. Similarly, the 
mean values of V of fluffy seed and 
nucleus seeds were 10.97 mm3 and 
6.62 mm3 respectively. Average 
1000 seed mass of fluffy and nucle-
us seeds were 0.819 g and 0.478 g 
respectively. Based on the physical 
properties of dinanath grass seeds 
and design considerations, the spec-
ifications of prototype were devel-
oped which are shown in Table 2.

 Performance Evaluation
The prototype was evaluated for 

defluffing of dinanath grass seeds 

and Mn, Dc and De were measured. 
The operating speed of SC was 545 
rpm. The data were analyzed using 
generalized linear model (GLM) 
procedure of SAS (V-9.3) to assess 
the suitability of the machine. The 
experimental results on perfor-
mance parameters are presented in 
Table 3. ANOVA was conducted for 
Mn, Dc and De, which are also pre-
sented in Table 3.

The ANOVA data shows high F 
value (1140.1) for Mn at 1% level of 
significance. The linear effect of 
Mc was highly significant on Mn. 
Similarly, F values of 36.35 and 
14.52 were observed for Dc and De 
at 5% level of significance, there-
fore, the effect of Mc on Dc and De 
were highly signif icant. Results 

Table 3 Recovery of nucleus seed, defluffing capacity and defluffing efficiency for fluffy dinanath seeds

F
(g)

Mc

(% wb)
Mt

(g)
Mb

(g)

Mass fractions through sieves MND

(g)
Dt

(min)

Performance parameters
Retained on 
1.18 mm sieve

Retained on 
0.60 mm sieve

Passed through 
0.60 mm

Mn

(%)
Dc

(kg/h)
De

(%)

500
7.0 295.20 203.80 55.20 114.10 34.00 0.6690 6.12 22.82a 4.90a 92.10a

9.0 310.51 187.48 62.32 98.40 25.86 0.9170 7.18 19.68b 4.18b 88.63a

11.0 325.40 172.50 49.71 78.55 44.24 1.4981 10.0 15.71c 3.02c 80.50b

Coefficient of variation (CV) 0.669 4.798 2.214
Critical difference (CD) 0.294 0.439 4.370
Mean sum of square (MSE) 0.017 0.037 3.716
F value 1140 36.35 14.52
Level of significance (p-value) < 0.01 < 0.05 < 0.05

a, b, c: the letters at superscript indicate whether the treatment means are at par or different.
Mc = Moisture content of fed seed sample; Mt = Mass retained on top screen of GU; Mb = Mass retained on bottom plate of GU

Table 2 Specifications of the defluffing machine
Items Specification 

Main Frame 1) Dimension: 1120 × 700 × 950 mm 
2) Material: angle iron (45 × 45 mm) 

FC 1) Dimension: 950 mm length, 600 mm breadth 
2) Material: MS sheet, 18 gauge 

SC Assembly 1) Wooden cylinder: 360 mm φ  × 580 mm long with serrated iron teeth on periphery; Cylinder shaft diameter: 30 mm  φ;
2) Upper casing: 380 mm φ;  Lower casing: 380 mm φ, 2.6 mm round sieve;
3) Abrasive material on inner surface of the upper casing: sand paper (0.5 m2);
4) Clearance between upper casing and SC: 10 mm

FR 1) Feed roller: 2 (Nos.); 60 mm  φ, 615 mm long;
2) Feed roller shaft: 20 mm φ

GU 1) Dimension: 730 mm length × 600 mm width × 360 mm front height and 285 mm back height;
2) Vertical gap between top sieve and bottom plate: 150 mm;
3) Inclination of bottom plate: 10 degree;
4) Top sieve: 1.8 mm round opening and a MS tray at the bottom

PTU 1) Electric motor: 0.75 kW, single phase A.C. motor (1440 RPM).
2) V-Belt and pulley system: (i) between motor pulley and SC pulley; (ii) between SC pulley and GU pulley
3) Chain and sprocket system between SC shaft and FR shaft 
4) Cam shaft and belt pulley attachment: between GU and SC
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indicated that the defluffing at 7.0% 
Mc and 545 rpm produced highest 
capacity of 4.9 kg/h and defluffing 
at 11.0% Mc with the same speed 
produced the lowest Dc of 3.02 kg/
h. Increased Dc at 7.0% Mc was 
the result of more dryness of the 
fluffy seed. The results of De of the 
machine as presented in Table 3 
indicates that the highest value of 
De was 92.10% at 7.0% Mc which 
was at par to the seed having 9.0% 
Mc because the critical difference 
(CD = 4.370) is more than the dif-
ference of average values of De at 
7.0% Mc and 9.0% Mc. The lowest 
values of De was 80.5% at 11.0% Mc 
which is significantly different. This 
agreed with the result of an earlier 
study by Simonyan and Oni (2001), 
where decrease in Mc of unthreshed 
grains resulted to an increase in 
threshing efficiency. Kamble et al. 
(2003) conducted the study of pearl 
millet thresher and got the reduced 
threshing efficiency with increase of 
Mc because high moisture content 
increased the plasticity of the grain. 
Bansal and Lohan (2009) obtained 
higher threshing efficiency at lower 
Mc during threshing of seed crops. 

Kushwaha et al. (2005) developed 
an okra seed extractor and evaluated 
at different Mc from which they got 
the result as extracting efficiency 
was decreased with increase of Mc.

Fulani et al. (2013) resulted that 
higher threshing efficiency observed 
at lower Mc in case of cowpea. 
The Mn decreased from 22.82% to 
15.71% with increase in Mc from 
7.0% to 11.0%. The quantity of 
nucleus seed obtained from 500 g 
fluffy seed was 22.82% at 7% Mc. 
This shows 77.2% decrease in bulk 
weight and 99.7% reduction in bulk 
volume of fluffy seeds after defluff-
ing in the form of nucleus seed. This 
will be helpful in easy handling, 
transportation and storage. Vijay 
et al. (2018) conducted study on 
traditional cotton batting machine 
for def luffing of dinanath grass 
seed and got 5.6% Mn. They also 
observed 94% decrease in mass and 
98% reduction in V of nucleus seed 
as compared to fluffy seed.

Cost Economics
Cost of defluffing using the pro-

totype of machine was determined 
considering the fixed cost and vari-

able cost of the machine (Dabhi 
and Davara, 2017). It was compared 
with traditional manual defluffing 
cost. Total cost was considered as 
the sum of fixed and variable costs. 
Following assumptions were made:

a) Life of machine, year: 10
b) Total working days per year: 

150
c) Total working hours per day: 8
d) Depreciation cost of defluffing 

machine, Rs./y: 10% of initial 
cost

e) Rate of interest on capital in-
vestment per year, %: 12

f) Housing, insurance and other 
expenditures, Rs./y: 1% of ini-
tial cost

g) Repair and maintenance cost, 
Rs./y: 5% of initial cost

h) Capacity of defluffing machine: 
4 kg/h

i) Labour charges, Rs./day: 400/-
j) Electricity charges @ Rs. 6 per 

unit: 0.75 kW × 8 h × 6 = Rs. 36/
day

Details of the cost analysis are 
given in Table 4. Machine defluff-
ing cost was Rs. 16.05 per kg, while 
traditional defluffing cost was Rs. 
66.66 per kg considering manual 
defluffing @ 6 kg/day. The saving 
of cost was 75.92% of traditional 
manual def luffing cost. The main 
aim of defluffing was justified with 
cost saving and also in labour sav-
ing for the farmers.

Conclusions 	

From the above results, it could 
be concluded that the designed and 
developed defluffing machine based 
on physical properties of dinanath 
grass seeds and design consider-
ations, resulted in highest defluff-
ing capacity (4.9 kg/h), defluffing 
efficiency (92.1%) and nucleus seed 
recovery (22.82%) at 7.0% moisture 
content. The lowest defluffing ca-
pacity of 3.02 kg/h and defluffing 
efficiency of 80.5% were recorded at 
11.0% moisture content. The capac-
ity of the def luffing machine was 

Table 4 Comparative cost of defluffing operation
Parameters Values

A. Fixed Costs
(1) Depreciation cost of defluffing machine, Rs./h, (D)
     = (Initial cost − final cost) / (Life of machine × working, h/yr)

4.05

(2) Interest on the machine cost, Rs./h, (I)
     = (Average cost of machine × rate of interest) / (working, h/yr)

2.97

(3) Housing, insurance and other expenditures, Rs./h, (H)
     = (Initial cost × 0.01) / (working, h/yr)

0.45

(4) Total fixed cost, Rs./h 7.47
B. Variable Costs

(1) R = Repair and maintenance cost, Rs./h
     = (Initial cost × 0.05) / (working, h/yr)

2.25

(2) W = Wages, Rs//h
     = (Labour charge per day) / (working, h/day)

50.00

(3) E = Electricity Charge, Rs./h
     = (kW of motor) × (unit rate of electricity)

4.50

(4) Total variable cost, Rs./h 56.75
C. Total defluffing cost (A + B), Rs. /h 64.22
D.  Defluffing cost of the machine, Rs./kg
      = (Total defluffing cost, Rs./h) / (defluffing capacity, kg/h)

16.05

E. Defluffing cost by traditional method, Rs./kg
     = (Labor charges, Rs./day) / (manual capacity of defluffing, kg/day)

66.66



AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2023 VOL.54 NO.148

compared with manual def luffing 
of fluffy dinanath seeds and it was 
observed that the defluffing machine 
could save 76% cost of defluffing as 
compared to the manual defluffing. 
The mean value of seed dimen-
sions (L × W × T) for f luffy seed 
and nucleus seed were 6.20 × 2.77 × 
1.83 mm and 2.89 × 1.10 × 0.82 mm 
respectively. Similarly, the mean 
values of bulk densities of fluffy and 
nucleus seeds were 7.65 kg/m3 and 
613.63 kg/m3 respectively. Trans-
portation cost of voluminous fluffy 
seeds may be reduced drastically 
as its volume reduced up to 99.7% 
after defluffing in the form of nu-
cleus seed. The defluffed dinanath 
seeds, not only aid in easy storage 
and transportation but also in sow-
ing either through broadcasting or 
pelleting. The defluffing machine 
may also provide an opportunity to 
defluff other grass seeds of similar 
nature.
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Abstract

The present study was conducted 
in district Ludhiana (L1) and Moga 
(L2) of state Punjab, India on happy 
seeder for sowing of wheat crop 
under rice wheat cropping system. 
Assessment of field performance 
of happy seeder technology was 
observed with the economic worth 
from the angle of custom hiring 
operator or the progressive farmer. 
The performance evaluation was 
done on the basis of dependent 
parameters such as fuel consump-
tion, actual field capacity and field 
efficiency by selecting three differ-
ent gears 1st, 2nd and 3rd low. Actual 
field capacity, field efficiency was 
maximum and fuel and energy con-
sumption was minimum for 2nd gear 
for both L1 and L2. Economic analy-
sis showed that the total operating 
cost of happy seeder system was 
Rs. 2,900.98 per ha and break-even 
point was 70.93 ha/y with the actual 
payback period of 2.68 years. The 
results from present study showed 
that happy seeder is a promising 
technology for adoption.

Keywords: Break-even point, 
Cost, Energy consumption, Field 
capacity, Happy seeder, Payback pe-
riod.

Introduction 

Rice-wheat cultivation in the Pun-
jab state is highly mechanized and 
about 90 percent of paddy area is 
harvested by the combine harvest-
ers which generates heavy straw 
load i.e. up to 6 tonnes per ha. Thus 
in total out of 20 million tonnes 
of paddy straw is produced after 
mechanical paddy harvesting, 15 
million tonnes is burnt annually by 
farmers for timely and convenient 
sowing of next crop. The reasons for 
this stubble burning are due to its 
ease, economical and rapid means 
for get rid of paddy straw. However, 
this practice of burning posing 
long-standing concerns both on and 
off-farm (Singh et al., 2008). The 
burning of paddy straw also results 
in deterioration of soil health due to 
loss of plant nutrients, organic car-
bon of the soil, micro flora and fau-
na. As per estimates 25 percent of 
nitrogen, 50 percent sulphur and 75 
per cent Potassium remained in the 
straw are lost through such burn-
ing thus costing more than Rs. 200 
crores at the prevailing prices (Sid-
hu et al., 2007). As in the state more 
than 60% of the population lives in 
the rice growing areas so they are 
directly exposed to air pollution due 
to burning of stubbles (Kumar and 
Kumar, 2010). This burning practice 

results in production of enormous 
quantity of fine particulate matter 
and other noxious gases in the at-
mosphere which causes acute asth-
matic, lung disease, cardio vascular 
problems etc. in elderly people and 
children. The stubble burning prac-
tice also contributes significantly to 
greenhouse gas emissions (Gujral 
et al., 2010). The presence of fog 
during winters further escalates the 
problem by trapping pollutants and 
hampering their dispersal and the 
thick clouds of smoke engulf roads, 
causing an increase in the number of 
accident, blocking or slowing down 
traffic etc. (Milham et al., 2011). In 
order to address the above issues 
in the state, number of crop residue 
management technologies have 
been invented, modified and dem-
onstrated by researchers/scientists 
at the farmers’ fields. Among the 
various paddy straw management 
technologies, happy seeder tech-
nology had a major breakthrough 
due to its exponential expansion in 
the past two years. It is one of the 
promising technology which is get-
ting popularity among the farmers. 
Research finding reveal that, sowing 
of wheat with happy seeder technol-
ogy the farmer can save time 5.38 
h, fuel 16.03 liters and money Rs. 
3,250/- per ha over the conventional 
practice (Singh et al., 2013).  Farm-
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ers are adopting this technology for 
sowing of wheat crop in their own 
combine harvested paddy field and 
also using this machine on custom 
hiring purposes for sowing wheat 
crop in other farmers. In view of 
this farmers are purchasing this 
machine but under the current sce-
nario where farmers of the state are 
in debt and maximum number of 
farmers comes under the category 
of small and marginal farmer, there 
is a need to study the optimal eco-
nomic utilization of happy seeder 
technology. Therefore, the objec-
tive of this study is to evaluate the 
techno-economic worth or viability 
of happy seeder technology.

Materials and Methods

The f ield performance happy 
seeder was evaluated at farmers’ 
fields for sowing of wheat in su-
per SMS fitted combine harvested 
paddy field in the district Ludhiana 
(L1) situated at the 30°56′ N latitude 
and 75°52′ E longitude and district 
Moga (L2) stretches between 30°48′ 
N latitude and 75°08′ E longitude 
of state Punjab, India. The study 
was conducted during first week of 
November, 2018 and the soil of the 
experimental field at the location L1 
and L2 was loamy. The climate was 
sunshine and the temperature range 
was 25-33 °C. The happy seeder 
technology implemented in the 
study is described below:

Happy Seeder Technology
In a single operat ion, happy 

seeder, drill the seed of wheat into 
a combine harvested paddy field by 
managing only that part of straw 
which is coming just in front of fur-
row openers. It consists of a rotor 
for managing the paddy residues 
and a zero till-drill for sowing of 
wheat. Flail type straight blades 
are mounted on the straw manage-
ment rotor which cuts the standing 
stubbles/loose straw coming in front 
of the sowing tine and clean each 

tine twice in one rotation of rotor 
for proper placement of seed in the 
soil. The flails push the residues as 
surface much between the seeded 
rows. Flails are wings made up of 
mild steel and attached to the shaft 
called f lail shaft. The shaft with 
flails is placed ahead of the furrow 
openers. Power to the f lail shaft 
is fed through the power take off 
(PTO) drive of tractor. The optimal 
efficiency of the happy seeder is 
largely depends upon the efficient 
working of flails (Singh et al., 2018). 
Stationary view of happy seeder and 
flail and furrow opener is shown in 
Figs. 1 and 2. General specifications 
of happy seeder machine are given 
in Table 1. Happy seeder machine 
used in the present study had the 
press wheel attachment i.e. a wheel 
attached between two adjacent fur-
row openers to press the chopped 
straw, thrown by the flails of happy 
seeder. Pre-requisite for smooth 
operation of the happy seeder is uni-
form distribution of loose straw. For 
this purpose super SMS attachment 
is used which is installed at the rear 
side of the combine harvester which 

chop and evenly distribute the pad-
dy straw coming out from the com-
bine. The operational view of happy 
seeder and Super SMS is shown in 
Figs. 3 and 4.

Experimental Procedure for Field 
Performance Assessment 
For conducting the experiment, 

three farmers from locations L1 and 
L2 were selected, each having 1.2 
ha area from same village. The area 
was divided into three equal parts, 
each having area of 0.4 ha. The 
machine was operated on each di-
vided part with selected gear having 
particular forward speed. The same 
procedure was followed for the 
other two farmer’s field. The power 
source used for the study purpose at 
each location was of 55 hp double 
clutch tractor. The machine was op-
erated for sowing of wheat crop on 
the farmer’s field at different gears 
1st low, 2nd low and 3rd low at two 
different location L1 and L2 and for 
each operation dependent variable 
such as, fuel consumption, theoreti-
cal field capacity, actual field capac-
ity and field efficiency were record-

Fig. 1 Stationary view of happy seeder Fig. 2 Furrow opener and flail of happy 
seeder

Table 1 General specifications of happy seeder machine
Sl. 
No Parameter Value

1 No. of tines 10
2 No. of blades 20
3 Overall width (mm) 2,225 
4 Power requirement (hp) 50
5 Tine spacing 225 mm
6 Weight (kg) 700
7 Seed and fertilizer mechanism Fluted Roller
8 Type of furrow opener Inverted T type
9 Rotor rpm 1,400 rpm at 540 rpm of tractor PTO
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ed. To calculate speed of operation 
at each gear, two poles were placed 
35 m apart in the middle of test run. 
The speed was calculated from the 
time required for the machine to 
travel the distance of 35 m. The fuel 
consumption was determined by 
top-up level method in which the 
tank is filled to full capacity before 
and after the test. Amount of refill-
ing after the test is the fuel con-
sumption for the test (Malik et al., 
2017). The procedure followed for 
the determination of other perfor-
mance parameters are given below: 

Actual Field Capacity (AFC)
Kepner et al. (1972) defined the 

effective field capacity as the ac-
tual average rate of coverage by 
the machine, based upon the total 
field time. It is impossible to oper-
ate machines continuously at their 
rate width of action, therefore their 
actual capacity is substantially less 
than the theoretical capacity (Hunt, 
1979). The best way to determine 
the actual field capacity of a ma-
chine is to make an accurate check 
of the area actually covered (Sie-
mens and Bowers, 1999).

Theoretical Field Capacity (TFC)
Theoretical field capacity is the 

maximum positive capacity ob-
tained at a given speed, assuming 
the machine using its full width 
(Siemens and Bowers, 1999).  It is 
the rate of field coverage of the im-
plement (Kepner et al., 1972), based 
on 100% of time at rated speed and 
covering 100% of its rated width. 
Hunt (1979), suggested the follow-

ing equation for theoretical field 
capacity calculation

TFC ( ha ) = W × S
	  h          10
where, 
W = Working width, m 
S = Speed of operation, km/h

Field Efficiency (FE)
Field eff iciency is def ined as 

the ratio between the productivity 
capacity of a machine under field 
conditions and the theoretical maxi-
mum productivity (ASAE, 2000). 
It is a measure of the effective work 
done by a machine in ratio form 
between actual work done and what 
could be achieved under ideal con-
ditions (Torres and Villegas, 1993). 
Kepner et al., (1972), Hunt (1979) 
and Siemens and Bowers (1999), 
defined machine field efficiency as 
the ratio of actual field capacity to 
theoretical field capacity, expressed 
in %,

FE (%)  = AFC
	       TFC
where, 
AFC = Actual field capacity, ha/h
TFC = Theoretical field capacity, 

ha/h 

Energy Consumption Calculation
The energy consumption for op-

erating happy seeder technology at 
L1 and L2 was calculated from the 
sum of energy consumed by human, 
fuel, machine and tractor compo-
nent. Proper energy equivalents (Ee) 
were used to account for each com-
ponents and the values of the energy 
equivalent for human, fuel, machine 
and tractor component are 1.96 MJ/

h, 56.31 MJ/l, 62.7 MJ/kg and 64.8 
MJ/kg (Singh and Mittal, 1992; 
Singh et al., 2002; Gundogmus, 
2006). The following relations were 
used to determine energy consump-
tion (MJ/ha) from human, fuel and 
machinery component for operating 
happy seeder machine (Sidhu et al. 
2015):

1. Human energy (MJ/ha) = [(No. 
of labor used × time (h) / Area 
(ha)] × Ee, (MJ/h) 

2. Machine energy (MJ/ha) = 
[(Machine weight (kg)) / (Ma-
chine wear out life (h) × AFC, 
ha/h)] × Ee (MJ/kg)

3. Fuel energy (MJ/ha) = [Fuel 
consumption (l/h) / AFC (ha/h)] 
× Ee (MJ/l)

The energy consumption in each 
group of inputs was calculated from 
the multiplication of the amount of 
the input consumption and its en-
ergy equivalent per unit (extracted 
from scientific sources). The energy 
in MJ/ha is converted to kWh/ha by 
using the conversion factor of 3.6. 
The significance (p = 0.05) of the 
difference between the actual field 
capacity, fuel consumption and field 
efficiency of happy seeder for L1 and 
L2 at selected gears was determined 
by using the SPSS (version 26) sta-
tistical software.

Economic Worth Assessment 
For the economic worth assess-

ment, machinery (Tractor + Happy 
seeder) operation cost which con-
sists of (a) fixed cost - depreciation, 
interest on invest, taxes, insurance 
and housing; (b) variable cost - la-
bour, fuel, oil, repair and mainte-
nance, were calculated. The detail 
of various types of cost involve and 
economic indicator parameter is 
given as below:

Fixed Cost
Fixed cost is def ined as one, 

which does not change when level 
of output alters (i.e., it applies to a 
resource that is fixed in quantity). 
The straight-line method is the sim-
plest for calculating depreciation 

Fig. 3 Operational view of happy seeder Fig. 4 Operational view of Super SMS 
installed at the rear of combine harvester
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and is normally used in budgeting, 
since the concern is usually only 
with the average annual cost of 
machine (Barnard and Nix, 1980). 
Therefore, in calculation of fixed 
cost, a straight-line depreciation is 
assumed and the following equation 
was used for calculating the annual 
depreciation:

D  = P − S
	 L
where, 
D = Depreciation, Rs./y
P = Purchase price of Machinery, 

Rs.
S = Salvage value of machinery, 

Rs.
L = Life of machinery, y.
The interest on investment is 

included in fixed cost estimation. 
Even if the investment money is not 
actually borrowed, a charge is made 
since that money cannot be used for 
some other interest paying enter-
prises. The rate of interest taken in 
present study was 12%. The follow-
ing equation was used for calculat-
ing the interest on invest:

I  = P + S × i          2
where,
i = interest rate, decimal.

Variable Cost (VC)
The variable cost is one, which 

changes when the level of output al-
ters. Variable cost depends on hour-
ly labour cost, fuel, oil, repair and 
maintenance cost and the required 
working hours for each field opera-
tions. The cost of operator/labour 
was calculated as the labour rate in 
Rs/h. The fuel and oil cost was es-
timated from consumption rate and 
multiplied by their respective prices.

Operating Cost (OC)
Annual operating cost of ma-

chinery used in present study was 
divided into fixed cost and variable 
cost. All calculated fixed cost and 
variable cost was converted into Rs/
ha (Rs/h) and then summation of 
fixed and variable cost had given 
OC in Rs/ha (Rs/h). The OC was 

calculated as follows: 
OC, Rs./ha = Fixed cost + Vari-

able cost

Break Even Point (BEP)
Many farmers do not choose or 

cannot afford to own all the ma-
chinery required in their farming 
operations. Often this is because of 
restricted capital, limited labour, 
and small size of land holdings or 
other reasons. For these farmers, the 
purchase of custom services is one 
method of obtaining the needed ma-
chinery services on the farm. To de-
cide whether it is more economical 
to own machinery or to hire a cus-
tomer operator, compare the fixed 
and variable costs of owning and 
operating the machinery to the total 
costs of custom service. The break-
even point (Gutierrez and Dalsted, 
2020) is found faster and more ac-
curately with the following formula:

BEP  =      S      
	   (R − V)
where, 
F = annual fixed costs
V = variable costs per unit of op-

eration
R = custom hiring charge/rent per 

unit

Payback Period 
The payback refers to the time 

period within which the costs of 
investment can be covered by 
revenues. In other words, it is the 

length of t ime required for the 
stream of cash proceeds produced 
by an investment to equal the initial 
expenditure incurred. This can be 
computed by applying the following 
formula: 

Payback period (yr) 
     = Investment (total initial, Rs.)
	      Net benefit (Rs./yr)

Benefit-cost Ratio (BCR)
Benefit-cost ratio is the ratio of 

present worth of benefit stream to 
present worth of cost stream. The 
method of benefit-cost analysis is 
simple in principle. It follows the 
systematic approach used in select-
ing between economic investments 
alternatives (Gittinger, 1994) and is 
given by the equation below.

BCR = ∑ Present worth of benefit
                ∑ Present worth of cost
The investment is said to be prof-

itable when the BCR is greater than 
one. Depreciation and interest of 
investment are not included in the 
costs to prevent double accounting. 
Depreciation is accounted for by 
the inclusion of the investment cost 
while interest of investment is ac-
counted for by the discount factor.

Utility Index
It is a direct indication of work 

machine contact hours. With an 
increase in the utility index the cost 
of operation and the non-operating 
hours decrease. This in turn, results 

Table 2 Field performance data of the happy seeder

Gear Repli-
cation

L1 L2

FC
(l/h)

FC
(l/h)

AFC
(ha/h)

FE
(%)

FC
(l/h)

FC
(l/h)

AFC
(ha/h)

FE
(%)

1st Low

R1 6.5 0.47 0.32 67.72 5.8 0.47 0.32 67.72
R2 5.75 0.47 0.3 63.49 6.5 0.47 0.35 74.07
R3 6 0.47 0.34 71.96 6.25 0.47 0.3 63.49

Avg. 6.08 0.47 0.32 67.72 6.18 0.47 0.32 68.43

2nd Low

R1 5.5 0.68 0.42 62.22 5.5 0.68 0.41 60.74
R2 5.3 0.68 0.4 59.26 5.75 0.68 0.4 59.26
R3 6 0.68 0.44 65.19 5.25 0.68 0.41 60.74

Avg. 5.60 0.68 0.42 62.22 5.50 0.68 0.407 60.25

3rd Low

R1 7.1 0.83 0.31 37.24 5.5 0.83 0.34 40.84
R2 6.5 0.83 0.35 42.04 6.2 0.83 0.37 44.44
R3 6.2 0.83 0.32 38.44 6.4 0.83 0.35 42.04

Avg. 6.60 0.83 0.33 39.24 6.03 0.83 0.35 42.44
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into a net increase in the total power 
available for farm work. Utility in-
dex (K) can be calculated as

K = (Number of actual working 
hours per year) / (Number of ex-
pected working hours per year)

Results and Discussion

Machine performance analysis
The fuel consumption, theoretical 

field capacity, actual field capacity, 
field efficiency obtained at three 
different gears 1st low, 2nd low and 
3rd low corresponding to forward 
speeds 2.1, 3.0 and 3.7 km/h and two 
different locations L1 and L2 is given 
in Table 2. The maximum average 
actual field capacity and minimum 
fuel consumption was found to be 
0.42 ha/h and 5.60 l/h at gear 2nd L 
for location L1 and was 0.407 ha/h 
and 5.50 l/h for location L2. Since, 
actual field capacity depends upon 
actual time and as the actual time 

observed in case of forward speed 
of 1st and 3rd low gear was more 
due to more hindrance created in 
the operation happy seeder at low 
and high speed because of machine 
choking with straw observe at these 
gears speed whereas smooth func-
tioning of happy seeder was observe 
at gear 2nd low. The same reason can 
be stated for the minimum fuel con-
sumption observed at gear 2nd low. 
The variations corresponding to 
location may be due to the varying 
field condition and operator skill. 
The field efficiency was maximum 
67.72 and 68.43 % for location L1 

and L2 at forward speed of 1st low 
due to the less speed which cause 
less theoretical field capacity and 
more time consumption which in 
term decrease the actual field ca-
pacity. The effect of changing gear 
at location L1 and L2 on fuel con-
sumption, actual field capacity and 
field efficiency is given in shown in 
Figs. 5, 6 and 7. The ANOVA test 

conducted showed that the gears af-
fected the fuel consumption, actual 
field capacity and field efficiency 
significantly at 5 % level of signifi-
cance. There is negative correlation 
between actual fuel consumption 
and fuel consumption, which is sig-
nificant at 5 % level of significance 
(two tailed).

Energy Consumption Analysis
The total energy consumption in 

operating happy seeder machine in 
different selected gears at L1 and L2 
is shown in Fig. 8.  It was observed 
that at both location L1 and L2, en-
ergy consumption was less for gear 
2nd low gear as compared to 1st and 
3rd low gear. This is due to less fuel 
consumption and more actual field 
capacity of machine at 2nd low gear. 
The energy consumption at L1 and 
L2 for 2nd low gear was 244.77 and 
248.74 kWh/ha, whereas energy 
consumption for 1st and 3rd low 
gear at L1 and L2 were 344.72 and 

Fig. 7 Effect of gear change on field efficiency of happy seeder at 
location L1 and L2

Fig. 9 Total energy consumption in operating happy seeder

Fig. 5 Effect of gear change on fuel consumption of happy 
seeder at location L1 and L2

Fig. 6 Effect of gear change on actual field capacity of happy 
seeder at location L1 and L2
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346.49; 358.92 and 312.94 kWh/ha 
respectively. Among the all compo-
nents, the maximum contribution in 
energy consumption was from fuel 
component in all the selected gears 
at both L1 and L2 location followed 
by machine, tractor and human en-
ergy consumption component. The 
least involvement of human energy 
component indicates the high status 
of mechanization in the study areas. 
The least fuel energy consump-
tion was 208.56 and 211.37 kWh/
ha for 2nd low gear at both L1 and L2 
whereas for 1st and 3rd low gear the 
fuel energy consumption was 297.19 
and 299.13; 312.83 and 269.48 kWh/
ha at L1 and L2 respectively. The 
component wise energy consump-
tion for each selected gear at L1 and 
L2 is shown in Fig. 9 and the energy 
consumption detail for operating 
happy seeder machine is given in 
Table 3. 

Cost Analysis 
The economic analysis of using 

the happy seeder with tractor and 
various assumption made during 
the analysis is given in Table 4. The 
financial analysis was computed 
from the viewpoint of machine 
owner whether he is a custom hiring 
operator or a progressive farmer.  
Based on field data, the present total 
cost of operation and actual field ca-
pacity of the happy seeder machine 
were estimated as Rs. 2,900.98 per 
ha and 0.41 ha/h (average maximum 
actual field capacity of location L1 

and L2) respectively. Fixed cost and 
variable cost for the machine opera-
tion were estimated Rs. 1,326.83 and 
1,574.15 per ha respectively based 
on the average field data and col-
lected through personal interview 
of custom-hire service providers. 
The rental charges of using happy 

seeder by a customer operator is Rs. 
3,810/- per ha. The net benefit was 
comes out to be Rs. 909.02 per ha 
and considering 150 h annual use 
of happy seeder according to the 
custom operators and the net annual 
benefit or revenue was observed to 
be Rs. 55,905. The various itemized 

Fig. 9 Energy consumption involvement of different component Fig. 10 Itemized cost per hour of operation

Table 3 Energy consumption for operating happy seeder

Location Gear Energy consumption (kWh/ha) Total 
(kWh/ha)Machine Human Fuel Tractor 

L1

1st L 6.5 0.47 0.32 0.32 67.72
2nd L 5.75 0.47 0.3 0.35 74.07
3rd L 6 0.47 0.34 0.3 63.49

L2

1st L 5.5 0.68 0.42 0.41 60.74
2nd L 5.3 0.68 0.4 0.4 59.26
3rd L 6 0.68 0.44 0.41 60.74

Table 4 Economic analysis of machinery under study

Particulars Assumption  (Happy 
Seeder) Tractor

Purchase price (P), Rs. - 150,000 700,000
Salvage (S) , Rs. 10 % of P 15,000 70,000
Life, year - 6 10
Economic life, h - 150 400
Depreciation, Rs./year - 22,500 63,000
Interest cost, Rs./year Rate of 

interest, 12%
9,900 46,200

Tax, insurance, shelter, Rs./year 2% of P 3,000 14,000
Fixed Cost, Rs/year (Rs./h) - 35,400 (236) 123,200 (308)
Total fixed cost (FC), Rs./year (Rs./h) - 158,600 (544)
Repair & maintenance, Rs/h 5% of P/Avg/

year
50 87.5

Fuel cost  (5.94 l/h), Rs./h @ Rs. 65/litre 0 360.75
Lubrication cost, Rs./h 20% of Fuel 

Cost
0 72.15

Labour Cost, Rs./h - 37.5 37.5
Variable cost (VC), Rs./h - 87.5 557.9
Total cost (TC), Rs./h - 323.5 865.9
Operating cost, Rs./ha (Rs./h) - 2,900.98 (1,189.4)
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cost per hour is shown in Fig. 10.
Considering the capital cost in-

volved in purchase of happy seeder 
and assumption made for economic 
analysis in this study, the break-
even point comes out to be 70.93 ha 
per year or 173.01 h per year where-
as actual use of machine is 150 h 
per year. Considering the actual 
annual use of machine the farmer or 
custom operator shall be able to re-
cover his cost in 2.68 year (payback 
period). All the earnings after this 
period while using the same happy 
seeder machine will be his earn-
ing but if literally the farmer uses 
the machine optimally for 173.01 
h per year (break-even point) then 
his payback period would be 2.33 
years (Fig. 11). The both actual and 
optimal payback period of machine 
is less than the economic life (6 y) 
of the machine and also the benefit 

cost ratio is found to be 1.31, which 
is greater than unity, So, operat-
ing the machine on custom hiring 
and covering area around 70.93 ha 
per year is a acceptable profitable 
venture, although in current actual 
condition custom operator/progres-
sive farmer covering operating 150 
h is also acceptable but the payback 
period will increased. The utility 
index obtained was 0.87 which is 
less than unity which showed un-
derutilization of machine from the 
point of optimal parameters. All the 
details of economic parameters is 
given in Table 5.

Conclusion

It is concluded that using the hap-
py seeder technology is a profitable 
venture with the additional benefit 

of viable alternative to on farm pad-
dy straw burning. In present study, 
techno-economic evaluation of hap-
py seeder technology for sowing of 
wheat in combine harvested paddy 
field was done at two locations L1 
and L2 with the economic analysis. 
Actual field capacity, field efficiency 
was maximum and fuel and energy 
consumption was minimum for 
2nd low gear for both location. The 
total operating cost of system was 
Rs. 2,900.98 per ha and break-even 
point was 70.93 ha/y which was 
more than the actual use of machine 
per year with the actual payback 
period of 2.68 years, but the optimal 
payback period should be 2.33. The 
benefit-cost ratio of machine was 
found 1.31, which was profitable 
venture for a custom hiring opera-
tor.
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Table 5 Economic worth evaluation of happy seeder technology
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Abstract

A tractor operated bund former 
was conceptualized, designed and 
CAD models were developed using 
Pro-E software before the actual de-
velopment/fabrication. The machine 
was developed with integrating 
mainly three units such as mulcher, 
rotavator and bund forming unit 
based on design calculations. These 
respective units perform three op-
erations, namely, mulch removing, 
soil pulverizing and bund forming 
on desired path simultaneously 
in one pass. The mulcher, rotava-
tor and bund former was designed 
based on the amount of soil required 
to prepare the bund. The prelimi-
nary trials indicated that height and 
width of bund was obtained about 
27 cm and 64 cm, which was more 

than desired values ≥ 20 cm and ≥ 
60 cm, respectively. This machine 
is found to be an excellent and con-
venient option over existing bund 
forming technologies to be operated 
in the mulched field.

Introduction 

Paddy is a major crop of Pun-
jab (India) and covers about 3.06 
million ha area with 20.07 MMT 
of paddy production. With this, 
straw production is also surplus ac-
counting about 20.17 MMT (Anon. 
2020a). Handling of this straw is 
cumbersome within the shorter win-
dow period (15-20 days) for sow-
ing of wheat and subsequent bund 
making. There are two mechanized 
methods that includes in-situ and 

ex-situ management of paddy straw 
(Modi et al., 2020). The in-situ tech-
nique refers to incorporation or re-
taining (as a mulch) of paddy straw 
into soil or on soil surface whereas 
ex-situ technique refers to removal 
of paddy straw from the field. In 
ex-situ technique of paddy straw 
management, paddy straw is either 
removed or collected off from the 
harvested field. This can be done by 
machines like farm mulch collec-
tor, balers and head feed combines. 
The farm mulch collector removes 
loose straw and loads into trolley 
at the same time. While the bail-
ing machine picks the loose straw 
from windrows and moulds it into a 
cylindrical shape or cube shape de-
pending on type of baler used (Modi 
et al., 2020). In-situ incorporation 
improved decomposition of residues 
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harvested with combines to early re-
plenishment of nutrients in the soil. 
Incorporation also has optimistic 
influence on soil health parameters 
such as pH, increase in soil organic 
carbon content, rate of infiltration 
and water holding capacity which 
in turn improves fertility of soil 
(Gupta et al., 2004; Mandal et al., 
2004; Sahai et al., 2011). About 1-2 
irrigations are saved for preparing 
seedbed when straw is incorporated. 
The incorporating technique in-
cludes the operation of conventional 
straw chopping machinery followed 
by tillage machinery for straw mix-
ing in the soil. The chopped straw 
can be mixed into the soil with 
reversible mould board plough or 
equipment like disc harrow, cultiva-
tor and plankers. The usual incorpo-
rating method is to use combination 
of straw chopper, reversible mould 
board plough followed by rotavator 
and planker. Another operation in-
cludes use of tractor mounted paddy 
straw chopper-cum-spreader which 
cuts, chops and spreads the straw 
simultaneously (Anon. 2017). 

Therefore, the residue is uni-
formly distributed using the above 
in-situ method. But, the residue 
lying in field comes with a number 
of issues associated with it. One of 
those problems is hindrance in for-
mation of bunds in the field as they 
cause the bunds made are broken 
after application of irrigation water. 
Bund making is a tillage operation 
intended for heaping up of tilled 
soil from two sides to form long 
stripes of mounds having furrows 
in between (Nkakini, 2014). Tractor 
operated bund formers are normally 
either disc or mould board type or 
forming board type. There is con-
ventional practice of bund making, 
to remove the straw about (1.25 m 
width) manually, then using tillage 
machinery and finally operating 
forming board type bund former 
to make demarcations in f ields. 
Whereas, disc type and mould board 
type bund formers make bunds di-
rectly in mulch field. These formed 

bunds are porous and oversized due 
to incorporation of paddy straw 
in it. It leads to breakage of bund 
and moreover higher application of 
irrigation water. These problems 
prevent desired bund formation and 
demands more labour for the entire 
process that can upsurge expenses. 
To eliminate these problems, such 
machine was required that can 
single handedly perform mulching, 
rotary tilling and bund making op-
eration. The machine was required 
to assist forthcoming operations of 
Happy Seeder due to growing popu-
larity of the same. Happy Seeder is 
one composite machine consisting 
of straw chopping unit and a sowing 
unit. This technology belongs to the 
in-situ method of retaining straw as 
mulch on the field. In Punjab, the 
area under Happy Seeder technol-
ogy is 3,224 ha in 2018-19 (Mahal 
et al., 2019). As rice-wheat is water 
guzzling cropping system, judicious 
use of irrigation water has to be 
done in order to follow this cropping 
pattern. Thus, keeping in view need 
of farmers, design and development 
of tractor operated bund former was 
undertaken.

Material and Methods

Conceptual Design
The conceptualization of the ma-

chine involves following functional 
requirements:
a) The loose or standing paddy 

straw should be removed from 
soil surface on which rotavator is 
intended to work.

b) This st raw-free soil surface 
should be well pulver ized in 
which pulverization index ranged 
from 3-15 mm.

c) Trapezoidal shaped bund of 
height 150 mm and width about 
600 mm should be formed with 
optimum compaction.

d) All these operations should be 
done at single pass of the ma-
chine.
Removing of paddy straw from 

in front intended operational area 
of bund former using mulcher and 
pulverizing the same soil surface by 
rotavator. During the forward travel 
of the machine, mulcher picks the 
straw, rotavator pulverizes the straw 
free soil and bund former makes the 
bund. The picked straw by mulcher 
was thrown in rear side on the pre-
pared bund. The conceptual design 
of bund former is shown in Fig. 1.

Design of Tractor Operated Bund 
Former 

Required Width of Rotavator 
The operational width of cut re-

quired for the rotavator was based 
on required size of bund. The di-
mensions of the prepared bund in 
terms of top width (Wt), base width 
(Wb) and height of bund (H) were 
250, 600 and 300 mm, respectively 
(Ryals, 1984; Xian-Jun and De-Ti, 
2009). 

Volume of soil (Vs) required for 
trapezoidal shaped bund per meter 
length (L) of travel was calculated 
as follows

Vs = 1/2 × (Wt +Wb) × H × L      (1)
Vs = 1/2 × (250 + 600) × 300 × 

1000 = 127500000 mm3

Fig. 1 The conceptual design of tractor operated bund former
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An allowance of 10% variation in 
the volume of soil required based on 
moisture content of soil

Vs = 127500000 × 1.10 = 140250000 
mm3 (from Eqn. 1)

Then working width of rotavator 
(W) can be determined by consider-
ing the working depth of rotavator 
(Rd) as 115 mm (Bhambota et al., 
2017).

W = Vs / (Rd × L) = 140250000 / 
(115 × 1000) = 1220 mm        (2)

Thus, operational width of rota-
vator calculated as 1220 mm. Pro-
viding 2.5% allowance for accom-
modation the rotor shaft the width 
becomes 

W = 1220 × 1.025 = 1250.5 mm ≈ 
1251 mm (from Eqn. 2)

The operational width of cut of 
rotavator was found to be 1251 mm. 
Similarly, paddy straw has to be 
removed from same width where 
the soil to be pulverized. Hence, the 
mulcher of same width as that of ro-
tavator was selected.

Design of Mulcher
Power requirement of mulcher per 

tonne of mulch (Pmt) with effective 

width of 2.1 m for mulched condi-
tions was 1.864 kWh/t (Kepner et 
al., 2005). According to Singh et al., 
(2011), Indian mulched field condi-
tions have maximum 7.0 tonnes of 
straw load (Sl). 

The power requirement of mulcher 
rotor (Pm) can be calculated as:

Pm = Pmt × Sl = 1.864 × 7.0 = 13.048 
kWh		              (3)

Power requirement for mulcher 
with effective width of 1.25 m (60% 
power requirement based on width 
of mulcher) becomes 

Pm = Pr × 0.60 = 13.048 × 0.60 = 
7.83 kWh (from Eqn. 3)

Torque required for mulcher (Tm) 
can be calculated from the formula

Tm = (Pm × 60) / (2 × π × N)
(Kepner et al., 2005) (4)

where,
N = Rotations of mulcher rotor, 

rpm
Mulcher has to remove the straw 

(without chopping) from its front 
side. The conventional mulcher 
had rotational speed of about 1500 
rpm (Thakur et al., 2018). Thus, the 
speed for this rotor was kept about 
26% lesser than the conventional ro-

tor thus the mulcher rotor speed (N) 
was taken as 1100 rpm.

Tm = (7.83 × 1000 × 60) / (2 × π × 
1100) = 67.97 Nm = 67360 Nmm 
(from Eqn. 4)

Also, the outer diameter of the 
mulcher rotor (do) can be calculated 
as

do = 3√(Tm × 16 ) / [τ × π × (1 − k4)]
(Sharma and Mukesh, 2018) (5)

where,
τ and k is allowable shear stress 

42 MPa and ratio of inner to outer 
diameter as 0.5, respectively (Khur-
mi and Gupta, 2005)

Putting above values in Eqn. 5 it 
yields,

do = 3√(67360 × 16 ) / [42 × π × (1 − 
0.54)] = 20.5 mm

Taking factor of safety (Fs1) taken 
as 6.0 (Sharma and Aggarwal, 2013) 
thus outer diameter of the mulcher 
rotor becomes 

do = 20.5 × Fs1 = 20.5 × 6.0 = 123.0 
mm

The diameter of mulcher rotor 
was calculated to be 123.0 mm and 
the actual available rotor diameter 
was 168.0 mm thus design is safe. 

Design of rotavator
In design of rotavator, it is neces-

sary to calculate maximum periph-
eral force (Kp, kgf ) on rotavator 
working blades set which can be 
calculated as follows:

Kp = (75 Pt ηt ηr) / u
 (Sharma and Mukesh, 2018) (6)

where,
Pt = tractor power, hp 
u = rotavator tyne peripheral ve-

locity, m/s (3.3 m/s) (Sharma and 
Mukesh, 2018)

ηt = tractor transmission efficiency 
(0.9 for concurrent revolution)

ηr = coefficient including a reserve 
of tractor power amounting to 0.7-
0.8 (taken as 0.78)

To operate the rotavator required 
tractor power is 43.5 hp for width of 
cut about 1250 mm (Anon., 2002)

Kp = (43.5 × 75 × 0.9 × 0.78) / 3.3 
= 694.02 kgf    (from Eqn. 6) (7)

Considering overload factor (Cp) 
for peak peripheral force as 1.5 for 

Fig. 2 CAD drawings of tractor operated bund former
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stone less soil (Sharma and Mukesh, 
2018)

Therefore, design force (Kd) on 
rotary tyne is calculated as 

Kd = Cp × Kp = 1.5 × 694.02 = 
1041.03 kgf 		             (8)

The radius of rotary tyne (R) was 
assumed as 22 cm (Sharma and 
Mukesh, 2018)

Thus, torque of rotavator shaft 
(Tr) can be calculated as 

Tr = Kd × R = 22902.66 kgf-cm    (9)
Outer diameter of rotavator rotor 

shaft (dor) in torsion can be calcu-
lated as 

dor = 3√(Tr × 16) / [τ × π × (1 − k4)]
(Khurmi and Gupta, 2005) (10)

dor = 3√(223763.1 × 16 )/ [42 × π × 
(1 − 0.54)] = 30.94 mm

Taking factor of safety (Fs2) taken 
as 2.5 thus outer diameter of the ro-
tavator rotor becomes 

do = 30.94 × Fs1 = 30.94 × 2.5 = 
77.35 mm 

The diameter of rotavator rotor 
shaft was calculated to be 77.35 mm 
and actual available rotor diameter 
was of 88.00 mm thus the design is 
safe.

Design of Gear Box Shaft
Power required at PTO (Po) taking 

87% of tractor power
Po = 50 × 0.87 = 43.5 hp ≈ 43 hp 

(as 50 hp tractor is capable to oper-
ate the machine properly) 

Some transmission losses occur 
during transmission of power from 
P.T.O to gear box main shaft. The 
reason being number of mechanical 
components between both ends such 
as universal joint, gear box input 
shaft, gears and gearbox output or 
main shaft.

Power available at gearbox after 
universal joint (Pu) can be calculated 
as

Pu = 0.92 × Po= 0.92 × 43.5 = 40.94 
hp			             (11)

Power available at gear box main 
shaft (Pgm) can be calculated as tak-
ing 2.0% losses 

Pgm = 0.98 × Pu = 0.98 × 40.94 = 
40.12 hp = 29.93 kW	          (12)

Tgm = (Pm × 1000 × 60) / (2 × π × 
Nm) = 529.27 Nm	          (13) 

Where,
Nm = Speed of gear box main 

shaft, rpm
Backup torque (Tb) = 7% (mini-

mum)		          (Anon., 2008)
Tb = 529.27 × 1.07 = 566.32 Nm
Tb = (π × τm × dg

3) / 16	 ( τ m  a n d 
dg is diameter of gear box main 
shaft and cold drawn mild steel 
shaft 50-80 MPa, respectively)	

	 (14)
dg = 33.03 mm	  (from Eqn. 14)
Taking Factor of safety = 1.25 

(Sharma and Aggarwal, 2013)
dg = 33.03 × 1.25 = 41.28 ≈ 41.3 mm 
The diameter of gear box main 

shaft was calculated to be 41.3 mm 
and actual available main shaft 
diameter was of 45 mm thus the de-
sign is safe.

Development of Tractor Operated 
Bund Former
The machine was developed 

based on above design calcula-
tions. Mainly three units namely 

mulcher, rotavator and bund former 
unit were developed. Initially, main 
frame was developed with overall 
dimensions of 1240 × 208 × 46 mm. 
The mulcher was used for straw 
removing and spreading it onto the 
prepared bund at rear. The conven-
tional mulcher consisted of shaft, 
serrated gamma shaped flails, cover, 
output opening etc. The mulcher 
rotor equipped on bund former dif-
fers in some means as compared to 
conventional mulcher. The flat flail 
type blades without serrations were 
used instead of gamma blades. The 
developed mulcher unit had serrated 
gamma shaped f lails arranged in 
a helical manner on the periphery 
of the rotor. Blade acts on standing 
stubble with impact action which 
can pick up the straw and throw out 
with centrifugal force. The blades 
were bent at an angle of 22° with its 
straight surface with sharped tip. 
The rotavator unit was assembly 
of hollow cylindrical rotor shaft, 
blades mounted on flange, bearings, 
straw outlet, side skid etc. A hol-
low cylindrical shaft was mounted 
with flanges on which blades were 
fixed at equal distance. Each flange 
had a set of six blades bolted with 
C shaped blades. The C type blades 
were selected due to their capabil-
ity of better pulverization of soil 
and lesser power requirement. The 
overall length and outer diameter of 
shaft of rotavator was 1,350 and 66 
mm, respectively. The bund form-
ing plates are similar to rectangular 
type bund maker with plates tilted 
towards inwards from the rear end. 
This unit consisted of main frame, 
holding plates and a pair of rectan-

Fig. 3 Power transmission layout Fig. 5 Working view of tractor operated 
bund former machine

Fig. 4 Power transmission layou

A: Output shaft to rotavator, B: Output shaft 
to mulcher, C: Mulcher shaft, D: Rotavator 
shaft, E: Support shaft, F: Gear box shaft
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gular plates on both sides. The plates 
had outward bends near the longer 
edges at equal distance from center 
of plates. There was great amount of 
thrust exerted on the plates due to 
soil conveyed by rotavator after pul-
verization. The rear most part of the 
machine was bund forming plates 
required to shape and compact the 
bund. A T-type double action gear 
box was procured from the local 
market. An appropriate pair of skid 
plates, chains and sprockets, pulleys 
and belts were selected for smooth 
working of the machine. The rest 
of components include gear box, 
belts, pulleys, chains, sprockets as 
shown in power transmission layout 
(Fig. 3). The suitable belt, pulley, 
chain and sprockets were selected 
according to the designed speed of 
the rotavator and mulcher unit. The 
specifications of developed tractor 
operated bund former are shown in 
Table 1.

Preliminary Trials of the Devel-
oped Prototype
Preliminary trial of the developed 

machine was carried out at Depart-
mental Research Farm, PAU, Lud-

hiana in clay loam soil type. The 
developed prototype was evaluated 
for assessing of proper functioning 
of all the parts of the machine. The 
mulcher was observed to properly 
working as it removed straw uni-
formly. Moreover, there was no hin-
drance to tractor movement during 
bund formation. The performance 
of the machine was encouraging 
during the preliminary trails in the 
straw mulched field up to the straw 
load 6.5 t/ha. The height and width 
of bund was found about 27 cm and 
64 cm, respectively. At a forward 
travel speed of 1.5 km/h the field ca-
pacity of the machine was 0.18 ha/
h with field efficiency of 82%. The 
machine has potential to eradicate 
problems associated with irrigation, 
straw management and extra labour 
costs.

Conclusions

The bund former machine can 
be used in other mulch conditions 
along with paddy mulch fields. The 
machine can also be used in no 
mulch conditions by disengaging 

the mulcher rotor. Farmers can use 
the machine to perform mulching, 
tilling and bund forming at the same 
time. Straw mulch was retained 
over the bund which played a role 
in conserving moisture and forming 
a protective cover for bund. There 
could be reduction in seepage of wa-
ter through bunds due to decreased 
porosity of soil. Therefore, use of 
mulcher, rotavator and bund former 
combined proved to be a better op-
tion over the conventional bund 
making methods.

Acknowledgements
Authors acknowledge AICRP on 

FIM by ICAR for giving financial 
assistance to conduct the research 
and Punjab Agricultural University, 
Ludhiana for providing necessary 
research facilities. Authors also 
acknowledge Precision Cultivation 
Aids Pvt. Ltd., Ludhiana, Punjab for 
giving the necessary manufacturing 
facilities during the fabrication of 
the machine.

REFERENCES

Anonymous. 2002. Tractor mounted 
rotavator Extension Bullet in 
CIAE/FIM/2002/26. Farm Imple-
ments and Machinery, Central In-
stitute of Agricultural Engineer-
ing, Bhopal, India.

Anonymous. 2008. Agricultural 
t ractors recommendations on 
selected performance characteris-
tics. BIS code IS 12207.

Anonymous. 2017. Mechanical man-
agement of paddy straw. All India 
Coordinated Research Project on 
Farm Implements and Machinery, 
ICAR- Central Institute of Agri-
cultural Engineering, Bhopal. Pp. 
2.

Anonymous. 2019. Pocket Book 
of Agricultural Statistics 2019. 
Government of India Ministry of 
Agriculture & Farmers Welfare 
Department of Agriculture, Coop-
eration & Farmers Welfare, Direc-
torate of Economics & Statistics, 

Table 1 Specifications of developed tractor operated bund former
Description of component Specifications

Type of machine Mounted with three point hitch
Power source, hp PTO, 42.5
Mulcher unit
     Total No. of blades
     Blade type
     Diameter of shaft
     Overall dimensions of mulcher unit, mm

10
Flat
168
1240 × 208 × 46

Flat partition flapper overall dimensions, mm 1219 × 609 × 7
Rotavator unit
     Type of blade
     Total number of blade
     Number of flanges
     Number of blades on each flange
     Diameter of shaft
     Overall dimensions of rotavator unit, mm

C
30
5
6
88
1150 × 210 × 66

Bund forming unit
     Plate Type
     No. of plates
     Overall dimensions, mm

Rectangular
2
830 × 320 × 7

Gear box
     Ratio
     Type

1:1
T, Single speed double action

Overall dimensions of the machine, mm 2400 × 1250 × 850
Weight, kg 675



AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2023 VOL.54 NO.162

New Delhi. Pp. 22-122.
Anonymous. 2020. Handbook of 

Agriculture 2020. Punjab Agri-
cultural University, Ludhiana. Pp. 
4.

Bhambota, S., G. S. Manes, A. 
Prakash and A. Dixit. 2017. Stud-
ies on effect of blade shape and 
rotor speed of rotavator on pul-
verization and mixing quality. 
Agricultural Research Journal 
54(3): 394-397.

Gupta, P. K., S. Sahai, N. Singh, C. 
K. Dixit, D. P. Singh, C. Sharma, 
M. K. Tiwari, R. K. Gupta and S. 
C. Garg. 2004. Residue burning 
in rice-wheat cropping system: 
Causes and implications. Current 
Science 87(12): 1713-1717.

Kepner, R. A., R. Bainer and E. L. 
Barger. 2005. Principles of Farm 
Machinery. Pp. 368-382. The AVI 
Publishing Company, Inc. USA.

Khurmi, R. S. and J. K. Gupta. 
2005. A Textbook of Machine 
Design. EURASIA Publishing 
House (Pvt.) Ltd. New Delhi. Pp. 
101.

Mahal, J. S., G. S. Manes, A. Singh, 
S. Kaur and M. Singh. 2019. Com-
plementing solutions and strate-
gies for managing rice straw and 
their impact in the state of Punjab. 
Agricultural Research Journal 56 
(3): 588-593.

Mandal, K. G., A. K. Misra, M. K. 
Hati, K. K. Bandyopadhyay, P. 
K. Ghosh and M. Mohanty. 2004. 
Rice residue-management options 
and effects on soil properties and 
crop productivity. Journal of Food 
Agriculture and Environment 
2(1): 224-231.

Modi, R. U., K. Manjunatha, P. V. 
Gautam, T. Nageshkumar, R. 
Sanodiya, V. Chaudhary, G.R.K. 
Murthy, I. Srinivas and Ch. S. 
Rao. 2020. Climate-smart tech-
nology based farm mechanization 
for enhanced input use efficiency. 
In: Ch. Srinivasarao et al., (Eds). 
Climate Change and Indian Agri-
culture: Challenges and Adaption 
Strategies. ICAR-National Acad-
emy of Agricultural Research and 

Management, Hyderabad, Telan-
gana, India. Pp. 325-358.

Nkakini, O. S. 2014. Performance 
evaluation of disc ridging tractive 
force model in loamy sand soil 
using sensitivity measured param-
eters. Agriculture Engineering 
International CIGR Journal 16(2): 
15-21.

Rahul, A., G. Prashant and P. Ra-
jaiah. 2018. Performance evalu-
ation of tractor operated ridge 
plastering machine. International 
Journal of Current Microbiologi-
cal and Applied Sciences 7(7): 
631-36.

Ryals, E. L. 1984. Rice levee shaper 
and packer. U.S. Patent No. 4, 
438, 819. U.S. Patent Office.

Sahai, S., C. Sharma, S. K. Singh 
and P. K. Gupta. 2011. Assessment 
of trace gases, carbon and nitro-
gen emissions from field burning 
of agricultural residues in India. 
Nutrient Cycling in Agroecosys-
tems 89: 143-157.

Sharma, D. N. and S. Mukesh. 2018. 
Farm Machinery Design: Prin-
ciples and Problems. Jain broth-
ers- AMIE Book Publishers and 
Distributors, New Delhi. Pp. 110-
119.

Sharma, P. C. and D. K. Aggarwal. 
2013. Machine Design. S K Ka-
taria & Sons Publisher of Engi-
neering Books, New Delhi. Pp. 
16.

Singh, A., I. S. Dhaliwal and A. 
Dixit. 2011. Performance evalu-
ation of tractor mounted straw 
chopper cum spreader for paddy 
straw management. Indian Journal 
of Agricultural Research 45(1): 
21-29.

Singh, S. P., R. C. Solanki, M. K. 
Singh and K. Singh. 2016. Devel-
opment of tractor operated bund 
former-cum-packer for increas-
ing resource productivity. Indian 
Journal of Agricultural Sciences 
86(9): 21-26.

Thakur, S. S., R. Chandel, M. K. 
Narang. 2018. Studies on straw 
management techniques using 
paddy-straw chopper cum spread-

er along with var ious t i l lage 
practices and subsequent effect 
of various sowing techniques on 
wheat yield and economics. Ag-
ricultural Mechanization in Asia, 
Africa, and Latin America 49(2): 
52-66.

Xian-Jun, J. and De-Ti X. 2009. 
Combining ridge with no-tillage 
in lowland rice-base cropping sys-
tem: long-term effect on soil and 
rice yield. Pedosphere 19(4): 515-
522.

■■



VOL.54 NO.1 2023 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 63

Modification and Performance Evaluation of an 
Industrial Fodder Chopping Machine

by
Rashad A. Hegazy
Agric. Eng. Dept., 
Faculty of Agriculture, 
Kafrelsheikh University 34511,  EGYPT
*Correspondence Author: 
rashad.hegazy@agr.kfs.edu.eg

Wael M. Moussa 
Rice Mechanization Center (RMC), 
Agric. Eng. Research Institute (AEnRI), 
Agricultural Research Center (ARC), 
Giza. EGYPT

Ali B. EL-Nagar
Rice Mechanization Center (RMC), 
Agric. Eng. Research Institute (AEnRI), 
Agricultural Research Center (ARC), 
Giza. EGYPT

Ismail A. Abdelmotaleb
Agric. Eng. Dept., 
Faculty of Agriculture, 
Kafrelsheikh University 34511,  EGYPT

Abstract

Star forage chopper machine 
(SFCM) was modified and tested to 
lower the power requirement and to 
improve forage cutting efficiency, 
and thereby to lower the environ-
mental and health impacts by re-
placing diesel-based farm machines 
with electric powered machines. 
Power transmission assembly, rotat-
ing cutter head knives and straw 
outlet position were modified, and 
newly constructed feed rollers were 
added and positioned to control 
plant material to be chopped. The 
performance of SFCM was evalu-
ated based on its ability to chop rice 
straw and cotton stalks under three 
different feed rates 0.8, 1.2 and 1.5 
t/h, four different knife speed 78.6 
(750), 91.1 (1,000), 115.2 (1,250) and 
136.2 (1,500) m/s (rpm). Minimum 
cut lengths were 1.35 and 1.27 cm 
for rice straw that were achieved 
corresponding to the highest feed 
rate of 1.5 t/h with the maximum 
knife speed 136.2 m/s while using 
toothed blades and normal (f lail) 

blades respectively. At higher feed 
rates, either power required to cut 
rice straw or cotton stalks increased 
with increasing knife speed under 
the two types of new knifes. Mini-
mum power required to cut rice 
straw were 1.81 and 1.76 kW and 
were achieved at feeding rate of 0.8 
t/h with knife speed of 78.6 m/s for 
toothed blades and normal (f lail) 
blades, respectively. Rice straw 
and cotton stalks cutting efficiency 
decreased with increasing feeding 
rates, and increased with increasing 
knife speeds. Specific energy for 
cutting rice straw and cotton stalks 
decreased with increasing feeding 
rates and decreased also with in-
creasing knife speeds.

Keywords: animal feed, crop 
residue, chopping power.

Introduction

Agricultural residues are the most 
abundant biomass and animal feed 
resources in Egypt. Due to the size 
of agricultural production, a large 

volume of residues is generated 
from this sector each year, the total 
residue produced for all the selected 
residue types was estimated to be 
around 30 MMt/year. A large por-
tion of these residues consists of 
those from cereals (67.6%), with 
wheat straw making up the largest 
share (37.7%), followed by maize 
stalk (16.6%) and rice straw (10.7%) 
[1]. About 52% of these agricul-
tural residues are either not used 
effectively or are burnt directly in 
fields or in inefficient burners [2]. 
Chopping green fodder and forages 
is practiced for crop residues and 
fodder crops such as maize and sor-
ghum and tall forages such as Na-
pier grass. There are many different 
ways of chopping; by hand with a 
machete; by using a hand-operated 
chopper; an engine-driven chopper 
or an engine-driven chuff cutter. 
Both electric and petrol-driven mo-
tors are used widely to power me-
chanical choppers and chaff cutters 
too [3]. Chopping is a prerequisite 
for either use, and reducing the 
shearing force has been considered 
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as one of the most effective ap-
proaches to save energy [4]. A feed 
chopper is mechanical device used 
to cut and properly processes the 
straw or hay into small pieces so as 
to mix it together and fed to cattle. 
This improves animal digestion and 
prevents animal from rejecting any 
part of their food. Also, it improves 
feed intake and thus might be a vi-
able option to help cows cope with 
less nutrient-dense feeds [5, 6]. So, 
to increase the productivity and re-
duce the physical effort required for 
running the machine, improved and 
motorized machineries came into 
existence to support farmers and 
animal feed processors. Presently 
fodder cutting machines are electric 
driven as well as hand operated or 
engine driven [7]. Researchers [8] 
recommended using engine-driven 
feed choppers as they proved their 
effectiveness in terms of different 
chopping efficiency, output capacity 
and conservation of moisture and 
content in crop stalks. Engine-driv-
en chopper has been developed by 
[9] for chopping of maize stalk and 
grass. The machine was designed 
with feed chopper, rotating drum 
with swinging knives, casing with 
fixed knives welded on it, a screen 
and stands as main components. 
The test result showed that the opti-
mum drum speed and feed rate val-
ues for both maize stalk and grass 
were 1,200 rpm and 40 kg/h respec-

tively. The average size reduction 
percentage using these optimum 
combinations was 92.0% and 79.5% 
for maize stalk and grass respec-
tively. [10] conducted field experi-
ments to evaluate the performance 
of a modified thresher machine for 
chopping two types of crop residues 
namely rice straw and cotton stalks. 
They concluded that the optimum 
operation conditions for cutting rice 
straw was at cutting rotor speed of 
19.6 m/s, stalks moisture content of 
10.45%, and using swinging knives 
and for cutting cotton stalks was 
at cutting rotor speed of 27.5 m/s, 
stalks moisture content of 8.37%, 
and using rotating knives. [11] con-
structed and evaluated a fodder-
bales chopper in terms of chopping 
productivity and eff iciency and 
required power. Results cleared that 

the maximum machine productivity 
values were 785.5 and 830.7 kg/h, 
the maximum required power val-
ues were 20.86 and 22.64 kW, and 
the maximum chopping efficiency 
values were 96.8 and 97.4% when 
the chopper used with wheat straw 
and rice straw bales respectively by 
using combined knives with ham-
mers at drum speed of 1,040 rpm. 
Researchers [12] determined the 
optimum machine working condi-
tions for making a good silage from 
fodder beet tubers using small local 
prototype forage chopper machine. 
The highest recorded actual capac-
ity and machine efficiency were 
3.412 Mg/h and 88.41% respectively. 
Also, minimum recorded total loss-
es and energy required were 7.65%, 
0.767 kWh/Mg respectively. From 
literature review, it is recommended 

Fig. 1 Star forage chopper machine (SFCM)

1: Flywheel; 2: Rotating blades; 
3: Flywheel rim; 4: Throwing fan 
blade; 5: Fixed blade; 6: Photograph 
of SFCM; 7: Cutter head flywheel 
system; 8: Straw outlet; 9: Blow 
pipe; 10: Metal frame

Fig. 2 Feeding system, movement mechanism and feeding drums

1: Inlet feeding trough; 2: Feeding gate; 3: Conveyor; 4: Feeding drums; 5: Guide plates; 6: Lower feed drum; 
7: Spur gear; 8: Bevel gear; 9: Upper fee--d drum
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to work further to modify, pro-
mote and to adapt fodder choppers. 
Therefore, this research work was 
aimed at demonstrating and evalu-
ate a modified engine driven feed 
chopper which is star forage chop-
per machine (SFCM) for reducing 
power requirement and to improve 
the cutting efficiency.

Material and Methods

Star forage chopper machine 
(SFCM) was modified at private 
engineering workshop and tested at 
Rice Mechanization Research Cen-
ter (RMRC), Meet El-Deeba, Kafr 
El-Sheikh Governorate, Egypt dur-
ing 2018. The present research was 
carried out to upgrade SFCM that 
was used only for chopping maize 
stalks to be suitable for chopping 
more residual materials such as rice 
straw and cotton stalks with using 
electricity as the power source to 
run the modified SFCM.

2.1 Star Forage Chopper Machine 
(SFCM)
SFCM is a stationary f lywheel 

chopper machine. The machine con-
sists primarily of a feed chain, upper 
and lower feed rollers, a stationary 
lower blade, a cutter and a throwing 
fan. The straw is fed via the feed 
chain into the feed rollers, pressed 

and moved forward by them, then 
cut into pieces by the combination 
of upper and lower blades, and it is 
finally blown by the fan to the stor-
age site or containers. The power 
is coming from the source (often 
a tractor) by f lat belt to the plane 
pulley fixed on the main axial of 
the machine. The cutter head f ly-
wheel system consists of two types 
of knives; first type is rotating flat 
and logarithmic curved edge knife, 
where, two knives fixed on arms of 
the flywheel with 180° between each 
other and they rotate in clockwise 
direction. Second type is fixed flat 
and straight edge knife and only one 
knife is fitted at 4 cm down the level 
of the flywheel axis (Fig. 1). SFCM 
has f lat pulley rotate by tractor as 
power source, so the machine rotate 
with one speed for cutting (770 rpm)  
with high slippage between belt and 
pulley and low power transmission 
efficiency. The overall dimensions 
of developed machine were 157 × 
87.5 × 163 cm as length, width and 
height respectively.

SFCM’s feeding system consists 
of; trough as feeding inlet for the 
material intended to be cut, the 
material slides on the floor by for-
ward moving of conveyer; conveyor 
driven by pentagonal wheel; con-
veyer roll on the back of the trough; 
pentagonal wheel turned by chain 
and two sprockets to move the con-

veyor from back side to forward 
direction; powered feeding drums 
fixed in the entrance of the feeding 
gate. The feeding system movement 
is correlated to the cutting system 
movement with help of bevel and 
spur gears and quick coupling com-
ponents under feeding gears ratio 
(Fig. 2).

2.2 Fodder Chopping Machine 
Modification

2.2.1 Feed Rollers
Feeding rollers are positioned and 

are adapted to control plant mate-
rial to be chopped forward. Two-
30 cm wide cylindrical feed rollers 
were used to gather, compress and 
advance the crop into the feeding 
drums. These feed rollers have ad-
justable clearance by moving verti-
cally with help of helical loaded 
springs according to amount and 
volume to be fed into the hopper. A 
metal sheet cover was fixed in front 
of each roller to direct the feed to 
the feed rollers (Fig. 3).
2.2.2 Straw Outlet Position

Lower straw outlet position has 
been made to collect chopped mate-
rial directly after cutting to shorten 
the distance and reduce the energy 
required to move chopped material 
though the blow pipe and the upper 
straw outlet (Fig. 4). 
2.2.3 Rotating Cutter Head Knives

Two types of new knives, to guar-
antee the best possible chopping 
quality, replaced traditional curved 
rotating knives that are attached 
in the cutter head f lywheel. The 
new knives are pressed out of steel 
strap. Longitudinal operating edges 
are sharpened with making one of 
them in form of triangular toothed 
blades, and the other as sharp f lat 
edge blade for longer time cutting 
operation. Six openings is drilled 
out on the head of each knife for 
proper fixing. The finished product 
goes through thermal processing 
for enhancing its strength and wear 
resistance. New cutter head knives 
shape and specifications are listed in 
Fig. 5 and Table 1.

Fig. 3 Feed rollers
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2.2.4 Power Transmission Assembly
New power transmission assem-

bly is done mechanically and made 
up based on an electric motor, belt, 
shaft and pulley. Tensioner is used 
to tighten the belt to make a better 
grip between the pulley and the belt. 
The electric motor is connected to 
pulleys of different sizes either driv-
er or driven with belts. Electric mo-
tor (5 kW, 1,490 r.p.m) was installed 
with special chasse on machine 
chasse. By stacking pulleys (drive 
pulley and driven pulley) of two 
different diameters on top of one 
another, four different speed options 
created just by sliding the belt onto 
a different set of pulleys. Each set of 
pulleys is paired such that the belt 
length and the distance between the 
pulleys’ pivots stay the same while 
the speed ratio changes (Fig. 6). 
Based on the used different pulleys’ 
sizes, knife speeds were 78.6 (750), 
91.1 (1,000), 115.2 (1,250) and 136.2 
(1,500) m/s (r.p.m). The speed of the 
feed rolls has fixed relative speed to 
the cutter head. All modified parts, 
systems were adjusted properly, 
and the modified SFCM fixed on a 
frame with final dimensions of 157 
× 87.5 × 193 cm as length, width 

and height respectively (Fig. 7).

2.3 Experiments, Study Variables 
and Measurement
Modified SFCM was evaluated 

against its ability to maintain the 
desirable residue cutting length, 
save the power and specific energy 
required, achieving better cutting 
efficiency and productivity with the 
ability to reduce the operating costs. 
Study variables were three feed-
ing rates (0.8, 1.2 and 1.5 t/h), four 
different knife speed, 78.6 (750), 
91.1 (1,000), 115.2 (1,250) and 136.2 
(1,500) m/s (r.p.m), and two types of 
residual material (rice straw and cot-
ton stalks) with two different knife; 
blades (normal f lail and toothed 
blades). Moisture content and char-
acteristics of used residual material 

were recorded and are presented 
in Table 2. Theoretical length of 
chopped residual material, power 
and specific energy required, cut-
ting efficiency and productivity and 
operating costs for modified SFCM 
were calculated and recorded.

Results and Discussion

3.1 Effect of Feed Rate, Knife 
Speed and Type on Cut Length of 
Rice Straw and Cotton Stalks
Average cut lengths of rice straw 

and cotton stalks were measured 
and presented in Fig 7. At lower 
feeding rate (0.8 t/h), increasing 
knife speed from 78.6 to 136.2 m/
s decreased rice straw cut length 
from 5 to 6 cm and from 5.9 to 4.8 

Fig. 4 New straw outlet position

Table 1 New cutter head knives specifications
Characteristic value

Weight, kg 0.22
Number of mounting holes, N 6
Mounting holes diameter, cm 1.8
Thickness, cm 5
Length, cm 25
Width, cm 13
Blades normal flail / toothed
Material steel

Fig. 5 New cutter head knives

Fig. 6 New power transmission assembly
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cm with using toothed blades and 
normal (f lail) blades respectively. 
While the length of cotton stalks re-
duced from 6.5 to 5.5 cm and from 
6.2 to 5.4 cm with using toothed 
blades and normal (flail) blades re-
spectively. Also at higher feed rates, 
cut length for rice straw and cotton 
stalks reduced with increasing knife 
speed under the two types of new 
knifes. Minimum cut lengths were 
1.35 and 1.27 cm for rice straw and 
were achieved by using the highest 
feed rate of 1.5 t/h with the maxi-
mum of knife speed 136.2 m/s with 
using toothed blades and normal 

(f lail) blades respectively. Similar 
cut lengths of cotton stalks were 
also obtained under same condi-
tions, where, the cut lengths were 
1.50 and 1.40 cm with using toothed 
blades and normal (flail) blades re-
spectively (Fig. 8). 

3.2 Effect of Feed Rate, Knife 
Speed and Type on Power Re-
quired for Cutting Rice Straw 
and Cotton Stalks
Increasing knife speed from 78.6 

to 136.2 m/s increased the power 
required to cut rice straw residues 
from 1.81 to 2.64 kW and increased 

the power required to cut cotton 
stalks from 1.76 to 2.42 kW with us-
ing toothed blades and normal (flail) 
blades respectively at 0.8 t/h feed-
ing rate. At higher feed rates, either 
power required to cut rice straw or 
cotton stalks increased with increas-
ing knife speed under the two types 
of new knifes. Minimum power 
required to cut rice straw were 1.81 
and 1.76 kW and were achieved by 
using the lowest feeding rate of 0.8 
t/h with the lower knife speed of 
78.6 m/s with using toothed blades 
and normal (flail) blades respective-
ly. Minimum power required to cut 
cotton stalks were also obtained un-
der same conditions, where, power 
required were 1.8 and 1.85 kW with 
using toothed blades and normal 
(flail) blades respectively (Fig. 9). 

3.3 Effect of Feed Rate, Knife 
Speed and Type on Rice Straw 
and Cotton Stalks Cutting Effi-
ciency and Specific Energy
Rice st raw and cot ton stalks 

cutting efficiency and calculated 
specif ic energy were calculated 
and listed in Table 3. Rice straw 
and cotton stalks cutting efficiency 
decreased with increasing feeding 
rates and increased with increasing 
knife speeds. Average rice straw 
and cotton stalks cutting efficiency 
decreased f rom 63% to 62% to 
60.8% and from 72.6% to 71% to 
70% with increasing the feeding 
rate from 0.8 to 1.2 to 1.5 t/h un-
der 78.6 m/s knife speed and for 
toothed blades respectively. Similar 
data trend was obtained with using 
normal (f lail) blades too. Specific 
energy required for cutting rice 
straw and cotton stalks decreased 
with increasing feeding rates and 
decreased also with increasing knife 
speeds. Average Specific energy 
required for cutting rice straw and 
cotton stalks decreased from 1.65 
to 1.2 to 0.5 kWh/t and from 1.6 to 
1.1 to 0.8 kWh/t with increasing 
the feeding rate from 0.8 to 1.2 to 
1.5 t/h under 78.6 m/s knife speed 
and for toothed blades respectively. 

Table 2 Characteristics of used residual material
Characteristic Cotton stalks Rice straw 

Stem original length, cm From 90 to 170 Normal length from 85 
to 100, after combine 
harvester from 35 to 45

Average stem diameter, cm From 0.70 to 1.5 From 0.25 to 0.40
Mass of stalk, g From 35 to 190 From 15 to 75
Moisture content, % From 12.25 to 22 From 9 to 15.3
Tensile strength, MPa 12.54 to 30.12 From 30.20 to 50.47
Compressive strength, MPa 7 to 17 8.5 to 13
Bulk density, kg/m3 165 to 190 165 to 220

Fig. 7 Modified SFCM and its final geometry.
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Similar data trend was obtained 
with using normal (flail) blades too. 
Maximum value of cutting eff i-
ciency was 78.5% and was achieved 
during cotton stalk chopping by 
using the lowest feeding rate of 0.8 
t/h with the highest knife speed of 
136.2 m/s with using (flail) blades. 
Minimum value of specific energy 
was 0.3 kWh/t and was achieved by 
using the highest feeding rate of 1.5 
t/h with the highest knife speed of 
136.2 m/s with using toothed blades 
(Table 3).

Conclusions

Modified SFCM was able to chop 
the proposed two types of residues 
(rice straw and cotton stalks) with 
suitable uniformity in cut lengths. 
Using the modified chopper gives 
the small-scale animal feed proces-
sors the chance to cut the fodder 
with minimum possible lengths 
when they operate Modified SFCM 
at higher feeding rates and higher 
knife speeds. Both the new knifes 
can be used to achieve good opera-
tional parameters. However, it is im-
portant to consider the higher power 

required during the use of SFCM 
at higher feeding rates and higher 

Table 3 Rice straw and cotton stalks cutting efficiency and calculated specific energy
Feed rate, 

(t/h)
Knife speed, 

m/s
Toothed 

blades
Normal (flail) 

blades
Toothed 

blades
Normal (flail) 

blades
Cutting efficiency, %

0.8

78.6 63.0 66.5 72.6 74.5
91.1 64.8 68.2 73.9 75.8
115.2 66.7 70.2 75.4 77.2
136.2 67.9 72.2 76.9 78.5

1.2

78.6 62.0 65.4 71.0 73.9
91.1 63.3 67.2 72.3 75.1
115.2 64.8 69.1 74.0 76.6
136.2 65.9 71.0 75.3 77.7

1.5

78.6 60.8 64.3 70.0 73.2
91.1 61.5 66.1 71.2 74.5
115.2 62.3 68.0 72.9 75.9
136.2 64.3 69.3 74.1 76.9

Specific energy, kWh/t

0.8

78.6 1.65 1.6 2.34 2.31
91.1 1.6 1.5 2.3 2.3
115.2 1.5 1.4 2.2 2.2
136.2 1.4 1.3 2.2 2.1

1.2

78.6 1.2 1.1 1.7 1.7
91.1 1.1 1.1 1.7 1.6
115.2 1.1 1.0 1.6 1.5
136.2 1.0 0.9 1.5 1.4

1.5

78.6 0.5 0.8 0.8 1.2
91.1 0.5 0.7 0.7 1.1
115.2 0.4 0.6 0.6 1.0
136.2 0.3 0.6 0.6 0.9

Fig. 8a Effect of feed rate, knife speed and type on cut length of 
rice straw and cotton stalks

knife speeds. Increasing the knife 
speeds help to obtain higher values 

Fig. 8b Effect of feed rate, knife speed and type on cut length of 
rice straw and cotton stalks

Fig. 8c Effect of feed rate, knife speed and type on cut length of 
rice straw and cotton stalks

Fig. 9 Effect of feed rate, knife speed and type on power 
required for cutting rice straw and cotton stalks
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of cutting efficiency but increas-
ing the feeding rates will decrease 
it, so matching between suitable 
knife speeds and higher feed rates 
is required. To achieve minimum 
required specific energy, it is better 
to consider higher feeding rates and 
higher knife speeds when power is 
available and the attention is direct-
ed to the production amount.
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Abstract

Familiarity with the System of 
Rice Intensification (SRI) has opened 
windows to explore the possibility 
of yield enhancement in other crops 
too. This can be accomplished by 
creating a favorable environment for 
the exploitation of vigor. Similarly, 
a set of operations was designed 
and evaluated by the Department 
of Agronomy, Indira Gandhi Krishi 
Vishwavidyalaya, Raipur to increase 
the productivity of chickpea through 
crop management technology during 
the year 2014-15 to 2015-16. This was 
achieved by seeding 2 seeds per hill 
in wider spacing (50 × 20 cm), nip-
ping of 3 to 4 top leave of chickpea 
at 30-35 days after sowing (DAS), 
mechanical weeding twice at 15-20 
DAS and 35-40 DAS, moderate ir-
rigation 5-6 cm twice at the time of 
sowing and 35 to 40 DAS and one 
light irrigation 4-5 cm at the time of 
flowering initiation (55-60 DAS). All 
these agronomical operations were 
promotes branching, number of pods 
per plant and thereby increase in 

yield of chickpea. The results were 
highly encouraging and a 40% high-
er yield increase was realized. These 
sets of operations were brought un-
der a system termed as System of 
Chickpea Intensification (SCI). All 
these operations were performed 
manually during two crop seasons 
in the experimental f ield of the 
university research farm. For large 
scale adoption of SCI, the sowing 
of 2 seeds/hill was mechanized. An 
inclined plate of the tractor-drawn 
planter was modified to accommo-
date two seeds in single-cell of the 
inclined plate. It was observed that 
the modified inclined plate metering 
mechanism performed the dropping 
of two seed per hill satisfactorily. To 
achieve 20 cm plant to plant spacing 
in a 50 cm row spacing the gear ratio 
of the ground wheel to seed meter-
ing unit was optimized. Developed 
4-row inclined plate planter (T1) was 
compared with manual sowing (T2) 
in terms of agronomical parameters 
and cost of operation for 3 crop sea-
sons of the year 2016-17, 2017-18 and 
2018-19. 

The average speed of operation, 
field capacity and field efficiency 
of developed inclined plate planter 
were found to be 3.5 km/h, 0.45 ha/
h and 63.6% respectively. The aver-
age yield obtained by sowing by 
tractor-drawn inclined plate planter 
was 2,827 kg/ha. It was similar to 
manual sowing. The cost of opera-
tion and energy requirement of de-
veloped inclined plate planter was 
found to be Rs. 1,228/ha and 590 
MJ/ha whereas, it was Rs. 3,512/ha 
and 188 MJ/ha by manual sowing of 
2 seeds/hill for 50 × 20cm planting 
geometry. The main problem faced 
in adopting SCI by manual sowing 
was more time requirement (96 man 
h/ha) as compared to developed 
planter (2.25 man h/ha). 

Keywords: Inclined Plate, Power 
Transmission, Multiple Index, Miss-
ing Index, Effective Field Capacity

Introduction

Chhattisgarh state has a good agro-
ecological situation for chickpea pro-
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duction in India. In the state chickpea 
is grown over an area of 356.52 thou-
sand ha with an annual production 
of 433.15 thousand tones and average 
productivity of 1140 kg/ha (Anony-
mous, 2016). The System of Rice In-
tensification (SRI) has been reported 
with enhanced productivity of rice 
through creating a favorable environ-
ment for the exploitation of vigor. 
The research efforts were made to 
increase the productivity of chickpea 
through crop management practices 
during the year 2014-15 to 2015-16 
by the Department of Agronomy, 
Indira Gandhi Krishi Vishwavidya-
laya, Raipur. It was found from the 
experimental results that the System 
of chickpea intensification (SCI) 
produced a stable yield of 26-28 q/ha 
which is about 40% higher compared 
to a conventional recommended 
package of practices. SCI technology 
has five components which were ap-
plied in a set viz. wider spacing (50 × 
20 cm), sowing of two seeds per hill, 
nipping at 30-35 days after sowing, 
aeration and mechanical weeding 
with small hand tools twice at 20-
25 days and 35-40 days after sowing 
was required to keep the field weed-
free and provides aeration in the root 
zone and controlled irrigation. Sow-
ing of chickpea using the SCI meth-
od developed by IGKV Raipur was 
performed manually (Sonboir, 2018). 
A metering device draws seed from 
bulk and delivers them at the desired 
rates in the seed tubes for sowing in 
soil, uniformly. Mechanical seed me-
tering devices in planter usually have 
cells on a moving member to have 
positive seed metering. Commonly 
recommended metering systems on 
planters are horizontal plate, inclined 
plate, vertical rollers with cells, and 
cups over the periphery. Since chick-
pea seeds are medium in size and 
very susceptible to mechanical dam-
ages so, the vertical and horizontal 
plate metering mechanisms were 
not considered. This inclined plate 
is made of plastic. The size of the 
cell on an inclined plate was decided 
based on the shape and size of the 

chickpea seeds. 
Bansal et al. (1994) developed a 

tractor-mounted inclined plate plant-
er for sowing chickpea which could 
not be sown satisfactorily with stan-
dard grain drills. Field experiments 
were conducted to determine the 
potential benefits of using the plant-
er compared to the conventional 
practice of sowing chickpea by hand 
behind an animal-drawn plough. 
The planter was found to give 30% 
economy and produce better grain 
and straw yields due to a more 
uniform crop stand. Pandey (2009) 
reported that the planter provides 
the desired plant population with 
uniform plant spacing and depth of 
operation, which results in uniform 
crop stand and hence, reduces the 
cost of cultivation by eliminating 
thinning operation as well as saves 
seed and fertilizer. Successful seed-
ing depends on accuracy, precision, 
and uniformity of seed placement. 
In SCI manual sowing of 2 seeds/
hill was time-consuming, labor 
intensive and it fails to maintain ac-
curate row to row and plant to plant 
spacing which directly affects the 
crop yield and also the cost involved 
was high. So, to mechanize and 
attempt the problem faced above, 
a planter with a suitable metering 
mechanism was developed. 

Material and Methods

The inclined plate seed metering 
mechanism was designed to opti-
mize the cell size of the metering 
plate for picking of two seeds per 
cell.  The suitable varieties of chick-
pea taken for the current study were 
JG 130, JAK I 9218 and Vaibhav. 
The physical properties of chickpea 
such as length, width, thickness, 
sphericity, geometric mean diameter, 
aspect ratio, surface area, bulk den-
sity, true density, moisture content 
and porosity were studied. The aver-
age length, width and thickness were 
found to be 8.5 mm, 6.4 mm and 6.0 
mm respectively. The average sphe-

ricity and geometric mean diameter 
of chickpeas were found to be 0.81 
and 6.90 mm respectively. The aver-
age weight of 1000 grain of chickpea 
seed was 244.8 g. Average aspect 
ratio, surface area, bulk density, true 
density, moisture content and porosi-
ty of chickpea were observed 75.5%, 
157.4 mm2, 709.5 kg/m3,875.1 kg/m3, 
19.8%, and 18.6% respectively. 

Design of cells for metering plate
The volume of some varieties 

of chickpea (JG 130 and Vaibhav) 
was calculated for design the seed 
metering plate. The volume of cells 
was taken as semi-elliptical and 
calculated by the following formula: 
Volume of cell = π/2 × a × b × c 
(Fig. 1)

Where,
a = semi-major axis, mm
b = semi-minor axis, mm
c= thickness of cell, mm
Volume of cell = π/2 × 15 × 12 × 4 

= 1130.80 mm3

The volume of cells would be 
such that it can hold two seeds of 
chickpea easily. An inclined plate 
was developed based on the design 
procedure adopted by Ryu and Kim 
(1998) and Ahmadi et al (2007). 
Five design variables shown in Fig. 
2 are defined and used to determine 
the exact size of the cell. 

Dg, depth of the cell should be 
slightly larger than the length of the 
seed, therefore 15 mm length of the 
cells were taken to accommodate 2 
seeds/cell. Wg, the opening of the 
cell periphery of the plate should be 
75-80% the length of Dg, so Wg was 
taken 12 mm for these seeds, such 
that two seeds were loaded when 
the cell passes through the seed 

Fig. 1 Volume of cell
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mass depending upon the orienta-
tion of seed. Θg, the opening angle 
of the groove is defined as an angle 
between the two straight lines con-
necting the starting and final points 
of the cell and the center of the 
plate respectively. It determines the 
loading process of the cell, 8° for 
chickpea seeds were taken under the 
present study. βrs, the right angle 
and the left angle of the cell were 
selected as 60° and 40° respectively 
such that easy loading of the cell 
should be done and as well as the 
seed loaded in the cell should be re-
lated upon the release point. Rc, the 
bottom of the cell was kept around 
so that the seeds and foreign mat-
ter does not cling to the cell. The 
bottom of the cell had a radius of 
2.0 mm. In addition to that, a brush 
was provided, which was always in 
contact with the seed plate after the 
point of release. Two seeds picking 
from seed box by developed meter-
ing mechanism is shown in Fig. 3.

Power Transmission Unit for Seed 
Metering Unit to Get 20 cm Plant 
to Plant Spacing
The selection of pulley is given 

by the following formula (Khurmi, 
2002).

N1 T1  =  N2 T2                                                                   
Where,
 N1, T1  = Number of revolution 

and number of teeth driving sprock-
et, respectively.

 N2, T2  = Number of revolution 
and number of teeth driven sprock-
et, respectively. 

The chain drive mechanism was 
used to transmit power from the drive 
wheel to the fluted roller for the me-
tering of fertilizer and inclined plates 
for the metering of seeds. An 18 
teeth chain sprocket was used at the 
ground wheel to transmit power to 14 
teeth sprocket on the first shaft and 
this shaft has another end sprocket 
having 11 teeth. The power from the 
first shaft was transmitted to fertil-
izer metering shaft through a 30 teeth 
sprocket. From the fertilizer meter-
ing shaft, the power was distributed 

to the seed metering shaft having 40 
teeth. The view of the power trans-
mission unit is shown in Fig. 4.

Then power to the inclined plate 
was transmitted through a set of 
the bevel (S7) and pinion (S6) gear 
sprocket having 14 and 10 teeth, re-
spectively, for each plate. Numbers 
of teeth on each sprocket are given 
as follow:

Teeth on the sprocket no. 1
T1 = 18
Teeth on the sprocket no. 2
T2 = 14 
Teeth on the sprocket no. 3
T3 = 11
Teeth on the sprocket no. 4
T4 = 30
Teeth on the sprocket no. 5
T5 = 40

Teeth on the pinion gear no. 6
T6 = 10
Teeth on the bevel gear no. 7
T7 = 14
N1 × T1 = N2 × T2

1 × 18 = N2 × 14
N2 = 1.28
N2 = N3

N3 × T3 = N4 × T4

1.28 × 11 = N4 × 30
N4 = 0.47
N4 × T4 = N5 × T5

0.47 × 30 = N5 × 40
N5 = 0.35
N5 = N6

N6 × T6 = N7 × T7

0.35 × 10 = N7 × 14
N7 = 0.25
N7 = 0.25 N1

Hence, the seed metering plate 

Fig. 3 Two seeds picking from seed box by the developed metering mechanism

Fig. 2 Design variables of the inclined plate - 24 cells to hold 2 seeds/cell

Table 1 Specification of inclined plate planter
S.

No. Particulars Specifications

1 Overall dimensions
   Length (mm), Width (mm), Height (mm) 2,180, 1,870, 1,150

2 Depth of sowing (mm) 50-60
3 Row to Row spacing (mm) 500, adjustable
4 Working width (mm) 2,000
5 No. of tines 4
6 Types of metering Inclined plate
7 Ground wheel diameter (mm) 380
8 Types of Furrow opener Inverted T type
9 Fertilizer metering mechanism Fluted roller
10 Power transmission Chain, sprocket and bevel gear
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was rotated 0.25 times of the ground 
wheel. Number of cell in seed me-
tering unit = 24

Hence, one revolut ion of the 
ground wheel rotates the following 
number of cell; = 24 × 0.25 = 6

Peripheral distance covered by 
one ground revolution of machine = 
Diameter of ground wheel × π = 380 
× 3.14 = 1193 mm

Therefore, seed spacing covered 
by metering unit having sprocket 
of 40 teeth = peripheral distance 
covered by metering unit/number 
of cell rotate in one revolution of 
ground wheel;

= 1193/6 = 199 mm = 19.9~20 cm

Description of the Inclined Plate 
Planter for System of Chickpea 
Intensification (SCI) 
Inclined plate planter consists 

of frame, seed box, inclined plate, 
power transmission system, ground 
wheel and three-point hitching sys-
tem. Specification of inclined plate 
planter is given in Table 1.

Result and Discussion

Field performance of developed 

inclined plate planter was evaluated 
by comparing it with the manual 
sowing (Fig. 5). The field studies 
were conducted during the Rabi 
season of the year 2016-17, 2017-18 
and 2018-19. The soil depths of the 
entire experiment field were greater 
than 1 m. The experimental soil 
was clay in texture (Sand 18.0%, 
Silt 32.4%, Clay 49.6%) with a bulk 
density ranging from 1.38-1.44 Mg 
/m3 at 16% moisture content (db). 
The field preparation was completed 
with two passes of the cultivator 
and two passes of rotavator. JG-130 
variety of chickpea was selected for 
the field evaluation. Sowing was 
completed between 15-25 Novem-
ber. The field performance results 
are given in Table 2. 

The performance of the devel-
oped machine was found similar to 
manual seeding. The germination 
percent, multiple index and missing 
index of the machine were found 
better than manual seeding. Energy 
requirement in sowing operation 
was found 188.16 MJ/ha for manual 
sowing whereas it was 590 MJ/
ha for tractor-drawn inclined plate 
planter. The cost of operation and 
time of operation of sowing of seeds 
under the SCI method for tractor-
drawn inclined plate planter was 
found 65% and 97% less as com-
pared to manual sowing. 

Agronomical Parameters
To study the behavior of develop-

ing plants under manual and machine 
sowed for SCI, five plants were tagged 
at random in each plot for individual 

Fig. 5 Sowing of chickpea 2 seeds per hill by manual labor and
by developed machine

Fig. 4 Power transmission of seed metering unit 
to get 20 cm plant to plant spacing

Table 2 Field Performance of manual and machine sowing for SCI
Parameters Manual Sowing Machine sowing

The average speed of operation - 3.2 km/h
Effective field capacity 0.01 ha/h 0.52 ha/h
Field efficiency 52.4% 74.3%
Fuel (l/ha) - 3.32
Seed rate (kg/ha) 44 42
Average no of seeds/hill 2.2 2.1
Spacing between plant to plant (cm) 19.8 20.3
Seed damage (%) 0 0.23
Germination (%) 92.1 92.4
Multiple index (%) 3.82 3.47
Missing index (%) 2.01 2.81
Quality of feed Index (%) - 98.45
Cost of operation (Rs./ha) 3,512 1,075
Energy (MJ/ha) 188.2 516

Table 3 Plant height and number of branches of chickpea

Treatment Plant height, cm
30 DAS 60 DAS 90 DAS At harvest

Manual sowing 19.07 32.56 42.38 51.54
Machine sowing 20.29 35.76 46.00 58.05

Number of Branches 
Manual sowing 8.31 25.50 26.67 22.84
Machine sowing 8.39 26.77 28.94 24.17
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plant study. To study the agronomi-
cal parameters viz. plant population, 
plant height and branches of chickpea 
were observed at different stages 
of growth. The number of pods per 
plant, stalk yield, grain yield and test 
weight were also measured.  Data on 
the growth characters and yield attri-
butes were analyzed. Table 3 shows 
the plant height at 30 DAS, 60 DAS, 
90 DAS and at harvesting for manual 
and machine sowing in the same crop 
geometry (Fig. 6). 

It was noticed that the plant height 
of machine seeded chickpea was 
higher than manual sowing. This 
might be due to more precision by 
machine sowing to maintain proper 
row to row and plant to plant dis-
tance. The seed emergence percent-
age was more in the case of machine 
sown because of Inverted - T type 
furrow opener could ensure the 
placement of seeds in the proper soil 
moisture environment. Inverted - T 
type furrow opener opened narrow 
furrow and seed were properly got 
covered with soil. It was observed 
that plant population, pods/plant and 
weight of 1000 grain were found 
more in comparison to manual sow-
ing this results from better yield in 
case of sowing by the planter. The 
finding indicates that for large scale 
planting under SCI machine planting 
gives more accurate planting, hence 
better yield achieved. The pulled 
data for three reporting years 2016-
17, 2017-18 and 2018-19 are presented 
in Table 4.

Conclusions

1. The row spacing was kept 50 cm 
and the power transmission system 
was optimized such that the modi-
fied inclined plate of the tractor-
drawn planter was able to accom-
modate two seeds of chickpea in 
a single cell and drop it in 20 cm 
distance to get 50 × 20 cm crop 
geometry. The developed machine 
can achieve similar precision of 
manual seeding. The developed 

machine found suitable for SCI.
2. The seed rate of the developed 

machine was 42 kg/ha. Multiple 
Index, missing index and seed 
damage percent were found 3.4, 
3.7 and 0.23% respectively.

3. The average speed of operation, 
field capacity and field efficiency 
of developed inclined plate planter 
were found to be 3.5 km/h, 0.45 
ha/h and 63.6% respectively.

4. The average yield obtained by 
sowing by tractor-drawn inclined 
plate planter was 2,827 kg/ha. It 
was similar to manual sowing. 
Multiple Index, missing index and 
were found 3.4% and 3.7% respec-
tively. Average seed damage of 
developed inclined plate planter 
observed during the operation was 
0.23%.

5. The cost of operation and energy 
requirement of developed inclined 
plate planter was found to be Rs. 
1228/ha and 590 MJ/ha whereas, 
it was Rs. 3,512/ha and 188 MJ/ha 
by manual sowing of 2 seeds/hill 
for 50 × 20cm planting geometry.

6. The cost of operation and time of 
operation of sowing of seeds under 
the SCI method for tractor-drawn 
inclined plate planter was found 
65% and 97% less as compared to 
manual sowing.
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Table 4 Crop parameters (2 Seeds/hill grown together)
Particular Manual Sowing Sowing by Planter

Plant population at harvest (number) 20.20 19.94
Pods per plant (number) 113.40 115.35
Test weight of 1,000 grains (g) 237.42 244.11
Grain yield (kg/ha) 2,737.34 2,826.67
Stalk yield  (kg/ha) 3,473.40 3,588.45

Fig. 6 Manual and machine sowed chickpea crop 80DAS during 
the Rabi Season of 2017-18
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Abstract
 
This work deals with the experi-

ence of designing a prototype for 
Non-Invasive Mechanical Ventila-
tion (NIMV) for the care of patients 
infected with COVID-19, in search 
of respiratory assistance to people 
in rural areas that require hospital 
transfer or emergency respiratory 
assistance. The system incorporates 
a connecting rod-crank mecha-
nism to compress and decompress 
an ambu, for generating positive 
air pressure through a respiratory 

interface and thus being able to 
generate airflow to the lungs of pa-
tients with respiratory deficiency. 
The machine operates three vari-
ables: Frequency, Flow and Pres-
sure Level. It has a manual panel to 
adjust these variables, consisting of 
three knobs, three buttons and two 
LED indicators, in addition to a 16 
× 2 LCD screen where operational 
information is presented for device 
adjustments. That is an endless 
mechanism for pressure adjustment 
and, optionally, can be remotely 
linked to a mobile application via 

Bluetooth connection, for support of 
smartphone with Android operating 
system.

Keywords: Bluetooth, Frequency, 
Flow, Pressure Level, Rural, Venti-
lator.

Introduction

The first COVID-19 outbreak de-
tected in Latin America, was report-
ed in February 2020 in Brazil (E. 
Financiero, 2020). Due to the patho-
logical qualities of the virus and the 
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current globalization, the means 
of land, sea and air transportation 
have caused the spread of the virus 
throughout the continent. Mexico 
reported its first case of COVID-19 
on February 28, 2020 according to 
the BBC (2020), which has led the 
country to go through the neces-
sary contingency phases and, as it 
has happened in other countries, the 
increasing demand for medical sup-
plies, ventilators, medications, etc. 
has implied their shortages to face 
the pandemic. The Autonomous 
University of Chapingo, through 
the Center for Interdisciplinary 
Research and Service in Science, 
Nature, Society and Culture (CIIS-
CINASyC), developed an emerging 
institutional project to address the 
national emergency in Mexico, with 
the aim of designing a low-cost non-
invasive mechanical respirator to be 
implemented in rural clinics. It will 
provide care for patients with COV-
ID-19 who require transfer to hospi-
tal or urgent care. The resulting de-
vice adjusts three control variables: 
frequency, flow and pressure level.  
The adjustments can be made by 
means of a manual panel that has an 
LCD screen to present the informa-
tion which can be optionally linked 
via Bluetooth to an application mo-
bile with support for Android. The 
“app” adjusts the same variables as 
the manual panel, in this way the 
operator can comfortably control 
the respirator from his cell phone 
and thus, keep a safe distance from 
infected patients (if desired).

Problem Statement

Until April 24, 2020, the follow-
ing information had been reported 
on the official government website 
worldwide: (Fig. 1)

Based on the report of the WHO-
China Joint Mission on Coronavirus 
Disease 2019 and other reports (SDS-
MX 2020; COFEPRIS 2020; ETC2 
2020; IMSS 2020; WHO-China 
2020; VISHAY 2020). The Federal 

Government foresees three cases:
i) People who require ambulatory 

treatment from those seeking care 
with an estimated of 80%, which 
indicates an amount of 140,367 
people corresponding with most 
of the people infected that can re-
ceive ambulatory treatment.

ii) People who require hospitaliza-
tion WITHOUT intensive care 
are estimated to be 14%, they are 
24,564 persons who are not criti-
cally ill patients.

iii) People who require hospitaliza-
tion with intensive care. For them, 
a percentage of 6% is estimated, 
which gives a f igure close to 
10,528 people, and they are those 
patients who will be in critical 
condition.
For this reason, the present pro-

posal seeks the creation of a hybrid 
ventilator that serves to care for 
transfer patients from rural areas 
to sectors with medical care. Those 
are patients with blood oxygenation 
below 87% and need to be hospital-
ized, due to infection by COVID-19. 
They are patients in an early stage, 
where symptoms are moderate, and 
which can be treated with ambula-
tory medication, either at home or in 
rural clinics. On the other hand, the  
IMSS (2020), IMSS-BIENESTAR 
reports:

“It operates in 19 entities of the 

Republic, providing medical servic-
es to 12.3 million people who live in 
marginal rural or urban areas.

The Program provides first and 
second level care services in its 
medical units. The latter through 80 
hospital units that serve the special-
ties of General Surgery, Gynecology 
and Obstetrics, Internal Medicine, 
Pediatrics, Anesthesiology, Fam-
ily Medicine and Epidemiology 
(WHO-China, 2020). This is just 
one of the programs offered for care 
in rural areas (INEGI 2015, 2019). If 
the contagion curve breaks towards 
marginalized areas, the clinics that 
operate in these zones could present 
a congestion of attention and also 
not have the equipment to treat, care 
and transfer people infected with 
COVID-19.

Proposed Solution

Methodology
The Logical Framework Matrix 

(MML) methodology was imple-
mented. This tool allows visualizing 
the scope of the Project. It is based 
on indicators and means of verifi-
cation, each result is a particular 
objective, which, as a whole, allow 
achieving the general objective and 
that, in turn, leads to the object of 
study (Table 1).

Fig. 1 Screenshot of the Daily Technical Communiqué COVID-19 MEXICO, 
statistics of the Mexican Republic (SDS-MX 2020)
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Mechanical Design
The purpose of the apparatus is to 

carry out the activation of controlled 
cyclical pressure, transmitting the 
rotary force to a respiratory emer-
gency device, better known as ambu 
with the objective of transmitting 
the force in an oscillatory way (Fig. 
2). In this way, the force exerted 

is transduced into the air pressure 
outlet, thereby replacing an emer-
gency respirator that is activated 
manually, by an automatic system 
of assisted and controlled activation, 
based on studies previously carried 
out (Junco and  Betancourt, 2011; 
Rodríguez, del Pozo and Navarro, 
2013).

The machine works through the 
oscillator-connecting rod-crank 
mechanism and receives the move-
ment of the electronic circuit that 
is fed of the alternating current, 
through the reducer motor, model 
2RK6GN-AUL of 127 V AC, re-
ducing the rotation frequency from 
1,500 rpm to 30 rpm, allowing os-
cillation at 37,699 rad. The dimen-
sions of the connecting rod are 3 
times the measurement of the crank, 
guaranteeing its stable balance and 

its safe operation. The crank is mod-
eled as a double supported beam. 
The weight force generates a bend-
ing moment on it, the normal stress 
that is generated is much less than 
the normal allowable stresses for the 
steel, which guarantees resistance 
with a safety coefficient of 10.

The most troubling situation dur-
ing machine operation is the gen-
eration of mechanical vibrations 
due to the torque transmitted by the 
motor. For this, the model of the 
vibratory system was proposed as 
forced vibrations with damping. The 
vibration amplitude is determined 
according to Equation 1 (Singeresu).

 x =                Fo                          (1)           √(k + mω2)2 + (cω2)2

Where,
Fo: excitation force of the vibra-

tion; N;

Table 1 Logical Framework Matrix of the Non-Invasive Respirator Prototype
Description Indicators Means of Verification

END
Non-invasive ventilator, for transfer and primary 
treatment in rural clinics for patients infected 
with COVID-19, who present non-critical 
symptoms or require transfer to hospital for care

Stage 1 (Short-term goal) Action plan

Final purpose
To design a mechanical ventilator to operate 
the ambu device and to provide non-invasive 
ventilation care to COVID-19 patients. This 
system will have pressure, frequency and flow 
controls, checked by a manual panel and a 
remote interface from the smartphone

Emerging project to address the 
national emergency

Schedule of activities

Results
1. Mechanical and electronic simulation of 
the respirator, validation of the programming 
algorithms

2. Control of pressure, flow and frequency 
variables

3. Testing, adjusting, calibrating and measuring 
the optimum operating point of the ventilator 
control variables

4. Assembling of parts in lathe, CNC Router and 
3D printing

5. Manufacturing and assembly process in 
machine and tool workshop

6. Design of mobile application for Android for 
remote control of the device through Bluetooth 
connection

1. Execution of simulations in 
specialized engineering software

2. Prototyping for actual testing of 
hardware and software for sensor 
instrumentation and processing for 
information display

3. Tests of electronic instrumentation

4. Design parts in low-cost materials 
without sacrificing quality with 
acceptable mechanical tolerances for 
operating practice in manufacturing 
the appliance

5. Ventilator assembly in the total 

6. APP design for remote control of 
the non-invasive ventilator system

1. Qualitative and quantitative results 
refined by simulation in specialized 
engineering software

2. Check List for evaluation control of 
effectiveness tests

3. Quantification of measurement and 
comparative values

4. Review of mechanical tolerances 
and resistance of parts

5. Check List control of project 
assembly stages

6. Compiler debugging tests

Fig. 2 Device for manual assistance of 
respiratory emergency (Ambu)
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K: equivalent stiffness of the sys-
tem; N ∙ m;

m: equivalent mass of the system; 
kg;

c: power sink N ∙ s/m;
ω: angular velocity that causes 

forced vibration; rad/s.
Considering the magnitudes of 

each parameter, it is obtained:
Vibration amplitude X
X = 2 × 10-18 m	 (2)
It is much less than the permissible 

vibration amplitude, which guaran-
tees the stable work of the machine 
without the transmission of noise.

For the transmission of force, a 
connecting rod-crank mechanism 
was used, which has a displacement 
of 15°, from its maximum point to its 
minimum point, thus obtaining an 
oscillatory mechanism that, depend-
ing on the angular speed of the motor, 
performs the pressure (Fig. 3) and 
the relaxation of the ambu (Fig. 4). 
In this way, the ambu acts as a spring 
that lets air out through its exhaust 
valve, which will arrive through its 

ventilator circuit to the non-invasive 
connection interface of the patient, 
thus helping to bring an assisted 
mode of automatic breathing.

The previous mechanism only 
controls the frequency with which 
the ambu is constantly pressed to 
release air through the respiratory 
circuit. For pressure control, a pres-
sure mechanism for change of area 
was added. For this, a device called 
“pressure shell” was implemented 
which is a trapezoidal spherical de-
vice, whose function is to transmit 
the pushing force of the connecting 
rod-crank mechanism:

The trapezoidal design aims to 
make the trajectory to increase the 
area of contact with the ambu or 
vice versa, decrease the contact 
area, this is reflected in the output 
pressure of the respiratory circuit. 
To make the trajectory of the pres-
sure shell, an endless mechanism 
was placed, which performs the 7 
cm trajectory and places the pres-
sure shell at 3 levels. To position 

it at these levels, 3 optical sensors 
were integrated to detect its advance 
on the trajectory and position the 
pressure shell on the exact point 
(Fig. 6).

In the previous image, the 3 opti-
cal positioning sensors of the end-
less mechanism is observed.

Electronic Design
The electronic design is divided 

into 7 sections:
Main Control System

It is in charge of processing the 
information of the analog and digi-
tal inputs, sensors, outputs for the 
control of electromechanical ac-
tuators, display of information and 
management of wireless connection 
via Bluetooth (Fig. 7).

To reduce costs and due to its 
high existence in the market, an At-
mego328p was implemented, assem-
bling the minimum starting system.
Motor 1 Control 

The motor to control the connect-
ing rod-crank mechanism is an OM 

Fig. 4 Movement of connecting rod-
crank mechanism, lower maximum 
position

Fig. 3 Movement of connecting rod-
crank mechanism, upper maximum 
position

Fig. 5 Force transmission device 
“pressure shell”

Fig. 6 Endless mechanism for positioning 
the pressure cuff

Fig. 7 Diagram of the central control system
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(Oriental Motor) 2RK6GN-AUL 115 
V AC at 60 Hz, with 0.19 A, 1500 r / 
min, implemented the OM 2GN50K 
O. Motor (2020). For that, a solid-
state relay controlled it, although a 
DIMMER module for PWM control 
was installed and thus adjust the 
motor speed (Fig. 8).
Motor 2 Control

For the control of the endless 
mechanism, a 12-gear motor was 
placed at 30 min-1 with 12 N ∙ m of 
torque, with a DC unipolar motor.  
The assisted H-bridge configuration 
with relays was implemented, since 
the motor consumes 2 at 3 A of cur-
rent (Fig. 9).

In order to control the pressure 
area of the shell installed in the end-
less mechanism, 3 infrared sensors 
were installed in the electronic con-
nection. The mechanism has shut-
ters that block the passage of light to 

send the corresponding binary sig-
nal. The machine operates in three 
pressure levels, each position sen-
sor is approximately 2.5 cm apart. 
The resulting electronic diagram is 
shown in Fig. 10.
Motor 3 Control 

The ambu has a knob for f low 
control, if this is not included, the 
accessory for f low control can be 
placed through a butterf ly valve, 
in this valve a servo motor with a 
f lange adjusted in 3D printing is 
placed, which allows controlling the 
air flow from 0 to 100%. The con-
nection is simple (Fig. 11). A MG 
995 servo motor of 15 kg / cm fed at 
5 V was implemented.
Wireless Communication and In-
formation Display
For the display of user informa-

tion, a 20 × 4 blue background 
LCD screen was used COFEPRIS 

(2020), where the welcome screen 
and settings menu are displayed. For 
the Bluetooth connection, an HC-
05 module was used, this with the 
intention of using the “State” pin 
to detect the Bluetooth connection 
(Fig. 12).
Control Panel

The manual control panel has 3 
potentiometers that allow adjusting 
the options of “Frequency”, “Level” 
and “Flow”. It has an “Accept” but-
ton that loads the parameters ad-
justed by the machine and also a 

“Reset” to restore the parameters 
to default mode. Finally, there are 
2 LEDs, one that allows the user to 
observe whether the machine is on 
or not, and another one to notify the 
status of the Bluetooth connection 
(Fig. 13).
Feeding System

An ATX model: LPD2-300W was 

Fig. 8 Diagram for control of motor AC OM 2RK6GN-AUL of 
connecting rod-crank mechanism

Fig. 9 Diagram for control of 12 V DC gear motor for worm gear

Fig. 10 Diagram of level position sensors for stroke control of the 
worm gear

Fig. 11 Diagram of servomotor for air outlet flow control
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used to supply power, from which 
the earth terminals, 5 V and 12 V, 
were taken to supply all the elec-
tronic devices in the system. In or-
der to make an adequate distribution 
of the supply voltage, a PCB com-
pensated by a bank of 10, 20 and 
100 µF capacitors of the electrolytic 
and ceramic type was designed. 
These capacitors are of utmost im-
portance because the connection 
of all devices generates a demand 
from the source, which causes the 
systems to constantly turn off, and 
the solution is to implement such a 
capacitive bank for the 12 V and 5 
V supplies (Fig. 14). 

Subsequently, the Gerber coordi-
nates and the NC Drill coordinates 
were generated. With the help of the 
FlatCAM software, the CNC work 
files with the extension “.ncc” were 
configured to be manufactured on a 

3-axis CNC router (Fig. 15).
Bluetooth and App Connection

The system has a remote control 
from the use of an application for 
mobile devices with Android oper-
ating system support, which allows 
controlling, frequency, f low and 
pressure level. It is shown in the 
following graphical user interface 
(GUI) (Fig. 16).

The GUI has two sliders that send 
an integer number made up of three 
digits, that is, between 000 and 100. 
On the other hand, it has three but-
tons that control the level of the res-
pirator. Finally, a send button, which 
concatenates the Frequency, Level 
and Flow and encapsulates them 
in a package called Data. The Data 
package is made up of the following 
data frame:

Data = f1 f2 f3 N c1 c2 c3

Where,

1. f1-3: is the number of the fre-
quency with three digits between 
000 and 100.

2. N: is the level the preset values. 
They can be {1,2,3}

3. c1-3: is the number of % of flow 
between 000 and 100.

Example, the string “0201050” 
represents 20% of frequency, level 1 
and 50% of flow.

The exchange of messages be-
tween the embedded Hardware and 
the app are as follows, Data and 
Ack. Where Data contains a buffer 
of encoded data so that the HE un-
derstands that the first three digits 
are frequency, it is followed by level 
and finally the last three digits are 
the flow value. On the other hand, 
the Ack message sends an acknowl-
edgment indicating that the message 
arrived properly.

The estimated time for sending 

Fig. 12 Bluetooth HC-05 connection module and 16 × 4 display

Fig. 13 Diagram of manual control board

Fig. 14 Real Word view printed 
circuit board

Fig. 16 Graphical User 
Interface in app format for 
Android operating system

Fig. 15 Manufacture of PCB in 3-axis 
CNC Router
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information is based on the follow-
ing formula.

 Tenvio = th ∙ 2	 (3)
Where, th is the end-to-end time 

between the app and the HE, esti-
mated as [a] is 5 ms.

In general terms, the system ar-
chitecture is illustrated in Fig. 18.

Basically, the system’s user in-
terface collects the frequency, level 
and f low data and sends them via 
Bluetooth protocol, for the respirator 
to receive and activate the program-
ming layers of the corresponding 
actuators and sensors.
Programming

The programming algorithm was 
designed in C ++ language and has 
a total of 526 lines of code, the ex-
tensive coding can be consulted in 
the following link:

https://www.mediafire.com/file/
ai7lfkda7fkcdge/Programaci%F3n_
Respirador_UACh_Final.txt/file  

Results

The work realized was carried out 
in an operational technical way in 4 
work teams: electronic, mechanical, 
programming and wireless connec-
tion. With the individual systems 
simulated and under rapid proto-
typing tests, all parts of the system 
were joined.

In the mechanical part, parts had 
to be designed in lathe and welding 
workshops, the result can be seen in 
Fig. 19.

Some par ts were designed in 
solidworks and manufactured in 3D 
printing as shown in Fig. 20.

Subsequently, the electronic sec-
tion was assembled, the program-
ming software was loaded into the 
microcontroller and performance 
tests were carried out (Fig. 21).

Once all the sections were pre-
sented, the feeding, sensing and 
control circuits were interconnected 
(Fig. 22).

The final result was the design 
of a prototype mechanical ventila-
tor that allows the activation of an 
ambu device and can provide non-
invasive mechanical ventilation care 

to COVID-19 patients, for hospital 
transfer and urgent medical atten-
tion in rural areas. This system 
has a manual panel that adjusts the 
variables of pressure, frequency and 
flow by means of three knobs, and 
it also provides the option of mak-
ing the remote pairing by Bluetooth 
connection to a Smartphone with 
Android operating system, which 
allows wireless control of the sys-
tem through its App.

A more detailed explanation can 
be found at the following links:
1 .  h t t p s : / / w w w . f a c e b o o k .

c o m / M e d io s C h a p i n g o / v i d -
eos/1180563885621304/UzpfS-
TUzMzk4NTQyOTk1ODI0N-
jozMDc5MDI0MjQyMTIxMDA2/ 

2 .  h t t p s: //w w w.yout ube .com /
watch?v=SOoslq03teg 

Conclusions

The current crisis that the world is 
going through due to the pandemic 

Fig. 18 System wireless communication architecture diagram

Fig. 19 Mechanical manufacturing

Fig. 20 3D printing on BCN3d Sigmax 
R19 printer

Fig. 17 Information sending diagram

Fig. 21 Electronic assembly Fig. 22 3D printing on BCN3d Sigmax 
R19 printer
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of the new coronavirus “sars cov 
2” or better known as COVID-19, 
has led humanity to carry out acts 
of global solidarity and teach us the 
lesson of being prepared as a nation 
with the scientific tools necessary to 
face the crisis caused by a pandemic. 
The lack of ventilators, medicines, 
devices, buildings and supplies in 
hospitals has led to an increase in 
the death statistics for people infect-
ed by COVID-19. Mexico must learn 
the lesson, history is taught to avoid 
repeating, and with that, the experi-
ence of this crisis, should serve as an 
exercise of reflection about invest-
ment funds in the field of research, 
to develop the proper technology and 
to be prepared for any possible new 
pandemic in the future. Thereby, 
reconsidering its powers as a third 
world country, and how deep-rooted 
it is with the industrial production 
funds of other governing countries, 
Mexico must envision obtaining its 
own resources so that international 
blockades do not affect the forms of 
production of medical devices, sup-
plies, medicines, etc. That without a 
doubt are major issues on the federal 
government’s agenda. This work de-
velops the initiative of a biomedical 
product that seeks to be an alterna-
tive for ventilator shortages, not only 
at a national level but also at a global 
level. It is planned to continue with 
the design, to develop the pertinent 
improvements and to obtain evalua-
tions and approvals of the standards 
necessary for its manufacture and 
use.
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