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Integrated With Hand Tractor Power Tiller 
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Abstract: Farmers in Indonesia need a practical implementation to be able to make planting plot beds integrated with hand tractor power tiller. However, 
the design of the implement has not been studied in depth so that the design process can cause over or under design. Therefore, this paper presents a 
study of the influence of geometry and material types that are easily obtained for an implement bed former that is integrated with a hand tractor power 
tiller. The method used to analyze the suitability of the material in this study is through the finite element method. Three types of bed angles, namely 

114, 125, and 121, were tested to get their effect on the design of the former bed implement. Three types of materials that are easily obtained, namely 
Steel-Alloy steel, Iron-Ductile Iron, and woods-Balsa are used in the analysis to get the best material in the design. The results showed that the use of 

the angle of the implement bed former 125 gave a decrease in the value of the strain, displacement, and stress parameters. The best type of material 
using a digital-logic approach that can be used to implement bed former respectively is Iron-Ductile Iron, woods-Balsa, and Steel-Alloy steel. 
 
Index Terms: appropriate technology, design, digital logic, FEM.   

——————————      —————————— 

 

1. INTRODUCTION       
Making plant beds is one way to cultivate the land for food 
crop cultivation. The channel of the beds serves as a conduit 
to be able to provide water to the cultivated plants. Likewise, 
beds will function as a culture medium so that plants are not 
submerged by water and make it easier to care for plants [1, 
2]. Therefore, the plot of plant beds is essential to be made. 
Manually making plant beds, according to Sitorus et al. [3, 4] 
requires ten working days. The manual work uses hoe 
equipment. The process of making beds manually, which takes 
a long time results in inefficiencies in the preparation stage of 
land for cultivation. Therefore, appropriate technology to be 
able to make the plot of plant beds is essential to be designed. 
The hand tractor in the form of a power tiller is a machine  

and tiller that is popular with Indonesian farmers [5, 6]. The 
existence of this tractor makes the opportunity to be able to 
develop an implement to be able to make the bed former can 
be realized. The implementation will be designed to be 
integrated with hand tractors whenever needed. The design of 
the implementation begins with the preparation of design 
concepts that are tested through various methods, one of 
which is a simulation. It is needed so that the design results do 
not occur over or under the design of each constituent element 
of implement [7]. Therefore, this paper presents an analysis of 
the design of the main elements of the constituent implement 
of the plot of plant beds. This is done to be able to avoid and 
minimize mistakes in designing the tool of plant beds grooves. 

 

2 MATERIAL AND METHODS 
 
2.1 Implement geometry of plant beds grooves 
The geometry of the implement bed former is presented in 

Figure 1. Three forms of bed former are characterized by the 
angle of the ridge to be formed. This angle was chosen by 
considering the cultivation process in the mounds can still be 
carried out. 
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 Fig. 1 the shape of the bed former to be 

designed 
 
(c) 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH, VOL 8, ISSUE 10, OCTOBER 2019  ISSN 2277-8616 

 

2441 
IJSTR©2019 
www.ijstr.org 

2.1 Material properties of the design material 
The mechanical characteristics of the material from the design 
are presented in Table 1. This material was chosen on the 
basis that this material was easily obtained and formed to be 
used as a bed former. 
 

Table 1. Design material characteristics 
Parameters Steel - Alloy 

Steel 
Iron - Ductile 

Iron 
Woods - 

Balsa 
Unit 

Elastic Modulus 2.1010
11

 1.2010
11

 3.010
10

 N/m
2
 

Poisson's Ratio 0.28 0.31 0.29   

Shear Modulus 7.9010
10

 7.7010
10

 2.910
8
 N/m

2
 

Mass Density 7700 7100 159.99 kg/m
3
 

Tensile Strength 7.210
8
 8.610

8
 -  N/m

2
 

Yield Strength 6.210
8
 5.510

8
 2.010

7
 N/m

2
 

Thermal 
Expansion  
Coefficient 

1.3010
-5
 1.1010

-5
  - /K 

Thermal 
Conductivity 

50 75 0.05 W/(m·
K) 

Specific Heat 460 450   J/(kg·
K) 

 
2.2 Simulation of the Finite Element method 
FEM simulation uses a CAD application in the form of 
Solidworks 2015 x64 trial version. This method produces the 
parameters of simulation results in the form of strain, stress, 
and displacement. The applied load is 1500 KN. This load is 
based on the results of the study of Sitorus et al. [8] which 
states that the penetration resistance that has been treated is 
at this value. 
 
2.3 Determination of weighting uses digital logic 
The selection criteria for the treatment or its combination of 
engine components are best carried out using the method 
suggested by Dieter [9, 10]. The selection criteria for the 
performance index method by weighting proposed by Dieter 
[9, 10] are (i) determining the weight of each factor that 
becomes the criterion, (ii) determining the performance index 
of each treatment combination, (iii) calculating the 
performance index of each treatment combination with 
weighting, (iv) determining the best treatment combination that 
is with the highest weighted index value. The criteria to be 
chosen are based on the shape of the bed former, materials 
for design, design analysis, and price. 
 

3 RESULTS AND DISCUSSION 
 
3.1 Implement Design Properties 
The characteristics of the bed former, which were designed 
using the planned material, are presented in Figure 2. Steel-
alloy steel materials have the most significant weight 
characteristics. Whereas Material Iron-ductile Iron and wood-
balsa have the smallest attributes of each second and third. 
Increasing the angle of implementation of the bed groove 
regulator also increases the mass of the bed former for all 
types of material. It is caused by the increase in the design 
angle of the implement bed flow regulator also further 
increases the volume of the bed former. 

 
Fig. 2 bed former mass on various materials 

 
The volume and surface area of the bed former in all materials 
has the same value. However, the difference in bed former 
angle makes the weight of the bed former different (Figure 3). 
On the one hand, the volume of the former bed increases 
dramatically with the angle of the implement bed former. On 
the other hand, the surface area does not increase 
significantly with increasing bed former angle.Moments of 
inertia on various axes are presented in Figure 4. In general, 
the moment of inertia on the X and Z axes is higher than on 
the Y-axis in all types of material. The most significant moment 
of inertia on the X and Z axis is in the Steel-alloy steel 
material, followed by the content Iron-ductile Iron and wood-
balsa. 

 

 
Fig. 3 the influence of the design angle on the volume and 

surface area of the former bed 
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Fig. 4 moment of inertia in bed former 

 
3.2 Stress Analysis of the implementation of the bed 

former to the design 
The results of the simulation analysis stress tests of the 
implement bed former are presented in Table 3 and 
summarized in Figure 5. It can be seen that the increase in the 
angle of implementation of the bed flow regulator affects the 
stress of the planned material. Increasing the angle of 
application of the bed flow regulator causes stress reduction in 
all types of material. The most considerable stress occurs in 
steel-alloy steel material with an implementation angle of the 

bed groove regulator of 114. The smallest stress occurs in the 
material Iron-ductile Iron with an angle of implementing bed 

flow regulator of 125. Stress that arises in woods-Balsa 
material can exceed the stress of the material Iron-ductile Iron. 
This shows that material woods-balsa also has the potential to 
be used as a bed former in terms of the ability to cope with 
stress from the soil to be formed. 

 

 
Fig. 5 stress parameter simulation results using FEM 

 

3.3 Displacement analysis of implement beds formers to 
design 

The simulation test results to be able to handle the load on 
displacement that occurs are presented in Table 4 and 
summarized in Figure 6. The results show that under the 
application of a load of 1,500 KN to form the soil resulting from 
power-tiller processing gives the most significant displacement 
effect to woods-balsa material. The impact of the 
implementation angle of the bed flow regulator can reduce 
displacement in all types of material. It still shows the standard 
displacement limit of material when given a burden in line with 
the results of several research results [11, 12]. 
 
3.4 Strain analysis of implement beds former for design 
The simulation test results for the strain parameters that occur 
are presented in Table 5 and summarized in Figure 7. The 
results show that the most significant strain occurs in the 
woods-balsa material at the implement angle of the bed flow 

regulator 114. The implement bed former angle can reduce 
the strain on all types of material to be designed. The value of 
this strain compared with the results of several similar studies 
[11, 12] shows that it is still within normal limits to be accepted. 

 

 
Fig. 6 the simulation results of URES displacement 

parameters using FEM 
 
3.5 Functional and structural analysis using digital logic 
The results of the analysis using the digital logic method to be 
able to determine the best components in the design are 
presented in Table 5. The results direct to the price function 
are the main factors so that farmers can utilize this 
implementation. Next is the purpose of the material and the 
function of the simulation results can lead to the optimization 
of the best material and shape of the former bed that can work 
more efficiently. By paying attention to the simulation results 
that the order of the best material use based on these 
parameters is Iron-Ductile Iron, Woods-Balsa, and Steel-Alloy 
steel. Whereas the best geometric shape in a sequence is the 
use of the implement angle of the bed groove regulator is 

125, 121, and 114. 
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Fig. 7 Results of strain parameter simulation using FEM 

 
Table 2. The functional analysis of bed former 

Functio
n 

Stage one Stage two 
Weight
ed 
index Component  

Weighti
ng 
factor 

Alternative  
Weighti
ng 
factor 

The 
shape 
of the 
bed 
former 

Geometri  0.17 Angle 114 0.67 11.11% 

Angle 125 0.33 5.56% 

Angle 121 0.00 0.00% 

Material 
for 
designi
ng Bed 
Former
s 

Material 0.33 Steel-Alloy 
steel 

0.33 11.11% 

Iron-Duclite 
Iron 

0.33 11.11% 

woods-Balsa 0.33 11.11% 

Analysi
s 
Design 

Simulasi 
FEM 

0.17 Strain 0.33 11.11% 

Stress 0.33 11.11% 

Displacement 0.33 11.11% 

Price Price 0.33 cheaper 0.50 16.67% 

Total 1.00   3.50 100.0% 

 

4 CONCLUSION 
A study of the influence of geometric shapes and the 
determination of the best material for designing a bed former 
integrated with a power tiller hand tractor has been carried out. 
Simulation using FEM leads to the use of the best material for 
bed former is Iron-Ductile Iron with an angle of implement bed 

former is 125. Likewise, the functional and structural analysis 
leads to the use of material that is not too expensive but still 
produces a geometrical bed former that performs better. The 
next work of this research is to follow up with the results of this 
design by manufacturing the bed former. 
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Table 3. Stress Analysis (von Mises) (N/mm
2
) 

Material Angle of 114 Angle of 125 Angle of 121 

Steel-Alloy 
steel 

   
Iron-
Duclite 
Iron 

   
woods-
Balsa 
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Table 4. Displacement analysis (URES) (mm) 

Material Angle of 114 Angle of 125 Angle of 121 

Steel-Alloy 
steel 

   
Iron-
Duclite 
Iron 

   
woods-
Balsa 
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Table 5. Strain analysis (ESTRN)   

Material Angle of 114 Angle of 125 Angle of 121 

Steel-Alloy 
steel 

   
Iron-
Duclite 
Iron 

   
woods-
Balsa 

   
 
 

 
 


