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ABSTRACT 
The project focused on developing a manually operated Rice transplanter for small scale Indian paddy cultivators. Since more than 
80% of Indian rice land holdings are less than two hectares, there is an urgent need to develop farm machineries for highly labour 
intensive farm activities, as the labour availability is declining rapidly. The challenge was to design this transplanter, fulfilling the 
three basic requirements for small segmented paddy farms economically viability, technical feasibility, and socially acceptance. 
This machine would make the process easier, safer, faster, and more economical. The aim of our project is to make a transplanter 
with simple mechanism and increase the yield of production in small farms and to do the structural analysis of the transplanter. 
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INTRODUCTION 

 

Edathiparambil discussed about the mechanism and an optimized-planting finger for transplanting the 

paddy seedlings. Transplanting of seedlings is a labor intensive operation in the cultivation of rice. It is also a 

skilled job and involves working with a stooping posture in a puddled field. There exists a need to mechanize 

this operation. For this purpose the design of a mechanism was carried out following the method of analytical 

synthesis. A planar four-bar linkage with coupler extension was selected as the basic design. The path generated 

by the mechanism was plotted on a computer screen. By varying the dimensions of various links in the 

mechanism different paths of output motion of the coupler point were obtained. The potential link dimensions 

were identified based on the suitability of the path for picking, conveying and planting of seedlings as well as 

the return motion. A four-row self-propelled transplanter using the above mechanism and an optimized-planting 

finger was then developed and tested. [1] 

Henning et al discussed about the optimal level of farm mechanization in terms of technical capability. The 

optimization model is a non-linear programming model implemented by using the programming software suite 

General Algebraic Modeling System (GAMS). It is based upon a least-cost concept involving all expected fixed 

and variable costs (including timeliness costs) for a particular farm size and crop plan. The output from the 

model is the sizing of each machine, and also the tractor power and number of tractors required. The effective 

work rates of the machinery sets and the duration in nominal time for performing each operation are also shown. 

The model was tested and verified for its operational behaviour using real farm data. Comparisons of the 

optimized machinery requirements with the actual machinery present on a case-study farm showed generally 

good agreement, although there were some significant differences, suggesting that some of the actual machines 
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were not sized optimally. The approach has been directed toward developing a model to estimate the optimal 

least-cost sizes of the whole-farm machinery complement, taking into account constraints such as workability, 

timeliness, sequence of operations, labour availability, etc. [2] 

Gyanendra Singh discussed about the mechanisation Index by conducting the case study in India. The major 

factors that require higher capital investment,viz. fertiliser, irrigation and farm power were selected to assess 

their impact on yield through multiple linear regressions. The standardised regression coefficient has revealed 

that irrigation (42%) and farm power (32%) significantly contributed in increasing the yield. Both these inputs 

use mechanical and electrical energy extensively as a part of mechanisation. An index has been suggested based 

on the ratio of the cost of use of machinery to the total animate and machinery cost for the estimation of the 

mechanisation. A mechanisation index based on the ratio of cost of use of machinery to the total cost of use of 

human labour, draught animals and machinery has been suggested for estimation. The analysis has revealed that 

the human labour cost is still the largest component in the cost of cultivation in the wheat crop, which is the 

most highly mechanised crop in India. The analysis has further revealed that, although 78.5% farm power was 

contributed by the mechanical sources, the mechanisation index based on cost of use of machinery was 14.5%. 

In other words, the share of cost of the human and animal energy in the total operational cost was 85.5%. The 

crop-wise mechanisation index varied from a lowest value of 8.22% in sorghum and paddy to a highest value of 

30% in wheat. As the level of mechanisation increased, the draught animal use significantly reduced annually by 

6.2%, but use of human labour reduced by -0.18% only, from 1971–72 to 1996–97. [3] 

Rajvir et al discussed about the force required for the male and female workers in the field. In changing 

scenario of agricultural mechanization, ergonomics plays crucial role for effectiveness of the operation. 

Therefore the study was undertaken to evaluate the paddy transplanting operation on ergonomic basis and to 

work out the energy expenditure rate involved in the operation. Manually operated six row paddy transplanter 

was selected for the study and the male and female subjects selected randomly in the age group of 25-35 years 

operated it. The heart rate (HR) of the subjects was measured by computerized polar heart rate monitor (HRM) 

and it was taken as a base to work out energy expenditure rate. A Novatech load cell with digital indicator was 

used for the measurement of push-pull force. The field capacity of six row manually operated paddy transplanter 

was found to be 0.38 ha day-1 while for transplanting by hand it was found to be 0.04 ha day-1. The average 

energy expenditure for male and female workers for transplanting operation by manually operated paddy 

transplanter was found to be 30.70 and 32.58 kJ min-1, respectively. The operation was graded as 'heavy work' 

on the basis of heart rate. The rest pause, for achieving functional effectiveness during transplanting the paddy 

by six-row transplanter, was found to be 14.30 min followed 30 minutes of work. More force in pulling the 

transplanter in forward direction is required by the subjects as compared to handle up and handle down 

operation. The average force required for pulling the trasplanter was 130.32 and 145.12 N for male and female 

subjects respectively. The average force for handle down, handle up and pulling was found to be 101.93, 94.61 

and 130.32 N respectively for male subjects whereas for female subjects it was 117.08, 109.34 and 145.12 N 

respectively. More force was required in pulling the transplanter by female workers as compared to male 

workers because the male workers were taller, and thus exerted a more upward-oriented force on the unit thus 

reducing the drag force on the runners. The transplanting efficiency, field capacity and cost of operation was 

found to be 94.2%, 0.38 ha day-1and Rs 1020 day-1, respectively. [4] 

Jagvir et al discussed by comparing the paddy transplanting machine with hand transplanting. Suitable 

mechanization technology is needed to reduce drudgery, cost of transplantation and enhance timeliness of 

operation. A self-propelled riding type paddy transplanter was tested for its feasibility in the small size fields of 

the region during kharief season of 2007-08. Mechanical paddy transplanting by self-propelled transplanter has 

ensured proper crop stand and has given 6.0% increased yield compared to hand transplanting. The operation of 

the transplanter revealed that it needs fairly plain land and a well puddled field to maintain uniform depth of 

standing water and proper fixation of seedling in the ground. The use of the 8-row, self-propelled paddy 

transplanter in Kashmir valley revealed that the operation of the 8- row manual paddy transplanter was 

satisfactory in the field and its field capacity was 0.093 and 0.095 ha/h with a field efficiency of 78 and 80 

percent for the University’s field and farmer’s field, respectively. [5] 

Mohammad et al evaluated the impact of mechanization inputs and cultivation systems on the productivity 

and technical efficiency (TE) of rice production in the Khuzestan province in the south western part of Iran. A 

stochastic frontier analysis was used to measure the TE and three methods in each cultivation stage were 

assessed. The data analyzed in this study were collected during a survey that covered the crop year of 2009 in 

two climatic regions. There was a great variation in the levels of efficiency, which ranged from 0.15 to 0.99 with 

a mean of 0.67. The mechanization index ranged from 0.06 to 0.52, showing a high variation in the application 

of farm machinery for rice production. The correlation between the mechanization index and TE strongly 

demonstrated the impact of mechanization on the efficiency of rice producers. Many studies have used person-

days to measure labour, but the work of the labourers ranged from 6 to 10 hours per day; moreover, due to 

differences between women and men, the labor inputs were measured based on the energy equivalent. Many 

studies have used hours to measure farm machinery usage; however, in this study, the machinery inputs were 



186                   P. Kavin et al., 2017/Advances in Natural and Applied Sciences. 11(8) June 2017, Pages: 184-191 

 

measured by machine energy used based on an energy equivalent because we cannot add operations with 

different capacities based on the hours performed. The corresponding paddy rice production varied from 

approximately 400 kg to more than 8,000 kg. From the mechanization viewpoint, the critical stages in rice 

production were the planting and maintenance stages. We can see that most of the labor is invested in the 

planting stage, with more than 60% of the total labor invested in this stage; in contrast, the machinery use in this 

stage is only approximately 2%. Machinery usage in the harvest stage was more than 60% of the total machine 

energy. [6] 

Bala et al discussed about the need generated in the farm for System Rice Intensification (SRI).The SRI 

practices have been developed in order to increase the production and quality of rice. Based on SRI practices the 

rice seedlings are transplanted at the young ages, 15 days old with just 2 leaves and carefully planting of just one 

seedling per hill and space the hills optimally widely in a square pattern of 25×25 cm for better usage of water, 

sunlight, minerals, space, nutrient, weeding and pest management within shallow depth (1-2 cm) in the moist 

soil condition.  The existing method of mechanical transplanting of paddy which planted between 5 and 8 

seedlings per stand is claimed to be inefficient to produce higher yield. From the survey that was carried out, 

most farmers are looking forward to single-planting translators as it is impossible to do it manually. 

Modifications have to be carried out on the planting claw so that it will only catch one seedling at a time, 

redesign the seedling tray to allow the SRI transplanter to catch one seedling at a time and determine the best 

soil condition suitable for the SRI practices. No doubt that the new developed transplanter for SRI will be the 

future machines for the farmers in Malaysia. Evidence have shown that the SRI practices in paddy cultivation 

has resulted in the increase in yield as well as superior quality paddy because of its shorter crop cycle, less need 

for seeds and fertilizer, less chaffy grain because of higher percentage grain filling, little or no lodging from 

wind or rain and higher head rice recovery rate, so more milled rice from a given amount of paddy and reduced 

labour demand while boosting productivity. Optimum transplanting depth favored greater leaf area per shoot 

and per leaf lamina and greater maximum tiller number and reduced the percentage tiller mortality. SRI planting 

method suggested 1 to 2 cm depth, taking care not to invert seedlings root tips when transplanting. The right 

cohesiveness of soil will cover the root firmly to the soil. [7] 

Murumkar et al (2014) discussed the views to reduce cost of transplanting operation of paddy crop. A  self-

propelled  four  row  paddy  transplanter (MAHINDRA  Model)  was  used  for  the  transplanting  purpose.  

The performance of the mechanical self-propelled paddy transplanter was found quite satisfactory. The field 

capacity, field efficiency and fuel consumption of the four row self-propelled paddy transplanter were 0.1 ha/h, 

65% and 10 lit/ha, respectively. The cost of mechanical transplanting was found to be  1500  Rs/ha  as  

compared  to  Rs  5000  Rs/ha  as  in  case  of  traditional  method  of  manual transplanting followed by farmers 

in the region. Experimental details in respect of crop variety, area covered, date of paddy transplanting and 

harvesting, etc., are taken. Speed of operation, width of working, total time required to cover the area and the 

fuel consumption were recorded. Paddy transplanting was done using self-propelled four row paddy 

transplanter.  The  actual  field  capacity  of  the  self-propelled  four  row transplanter was 0.12 ha/h with a field 

efficiency  of 78% at an average operating speed of 1.2 kmph. It took 8 hours to transplant 1 hectare area and 

the fuel consumption was 8.0 l/ha or 1.0 lit/h. [8] 

Girish et al discussed about the desired continuous paths that can be generated by adjustable four-bar 

linkages with the continuous adjustment of one independent parameter, mainly slider. Adjustable mechanisms 

are capable of generating multiple paths with a change in one or more mechanism parameters and with 

essentially the same hardware. Little work has been done in the area of synthesis of adjustable linkages for 

continuous path generation, especially of adjustable planar four bar linkages. The limitation for four-bar 

linkages to generate continuous paths is that the desired continuous path can only be generated approximately. 

On the other hand, for most manufacturing automation applications, expensive multi-axis robots are employed 

for simple repetitive operations that require only limited flexibility. [9] 

 

1. Working Principle: 

The proposed method to rectify existing problems is shown in Figure 1.1. In this project we used sheet 

metal, shafts, chain and sprockets, plumber block, skid, four bar linkage, L angle attachment and handle. The 

main advantage of this project is the presence of simple four bar mechanism in paddy transplanter which can be 

easily replaced and repaired by paddy cultivators. The maintenance and initial cost are less. 
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Fig. 1.1: Proposed Model 

 

2. Analytical Calculations And Simulation: 

The force will act mainly on the welded joints and threaded fasteners. 

 

2.1 Force Calculation Using Lami’s Theorem: 

In statics, Lami's theorem is an equation relating the magnitudes of three coplanar, concurrent and non-

collinear forces, which keeps an object in static equilibrium, with the angles directly opposite to the 

corresponding forces. The free body diagram of frame is shown in figure 2. According to the theorem, 

 
where A, B and C are the magnitudes of three coplanar, concurrent and non-collinear forces, which keep the 

object in static equilibrium, and α, β and γ are the angles directly opposite to the forces A, B and C respectively 

 

 
Fig. 2: Resultant Forces on Members 

 

2.2 Evaluating Frame in Ansys: 

The frame is taken as first part for analysis purpose. The strength of the frame is evaluated by giving the 

calculated force on the handle. The base acts as a fixed support in this analysis. 

 

Iteration 1:  

Working stress σ  = 633.9 N/ mm2 ;   Allowable stress = 550 N/ mm2  Working stress    >    Allowable stress                 

Our design is not safe. 

 

Iteration 2: 

Working stress  σ  =  560.8 N/ mm2 ; Allowable stress = 550 N/ mm2 Working stress   >   Allowable stress          

Our design is not safe 

 

Iteration 3: 

For our design the factor of safety does not holds good. We can try any other design in frame so that frame 

can be safe. So we can change the position of support to get optimum FOS. 

 

Boundary Condition: 

The boundary condition of frame (Iteration 3) is shown in figure 2.1  

http://en.wikipedia.org/wiki/Statics
http://en.wikipedia.org/wiki/Coplanar
http://en.wikipedia.org/wiki/Concurrent_lines
http://en.wikipedia.org/wiki/Coplanarity
http://en.wikipedia.org/wiki/Coplanarity
http://en.wikipedia.org/wiki/Static_equilibrium
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Fig. 2.1: Boundary Condition on Frame 3 

 

Deformation: 

The deformation of the frame (Iteration 3) is shown in 2.2  

 

 
 

Fig. 2.2: Deformation on Frame 3 

 

Stress: 

The stress acting on frame (Iteration 3) is shown in figure 2.3 

 

 
 

Fig. 2.3: Stress Analysis on Frame 3 

 

Working stress      = 387.89 N/ mm2   ; Allowable stress    = 550 N/ mm2 

FOS = (Allowable Stress/Working stress)   = 550/387.89   = 1.42                    

Hence the design is safe. 

 

2.3 Comparison Table of Stress and Deformation: 

Notations for tabular column 

It       - Iteration ;  Dfrm - Deformation  ; Ws   - Working stress ; As    - Allowable stress 
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It Dfrm 

(mm) 

As 

(n/mm2) 

Ws(n/mm2) Remarks 

1 4.7 550 633.9 Design is not safe 

2 4.6 550 560.8 Design is not safe 

3 4.4 550 387.89 Design is safe 

 

2.4 Evaluating fork in ANSYS: 

The fork which plays a major role in picking the paddy seedling from the tray is analyzed by given the force 

of 10N at the end of the forks. The rotational velocity was given to the shaft and the plumber block is the fixed 

support for the analysis. 

Calculation of rotational velocity: 

Rotational Velocity of shaft    = 55rpm  ;   to convert rpm to rad/sec     =  5.75 rad/sec   

 

Boundary Condition: 

The boundary condition of fork is shown in figure 2.3.1 

 
 

Fig. 2.3.1: Boundary Condition of Fork 

 

Deformation: 

The deformation of the fork is shown in figure 2.3.2 

 

 
 

Fig. 2.3.2: Deformation of Fork 

 

Stress: 

The stress acting on the fork is shown in figure 2.3.3 
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Fig. 2.3.3: Stress of Fork 

 

Working stress = 128.7 N/mm2  ;  Allowable stress = 550 N/ mm2 ; Factor of Safety = 550/128.7 = 4.27  

Hence the design is safe. 

 

2.5 Evaluating four bar linkage in ansys: 

The force of 5N is applied on the end of the connecting rod to place the paddy seedling perfectly from the 

base to the land. The rotational force is initially given from the hands to the shaft fixed in the fork end and is 

transmitted to the rear shaft.  The rotational velocity is given to the crank by the rear shaft. As the crank rotates a 

revolution, the lever oscillates to and fro to place the paddy seedlings in perfect vertical position.  

 

Boundary Condition: 

The boundary condition of four bar link is shown in figure 2.4.1 

 

 
 

Fig. 2.4.1: Boundary Condition of Four Bar linkage 

 

Deformation: 

The deformation of the four bar link is shown in figure 2.4.2 

 

 
 

Fig. 2.4.2: Deformation of Four Bar Linkage 

 

Stress: 

The stress acting on the four bar linkage is shown in figure 2.4.3 
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Fig. 2.4.3: Stress on Four Bar Linkage 

 

Working stress      = 153.25 N/mm2  ; Allowable stress   = 550 N/ mm2  

Factor of Safety    = (Allowable Stress/Working stress)  = 550/153.25   = 3.58  

Hence the design is safe. 

 

RESULTS AND DISCUSSION 

 

After analyzing the transplanter in Ansys workbench, the support structure position was changed to get the 

optimization to get the optimum design to manufacture transplanter in low cost with fewer raw materials. 

Normally the transplanters weight about more than 20kg, so the pulling force will normally more than 120N. 

Hence we reduced the weight to 15.5 kg, so that the pulling force of transplanter is reduced to 72N. The price of 

existing transplanter is more than Rs.12, 000. We fabricated the model scale can do it in Rs.3000 and bring to 

market for the benefit of farmers. 

 

Conclusion: 

Nowadays the agricultural field is going down because of non-availability of human labours. If this idea is 

implemented in the farm, the land owner itself can plant their paddy seedlings in the land in time instead of 

waiting for human labours . The huge amount of money is invested for paddy planting, this can be reduced and 

farming area can be increased. Since this project is a real time application which tends to help the farmers and 

reduce their work to a certain level, this project is soon to find its place in the field. 
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