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Abstract 

Agriculture is the most important sector in India and is the primary source of livelihood for about 58 percent of 

population. In Chhattisgarh state, rice is usually grown either by broadcasting or direct seeding methods in the 

field with hands. Traditional methods, that are popular, are labour intensive, hazardous, and cost consuming. Due 

to these factors the farmers face low per acre production with high production cost. The overall mechanism of the 

manual rice transplanter consists of a simple four bar mechanism which is powered by ground wheel through 

chain and sprocket.  A quick return mechanism is added to control the speed of the picking finger. This study is 

focused on design analysis and fabrication of a manually operated rice planter for small scale Indian rice cultiva-

tors. By achieving the goals like simplifying the mechanism, reduce cost and reduced weight of present rice trans-

planter. The availability and use of manual rice transplanter in Chhattisgarh is very rare, so design of this project 

is useful to farmers. 
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1. Introduction 

Rice (Oryza sativa L.) is one of the most important cereal crops and a staple food in India. It is widely cultivated 

in different parts of the country. India has largest area under paddy cultivation of about 43.38 million hectare with 

the total production of about 104.3 million tonne (Statistical year book India, 2017). India is the world’s second-

largest producer of rice and the largest exporter of rice in the world. Production increased from 53.6 million tons 

in FY 1980 to 120 million tons in FY 2020-21. Chhattisgarh is known as the rice bowl of central India. In Chhattis-

garh, rice is grown in 3.77 Mha that is approximately 8.58% of the total national production of rice, with an 

average yield of 1597 kg/ha and production of 6.03 million tons (Anonymous, 2012). But the yield levels of the 

state are very low at 1766 kg/ha compared to national average of 2416 kg/ha, and much below the potential yield 

of 2910 kg/ha (Pradhan et al., 2018). 
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Rice is grown mostly in areas that receive heavy annual rainfall. It is grown mainly in kharif (88%) and par-

tially in rabi (12%) season.  

Transplanting is the largely practiced method in most of the parts of India. Paddy transplanting is either done 

manually by hand or, mechanically using a paddy transplanter. In India transplanting of paddy is mostly done 

manually (Balbudhe et al., 2016). In transplanting method, seedlings are first raised in the nursery and uprooted 

for transplanting either manually or mechanically. Seeding plants when grown directly in the ground requires 

specific temperatures and conditions to properly grow. Transplanting method is also more popular among farmers 

across the country due to higher yield and less weed growth as compared to direct seeded rice. In direct sowing 

method, the weeds are controlled by chemical application however mechanical techniques can be used in trans-

planting approach.  

On the basis of the source of operation, mechanical transplanters are divided into three categories: manually 

operated, tractor-operated, and self-propelled. Most of the presently available manual paddy transplanters use mat 

type nursery seedlings, which necessitate a special method of raising in nursery of prescribed dimension in order 

to fit into transplanter trays, including additional material costs. The most important constraint to mechanical 

transplantation is the labor-intensive and complicated procedure of raising mat type nurseries. The uneven distri-

bution of plant populations in the mat is a problem that leads to an increase in the number of missing hills in the 

field.  

Transplanting of paddy is highly labour intensive work and requires high energy inputs (Verma, 2010). It 

requires suitable land preparation in the form of soil puddling and leveling, preparation of mat type nursery and 

then transplanting of seedlings to water drown field. It has also been reported that the plant density using manual 

transplanting is low leading to low yield. The shortage of labour also delays the work causing further reduction 

in the yield. 

Rice cultivation is primarily influenced by the following factors: (i) the age of the variety, (ii) moisture avail-

ability, (iii) meteorological conditions, and (iv) input and labour availability. Availability of materials and labour 

are two of the most important factors in determining the method of rice cultivation. Several attempts have been 

made to mechanize paddy transplantation by introducing various transplanters, and research is ongoing to improve 

production costs and reduce fatigue. Local transplanting requires frequent bending down and straightening up 

throughout the transplanting procedure, whereas mechanical transplanting requires the use of energy to pull the 

transplanter through the puddled field. A small scale farmer cannot afford to buy a nonsubsidized automated 

paddy transplanter due to the high cost. An attempt has been made to develop a manual paddy transplanter that is 

both effective and cheap.  

In the context of the above knowledge, there is a lack of mechanization of paddy cultivation in the state must 

be promoted so that corresponding to the problems of the local paddy cultivating farmer, new technological inno-

vations must be developed. In this regard the present project proposal aims at developing a low cost two row 

manually operated rice transplanter to suit the conditions of paddy farmers of the state. 
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2. Materials and Methods  

Deign procedure of two-row manual rice transplanter 

Power Requirement 

The power required for rotating the main shaft of transplanting unit of two row manual rice transplanter was 

calculated as. 

The maximum mass of shaft and its attachments was assumed as 11 kg (Kumar, 2009).  

F= mg                                                                  (1) 

Where, 

F = Force applied to driven sprocket, N 

m = Mass of shaft and its attachment, kg 

g = Acceleration due to gravity, m/s2 

F = 11 x 9.81 

F = 107.91 N 

Torque of the shafts can be predicted by 

T = F x r                   (2) 

Where,  

T = Torque of the shaft, N-m 

F = Force applied to driven sprocket, N 

 r = Radius of the driven sprocket, mm 

T = 107.91 x 0.11 

T = 11.87 N-m  

Power can be calculated by 

P = 2𝜋𝑁𝑇/60          (3) 

Where,  

P = Power required, W 

N = Speed of sprocket, 34 rpm 

T = Torque of the shaft, 11.87 N-m 

P = (2 x π x 34 x 11.87  )/60 = 42.24 W 

P = 0.057 hp 

This power is required for transplanting operation. Hence machine is floating type, so power requirement for 

pulling of this machine by operator can be calculated by 

P = 
𝐷 × 𝑆

 60 ×75
                    (4) 

Where,  

P = Power required for pulling the machine, W 

D = Draft of the machinery, 12.20 kg-f  

S = Travelling speed of machinery, 9 m/min 
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P = 
𝐷 × 𝑆

  60 ×75
 

P = 0.0244 hp 

The total power requirement for transplanting operation and pulling the machine is 0.081 hp and a strong man 

can develop maximum power of about 75 watts (about 0.1 hp) for doing farm work. 

 

Design of ground wheel shaft 

Considering the total weight of machine together with four bundles of seedlings as 22-24 kg, following are the 

important design considerations for diameter of drive shaft. 

Considering 60% of total weight of the machine with four bundles of seedlings (Jadhav et al., 1998). 

Load imposed (W) = 14 kg 

Length of the shaft (L) = 42 cm 

Bending moment was calculated 

 M = W × L         (5) 

       =   14× 42 

       = 588 kg-cm 

Also, M = f × Z          (6) 

Where,  

 Z = Modulus of section = πd3/32 

 d = Diameter of the shaft, cm 

 f = Bending stress, kgf/cm2 = Syt/2 fos 

   =  950 kgf/cm2 for carbon steel (40C8) 

                 (Syt = 3800 kgf/cm2, fos = 2 (assumed) 

 

 

Fig.1: Ground wheel shaft (all dimension in mm) 

           M = 
𝑓 × 𝜋𝑑3

32
 

        588 = 
1216 × 𝜋 × 𝑑3

32
 



N. Tirkey et al. IJSRMES2022007 3(1) 36-47 (2022) 

 

IJSRMES: International Journal for Scientific Research in Modern Engineering and Science 40 

 

 d3 = 6.31 

 d  = 1.84 cm 

     = 18.4 mm 

Hence, available higher material of 20 mm diameter is selected as ground wheel shaft and 420 mm length was 

taken. Drive wheel shaft is shown in Fig.1. 

 

Designing of tray 

The tray main objective is to transport the seed mat and direct the plants to the planting arm. The tray mecha-

nism is designed with a basic factor (width, length, angle, and speed of movement) in mind. Two trays are placed 

side by side for each planting hand because two plant rows are planted at the same time. The volume taken from 

the planting finger at a time determines the movement of the tray per one planting of the arm. The length of tray 

movement is considered to be 15 mm. To ensure that the seed mat is constantly fed to the planting arm; it should 

fall to the end of the try by gravity. Higher angles require less energy to feed the seed mat to the transplanting 

arm, whereas too much angle causes the nursery to fall down and compact at the end of the tray, making it difficult 

to remove the plants from the nursery with the transplanting arm. The tray's final angle is to be set between 60°-

70° (Karthik, 2019). 

Determination of planting speed 

 The number of planting per minute by the machine can be calculated by (Kumar, 2009). 

 Np = N3 × S.R         (7) 

Where, 

 N3   = No. of revolutions of driving sprocket, 15 rpm 

 S.R = sprocket velocity ratio = 2.66 

 Np    = 15 × 2.66 

 Np    = 40 

Determination of No. of hills per minute 

 The number of hills per minute by the machine can be calculated by (Kumar, 2009). 

 Nh = Np × NR         (8) 

Where, 

 Np  = No. of planting per minute = 40 

 NR  = No. of rows = 2 

 Nh  = 40 × 2 = 80 

Determination of length of chain 

The sprocket mounted on the drive wheel to transfer the power through the chain at main shaft then it was 

supplied through a chain to the secondary shaft (planting shaft) on which sprocket S6 (Figure 2) is attached (Ku-

mar, 2009). 

              L1 = 2x + π × r1 + π × r2        (9)                                                                                              

Where, 
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 L1 = length of chain from the main shaft to square pipe, m 

 r1 = radius of the driving sprocket, 110 mm 

 r2 = radius of the driven sprocket, 40 mm 

 x1 = centre to centre distance between two sprockets, 492 mm 

 L1 = 2 × 0.492 + π × 0.110 + π × 0.040 = 1.45 m 

                        L2 = 2x + π × r3 + π × r4       (10)                                                                                            

Where, 

 L2 = length of chain from the square pipe to QR arrangement, m 

 r3 = radius of the driving sprocket, 40 mm 

 r4 = radius of the driven sprocket, 40 mm 

 x2 = centre to centre distance between two sprockets, 610 mm 

 L2 = 1.471 m 

              L3 = 2x3 + π × r5 + π × r6            (11)                                                                                                                                           

Where, 

 L3 = length of chain from square pipe to QR arrangement, m   

 r5 = radius of the driving sprocket, 40 mm 

 r6 = radius of the driven sprocket, 40 mm 

 x3 = centre to centre distance between two sprockets, 450 mm 

            L3 = 2 × 0.450 + π × 0.040 + π × 0.040 = 1.15 m 

             L4 = 2x4 + π × r7 + π × r8                 (12)                                                                                                                                                                         

Where, 

 L4 = length of chain from QR arrangement to planting shaft, m 

 r7 = radius of the driving sprocket, 40 mm 

 r8 = radius of the driven sprocket, 40 mm 

 x4 = centre to centre distance between two sprockets, 130 mm 

            L4 = 2 × 0.130 + π × 0.040 + π × 0.040 = 0.51 m 

              L5 = 2x5 + π × r9 + π × r10       (13)                                                                                                                                                  

Where, 

 L5 = length of chain from main shaft to tray arrangement, m  

 r9 = radius of the driving sprocket, 40 mm 

 r10 = radius of the driven sprocket, 40 mm 

 x5 = centre to centre distance between two sprockets, 19.5 mm 

              L5 = 2 × 0.0195 + π × 0.040 + π × 0.040 = 1.77 m 

Total chain length, L= L1 + L2 + L3+ L4+ L5 

  L = 1.45 + 1.47+ 1.15 + 0.51 + 1.77 = 6.36 m 
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Fig.2: Power transmission in manually operated Rice Transplanter (with QR arrangement) 

 

Sprocket ratio 

Power transmission is accomplished through the use of a sprocket (Bhowmik, 2016). The sprocket ratio can 

be computed as: 

 T3/T4= S.R                            (14)                                                                         

Where, 

T3 = the number of teeth on the driving sprocket = 48 

T4 = the number of teeth on the driven sprocket = 18 

 S.R = 2.66 

 

Power transmission system 

All the power generation is achieved by wheel. Chain and sprocket mechanism is used to transmit power to 

the planting unit. 

No. of teeth of sprocket at wheel = 48 

No. of teeth of sprocket at planting mechanism = 18 

No. of plants planted per wheel rotation = 48/18 = 2.66 

Tray has to move very slowly relative to the wheel. The sprocket ratio is 8:3. 

Power was transmitted through the wheel which was connected to the first sprocket. The power was transmitted 

from sprocket S1 to sprocket S2 through the chain. Sprocket S1 was fixed with the main shaft and Sprocket S2 

was mounted on the square pipe so that the shaft gets rotations. Sprocket S3 gets the rotation because it was also 

mounted on the square pipe and transmitted the power to sprocket S4 through chain, which was mounted on the 

quick return arrangement and sprocket S5 transmitted the power to sprocket S6 through chain and finally mounted 

on the planting shaft. But in case of without QR arrangement the sprocket S3 transmitted the power directly to the 

sprocket S7. The planting arms were connected to the planting shaft with flat to get the reciprocating motion and 

followed the elliptical path. 

 

Design of handle 
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Design of the handle was done according to the anthropometric data of India farmers. The desirable height of 

the handle is to such that it gives the least fatigue and 0.7 and 0.8 of the acromial height is the suitable handle for 

work (Gite & Yadav, 1989). As per the data collected, the 95th percentile value of acromial height for a female is 

1168 mm and the 95th percentile value of acromial height for male workers is 1468 mm. therefore, the handle 

should be adjustable between 0.93-1.03 m.  

 

Design of drive wheel 

The design of the drive wheel was constructed in order to reduce weight and increase traction. Wheel angle 

were provided on the periphery of the wheel to develop better traction and grip on the soil. The transplanter was 

provided with two drive wheel which can be pulled by a single person while maintaining a hill to hill distance of 

25 cm. The two sprockets used for power transmission was purchased from the market having 48 and 18 number 

of teeth respectively. The gear thus obtained was found to be 8:3. Based on the obtained gear ratio and following 

parameters the drive wheel dimension was determined (Samal, 2019). 

Assuming, hill to hill distance = 25 cm and gear ratio is obtained as 8:3 (2.66). Let, D be the diameter of the 

wheel in meters, then  

Distance travelled in a single revolution of the drive wheel = π D      (15)                 

Also, Distance covered in one revolution = hill spacing x gear ratio       (16)              

Equating equation (15) and (16) 

Hill spacing x gear ratio = π D                                                                                                      

               25 x 2.67 = π D 

                D = 
24 ×2.67

𝜋
 

D = 21.26 cm 

 Effective diameter of the drive wheel ≈ 21.3cm 

or   D = 0.21 m. 

Figure 3.3 shows a schematic diagram of the drive wheel with diameter 210 mm and 8 ribs. The detailed 

drawing of the same is shown in next section. 

Selection of bearings 

Bearing is used for supporting the shaft which was selected according to main shaft diameter. The diameter of 

shaft was calculated by using standard formula. Zinc alloy UCP204 single row deep groove ball bearing was used 

for this purpose. 

                                                                

                      (a)   Drive wheel                                              (b) Wheel angle (rib) 
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Fig.3: Drive wheel 

 

Fig. 4: Bearing UCP204 Pillow block unit for main shaft diameter 

The list of following components of the transplanter that are design and developed are given below. 

1. Main frame 

It is the main component of the transplanter to which all other components were attached, such as the float, 

finger assembly, tray, and sprockets.  

2. Float 

The main frame and various system assemblies are supported by the float. It stays in contact with the puddle 

soil at all times. Float is the components of transplanter which is in touch with the mud. The float gives support 

to main frame.  

3. Drive wheel 

Wheels are basic yet important part of the whole rice planting mechanism. The power is generated from wheels. 

As the wheel rotates the power will be transmitted to mechanical arms. The wheels are given guide rods so 

that wheel can move easily in wet lands. 

4. Chain and sprockets 

The function of chain is to transmit torque from driver to driven sprockets and the function of sprockets is to 

transmit torque through chain. 

5. Four bar linkage with finger assembly  

In this four bar linkage one link is fixed and other three linkages are in motion. The links are connecting rod, 

lever, crank and planting finger. It is mounted on the driven shaft. 

6. Seedling tray 

This is used to store the rice plant from where the planting finger pick the plant and saw on the groun. This 

tray has two vertical guide slots. 

7. Handle 

The handle was designed to allow the operator to move the transplanter through the puddle soil. 

8. Quick return mechanism 

This is used to control the angular velocity of the crank of conventional four bar is controlled using a constant 

angular velocity of the QR mechanism. 
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1) Handle; 2) Drive wheel; 3) Chain; 4) Sprocket 80mm dia.; 5) Tray; 6) Tray slider; 7) Sprocket 110 mm dia.; 

8) Planting arrangement; 9) QR arrangement; 10) Float; 11) Main Frame  

Fig.5: Solid model of two row manual rice transplanter (with QR) 

 

Working 

When the operator pulls the transplanter, the ground wheel is forced to rotate. The motion of ground wheel 

main shaft is transferred to supporting shaft, crank shaft, slotted shaft and then to planting shaft by chain and 

sprocket. As the planting shaft is connected to finger arm, this drive operates the finger arm to move in its path. 

The fingers collect the seedlings from the tray which are placed prior to operation, passing through the slots 

provided at the tray bottom, and place them in the ground at certain depth. 

 

Fig.6: Manual two row rice transplanter 
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3. Results and Discussions 

The design of rice transplanter is easy as the basic machine design knowledge is applied to design the parts 

like shafts, bearings, drive wheel, chain and sprocket assembly, synthesis of four bar mechanism and quick return 

mechanism which uses the standards formulas. The cost of the transplanter is low as possible because use available 

and local material which leads to lower downs the price in case of mass production. The mechanism used is four 

bar mechanism in place of cam-follower and rockers-arm mechanism. The availability and use of transplanter 

makes us to fabricate the transplanter with minimum cost used by small scale farmers. 

Table 1: Technical specification of transplanter 

SL. No. Details Specification 

1. Machine Manual 

2. Overall dimension in mm (L x W x H) 1105 X 595 X 903 

3. Weight, Kg  22 

4. Float (L x W), mm 950 x 430 

5. Drive wheel (Diameter, mm x No. of wheel plate) 290mm x 32  

6. Finger type Fixed  

7. Tray (W x H), mm 600 x 320 

8. Handle  (L x W), mm 850 x 250 

9. Planting rows (Number x Spacing, mm) 2 nos. x 250 mm 

10. Planting finger actuating mechanism Four bar mechanism/Quick return mechanism 

11. No. of people required for operating the machine 2 

12. Locus of planting Elliptical 

13. Power source Ground wheel 

14. Adapted seedlings type Mat type seedlings 

Table 2: Dimensions of Planting Mechanism 

S. No. Particulars  Unit Dimension 

1. Length of crank, L3 cm 5 

2. Length of coupler, L2 cm 8 

3. Length of follower L3 cm 15 

4. Length of fixed link LF cm 15 

5. Length of coupler extension L4 cm 16 

6. Angle of coupler extension with coupler link  degree 101.5 

7. Length of crank, L0  cm 6 

8. Position of the axis of rotation of crank, 𝛿 cm 2.5 

9. Length of the slot in L1 cm 8 

 

A successful Trial run of transplanter is conducted to test the effectiveness of the transplanter. 
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4. Conclusion 

The modeling and simulation of the rice seeding machine performed in the Creo 2.0. The Rice seeding machine 

manufactured as per modeling and work satisfactorily. It will help the farmers for easy seeding of the rice and at 

the same time it will reduce the time of seeding with effective cost cutting to help work in budget. 

The high energy consumption, heavy pollution and high cost condition caused by using diesel and gasoline as the 

energy source have been improved. It accords with the requirement of the ecological agriculture development. It 

would also help in decreasing the over dependence of farmers upon for transplantation. Transplanter helps to 

acquire lesser cost of production with higher yield and production moreover the quality of produced rice is also 

good. 
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