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ABSTRACT: Earlier the farming operations such as cutting, threshing, and winnowing were done manually and 

discretely which used to consume a lot of time. Here the Combine Harvester comes into the picture. It has 

been the most important machinery when it comes to farming for around two centuries. Most of the harvesting 

machines in the world are bulky and designed to their respective conditions. Such machines are very 

expensive. So there is a need for a machine which is affordable and suitable for our environmental conditions. 

This project involves the design and development of a compatible and economical machine. A simple 

methodology was adopted and followed based on the literature reviewed. To design a Mini Combine 

Harvester with Baler, various parameters have to be considered which include physical properties, 

environmental conditions, and technical requirements. The machine is powered by a 5 HP DC geared motor 

and can be coupled to a tractor as an attachment. The machine will eliminate the labor problem in peak session 

for the crop cutting period and transportation problem in rural areas. This machine is helpful for a small farm.   
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1.  INTRODUCTION 

Harvesting is one of the most labour-intensive operations in agriculture, which is required to be done at the 

appropriate time to obtain optimum yield. Delay in harvest will have a direct impact not only on the yield but 

also on the quality of produce. Further, the method of harvest and wastage of produce are interlinked. 

Traditionally, harvesting is done manually in rural areas and particularly in landholdings of a modest size 

However, in the face of a growing labor shortage, harvesting by mechanical means has become unavoidable. 

A combine harvester has been commonly used, despite the availability of other machinery. At present, there 

is no equal distribution of the supply of combined harvesters, which means transport over long distances. This 

reduces operating costs and facilitates early harvesting of the machinery which is locally available. In their 

respective environments, the majority of harvesting machinery is built all over the world. In addition, such 

equipment is extremely expensive and requires the development of both affordable and environmentally 

friendly machines. 

 

1.1 Background  

Earlier agricultural operations were carried out manually and discreetly, such as cutting, threshing, and 

winnowing, which took a long time. Many machines were developed to automate these processes in order to 

address this problem. The Combine Harvester, which combined both of these processes, led to further 

technological progress. This reduces performance and time requirements. 

  

1.2 Objectives  
• To combine cutting of crops, threshing, winnowing and baling operations in one unit. 

• To reduce labour cost. 

• To minimize the time of operation. 
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1.3 Working  

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Combine harvester with Baler performs following processes: 

 Cutting 

 Threshing 

 Winnowing 

 Baling 

 

The process begins with cutting of the crops which is done by horizontally reciprocating cutter bar. A 

cylindrical rotating reel collects the crop and passes it to header auger. The cut crops are transported to the 

threshing unit through chain conveyor, where the rubbing action is achieved through rotating drum having 

spines on its periphery. Further the mixture of grain and chaff is passed to winnowing unit where the chaff is 

blown away and the grains are collected in storage tank. The blown away chaff is collected in the baling unit 

where it is compressed to form square bales. The machine is powered by a 5 HP DC geared motor and can be 

coupled to a tractor as an attachment. 

 

 

2.  METHODOLOGY 

 The methodology consists of the systematic, theoretical analysis of the methods used for the study or 

theoretical analysis of the study method and principles. 

 

1. Problem Statement 

2. Preliminary Research  

3. Initial Concept  

4. Design of Mini Combine Harvester with Baler  

5. Modeling of Mini Combine Harvester with Baler  

6. Material Selection  

7. Analysis 

 

2.1 Problem Statement  
Combine harvesting machines are very expensive on the market, and farmers in rural areas with small to 

medium farm lands cannot afford such machines. As a result, these farms are becoming less mechanised. 

Furthermore, because the machines are large and heavy, they cannot be transported to remote areas due to a 

lack of proper road connectivity. 

 

2.2 Preliminary Search  
History of the Combine Harvester, the idea of making a combine harvester start at the beginning of the 18th 

century. Reverend Patrick Bell a Scotland resident first thought of designed a machine that was pushed by 

horses and used scissors to cut bushes named as reaper machine. That time Bell forgot about getting a patent 

for his invention. So, in 1835, Hiram Moore re-built and registered the first kind of combine harvester in the 

United States. If we talk about Moore’s combine machine, then this machine was pulled by horses and was 

capable of reaping, threshing, and winnowing cereal grain. The first version of the combine machine (1835) 

GATHER CUT CONVEY THRESH SEPARATE 

CLEAN STORE 

BALER SQUARE 

BALES 
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was 17ft long and could cut 15ft of grain at a time later in 1839, a combine harvester pulled by 20 horses 

harvested over 50 acres of crops. And with upcoming years combine machine with the width of several meters 

introduced and used on most American farms. These were the primary models of combine harvesters. In 1882, 

Australian Hugh Victor McKay produced a similar idea and created the first commercial combine harvester 

called the Sunshine Harvester. But the best version of combine harvester. 

The first self-propelled combine harvester integration of the steam engine was developed by George Stockton 

Berry. And since the harvesters are taking shape with the newly developed technologies. 

 

2.3 Initial Concept  
This is about initializing the work by taking into consideration various design parameters and constraints. To 

develop the harvesting machine comprising of cutting, threshing, winnowing, and baling operations in a single 

unit. Elimination of bulky machinery thus making it compact that can be transported in remote areas. Making 

machines available at an affordable price.   

 

2.4 Design of Mini Combine Harvester with Baler  
In order to design a Mini Combine Harvester with Baler, various parameters have to be considered which 

include physical properties, environmental conditions, and technical requirements. The physical properties 

like machine’s size constraints, type of construction, crop properties are important while environmental 

conditions such as relative wind exposure, temperature, and humidity of surrounding have an effect on the 

design process. And most important, technical requirements such as mechanical equipment (economic), 

electronic control systems are essential for the proper functioning of Mini Combine Harvester with Baler. 

 

2.5 Modeling of Mini Combine Harvester with Baler  
This step follows the 3D modeling of the design for visualization using mechanical CAD software like 

SOLIDWORKS and PTC Creo. For simulation and analysis, SOLIDWORKS Simulation is used. These help 

us to understand the machine very effectively and easily. We can also estimate how the machine will function 

in the actual environment before actually manufacturing it. 

 

 

3. LITERATURE REVIEW 

 

Dr. Anoop Dixit and Dr. Surendra Singh’s [1] book on farm machinery and equipment describes the 

parameters for cutter bar such as stroke length, knife registration, lead, cutter bar height from ground etc. 

Also, it describes the parameters for auger design. Cutter bar is designed to cut 25-50 mm above the ground 

level up to 100 mm or more. It must be able to cut a wide variety of crop materials from grasses to tough 

stocks without clogging. It is steel flat made with high-grade steel. The section of the knife should always 

stop at the centre of the guard on each stroke. The length of the stroke is 7.5 cm. 

 

 Prof. V.K. Tewari’s [2] NPTEL lectures on Farm Machinery were studied for design of cutter bar, thresher 

and concave. The lectures were on calculations front.it briefly described the steps of calculations of different 

parameters required for design. It is recommended that the peripheral speed of the reel should be about 25% 

to 50% faster than the forward speed of the combine harvester. The reel should be 15-25cm above and slightly 

ahead of the cutter bar. 

 

Aum Sharma’s [3] paper on studies of design and performance of maize dehusker cum sheller helped us to 

select design parameters of concave and sieve. Each sieve has 1900 mm length and 900 mm width and was 

mounted in a rectangular frame made of 3 9 x 3 9 x 3 mm MS angle. All the three sieves were provided with 

an inclination angle of 3.5 degree with horizontal. The sieves were accommodated in a main sieve frame 

which could be oscillated at a frequency of 400 strokes/min through an eccentric drive having an eccentricity 

of 15 mm. 

 

D.C. Baruah and B.S. Panesar’s [4] book on energy requirement model by combine harvester (part I and part 

II) briefly describes the total energy required by the machine and also by the different parts of machine-like 

thresher, auger, reel and cutter bar. 

 

Emmanuel Beauttah Kinyor Mutai’s [5] paper on design and fabrication of a pedal powered paddy rice 

thresher gave a brief information on threshing unit. The calculations and design of angle bar and threshing 

drum was done referring this paper. The thresher drum is designed to have a diameter of 300mm and length 
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of 500mm. The construction is made from mild steel plate with a thickness of 1mm.The drum is to have 6 

threshing teeth made of angle line steel measuring 25 mm by 25 mm and with a thickness of 2mm. 

 

Almosawi, Abdulaziz, A’s [6] paper portraying the quadratic relation between the cutter bar and reel indices 

to combine header losses, it was referred for calculations of cutter and reel indices’ values. 

 

Walter Franco's [7] research paper based on human powered press for producing straw bales for use in 

construction during post emergency has given information about bales and baler machine. The paper was 

referred for calculations related to bale dimension and pressure required for formation of bales. 

 

Momtaaz Isaak’s [8] paper describing effect of speeds and height of combine harvester reel in quantity and 

quality losses of wheat. The paper contains a brief information related to reel based on a experimrnt. The 

paper was referred for various reel parameters such as reel index, height of reel and speed of reel. Used in the 

experiment are two speeds of reel (20, 25) r.p.m, and three heights of reel (61, 71, 81)cm with three 

replications for each treatment combination by Randomized Complete Block Design (RCBD) which is 

employed, by using harvester combine (Tessala) model (2000), to show it's effect in quantity and quality 

losses of wheat. The result obtained reveals that speed of reel (20) r.p.m. with the height of reel (81)cm gives 

least lost rate in quantity and the highest performance efficiency of harvester and the highest seed purity rate 

of wheat. 

 

Chain Conveyors Practical Calculations [9] was referred for chain conveyer calculations. Different types of 

chain conveyors and parameters such as inclination & slats are discussed. 

 

Wint Wint Thet and Soe Kyaw's [10] paper on design of threshing cylinder of combine paddy harvester gives 

us a brief information in the threshing cylinder. The part was used to refer the design steps of threshing 

cylinder and different parameters of threshing cylinder. Different parameters found were design and power 

delivered by shaft and also bearing selection. 

 

 

4. DESIGN CALCULATIONS 

We decided to design a machine of size 1 x 3.5 x 1 m. As our aim is to design machine which can be transported 

to remote areas also to make it compact and cost effective  so that it can be afforded by small farmers. 
 

1)Reel Calculation: 

Design considerations: 

Length of reel = 1000 mm 

Diameter=500 mm 

Speed=30 Rpm 

Feed rate 

F = wCdVfρ(h-hC) X10-3  

Power required by reel for bending crop stem 

Prb = Fx(5 × 103 EIr2)/(3ρ(h-hc)h
3  (kW)                                 

To overcome air resistance           

Prw = F × v    (kW)                                                                

F=1/2 ρAv2 Cd 

Pt=Prb  + Prw 

Power require to drive reel 

P = τω  (kW) 

   = mg × r × (2πN/60) 

 

 

2) Threshing Calculation: 

Design consideartions: 

Length = 500 mm 

Diameter = 300 mm 

No . of rasp bars = 6 
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Power require for threshing 

N1 = qv2/1-F  

N2 = Av + Bv3 

N = N1  + N2  

Power delivered by shaft to threshing drum 

P = τω  (KW) 

   = mg×r×ω 

 

  

3) Auger: 

Design considertions: 

Flight = 300 mm 

Diameter = 250 mm 

Length = 1000 mm 

 

Q = π/4(D2 – d2)Pn*60*ρ 

Power for material conveying 

PPc
C = KPc

CF 

       = (gLa2μs cos φF/72000 ) 

PPc
l = (ghal F)/3600 

Power require to drive auger 

P = 2πNT/60  

 

 

4) Chain Conveyer: 

Design considertions: 

 Length = 601.54 mm 

Height = 315.57 mm 

Width = 500 mm 

T = Fs + Fi + FK 

Fs = [(Qt × L) + (PCh × L)] 

Fi = (PCh L F1) / 2 

FK = (Qt X PCh )LsinαF2 

T = Fs + Fi + FK  

N= T x v 

     

 

5) Cutter Bar Calculations: 

Length= 1000 mm 

No . of knives= 12 

 

Power required for stalk deflection 

PCb
d =  [5 × 103 × EIh3s2 ⁄(6ρ(4h-hc)(h-hc

3)] ×F 

Power required for shearing of stem  

PCb
S =  (5π × 103)/(36ρ(h-hc)) × τ S AC rC F 

Power required for overcoming friction at sliding surfaces 

F = μN 

PCb
F = Fv 

K = Vavg/ VE 

 

 

6) Baler Calculations: 

Baler box: 

L= 890 mm 
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W= 306 mm 

H=206 mm 

Inertia force FI, 

FI = mrω2(cosθ + cos 2θ/n )  

Force acting on piston 

FL = PA 

Piston effort 

Fp = FL + FI + μN 

Force acting on connecting rod 

Fc = Fp/ cosφ 

Cosφ= [(1-(sin2 θ /n2 )]1/2 

Normal Reaction 

FN = Fp tan φ 

Turning moment of crankshaft  

T = Fp r (sinθ + cos 2θ/n) 

Power = Tω 

 

Shaft Calculation for Reel : 

ds = 288.18 mm            P = 0.16 KW               N = 28.12 rpm 

Step 1:    Material selection and design stresses (PSG1.9)  

C 45     σyt = 360 N/mm2  

MSST    ζ = (0.5 X σyt) / FOS = ( 0.5 X 360)/ 4 = 45 N/mm2 

Step 2:     To find twisting moment  

P= 2𝜋 𝑁 𝑀𝑡
60⁄   

0.16 X 103 = 2𝜋 𝑋 28.12 𝑋  𝑀𝑡
60⁄   

Mt = 54.33 Nm = 54.33 X 103 N-mm 

Step 3:    Analysis of chain drive 

Qo = Kp X Pt 

Qo =  1.15 X 90 

Qo = 1015.33N  

Step 4:    To find maximum bending moment  

∑MB = 0 

(30.705 X 70) – (161.86 X 540) + (REv X 1080) = 0 

REv = 78.93 N (↑) 

∑Fy = 0 

-30.705 + RBv - 161.86 + 78.93 = 0 

RBv = 113.635 N (↑) 

MBv = -30.705 X 70 = 2149.35 N-mm 

MEv = (-30.705 X 610) + (113.635 X 540) = 42.64 X 103 mm 

∑MB = 0 

(1015.33 X 70) + (REH X 1080) = 0 

REH = -65.81N = 65.81 N (↓) 

∑Fy = 0 

-1015.33+ RBH – 65.81 = 0 

RBH = 1081.14 N (↑) 

MBH = -1015.33 X 70 = -71.07 X 103 N-mm 

MEH = (-1015.33 X 610) + (1081.14 X 540) = -35.53 X 103 N-mm 

MB = 71.102 X 103 N-mm 

MF = 55.5 X 103 N-mm 
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Bearing Calculation of Reel 

 

1) Fa = 0 

Fr = 1.087 KN = 108.7 kgf 

Lhrs  = 3000 hrs 

N = 28.21 rpm 

Pe = ( XVFr + YFa) SF x Kt 

Step 1:   Pe = ( XVFr + YFa) SF x Kt 

Assume X= 1, Y= 1, V= 1 , Kt = 1 , SF = 1.2 

Pe = ( 1x1x1.876) x 1.2 x 1 = 130.44 kgf  

Step 2:  Lhrs  = (Lmr x 106)/(60 x N)  

3000 = ( Lmr x 106)/ (60 x 28.21) 

∴ Lmr = 5.0778 mr 

L93/L90 = (log(
1

0.93
) / log (

1

0.90
) )1/b 

∴ L90 = 6.71 mr  

Lmr = L90 = (𝐶
𝑃𝑒⁄ )k 

6.71 = (𝐶
225.21⁄ )3 

∴ C = 246.02 kgf 

Step 4:   Bearing no.: 6006……………..(PSG 4.12) 

                C = 1040kgf  

                Co = 710kgf  

Step 5:   a) Equivalent load , Pe 

Pe = ( XVFr + YFa) SF x Kt  

Calculation of X & Y 

Fa/Co = 0 ,  we will take e= 0.22 

Fa/Fr = 0 

as Fa/Fr < e 

X = 1 , Y = 0 

∴ Pe = 130.44 kgf 

b) Rated life of bearing , L90 

L90 = (𝐶
𝑃𝑒⁄ )k   = (1040

130.44⁄ )3   = 506.83  mr 

c) Life in mr for 93% POS 

L93/L90 = (log(
1

0.93
) / log (

1

0.90
) )1/1.34 

L93 = 383.89 mr 

d) Life in working hours 

  Lhrs  = (Lmr x 106)/(60 x N) 

           = (383.89 x 106)/(60 x 28.21) 

           = 2,26,804 hrs 

∴ 226804  hrs > 3000hrs 

∴ Bearing is safe 

2) Fa = 0 

Fr = 102.76 KN = 10.28 kgf 

Lhrs  = 3000 hrs 

N = 28.21 rpm 

Step 1:   Pe = 12.33 kgf  

Step 2:  Lhrs  = (Lmr x 106)/(60 x N)  

3000 = ( Lmr x 106)/ (60 x 28.21) 

∴ Lmr = 5.0778 mr 

L93/L90 = (log(
1

0.93
) / log (

1

0.90
) )1/b 

∴ L90 = 6.71 mr  

Lmr = L90 = (𝐶
𝑃𝑒⁄ )k 

∴ C = 23.25 kgf 

Step 4:   Bearing no.: 6006……………..(PSG 4.12) 

                C = 1040 kgf  
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                Co = 710 kgf  

Step 5:  Calculation of X & Y 

Fa/Co = 0 ,  we will take e= 0.22 

Fa/Fr = 0 

as Fa/Fr < e 

X = 1 , Y = 0 

∴ Pe = 12.33 kgf 

b) Rated life of bearing , L90 

L90 = (𝐶
𝑃𝑒⁄ )k   = (1040

12.33⁄ )3   = 600082 mr 

c) Life in mr for 93% POS 

L93/L90 = (log(
1

0.93
) / log (

1

0.90
) )1/1.34 

L93 = 454527 mr 

d) Life in working hours 

:  Lhrs  = 268537752 hrs 

∴ Bearing is safe. 

 

Chain Drive Design Calculation of Intermediate Reel : 

a = 580mm 

Ni = 63.488 

i = 2.25 

Zi = 25 

P = 0.5 KW 

Step 1:    Zi = 25 

Zr = 57 

Step 2:    P = 12.7mm 

Step 3:    v = 0.34m/s 

Ks = 1.875 

Q = 1988kgf 

Step 4:   O8-A2    DR40…………(PSG 7.71) 

P = 12.7mm 

Roller diameter = 7.95 

Width = 8mm 

Bearing Area (A) = 0.88cm2 

Wt/m = 1.2kgf 

Q = 2820kgf 

Step 5:    ∑𝑃 = 152.79 𝑘𝑔𝑓 

[n] = 18.45 

[n] > n 

Step 6:    σ = 3.19kgf/mm2 

[σ] = 3.46 kgf/mm2 

∴ σ < [σ] 

Step 7:    lp = 2(ao/P) + (Z1+Z2/2) + (Z1+Z2/2)2/(ao/P) 

                      = 132.88 ≈ 134 

l = 1.70m 

Step 8:    [a] = 586.99mm                        

∆ = 5.86mm 

Step 9:     di = 101.32mm 

dR = 230.54mm 
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Table 1: Bearing Specifications 

 

Bearing No. (SKF) Inner Diameter (mm) Outer Diameter (mm) Components 

6006 30 55 Reel, CC 1, Auger, 

Winnower, Baler, 

Intermediate Shaft 

6007 35 62 CC 2, Thresher 

6207 35 72 Thresher 
 

 

 

          Table 2: Gear Box Specifications 

 

Gear ratio 1.6:1  

 

 

Bevel Gear Box 

Number of teeth on gear 31 

Number of teeth on pinion 19 

Module 3 mm 

Strength of gear teeth 873.94 kgf 

Dynamic load 137.64 kgf 

Wear load 598.01 kgf 

 
 

 

 

Table 3: Chain Drive Specifications 

 

 

Speed of rotation of pinion(N1) 250 rpm  

 

 

 

 

 

 

Thresher to thresher 

Speed of rotation of wheel(N2) 250 rpm 

Speed ratio (i) 1 

Number of teeth on sprocket pinion (Z1) 27 

Number of teeth on sprocket wheel (Z2) 27 

Pitch (P) 12.7 

Length of chain (L) 1143 mm 

Centre distance (a) 400.05 mm 

Diameter of sprocket pinion(d1) 109.39 mm 

Diameter of sprocket wheel (d2) 109.39 mm 

Speed of rotation of pinion(N1) 250 rpm  

 

 

 

Thresher to chain 

conveyer 

Speed of rotation of wheel(N2) 223.21 rpm 

Speed ratio (i) 1.08 

Number of teeth on sprocket pinion (Z1) 28 

Number of teeth on sprocket wheel (Z2) 32 

Pitch (P) 9.52 

Length of chain (L) 895.35 mm 

Centre distance (a) 304.7396 mm 

Diameter of sprocket pinion(d1) 94.15mm 

Diameter of sprocket wheel (d2) 94.15 mm 

Speed of rotation of pinion(N1) 199.3 rpm  

 

 

 

Chain conveyor to cutter 

bar 

Speed of rotation of wheel(N2) 200 rpm 

Speed ratio (i) 1 

Number of teeth on sprocket pinion (Z1) 21 

Number of teeth on sprocket wheel (Z2) 21 

Pitch (P) 15.875 

Length of chain (L) 1492.35 mm 

Centre distance (a) 531.81 mm 

Diameter of sprocket pinion(d1) 136.74 mm 

Diameter of sprocket wheel (d2) 136.374 mm 
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Speed of rotation of pinion(N1) 223.21 rpm  

 

 

 

Chain conveyor 

Speed of rotation of wheel(N2) 210 rpm 

Speed ratio (i) 1.12 

Number of teeth on sprocket pinion (Z1) 28 

Number of teeth on sprocket wheel (Z2) 32 

Pitch (P) 12.7 

Length of chain (L) 1574.8 mm 

Centre distance (a) 596.84 mm 

Diameter of sprocket pinion(d1) 129.56 mm 

Diameter of sprocket wheel (d2) 113.42 mm 

Speed of rotation of pinion(N1) 250 rpm  

 

 

 

Thresher to winnower 

Speed of rotation of wheel(N2) 200 rpm 

Speed ratio (i) 1.25 

Number of teeth on sprocket pinion (Z1) 27 

Number of teeth on sprocket wheel (Z2) 34 

Pitch (P) 15.875 

Length of chain (L) 1587.5 mm 

Centre distance (a) 551.3726 mm 

Diameter of sprocket pinion(d1) 172.05 mm 

Diameter of sprocket wheel (d2) 136.74 mm 

Speed of rotation of pinion(N1) 200 rpm  

 

 

Winnower to auger 

Speed of rotation of wheel(N2) 150 rpm 

Speed ratio (i) 1.4 

Number of teeth on sprocket pinion (Z1) 27 

Number of teeth on sprocket wheel (Z2) 38 

Pitch (P) 15.875 

Length of chain (L) 2000.25 mm 

Centre distance (a) 741.36 mm 

Diameter of sprocket pinion(d1) 136.74 mm 

Diameter of sprocket wheel (d2) 192.24 mm 

Speed of rotation of pinion(N1) 250 rpm  

 

 

 

Thresher to baler 

Speed of rotation of wheel(N2) 80 rpm 

Speed ratio (i) 3.15 

Number of teeth on sprocket pinion (Z1) 24 

Number of teeth on sprocket wheel (Z2) 76 

Pitch (P) 12.7 

Length of chain (L) 1701.8mm 

Centre distance (a) 522.83 mm 

Diameter of sprocket pinion(d1) 97.3 mm 

Diameter of sprocket wheel (d2) 307.32 mm 

 
 

 

Table 4: Shaft Design Specification 

  

Diameter of shaft (d) 30 mm Reel shaft 

Diameter of shaft (d) 30 mm Auger shaft 

Diameter of shaft (d) 30 mm Chain conveyor shaft 1 

Diameter of shaft (d) 35 mm Chain conveyor shaft 2 

Diameter of shaft (d) 20 mm Winnower shaft 

Diameter of shaft (d) 35 mm Thresher 1 shaft 

Diameter of shaft (d) 35 mm Thresher 2 shaft 

Diameter of shaft (d) 30 mm Baler shaft 

Diameter of shaft (d) 30 mm  Intermediate shaft 

Diameter of shaft (d) 15 mm  Cutter bar shaft 

Diameter of shaft (d) 25 mm Gear shaft 

 

 

 

http://www.jetir.org/


© 2021 JETIR October 2021, Volume 8, Issue 10                                                      www.jetir.org (ISSN-2349-5162) 

JETIRFD06004 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 34 
 

 

 

5. DESIGN SPECIFICATIONS 
Table 5: Specifications 

 

Sr. No. Part Name Quantity Dimensions  Material Selection 

1 Cutter Bar 1   

 a. Knife 12      -    - 

 b. Connecting Rod 1 T = 8 mm   MS 

 c. Crank 1 T = 10 mm 
 

  MS 

2 Chain Conveyor 

 Slat 
1 L = 520 mm 

W = 25 mm 
T = 3 mm 

  MS 

3 Reel 1   

 a. Plate 3 T = 3 mm   MS 

 b. Rod 6 Dia = 10 mm   MS 

4 Header Auger 1    Al Alloy 6061 T6 

5 Thresher 2   

 a. Plate 2 T = 8 mm   MS 

 b. Rasp bar 6 L= 520 mm 
T = 3 mm 

  MS 

6 Concave 2   

 a. Plate 3    MS 

 b. Rod 20 Dia = 6 mm   MS 

7 Baler 1   

 a. Piston 1 T = 4 mm  MS 

 b. Connecting Rod 1 Dia = 10 mm  MS 

 c. Baler Box 1 L = 890 mm 

W = 306 mm 

H =206 mm 

 MS 

 d. Crank 1 T = 10 mm  MS 

8 Chassis Pipe  Outer Dia = 26.9 mm 
T = 3.2 mm 

 4340 Alloy steel 

9 Winnower 1   

 a. Sieve Net 2  500*660   Steel 

 b. Connecting Rod 1 T = 10 mm   MS 

 c. Crank 1 T = 10 mm   MS 

 d. Connecting Plate 2 T = 5 mm   MS 

 
 

  

 

6. CAD MODEL OF MINI COMBINE HARVESTER WITH BALER 

 

 

 

             
   Fig.1 - Cutterbar    Fig.2 - Reel  
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  Fig.3 - Auger                                                                                         Fig.4 - Chain Conveyor 

                                    
 

Fig.5 - Thresher   Fig.6 - Concave 

                                      

                             
                         Fig.7 - Winnower                                                                                Fig.8 - Baler 
                                                                                                                                    

      

                                                             Fig.9 - Side View       
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Fig.10 - Isometric View 

 

 

 

7. ANALYSIS 
 

 Reel : Stress and Strain Analysis 

 

 

  

                                                                                         Fig. 11 

 

 

 

    

 

 

                                     Fig. 12                                                                                                     Fig. 13                    

Load name Load Image Load Details 

Centrifugal-1 

 

Centrifugal, Ref: Face< 1 > 
Angular Velocity: -3.14 rad/s 

Angular Acceleration: -47.66 rad/s^2 
 

Name Type Min Max 

Stress1 VON: von 
Mises 
Stress 

1.019e+04 
N/m^2 

Node: 44007 

1.082e+07 
N/m^2 

Node: 28258 

 
reel assem-Static 3-Stress-Stress1 

Name Type Min Max 

Strain1 ESTRN: 
Equivalent 

Strain 

3.365e-08  
Element: 

5000 

3.293e-05  
Element: 

19459 

 
reel assem-Static 3-Strain-Strain1 
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Material used is MS as it is cheap and has good machining properties. Based on factor of safety thickness of 

reel plates  is considered as 3 mm. The stress and strain analysis shows design is safe. 

 

 
   

 Cutter Bar Connecting Rod: Stress and Strain Analysis 

          

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 
Reference: Face< 1 > 

Type: Apply force 
Values: -641.84, ---, --- N 

 

 
                                                                        Fig. 14 

 

 

   Name Type Min Max 

Strain1 ESTRN: 
Equivalent 

Strain 

7.168e-07  
Element: 

2131 

2.715e-05  
Element: 

2587 

 
cutter bar cr-Static 1-Strain-Strain1 

 
                               Fig. 15                                                                                            Fig. 16                   

 

Material used is MS as it is cheap and has good machining properties. Based on factor of safety thickness of  

cutter bar cr  is considered as 8 mm. The stress and strain analysis shows design is safe. 

 
 

 

 Baler Connecting Rod: Stress and Strain Analysis 

 

 

 

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 
Reference: Edge< 1 > 

Type: Apply force 
Values: ---, ---, 1,848 N 

 

                              

                                                                                     Fig. 17 

 

Name Type Min Max 

 Stress1 VON: von 
Mises Stress 

5.766e+04 
N/m^2 

Node: 123 

8.453e+06 
N/m^2 

Node: 9381 

  
cutter bar cr-Static 1-Stress-Stress1 
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  Fig. 18      Fig. 19  

 

 
 

 
 

Material used is MS as it is cheap and has good machining properties. Based on factor of safety diameter of  

Baler  CR  is considered as 10 mm. The stress and strain analysis shows design is safe. 
 

 

 

 Auger spike : Stress and Strain Analysis 

       

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 
Reference: Face< 1 > 

Type: Apply force 
Values: -5, ---, --- N 

 

 

                                                                                    Fig. 20 

 

 

Name Type Min Max 

Strain1 ESTRN: 
Equivalent 

Strain 

1.303e-07  
Element: 

1078 

5.050e-
05  

Element: 
1124 

 
auger spike-Static 1-Strain-Strain1 

                                              Fig. 21                          Fig. 22 

 

 

Material used is 6061 Al alloy as it is light weight and has good machining  properties. Based on factor of 

safety diameter of  auger spike is considered as 5 mm. The stress and strain analysis shows design is safe. 

 

Name Type Min Max 

 Stress1 VON: von 
Mises Stress 

2.849e+03 
N/m^2 

Node: 240 

4.413e+06 
N/m^2 

Node: 229 

 
auger spike-Static 1-Stress-Stress1 
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 Thresher: Stress and Strain Analysis 

      

Load name Load Image Load Details 

Centrifugal-1 

 

Centrifugal, Ref: Face< 1 > 
Angular Velocity: -26.2 rad/s 

Angular Acceleration: -91.66 rad/s^2 
 

  

Fig. 23 

 

 

 

 

 

Name Type Min Max 

Strain1 ESTRN: 
Equivalent 

Strain 

3.751e-08  
Element: 

7653 

5.362e-05  
Element: 

1045 

 
thresher drum-Static 2-Strain-Strain1 

 

                                    Fig. 24                    Fig. 25  

 

 

Material used is MS as it is cheap and has good machining properties. Based on factor of safety thickness of  

thresher  plate is considered as 8 mm. The stress and strain analysis shows design is safe. 

 
 

 

 

 

 Baler Piston : Stress and Strain Analysis 

  

      

Load name Load Image Load Details 

Pressure-1 

 

Entities: 1 face(s) 
Type: Normal to selected face 

Value: 0.03 
Units: N/mm^2 (MPa) 

Phase Angle: 0 
Units: deg 

 

 

                                                                                Fig. 26 

 

 

 

 

Name Type Min Max 

Stress1 VON: von 
Mises Stress 

6.715e+03 
N/m^2 
Node: 
19672 

2.088e+07 
N/m^2 
Node: 
1975 

 
thresher drum-Static 2-Stress-Stress1 
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Name Type Min Max 

Strain1 ESTRN: 
Equivalent 

Strain 

2.450e-07  
Element: 

4802 

2.962e-04  
Element: 

2715 

 
piston-Static 1-Strain-Strain1 

 

                                      Fig. 27                   Fig. 28 

 

Material used is MS as it is cheap and has good machining properties. Based on factor of safety thickness of 

piston is considered as 4 mm. The stress and strain analysis shows design is safe. 
   

 

8. CONCLUSION 
The concept is to develop Mini Combine Harvester with Baler machine.  It comprises harvesting and baling 

operations in a single unit. In this paper, the design and analysis of different harvesting components like cutter 

bar, reel, thresher, winnower, the baler are done. The machine is powered by a 5 HP DC geared motor and 

can be coupled to a tractor as an attachment. The machine will eliminate the labor problem in peak session 

for the crop cutting period and transportation problem in rural areas. This machine is helpful for a small farm.  

 

9. FUTURE SCOPE 

By adding suspensions and an engine, we can turn this machine into a self-contained vehicle. Current 

assembly can be totally automated by adding sensors. We can run this machine on solar energy. Some of the 

components, such as the header auger height, can be adjusted to accommodate various crop heights. 

Modifications can be made to the machine to make it compatible with other crops. 

 

Nomenclature: 

E = the modulus of elasticity of the crop stem in KPa 

I = the geometrical moment of inertia of the transverse section of the crop stem in m4 

h = the height of the crop stem in m 

r = the radius of the reel bat in m 

ρ=the linear density of the crop stem in g/m 

Cd= the crop stand density in number/m2 

w= the cutting width of the machine in m 

Vf= the forward velocity of the machine in km/h 

hc= the height of cut in m 

Q=Flow rate in kg/s 

D= flight in m 

d = auger diameter in m 

p = pitch in m 

n= rpm  

ρ = density of crop kg/m3 

μs = coefficient of sliding friction between the crop mass and the auger surface 

la = length of the auger section in m 

g =the acceleration due to gravity, m/s2 

Name Type Min Max 

Stress1 VON: von 
Mises Stress 

2.689e+04 
N/m^2 
Node: 
2668 

1.130e+08 
N/m^2 
Node: 
14282 

 
piston-Static 1-Stress-Stress1 
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hal = effective height of lift  in m 

ψ = angle made by an imaginary plane oriented in the path of material movement which passes through the 

bottom and top of the platform auger in radian 

Fs = Upper chain tension – (kgf) 

Fi = Down chain tension – (kgf)  

Fk = Lift chain tension – (kgf)  

Q = Conveyor total load - (t/h)  

Qt = Conveyed material weight – (kg/m)  

L = Total conveyor direct length - (m)  

α = Conveyor slope angle 

Pch = Total chain weight  

N = Driving power (kW)  

s =  stroke length in m 

τs =  shear strength of the crop stem in kN/m2 

Ac =  cross-sectional area of crop stem in m2 

rc = radius of the knife driving crank in m 

μ =kinetic coeff of friction between cutter bar and guide 

N = normal force on cutter bar by guide 

P= pressure on piston exerted by compressed bale 

A= area of piston 

n= obliquity ratio 
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