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Abstract— The Crop reaper machine targets the small-scale 

farmers who have land area of less than 2 acres. This 

machine is compact and can cut up to two rows of plant. It 

has cutting blades which cut the crop in a scissoring type of 

motion. There are cutters on two metal strip (plate) upper 

cutter plate will be reciprocate by scotch yoke mechanism. It 

runs on engine, this power, is provided through pulley and 

gear box arrangement to the cutter. A collecting mechanism 
is provided for the collection of crops to one side after 

cutting. This mechanism is also powered by pulley 

arrangement, two sprockets and chain arrangements given 

for collection of crops.  This compact harvester is 

manufactured using locally available spare parts and thus, it 

is easily maintainable. This harvester might be the solution 

to the problems faced by a small-scale farmer regarding cost 

and labor implementation. After testing this machine in 

farm, it is found that the cost of harvesting using this 

harvester is considerably less as compare to manual 

harvesting. The 3D model will be drawn with the help of 
CATIA software. All the components required for the 

project are collected and manufacture. After making the 

parts assembly was done and after that the result and 

conclusion was carried out. 

Keywords: Crop Reaper, CATIA software, Computer-aided 

design (CAD) 

I. INTRODUCTION 

A reaper is a farm implement or person that reaps (cuts) 
crops at harvest when they are ripe. Usually the crop 

involved is a cereal grass. These reapers are costly and only 

available of very large-scale farming. However, agriculture 

groups make these available for rent on an hourly basis. But 

the small holding farm owners generally do not require the 

full-featured combine harvesters. Also, these combine 

harvesters are not available in all parts of rural India due to 

financial or transportation reasons. Thus, there is a need for 

a smaller and efficient combine reaper which would be more 

accessible and also considerably cheaper. Farming is most 

widely followed profession in India. Agricultural products 
contribute a major portion to our economy. Engineering 

science has brought tremendous changes in traditional 

methods of agriculture viz. sowing, planting, irrigation, 

fertilizer spraying, harvesting, etc. However, it contribute 

14.4 percentage of GDP in India, to Increase our economic 

condition, we must increase the productivity and quality of 

our farming activities. Nowadays very few skilled labors are 

available for agriculture. Because of this shortage the 

farmers prefer to use reaper harvesters. The mission is to 

create a portable, user-friendly and low-cost mini harvester 

taking into account the requirements of current situation; the 

idea was created to prepare a machine which is cheap and 
will reduce the labor required to cut crops. This machine has 

the capability and the economic value for fulfilling the needs 

of farmers having small land holdings. This machine is cost 

effective and easy to maintain and repair for the farmers. 

The machine model is designed based on the demand for a 

compact and economical reaper. This demand is taken into 

consideration by consulting farmers in person, for their 

problems and requirements .Taking into account the present 

scenario of sugarcane harvesting we decided to prepare a 

model of sugarcane reaper with compact construction which 

will be mostly suitable for farmers having small and for 

agriculture. The machine prototype will be economical and 
most convenient for cutting corn stalks and other similar 

plants having same or less shear strength than corn. 

Harvesting is the process of gathering a ripe crop from the 

fields. Reaping is the cutting of grain or pulse for harvest, 

typically using a scythe, sickle, or reaper. Process 

automation has increased the efficiency of both the seeding 

and harvesting process .Most modern mechanical reapers 

cut the grass; most also gather it, either by windrowing it or 

picking it up. Modern machines that not only cut and gather 

the grass but also thresh its seeds (the grain), winnow the 

grain, and deliver it to a truck or wagon it are called 
combine harvesters or simply combines; they are the 

engineering descendants of earlier reapers. 

A. Problem Statement 

Due to non-availability of appropriate agricultural machines 

and equipment that cater to and suit the requirements of 

small-scale farms and high costs of machines and 
maintenance leads to increase the overall time and cost. 

Even if the land holding is small, it takes two or three days 

to completely harvest the crop, Manuallabour takes time and 

is not effective as they can work for 3-4 hours at a stretch.  

B. Objectives 

1) To formulate an idea to suit our required functionality 
that is to reap the crops.  

2) To develop the idea to suitable mechanical principles 

and to design the idea to practice. 

C. Scope 
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D. Working Principle 

The working principal of crop reaper machine is dependent 

on scotch yoke Mechanism. The Scotch yoke (also known 

as slotted link mechanism) is a reciprocating motion 

mechanism, converting the linear motion of a slider into 

rotational motion, or vice versa. The piston or other 

reciprocating part is directly coupled to a sliding yoke with a 

slot that engages a pin on the rotating part. The location of 

the piston versus time is a sine wave of constant amplitude, 
and constant frequency given a constant speed. This setup is 

most commonly used in control valve actuators in high-

pressure pipelines. Although not a common metalworking 

machine nowadays, crude shapers can use Scotch yokes. 

Almost all those use a Whitworth linkage, which gives a 

slow speed forward cutting stroke and a faster return. The 

term scotch yoke continues to be used when the slot in the 

yoke is shorter than the diameter of the circle made by the 

crank pin. For example, the side rods of a locomotive may 

have scotch yokes to permit vertical motion of intermediate 

driving axles.  

E. Methodology 

 

1) Performance Evaluation of Reaper-Binder in Rice Crop  

Field performance of reaper-binder was assessed in rice crop 

and compared with manual method of harvesting by sickle 
at farmer’s field under farm implements and machinery 

scheme during Rabi 2013. The effective field capacity of the 

reaper-binder was found 0.294ha h-1 with a field efficiency 

of 67 per cent at an average operating speed of 3.6 kmph 

compared to 0.025 ha h-1 for manual harvesting. The fuel 

consumption was found 5.27 l ha-1. Labor requirements for 

mechanical and manual harvesting were 36 and 176 man-h 

ha-1, respectively. The harvesting losses for mechanical and 

manual harvesting were 1.44 and 1.88 per cent, respectively. 

The cost of harvesting operation was Rs.5500/ha for manual 

harvesting and Rs.2241/ha for mechanical harvesting. The 

harvesting cost of reaper binder was reduced by 40.74 per 
cent compared to manual harvesting method with sickle. 

The feedback of machine operation was collected by some 

farmers at the time of harvesting and the performance of the 

reaper-binder at the farm was satisfactory. Harvesting of 

crop is one of the important agricultural operation which 

demand considerable amount of labor. The shortage of labor 

during harvesting season and vagaries of the weather cause 

great losses to the farmers. It is therefore, essential to adopt 

the mechanical methods so that the timeliness in harvesting 

operation could be ensured. The use of mechanical 

harvesting device has been increased in the recent years. 
The farmers using reapers or combines to harvest their 

crops. But these means especially combine, are very costly 

making it un-affordable to most of the small farmers. 

Although, some manual operated reapers were developed. 

But, due to limitations of manual power, none of them 

become popular as the power available for transportation of 

the machine as well as cutting and conveying of the crop 

was not sufficient. In this research, study on different types 

of harvesting machines and techniques were carried out. 

Reaper binders are also introduced as harvesting 

equipment which reduces the human drudgery by the 

binding of the harvested stalks itself. So the handling of 
straw can made easy. The suitable combination of 

harvesting machinery is dependent on the economic and 

climate conditions and type of crop variety in each area. 

There is no doubt that the cost of machinery and the labour 

requirement for each method of harvesting are also effective 

factors that determine the choice of harvesting method. 

Choice of suitable harvesting method not only reduces 

production costs but also increases yield and quality of the 

produce. Keeping these in view, a feasibility study of reaper 

binder was undertaken to reduce the cost of harvesting in 

paddy crop through mechanization of harvesting. 
This study was, therefore, under taken with the 

following objectives: 

 To evaluate the performance of reaper-binder. 

 To compare the economics of operation for reaper-

binder with the manual harvesting method. The cost 

analysis for reaper-binder was observed and compared 

with conventional method of harvesting by sickle. The 

cost of operation for mechanical harvesting was 

Rs.2241/ha as compared Rs. 5500/ha in the case of 

manual harvesting. The total labour required for 

harvesting and collection of bundles in the case of 
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mechanical harvesting were 36 man-h ha-1 whereas the 

total labour required for harvesting, collection and 

bundle making in case of manual harvesting were 176 
man-h ha-1. Based on the obtained results the 

harvesting cost of reaper binder was reduced by 40.74 

per cent compared to manual harvesting method with 

sickle.[1] 

2) Design And Evaluation Of Self-Propelled Reaper For 

Harvesting Multi Crops  

Harvesting of cereal crops is one of the major operations in 

agriculture production, which requires great attention. The 

objective of this work was to design of self-propelled reaper, 

and to evaluate its performance for harvesting of rice, 

brassica and wheat crops. Fields of rice, wheat and brassica 

were selected University of Agriculture Faisalabad, 
Pakistan.Factorial experiments (3 x 3) were conducted at 

each site with three levels of moisture content i.e.27%, 22% 

and 19 % for rice, 16.7%, 14.5% and 13% for wheat, and 

18.32%, 16.05% and 15.7% for brassica were selected. The 

levels of machine’s ground speed were1.94, 2.54 and 

3.18kmh-1. Twenty-seven plots (1.524 x 3m) were selected 

randomly in each field to collect data for average percentage 

(%) slippage, shatter losses and field efficiency. The 

machine was operated at selected levels of ground speeds 

and moisture contents for each crop.  Factorial analysis of 

variance (ANOVA) showed that the selected levels of 
ground speed and moisture contents have significant 

(p=0.05) effect on % slippage and field efficiency and non-

significant on shatter losses for rice and wheat crops, 

whereas significant effect in brassica. Results indicated that 

in early harvesting at high moisture content, the shatter 

losses were significantly lower with the higher % slippage. 

Results reported that the shatter losses, field efficiency and 

% slippage were influenced by selected levels of ground 

speed and moisture contents. A suitable combination of 

ground speed and moisture content can minimize the grain 

losses and increase the yield and profitability of the farmer’s 

community.[3] 
3) Design and Development of Manually Operated Reaper 

Machine  

Grain harvesting is the important part in agricultural 

mechanization. The use of reaper technology in developing 

countries to minimize the product cost which will be result 

in economic development of agricultural production. This 

paper tends to provide the design and development of 

manually or mechanically operated reaper machine. The 

current situation in our country the traditional use of 

harvesting mechanism is more tedious, time consuming and 

not able to develop the agricultural sector of the low farmers 
in economic. Depending on the problem stated through 

abstraction of literature and the existing reapers, to satisfy 

the customer needs the gathered data has been interpreted to 

meet the requirement of the objective of the problem. The 

mission of this project through which the product is 

developed to spread out the appropriate technology to the 

countries primary and the secondary market are identified 

with the stakeholders. The general procedure of conceptual 

design used; concept generation by decomposing into main 

and sub function, product ideas from internal and external 

search, generating alternative solution by setting criteria’s 
and Digital Logical Approach has been used for concept 

evaluation and selection. The product architecture and 

configuration finally introduced in the embodiment design 

after the selection of final concept. Design and development 
of mechanically or manually operated reaper for grain 

harvesting machine which is evaluated against the technical 

and economical criteria’s can be carried out to be suitable 

with the most Ethiopians low farmers capacity.[4] 

4) Design and Fabrication of Agricultural Crops Reaper  

Recently India has seen a shortage of skilled labor available 

for agriculture. Because of this shortage the farmers have 

transitioned to using crop reaper. These agricultural crop 

reapers are available for purchase but because of their high 

costs, they are not affordable for small scale farmers. The 

idea was to create a machine which is cheap and will reduce 

the labor required to harvest crops. This machine is suitable 
for the small-scale farmers who have farm area of less than 

2 acres. This reaper is compact and capable to cut up to 2 

rows of maize stalk / bajara stalk and 60 cm width of wheat 

crops rows. It has a high strength cutting blade which cuts 

the crops in a scissoring type of motion. It runs on an engine 

of 3HP, this power from engine is provided through pulley 

and gear box arrangement to the cutter. A collecting 

mechanism is provided for the collection of crops to one 

side of reaper after cutting. This mechanism is powered by 

pulley arrangement. This reaper might be solution to the 

problems faced by small scale farmers regarding cost and 
labor implementation.[5] 

II. DESIGN 

A. Computer-aided design (CAD) 

 
Fig. 3.1: CATIA model of Crop Reaper 
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Fig. 3.2: Drafting of Model 

III. CALCULATIONS 

A. Engine Specifications: 

Maximum Power of engine = 7.5HP 

Maximum Speed = 5600RPM 

Power = 7.5*746 = 5595 W 

We know, P = 
2∗π∗N∗T

60
 

Torque generated by engine= T = 9.5 Nm 

4.2 Belt and Pulley: 
From Design Data Book V.B.Bhandari,V type of belt is 

selected for maximum power transmission 

From Page No. 13.13, Table no. 13.23, Minimum diameter 

of pulley is 75mm 

d = 75mm 

Speed = n = 5600 RPM 

Considering, larger pulley diameter as 200mm so as to 

obtain the required speed reduction. 

D = 200 mm 

We know that, 
d

D
 = 

N

n
 

50

200
 = 

N

5600
 

N = 1400 RPM 

Approximate centre distance between the pulleys is 

C = 400mm……………….. (We considered this distance) 

We know that, α =sin-1(r1-r2/C)  

α= 10.81° 

θ = 180 – 2* α = 158.38 = 2.76° 
We know that T1 = Tension on tight side 

T2 = Tension on slack side 

The deep groove angle is selected from V.B.Bhandari, Page 

No. 13.13 

β = Groove Angle = 40 ° 

µ = Coefficient of friction = 0.3(From below table it is 

selected) 

 
Table 1: 

T1/ T2 = e (µθ/sinβ) = 3.63…………………. (1) 

P = (T1 -T2) *V 

Where, V = 
π∗D∗N

60
 

V = 
π∗200∗1400

60
 

V = 14.66 m/sec 

But, Maximum Power = P = 5.595KW 

5595 = (T1-T2) *14.66 

T1 – T2 = 381.65 N…………………….. (2) 

But from Equation no.1, T1 = 3.63*T2   Put in equation2 

3.63T2 – T2 = 381.65 

T2 = 145.11N 

T1 = 526.77N 
4.3 Shaft Design: 

Material of shaft = M.S. 

According to Torsional Rigidity, Diameter of shaft is given 

by  

D =(
584∗Mt∗L

G∗ϴ
)0.25 

Where, Mt = 9.5 Nm =9.5*1000Nmm 

L = 700mm 

G = 78*1000MPa 

ϴ = π 

D = 11.22mm 

But, next standard size available in market is 20mm. So, D = 

20mm 

4.4 Bearing Selection: 

Material of Bearing = Babbitt 
From table no. 15.10, Page no. 15.7 we select the deep 

groove ball bearing having dimensions as  

d = 20mm, D = 52mm 

Bearing Designation = 6304 

4.5 Bevel Gear Design: 

Calculation of Bevel gear 

n1= 1400 rpm 

Z1= 24 

Z2= 12 

d1= 100mm 

d2= 50mm 

Material of Bevel Gear = M.S. 

Ultimate Tensile Strength = 841MPa 

module 

m =
d1

Z1

 

m = 4.17 
Pitch angle 

γ
1=tan−1(

d1
d2

)
 

γ
1=tan−1(

100

50
)
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γ1 = 63.43 ≈ 63° 

γ2 = tan−1 (
d2

d1

) 

γ2 = tan−1 (
50

100
) 

γ2 = 26.56 ≈ 26.5° 
dav = d1 − b sin γ1 
dav = 100 − 20 sin(63) 

dav = 82.17mm 
Pitch line velocity correspond to the average pitch radius is  

Vav =
π × d1 × n1

60000
 

Vav =
π × 100 × 1400

60000
 

Vav = 7.33
m

s
 

Transmitted tangential force 

Ft =
1000 × ω

v
 

Ft =
1000 × 150.8

7.33
 

Ft = 20572.99N 
Radial force  

Fr = Ft × tan φ cos γ2 

Fr = 20572.99 × tan(20) cos(26.5) 

Fr = 6701.23N 
Axial force 

Fa = Ft × tan φ sin γ2 

Fa = 66.42 × tan(20) sin(26.5) 

Fa = 1088.3N 
Shaft angle 

θ = γ1 + γ2 

θ = 63 + 26.5 

θ = 89.99 ≈ 90° 
Dynamic Load 

Pd = 
21V(Ceb+Ft)

21V+(Ceb+Pt)0.5
 

Where, Pd = Dynamic Load (N) 

V = Pitch line velocity = 7.33m/sec 
C = Deformation Factor (N/mm2) = 11,400N/mm2 

From Design Data Book V.B.Bhandari, page no.17.15, 

Table no. 17.25 C=11400N/mm2 

e = Maximum expected error between two meshing teeth 

(mm) 

From Design Data Book V.B.Bhandari, page no.19.4, Table 

no. 19.8, e = 0.05 

b = Face width = 10*m or A0 / 3 (whichever is minimum) = 

20mm 

Pd = 
21∗7.33(11400∗0.05∗20+20572.99)

21∗7.33+(11400∗0.05∗20+20572.99)0.5
 

Pd = 14791.14 N 

Beam Strength of Gear: 

Sb = m*b*σb*Y[1-b/A0] 

Where, Sb = Beam Strength (N) 

A0 = Cone distance= (d2 + D2)0.5 = 60mm 
b = Face width = 10*m or A0 / 3 (whichever is minimum) = 

20mm 

σb = Permissible Bending Stress (N/mm2) = Ultimate tensile 

strength/3 = 280.33 (From table no.2 below) 

Y = Lewis Form Factor based on formative number of teeth 

= 0.33 Lewis factor is taken from V.B.Bhandari Design data 

book, page no. 17.12, table no.17.15        
Sb = 4*20*0.33*280.33 (1-20/60) = 4933.81N 

Sb= 4933.81N 

Wear Strength of Gear: 

Sw = 
0.75∗b∗Q∗Dp∗K

Cosϒ
 

Where, Sw = Wear Strength of Gear (N) 

b = Face width = 10*m or A0 / 3 (whichever is minimum) = 

20mm 

 Q = Ratio Factor = 
2∗z1

z1+z2∗tanϒ
  = 

2∗24

24+12∗tan26.5
 = 1.6 

Dp = Pitch circle diameter of pinion(mm) = 50mm 

K = Load Stress Factor (MPa) = 0.16*(
BHN

100
)2 = 

0.16*(
1200

100
)2= 23.04MPa 

BHN is selected from table no. 3.  

BHN = 120 HB (Hectobar) = 1200MPa 

ϒ = Pitch angle of pinion = 26.5° 

 
Table 3: 

Sw = 
0.75∗20∗1.6∗50∗23.04

Cos(26.5)
 

Sw = 30893.89 N 

So, from above calculation it is clear that the Wear 
strength of gear is more than the Beam Strength. So, design 

is against the Gear pair which is weaker in bending and 

hence it should be designed for safety against Bending 

Failure. 

Dynamic load is less than the Wear load so, design is safe 

(Pd = 14791.14 <Sw = 30893.89). 

4.6 Scotch Yoke Mechanism: 

Diameter of Crank = 200mm 

Length of Slotted bar = 155mm 

Power = 5.595KW 

Torque = 5.95Nm 
We know that,  

Torque = Force * Radius of crank 

5,95 = F* 100*10-3 

F = 59.5N 

Cutting Stroke Equation: 

 
Fig. 4.6: Cutting stroke mechanism 
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Let, L= Length of BC = Length of DE 

X = Length of Cutting Stroke 

From geometry of figure we can write,  
X = OD+DE-AC-OA 

In ΔABC,  

Cosϕ = AC/L      AC = L*Cosϕ 

Sinϕ = h/L           Sinϕ = r*Sinθ/L      

In Δ OAB, 

Cosθ = OA/r            OA = r*Cosθ 

Sinθ = h/r                   h= r*Sinθ 

By Trigonometry we know that, Cosϕ = (1-Sin2ϕ)1/2 

= (1- r2*Sin2θ/L2)1/2 

Let, n= L/r 

If n>1, by Binomial Expansion, 

Cosϕ = 1-(Sin2θ/2n2) 
X = r+L-L*(1- Sin2θ/2n2) – r*Cosθ 

We consider two conditions  

1) At ϕ=0, θ=0 

X = 0 

2) At, φ =0°, ɵ = 180° 

X = r + L -L*(
1−sin2ɵ

n2
) – r*Cosɵ 

X = 2*r 
X = 200mm 

B. Cutting Speed: 

V = 
N∗X(1+m)

1000
 

Where, N = Number of strokes per minute = 100 

X = Length of cutting stroke = 200mm 

m = 
Return Stroke Time

Cutting Stroke Time
 

m = 1 

V = 
100∗200(1+1)10−3

1000
 

V = 0.04m/min 

IV. COMPONENTS USED 

A. Engine: 

An engine or motor is a machine designed to convert one 

form of energy into mechanical energy. Heat engines, like 

the internal combustion engine, burn a fuel to create heat 

which is then used to do work. Electric motors convert 

electrical energy into mechanical motion, pneumatic motors 

use compressed air, and clockwork motors in wind-up toys 

use elastic energy. In biological systems, molecular motors, 

like myosin in muscles, use chemical energy to create forces 

and eventually motion. 

 
Fig. 5.1: Engine 

B. Bevel Gear: 

Bevel gears are gears where the axes of the two shafts 

intersect and the tooth-bearing faces of the gears themselves 

are conically shaped. Bevel gears are most often mounted on 

shafts that are 90 degrees apart, but can be designed to work 

at other angles as well. The pitch surface of bevel gears is a 

cone. 

Two important concepts in gearing are pitch 
surface and pitch angle. The pitch surface of a gear is the 

imaginary toothless surface that you would have by 

averaging out the peaks and valleys of the individual teeth. 

The pitch surface of an ordinary gear is the shape of a 

cylinder. The pitch angle of a gear is the angle between the 

face of the pitch surface and the axis. 

. 

Fig. 5.2: Bevel Gear 

The most familiar kinds of bevel gears have pitch 

angles of less than 90 degrees and therefore are cone-
shaped. This type of bevel gear is called external because 

the gear teeth point outward. The pitch surfaces of meshed 

external bevel gears are coaxial with the gear shafts; the 

apexes of the two surfaces are at the point of intersection of 

the shaft axes. Bevel gears that have pitch angles of greater 

than ninety degrees have teeth that point inward and are 

called internal bevel gears. 
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Bevel gears that have pitch angles of exactly 90 

degrees have teeth that point outward parallel with the axis 

and resemble the points on a crown. That's why this type of 
bevel gear is called a crown gear. Mire gears are mating 

bevel gears with equal numbers of teeth and with axes at 

right angles. Skew bevel gears are those for which the 

corresponding crown gear has teeth that are straight 

and oblique. 

C. Belt & Pulley: 

A pulley is a wheel on an axle or shaft that is designed to 

support movement and change of direction of a taut cable or 

belt, or transfer of power between the shaft and cable or belt. 

In the case of a pulley supported by a frame or shell that 

does not transfer power to a shaft, but is used to guide the 

cable or exert a force, the supporting shell is called a block, 

and the pulley may be called a sheave. 

 
Fig. 5: 3Belt & pulley 

A pulley may have a groove or grooves between 

flanges around its circumference to locate the cable or belt. 

The drive element of a pulley system can be a rope, cable, 

belt, or chain. Hero of Alexandria identified the pulley as 

one of six simple machines used to lift weights. Pulleys are 

assembled to form a block and tackle in order to provide 
mechanical advantage to apply large forces. Pulleys are also 

assembled as part of belt and chain drives in order to 

transmit power from one rotating shaft to another. 

A belt and pulley system is characterized by two or 

more pulleys in common to a belt. This allows for 

mechanical power, torque, and speed to be transmitted 

across axles. If the pulleys are of differing diameters, a 

mechanical advantage is realized. A belt drive is analogous 

to that of a chain drive; however, a belt sheave may be 

smooth (devoid of discrete interlocking members as would 

be found on a chain sprocket, spur gear, or timing belt) so 

that the mechanical advantage is approximately given by the 
ratio of the pitch diameter of the sheaves only, not fixed 

exactly by the ratio of teeth as with gears and sprockets. In 

the case of a drum-style pulley, without a groove or flanges, 

the pulley often is slightly convex to keep the flat belt 

centered. It is sometimes referred to as a crowned pulley. 

Though once widely used on factory line shafts, this type of 

pulley is still found driving the rotating brush in upright 

vacuum cleaners, in belt sanders and band saws. Just as the 

diameters of gears (and, correspondingly, their number of 

teeth) determine a gear ratio and thus the speed increases or 

reductions and the mechanical advantage that they can 
deliver, the diameters of pulleys determine those same 

factors. Cone pulleys and step pulleys (which operate on the 

same principle, although the names tend to be applied to flat 

belt versions and V-belt versions, respectively) are a way to 
provide multiple drive ratios in a belt-and-pulley system that 

can be shifted as needed, just as a transmission provides this 

function with a gear train that can be shifted. V-belt step 

pulleys are the most common way that drill presses deliver a 

range of spindle speeds. 

D. Bearing: 

A bearing is a machine element that constrains relative 

motion to only the desired motion, and reduces friction 

between moving parts. The design of the bearing may, for 

example, provide for free linear movement of the moving 

part or for free rotation around a fixed axis; or, it may 

prevent a motion by controlling the vectors of normal forces 

that bear on the moving parts. Most bearings facilitate the 

desired motion by minimizing friction.  

Bearings are classified broadly according to the 

type of operation, the motions allowed, or to the directions 

of the loads (forces) applied to the parts Rotary bearings 
hold rotating components such as shafts or axles within 

mechanical systems, and transfer axial and radial loads from 

the source of the load to the structure supporting it. The 

simplest form of bearing, the plain bearing, consists of a 

shaft rotating in a hole. Lubrication is often used to reduce 

friction. A wide variety of bearing designs exists to allow 

the demands of the application to be correctly met for 

maximum efficiency, reliability, durability and performance 

 
Fig. 5.4: Bearing 

The term "bearing" is derived from the verb "to 

bear"; a bearing being a machine element that allows one 

part to bear (i.e., to support) another. The simplest bearings 

are bearing surfaces, cut or formed into a part, with varying 

degrees of control over the form, size, roughness and 

location of the surface. Other bearings are separate devices 

installed into a machine or machine part. The latter include 

various kinds of fluid and magnetic bearings, as well as 

rolling-element bearings that are described with terms 

including sealed bearing and sealed for life. These 

contain seals to keep the dirt out and the grease in. They 
work successfully in many applications, providing 

maintenance-free operation. Some applications cannot use 

them effectively Nonsealed bearings often have a grease 

fitting, for periodic lubrication with a grease gun, or an oil 

cup for periodic filling with oil. 
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E. Scotch Yoke Mechanism: 

The Scotch yoke (also known as slotted link mechanism) is 

a reciprocating motion mechanism, converting the linear 

motion of a slider into rotational motion, or vice versa. 

The piston or other reciprocating part is directly coupled to a 

sliding yoke with a slot that engages a pin on the rotating 

part. The location of the piston versus time is a sine wave of 

constant amplitude, and constant frequency given a 

constant rotational speed. This setup is most commonly used 
in control valve actuators in high-pressure oil and gas 

pipelines. 

 
Fig. 5.5: Scotch yoke mechanism 

Although not a common metalworking machine 

nowadays, crude shapers can use Scotch yokes. Almost all 

those use a Whitworth linkage, which gives a slow speed 

forward cutting stroke and a faster return. It has been used in 

various internal combustion engines, such as the Bourke 

engine, Sy-Tech engine, and many hot air engines and steam 

engines. The term scotch yoke continues to be used when 

the slot in the yoke is shorter than the diameter of the circle 
made by the crank pin. For example, the side rods of a 

locomotive may have scotch yokes to permit vertical motion 

of intermediate driving axles.  

V. ANALYSIS 

A. Finite Element Method  

The finite element method (FEM), is a numerical method for 
solving problems of engineering and mathematical physics. 

Typical problem areas of interest include structural 

analysis, heat transfer, fluid flow, mass transport, 

and electromagnetic potential. The analytical solution of 

these problems generally require the solution to boundary 

value problems for partial differential equations. The finite 

element method formulation of the problem results in a 

system of algebraic equations. The method yields 

approximate values of the unknowns at discrete number of 

points over the domain. The simple equations that model 

these finite elements are then assembled into a larger system 

of equations that models the entire problem. FEM then 
uses variation methods from the calculus of variations to 

approximate a solution by minimizing an associated error 

function.Studying or analyzing a phenomenon with FEM is 

often referred to as finite element analysis (FEA). 

1) Basic Concepts: 

The subdivision of a whole domain into simpler parts has 

several advantages:] 

 Accurate representation of complex geometry 

 Inclusion of dissimilar material properties 

 Easy representation of the total solution 

 Capture of local effects. 

In the first step above, the element equations are 
simple equations that locally approximate the original 

complex equations to be studied, where the original 

equations are often partial differential equations (PDE). To 

explain the approximation in this process, FEM is 

commonly introduced as a special case of Galerkin method. 

The process, in mathematical language, is to construct an 

integral of the inner product of the residual and the weight 

functions and set the integral to zero. In simple terms, it is a 

procedure that minimizes the error of approximation by 

fitting trial functions into the PDE. The residual is the error 

caused by the trial functions, and the weight functions 
are polynomial approximation functions that project the 

residual. The process eliminates all the spatial derivatives 

from the PDE, thus approximating the PDE locally with  

 a set of algebraic equations for steady state problems, 

 a set of ordinary differential equations for transient 

problems 

These equation sets are the element equations. 

They are linear if the underlying PDE is linear, and vice 

versa. Algebraic equation sets that arise in the steady state 

problems are solved using numerical linear algebra methods, 

while ordinary differential equation sets that arise in the 

transient problems are solved by numerical integration using 
standard techniques such as Euler's method or the Runge-

Kutta method. 

In next step above, a global system of equations is 

generated from the element equations through a 

transformation of coordinates from the sub domains' local 

nodes to the domain's global nodes. This spatial 

transformation includes appropriate orientation adjustments 

as applied in relation to the reference coordinate system. 

The process is often carried out by FEM software using 

coordinate data generated from the sub domains. 

FEM is best understood from its practical 
application, known as finite element analysis (FEA). FEA as 

applied in engineering is a computational tool for 

performing engineering analysis. It includes the use of mesh 

generation techniques for dividing a complex problem into 

small elements, as well as the use of software program 

coded with FEM algorithm. In applying FEA, the complex 

problem is usually a physical system with the underlying 

physics such as the Euler-Bernoulli beam equation, the heat 

equation, or the Navier-Stokes equations expressed in either 

PDE or integral equations, while the divided small elements 

of the complex problem represent different areas in the 

physical system. 
FEA simulations provide a valuable resource as 

they remove multiple instances of creation and testing of 

hard prototypes for various high-fidelity situations. For 

instance, in a frontal crash simulation it is possible to 

increase prediction accuracy in "important" areas like the 

front of the car and reduce it in its rear (thus reducing cost of 

the simulation). Another example would be in numerical 

weather prediction, where it is more important to have 

accurate predictions over developing highly nonlinear 

phenomena (such as tropical cyclones in the atmosphere, or 

eddies in the ocean) rather than relatively calm areas. 
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B. Mesh  

ANSYS Meshing is a general-purpose, intelligent, 

automated high-performance product. It produces the most 

appropriate mesh for accurate, efficient Multiphysics 

solutions. A mesh well suited for a specific analysis can be 

generated with a single mouse click for all parts in a model. 

Full controls over the options used to generate the mesh are 

available for the expert user who wants to fine-tune it. The 

power of parallel processing is automatically used to reduce 
the time you have to wait for mesh generation.Creating the 

most appropriate mesh is the foundation of engineering 

simulations. ANSYS Meshing is aware of the type of 

solutions that will be used in the project and has the 

appropriate criteria to create the best suited mesh. ANSYS 

Meshing is automatically integrated with each solver within 

the ANSYS Workbench environment. For a quick analysis 

or for the new and infrequent user, a usable mesh can be 

created with one click of the mouse. ANSYS Meshing 

chooses the most appropriate options based on the analysis 

type and the geometry of the model. Especially convenient 
is the ability of ANSYS Meshing to automatically take 

advantage of the available cores in the computer to use 

parallel processing and thus significantly reduce the time to 

create a mesh. Parallel meshing is available without any 

additional cost or license requirements. 

 
Fig. 6.2.1: Meshing of Blade 

 
Fig. 6.2.2: Meshing of Bevel gear 

C. Boundary Condition  

A boundary condition for the model is the setting of a 

known value for a displacement or an associated load. For a 

particular node you can set either the load or the 

displacement but not both. The main types of loading 

available in FEA include force, pressure and temperature. 

These can be applied to points, surfaces, edges, nodes and 

elements or remotely offset from a feature.The way that the 

model is constrained can significantly affect the results and 

requires special consideration. Over or under constrained 

models can give stress that is so inaccurate that it is 
worthless to the engineer. In an ideal world we could have 

massive assemblies of components all connected to each 

other with contact elements but this is beyond the budget 

and resource of most people. We can however, use the 

computing hardware we have available to its full potential 

and this means understanding how to apply realistic 

boundary conditions. 

 
Fig. 6.3.1: Boundary Condition of Blade 
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Fig. 6.3.2: Boundary Condition on Bevel Gear 

D. Total Deformation  

The total deformation & directional deformation are general 

terms in finite element methods irrespective of software 

being used.  

Directional deformation can be put as the 
displacement of the system in a particular axis or user 

defined direction.  Total deformation is the vector sums all 

directional displacements of the systems. 

 
Fig. 6.4.1: Total Deformation of Blade 

 
Fig. 6.4.2: Total deformation of bevel gear 

E. Equivalent Stress  

Equivalent stress is related to the principal stresses by the 

equation: 

 
Equivalent stress (also called von Mises stress) is 

often used in design work because it allows any arbitrary 

three-dimensional stress state to be represented as a single 

positive stress value. Equivalent stress is part of the 

maximum equivalent stress failure theory used to predict 

yielding in a ductile material. 
The von Mises or equivalent strain εe is computed as: 

 
Where:ν' = effective Poisson's ratio 

 
Fig. 6.5.1: Equivalent Stress of Bevel gear 

 
Fig. 6.5.2: Equivalent Stress of Blade 

 
Fig. 6.5.3: Maximum Shear stress of Blade 
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Fig. 6.5.4: Maximum shear stress of bevel gear 

VI. RESULT &CONCLUSION 

The crop reaper machine is used to cut the crops. This 

machine is developed so that the efforts of human are 

decreased. We have produced this machine which is helpful 
for the farmers which is available in cheap cost. The design 

can be carried out with affordable capacity and better-

quality product is manufactured. From the analysis result, it 

is seen that the maximum stress obtained value is less than 

that of the yield strength of the material. 

 The machine can be used to trim crops like wheat, 

rice, corn, etc. It can be automatically driven with the help 

of engine so can be used in vast trimming. The cost of 

harvesting using this machine is considerably as compared 

to manual cutting. This machine targets the small scale 

farmers so poor farmers can easily afford this economical 

crop reaper.  
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