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 الإهداء

 

الحمد لله رب العالمين الذي أنعم علينا بنعم كثيرة ورزقنا من المعرفة والعلم لتكون مشكاة تضيء 

. لنا الدرب وتعيننا على نوائب الدهر والصلاة والسلام على سيدنا محمد خاتم الأنبياء والمرسلين  

 نهدي هذا العمل إلى من سهرن الليالي الطوال صاحبات الحنان أمهاتنا الحبيبات 

إلى الماس الذي لا ينكسر نبع العطاء المتواصل إلى الوالد حيا وما بعد الحياة    

 إلى صناع المجد والكرامة حاملي رايات الشرف والبطولة شهدائنا الأبرار

إلى قناديل الدرب والشموع التي لا تنطفئ أساتذتنا الكرام    

 والى كل من ساهم في إنجاح برنامجنا التعليمي

.نهدي هذا العمل المتواضعإليكم جميعا   
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ABSTRACT 

The main object of the project is to make watering process easier using the wind 

pump. The project may be important to farmers who have problems with watering their 

trees and plants in there far lands. The main expectation is to solve the problem by 

making a prototype of  wind pump  

This project was made a way too far from nowadays but never really came to 

Palestine although it is important to it, so the project will be making one without the 

needs of a foreign one by using simple equipments . 
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CHAPTER ONE: INTRODUCTION 

The project of a water wind pump design is based on the hydraulic power science 

and mechanical design using two main components, these are wind mill (wind pump) 

and the water  pump. 

This project will help to solve the problem of watering the crops and plants from 

wells, where farmers used to bring water from the well by buckets using their hands 

and walk to the tree or the crops, which takes long time and hard process job. 

The aims of this project are to use the power of winds to raise water from the will 

for the irrigation process so that the process would be easier and faster . 

1.1 Hydraulics [1] 

Hydraulics is a topic in applied science and engineering dealing with the 

mechanical properties of liquids. At a very basic level hydraulics is the liquid version 

of pneumatics. Fluid mechanics provides the theoretical foundation for hydraulics, 

which focuses on the engineering uses of fluid properties. In fluid power, hydraulics is 

used for the generation, control, and transmission of power by the use of pressurized 

liquids. Hydraulic topics range through most science and engineering disciplines, and 

cover concepts such as pipe flow, dam design, fluidics and fluid control circuitry, 

pumps, turbines, hydropower, computational fluid dynamics, flow measurement, river 

channel behavior and erosion. 

 1.2 Wind Pumps 
[2]  

A wind pump is a windmill used for pumping water, either as a source of fresh 

water from wells, or for draining low-lying areas of land. Once a common fixture on 

farms in semi-arid areas, wind pumps are still used today where electric power is not 

available or expensive. 

http://en.wikipedia.org/wiki/Applied_science
http://en.wikipedia.org/wiki/Engineering
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Fluid_power
http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Volumetric_flow_rate
http://en.wikipedia.org/wiki/Dam
http://en.wikipedia.org/wiki/Fluidics
http://en.wikipedia.org/wiki/Pump
http://en.wikipedia.org/wiki/Water_turbine
http://en.wikipedia.org/wiki/Hydropower
http://en.wikipedia.org/wiki/Computational_fluid_dynamics
http://en.wikipedia.org/wiki/River_channel
http://en.wikipedia.org/wiki/River_channel
http://en.wikipedia.org/wiki/Windmill
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Water_well
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 Figure 1.1 Wind Powered Water Pump 

Windmills were used to pump water since at least the 9th century in what is now 

Afghanistan, Iran and Pakistan. The use of windmills became widespread across the 

Muslim world and later spread to China and India as well. Windmills were later used 

extensively in Europe, particularly in the Netherlands and the East Anglia area of Great 

Britain, from the late Middle Ages onwards, to drain land for agricultural or building 

purposes. Early immigrants to the New World brought with them the technology of 

windmills from Europe. 

To construct a wind pump, the shaft of the fan needs to be matched to the pump. 

With non-electric wind pumps, high solidity shafts are best used in conjunction with 

positive displacement (piston) pumps, because, single-acting piston pumps need about 

three times as much torque to start them as to keep them going. Low solidity rotors, on 

the other hand, are best used with centrifugal pumps, water ladder pumps and chain 

and washer pumps, where the torque needed by the pump for starting is less than that 

needed for running at design speed. Low solidity rotors are best used if they are 

intended to drive an electricity generator; which in turn can drive the pump. 

 

http://en.wikipedia.org/wiki/Afghanistan
http://en.wikipedia.org/wiki/Iran
http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/Muslim_world
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/Netherlands
http://en.wikipedia.org/wiki/East_Anglia
http://en.wikipedia.org/wiki/Great_Britain
http://en.wikipedia.org/wiki/Great_Britain
http://en.wikipedia.org/wiki/Middle_Ages
http://en.wikipedia.org/wiki/New_World
http://en.wikipedia.org/wiki/Waterladder_pump
http://en.wikipedia.org/wiki/File:Wind-powered-agricultural-pump-1.jpg
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CHAPTER TWO: PUMPS[3]  

2.1 Introduction 

A pump is a device used to move fluids, such as liquids, gases or slurries. A pump 

displaces a volume by physical or mechanical action. Pumps fall into three major 

groups: direct lift, displacement, and gravity pumps. Their names describe the method 

for moving a fluid. 

There is more than twenty different kinds of pumps each one for a different 

purpose, but in this project tow kinds of pumps are to be tested the first one is the 

rotary vane pump and the second one is the piston pump. 

2.2 Pumps Types 

With the development of industry and progress in scientific research, the pumps 

were developed, each depending on the purpose of use, and here are some of those 

types. 

2.2.1 Positive displacement pump 

 

A positive displacement pump causes a fluid to move by trapping a fixed amount 

of it and then forcing (displacing) that trapped volume into the discharge pipe. 

Some positive displacement pumps work using an expanding cavity on the suction 

side and a decreasing cavity on the discharge side. Liquid flows into the pump as the 

cavity on the suction side expands and the liquid flows out of the discharge as the 

cavity collapses. The volume is constant given each cycle of operation. 

Positive displacement pump behavior:  

Positive displacement pumps, unlike centrifugal or roto-dynamic pumps, will in 

theory produce the same flow at a given speed (rpm) no matter what the discharge 

pressure. Thus, positive displacement pumps are "constant flow machines". However 

due to a slight increase in internal leakage as the pressure increases, a truly constant 

flow rate cannot be achieved. 

A positive displacement pump must not be operated against a closed valve on the 

discharge side of the pump, because it has no shut-off head like centrifugal pumps. 

http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
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positive displacement pump operating against a closed discharge valve will 

continue to produce flow and the pressure in the discharge line will increase, until the 

line bursts or the pump is severely damaged, or both. 

Positive displacement types 

A positive displacement pump can be further classified according to the 

mechanism used to move the fluid: 

Rotary-type positive displacement: internal gear, screw, shuttle block, flexible 

vane or sliding vane, circumferential piston as shown in figure 1.2, helical twisted 

roots. 

Reciprocating-type positive displacement: piston or diaphragm pumps. 

Linear-type positive displacement: rope pumps and chain pumps. 

 

 

 

 

 

  

 

 

 

Figure 2.1 Piston Pump 

2.2.2  Impulse pumps 

Impulse pumps use pressure created by gas (usually air). In some impulse pumps 

the gas trapped in the liquid (usually water), is released and accumulated somewhere in 

the pump, creating a pressure which can push part of the liquid upwards. 

Impulse pumps types  

Hydraulic ram pumps: uses pressure built up internally from released gas in 

liquid flow.  

http://en.wikipedia.org/wiki/Hydraulic_ram
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Pulsar pumps - run with natural resources, by kinetic energy only. as shown 

below. 

 

Figure 2. 2 The Pulsar Pump 

 Airlift pumps-  run on air inserted into pipe, pushing up the water, when bubbles 

move upward, or on pressure inside pipe pushing water up. 

2.2.3 Velocity pumps 

Rotodynamic pumps (centrifugal pumps figure 2.3) are a type of velocity pump in 

which kinetic energy is added to the fluid by increasing the flow velocity. This 

increase in energy is converted to a gain in potential energy (pressure) when the 

velocity is reduced prior to or as the flow exits the pump into the discharge pipe. This 

conversion of kinetic energy to pressure can be explained by the First law of 

thermodynamics or more specifically by Bernoulli's principle. 

 

Figure 2.3 A Centrifugal Pump uses a Spinning Impeller 

One practical difference between dynamic and positive displacement pumps is their 

ability to operate under closed valve conditions. Positive displacement pumps 

http://en.wikipedia.org/wiki/Pulser_pump
http://en.wikipedia.org/wiki/Airlift_pump
http://en.wikipedia.org/wiki/Rotodynamic_pump
http://en.wikipedia.org/wiki/Kinetic_energy
http://en.wikipedia.org/wiki/First_law_of_thermodynamics
http://en.wikipedia.org/wiki/First_law_of_thermodynamics
http://en.wikipedia.org/wiki/Bernoulli%27s_principle
http://en.wikipedia.org/wiki/File:Pulser_pump.jpg
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physically displace the fluid; hence closing a valve downstream of a positive 

displacement pump will result in a continual build up in pressure resulting in 

mechanical failure of either pipeline or pump. Dynamic pumps differ in that they can 

be safely operated under closed valve conditions (for short periods of time). 
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CHAPTER THREE: METHODOLOGY 

3.1 Introduction 

In order to build a fine wind pump the work should be divided in two main parts. 

The first one is to study the location of the well that the wind pump is to be placed in 

and know how deep the well is down. The other part is the mechanical design of the 

wind pump and the simulation of all parts then the analysis of the parts. 

3.2 Basic Instructions 

 Find out the depth of the well and that is 6m. 

 The fan  is to stand a minimum of 4 meters above anything that could abstract 

the wind. 

 The wind pump can be directly installed over the water source (the well).  

 Connect the entire mechanism (fan, shaft, bearings, crank, rocker, coupler, and 

column). 

 the pump is to be installed.  

The drive mechanism transfers the energy produced  by the wind to the pump that 

pumps the water.  Then comes hooking up all the piping and tank storage unit. 

3.3 Wind Pump Mechanism Building Process 

3.3.1 Main parts 

1- Fan : consists of eight blades. 

2- Shaft. 

3- Crank. 

4- Bearings. 

5- Coupler. 

6- Rocker. 

7- The Column. 

8- Pump (piston pump). 

9- Plastic tubes. 

10- Tank to collect water that is pumped from the well. 
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3.3.2 Working procedure 

1.  first of all building the fan of the mill. That is 3.8m diameter and made of eight rods 

of steel each one is 1.85 m long and then connect the 70*60 cm  plastic sheets to the 

rods in an angle of 45º to take the maximum energy from the winds to get a great 

efficiency of the mills fan rotational speed. as shown in figure 3.1 

                      

Figure 3.1 Constructed Fan 

 

2.  Installing the fan of the mill on a 4m long column of steel by using a bearing. 

3. after that the energy have to be transported from the fan to the pump by connecting 

the fan with the pump by using a crank. 

 

In this project two kinds of pumps were used in order to pump the water from the 

well. The first one was the rotary vane pump as shown in figure 3.2, the problem in 
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using this pump was that it needs high speed relatively. to solve this problem the pump 

was replaced by a two piston pump as shown in figure 3.3. 

  

Figure 3.2 Rotary Van Pump                                        

                   

                       Figure3. 3 Pump Installation 

 

3.3.3 The Used piston pump 

The used pump consists of two pistons pump, the pump is handmade one because 

the available piston pumps in the markets are very cost. 
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Figure3.4  The Handmade Piston Pump 

 

 

Figure 3.5 Piston Pump Parts 
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CHAPTER FOUR: FLUIDE ANALISYS  

4.1 Introduction 

the fluid analyses was established according to the head that the used pump was 

able to reach, and therefore the force needed to move the piston could be calculated. 

the flow rate of the pump was calculated by measuring the dimensions of the pump 

cylinder, knowing that the pump consists of tow cylinders. 

if the change in the internal volume of the cylinder is known in each extension of 

the cylinder, then the theoretical volumetric displacement of the pump will be  known, 

and the theoretical flow rate will be known too, by finding out the number of cycles the 

piston makes per minutes. 

 

Figure 4.1 Piston Dimensions (mm) 

4.2 Volumetric Displacement Calculation[4] 

The volumetric displacement (VD) is the volume of water that the pump can rise by 

each cycle of work. and this quantity depends on the change of the internal volume of 

cylinder by each extension and on the number of piston in the pump.       

VDth =A S n                                                                                                     (4-1) 
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where:    VDth is the theoretical volumetric displacement.  

A is the inner cross sectional area of the cylinder. 

S is the stroke of the piston. 

n is the number of pistons. 

A =   r
2 

 =  (2.3)
2 

= 16.6 cm
2
 

S = 24 cm 

n = 2 pistons 

VDth = (16.6)(24)(2) = 796.8 cm
3  

Because every pump has an efficiency then there is a losses in the theoretical 

volumetric displacement. to know the actual volumetric displacement of the pump 

VDact  there is an experiment should be done. in this experiment the volume that the 

pump can rise from the well was measured in six trails, and the results are shown 

below in table (4-1).from these results the volumetric efficiency (VD%) of the pump 

could be calculated. 

VD% = 
     

     
                                                                                                     (4-2) 

Table 4.1 Volumetric Efficiency 

VDth 

(liters) 
VDact 

(liters) 
VD% 

0.7968 0.565 71% 

0.7968 0.533 67% 

0.7968 0.525 66% 

0.7968 0.597 75% 

0.7968 0.621 78% 

0.7968 0.585 74% 

 

 

Sample of calculation 

Trail (1)  

VD% = 0.565/0.7968 = 71% 

Average volumetric efficiency VD%  = 71.75% 
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4.3 Flow Rate Calculations[4]  

The flow rate (Q) depends on the fans revolutions per minute and also depends on 

the volumetric displacement of the pump. 

Theoretical  flow rate  Qth = VD*N                                                                    (4-3) 

Where:  VD is the theoretical volumetric displacement (liters). 

N is the angular speed of the fan (rev/min).   

To find the rotational speed N the following experiment must be done. 

the speed was measured in four days, three times a day, and the results was 

tabulated in the following table: 

Table 4.2 Experimental Rotational Speed N (rpm) 

DAY 
7:00 AM 3:00 PM 7:00 PM Average 

(rpm) N (rpm) N (rpm) N (rpm) 

first day 9 36 26 23.666667 

second day 6 28 21 18.333333 

third day 11 29 23 21 

forth day 6 22.5 24 17.5 

Navg = 20.11 rpm 

 

QTheoretical =  VD * Navg  = 0.7968 * 20 = 16 liter/min 

Qactual = volumetric efficiency * theoretical flow rate 

Qactual  = 71.75% * 16 (liter/min) = 11.48 liter/min 

As  the fan placed in a suitable location, suppose it works eight hours a day on 

average, then the amount of water that will be pumped from the well is calculated by: 

V=Qact*t                                                                                                              (4-4) 

Where  t is the working period in minutes 

t = 8*60 = 480 minutes 

V = 11.48 * 480 = 5.5104 m
3
/day 

This amount of water pumped per day is enough to be used to irrigate 450 young 

olive trees, furthermore farmers do not irrigate their crops daily.  
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4.4 Aerodynamics Calculations 

This section deals with the forces that acts on the fan blades due to the flow of air 

that  causes it to rotate. as the air hit the blades there is a torque arises on the shaft of 

the fan as shown in figure 4.2 , due to lack of equipment needed to measure the torque 

this torque was measured experimentally by suspending a load on the crank and 

increasing this load until the fan could not rotate. with this load and Knowing the 

distance between the suspending point and the center of the shaft, the resultant torque 

could be calculated. 

this experiment was Implemented in a windy day, in order to find out the 

maximum force that affects the fan blades. 

 

Figure 4.2 Air Movement and Resultant Torque. 

the measured torque was 98 N.m, knowing that this torque produced by eight 

blades, the produced torque by each blades is the result of dividing the total torque by 

eight. 

Tblade = 98/8 = 12.25 N.m 
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Figure 4.3 Wind Force and Dimensions (mm).  

if this torque divided by the distance from the center of the plade to the center of 

the shaft, the tangent force that produce this torque can be calculated. 

Tplade=Ftangent*d                                                                                                   (4-5) 

Ftangent = Tplade / d 

where d is the distance from the center of the blade to the center of the shaft. 

Ftangent  = 12.25/1.85 = 6.7 N 

as shown in figure 4.3 the blade oblique by angle of 45
o
 so the bending force is 

exactly as the tangent force; but before calculating the bending force it must be taken 

into consideration that the actual tangent force is bigger than the calculated one 

because it losses some work against the air resistance. as this work couldn`t be 

calculated, the tangent force value was increased by the half in order to correct its 

value. 

Ftangent(correct) = 1.5 * Ftangent 

Ftangent(correct) = 1.5*6.7 = 10.05 N      

Fbending = 10.05 N , this force produce bending load on the rod that support the 

blade. 
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4.5 Forces on the Pistons of the Pump[4] 

To find this force it important to explain the principle of the piston pump. when a 

force acts on the piston in the suction stroke, a negative pressure (vacuum pressure Pv) 

is resulted, when the absolute value of this pressure equal the pressure of the same 

head of liquid from the level of water to the level to which water needed pumped, the 

water  rises from the source. and in compression stroke the water rises from the 

cylinder to the reservoir (tank). 

Pv = ρ*g*h 

where ρ is the density of the water (Kg/m
3
) 

g is gravity acceleration (m/sec
2
) 

h the head of the pump above  water surface (m). 

ρ = 1000 Kg/m
3
 

g = 9.81 m/sec
2
 

h = 6 m 

Pv = 1000*9.81*6 = 58860 Pa 

The pressure from the piston is Ptheoretical = 58860 Pa 

But this value is smaller than the actual pressure because of pressure drop in valves 

and tubes. to find true pressure from the piston, the pressure drop must be added to the 

theoretical value. as a result of the used valves the pressure drop is high somehow, 

assumed to be half the theoretical pressure. 

P = Ptheoretical* 1.5 

P = 58860*1.5 = 88290 Pa 

Fon the piston = P *A 

where A is the piston area (m
2
) 

A = 0.001619 m
2
 

Fon the piston = 88290*0.001619 = 146 N 

this force must be applied on each pistons. so the force that the coupler must affects 

on the rocker of the pump must produce a moment equal to the moment from the 

pistons forces as shown in figure 4.6. 
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           Figure 4.6 Piston Force 

from static analysis Fcoupler = 632 N  
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CHAPTER FIVE: DESIGN ALALYSIS 

5.1 Introduction 

The technique that has been followed in this chapter is that the safety factor was 

calculated in each part of the prototype and according to this factor it was decided to  

re-design that part to fit the circumstances or not. 

As almost all the parts in the project exposed to fatigue loading, so It is important 

to clarify some concepts and terminology used in the analysis. and here are some of 

these terms.  

Moment (M): is the tendency of a static force to twist or rotate an object; see the 

article torque for details. This is an important, basic concept in engineering and 

physics. A moment is valued mathematically as the product of the force and the 

moment arm. The moment arm is the perpendicular distance from the point of rotation, 

to the line of action of the force. the effect of the moment is a normal stress.
 [5]

 

Torque (T): it is the same as moment but it is result from a moving force, and the 

effect of it is a shear stress.
 [5]

   

Stress (σ): is a measure of the internal forces acting within a deformable body  

Quantitatively, it is a measure of the average force per unit area of a surface within the 

body on which internal forces act.
 [5]

 

Shear Stress (τ):  is defined as the component of stress coplanar with a material 

cross section. Shear stress arises from the force vector component parallel to the cross 

section. Normal stress, on the other hand, arises from the force vector component 

perpendicular to the material cross section on which it acts.
 [5]

 

Von Mises Stress or Equivalent Tensile Stress (σ  ), a scalar stress value that can 

be computed from the stress state. In this case, a material is said to start yielding when 

its Von Mises stress reaches a critical value known as the yield strength Sy. The Von 

Mises stress is used to predict yielding of materials under any loading condition from 

results of simple uniaxial tensile tests. The von Mises stress satisfies the property that 

two stress states with equal distortion energy have equal von Mises stress.
 [5]

 

Endurance Limit (Se): are all expressions used to describe a property of materials, 

the amplitude or range of cyclic stress that can be applied to the material without 

causing fatigue failure.
 [6] 

 

http://en.wikipedia.org/wiki/Stress_(mechanics)
http://en.wikipedia.org/wiki/Yield_strength
http://en.wikipedia.org/wiki/Cyclic_stress
http://en.wikipedia.org/wiki/Fatigue_(material)
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The Modified Endurance Limit (Se
'
) : it is the endurance limit that takes into 

consideration  the conditions of the part.
 [6]

 

Goodman Relation: is an equation used to quantify the interaction of mean and 

alternating stresses on the fatigue life of a material. 

Ultimate tensile strength (Sut): or tensile strength or ultimate strength, is the 

maximum stress that a material can withstand while being stretched or pulled before 

necking, which is when the specimen's cross-section starts to significantly contract.
 [5]

 

Yield Strength (Sy): it is defined in engineering and materials science as the stress 

at which a material begins to deform plastically. at the yield point the material will 

deform elastically and will return to its original shape when the applied stress is 

removed. Once the yield point is passed, some fraction of the deformation will be 

permanent and non-reversible.
 [5]

 

Second Moment Of Area ( I ): is a property of a cross-section that can be used to 

predict the resistance of a beam to bending and deflection around an axis that lies in 

the cross-sectional plane. The stress in, and deflection of, a beam under load depends 

not only on the load but also on the geometry of the beam's cross-section: larger values 

of second moment cause smaller values of stress and deflection. This is why beams 

with larger second moments of area, such as I-beams, are used in building construction 

in preference to other beams with the same cross-sectional area.
 [5]

 

Second Polar Moment Of Area (J ): is a property of a cross-section that can be 

used to predict the resistance of a beam to twist around an axis that pass through the 

centroid  of the cross-sectional plane.
 [5]

 

modulus of elasticity (E): is the mathematical description of an object or 

substance's tendency to be deformed elastically when a force is applied to it. The 

elastic modulus of an object is defined as the slope of its stress–strain curve in the 

elastic deformation region.
 [5]

 

5.2 Calculations 
[6] [7] 

5.2.1 The Rocker 

As shown below. 
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Figure 5.1 Rocker 

 

Figure 5.2 Rocker Dimensions(mm) and loads(N) 
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Figure 5.3 Shear and Moment Diagram 

The rocker is 8x40mm rectangular cross section bar. it is made of AISI 1010 (low 

carbon steel). 

from table A-1   

Sy =180 MPa. 

Sut = 320 MPa 

 

from the moment diagram the section b-b is the critical section in the bar. 
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Figure 5.4 Section b-b.  

σo  
  
 

                                                                                                           (5-1)  

where: σo is the normal stress on the section.  

M the moment on the section. 

C the farthest distance from the neutral axis. 

I is the second moment of area.  

M = 37.23 N.m                C = 0.02 m 

I=
 

  
                                                                                                        (5-2) 

b = 8 mm 

h1 = 40mm 

h2  = 8.5mm 

I = 
 

  
               = 42257.25 mm

4
 

σ = 
          

        
*10

12
 = 17.6 MPa. 

this stress is the nominal stress. as a result of the hole in the bar there is a stress 

concentration  so the  true stress is the result of substitution in the following equation.
 

σ=Kf*σo                                                                                                            (5-3) 

Kf  = 1+ q(Kt -1)                                                                                                (5-4)     

where Kf  is the stress concentration factor. 
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Kt  is a reduced value for Kf   

q = is notch sensitivity  

from figure (5.5)  

 q = 0.75  

 

Figure 5.5 Notch Sensitivity q 

from figure 5.6  

d/w = 8.5/40 = 0.2125 

 Kt = 1 
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Figure 5.6 Kt For a Rectangular Bar With Central Hole
[8] 

Kf  = 1+[0.75* (1-1)] = 1 

σ = 1*17.6 = 17.6 MPa. 

by modified good-man criteria for fatigue failure due to completely reversed stresses 

 
 

 
  

  

  
 

  

   
                                                                                      (5-5) 

σa = 
             

 
                                                                                            (5-6) 
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σm = 
            

 
                                                                                                                  (5-7) 

Se  = Ka Kb Kc Kd Ke Kf Seʹ                                                                                                   (5-8)
 

where  Se is the modified endurance limit. 

Ka  is the surface condition modification factor. 

Kb  is the size modification factor. 

Kc  is the load modification factor. 

Kd  is  the temperature modification factor. 

Ke  is the reliability factor . 

Kf  miscellaneous-effect modification factor. 

Seʹ  is rotary-beam test specimen endurance limit. 

as the moment subjected to the bar is completely reversed then the stress is 

completely reversed and in the case of completely reversed stress the maximum stress 

is the +ve value of  the calculated stress, and the minimum value is the -ve value too. 

σm =  
         

 
 = 0                                                                                                   (5-9) 

σa  = 
         

 
 = 17.6 MPa.                                                                              (5-10) 

Ka  surface factor: 

Ka = aSut
b
                                                                                                            (5-11) 

for the used steel (plane carbon steel) and fro table (A-2)  

a = 57.7                          b = -0.718 

Ka = 57.7*320
-0.718

 = 0.91 

Kb size factor : 

Kb   
 
  

    
 
      

                   
  

                              

                                                      (5-12) 

de = 0.808(hb)
0.5

                                                                                                 (5-13)  

h = 40 mm                       b = 8 mm 
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de = 0.808*(40*8)
0.5

 = 14.45 mm 

Kb = 0.93 

Kc  loading factor: 

Kc = 1 for bending.                                                                                            (5-14) 

Kd  temperature factor. 

Kd = 1 ,from table (A-3) at 20
o 
on average.  

Ke reliability factor  

from table (A-4) Ke = 0.814 for 99% needed reliability. 

Kf  miscellaneous-effect modification factor. 

as the stress concentration factor  was taken into consideration ,it is reasonable to take 

a value of Kf = 1 

Seʹ is rotary-beam test specimen endurance limit. 

Seʹ = 0.5Sut       ;   Sut   1400MPa                                                                    (5-15)  

Seʹ = 0.5*320 = 160 MPa. 

Se  = Ka Kb Kc Kd Ke Kf Seʹ 

Se = 0.91*0.93*1*1*0.814*1*160  = 110.222 MPa. 

by modified good-man criteria  

  
 

 
 = 
  

  
 + 
  

   
                                                                                                      (5-16)  

where n is the safety factor. 

σa = 17.6 MPa. 

σm = 0 

n = 
  

   
  = 

       

    
 = 6.25   

it is an acceptable value, it may be reselect another bar with less dimensions but the 

available dimensions in the market is small to carry such loads.  so there is no need for 

redesign the bar.  
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5.2.2  Welded part in the rocker  

The figure below shows the welded part from front side of the rocker. at both ends 

of the rocker there is tow similar  welded parts, the force on each one is half of the 

force on each piston 73 N.      

 

Figure 5.7 Welded Part in the Rocker 

An E6013 electrode was used , from table (A-5)  Sy = 345 MPa ,Sut = 427 MPa  

by using modified good-man criteria for sheer stress 

n  =  
     

             
                                                                                                      (5-17) 

where:  Se is the modified endurance limit. 

τa is the shear stress amplitude. 

τm is the mean shear stress.                                                                                             

Se  = Ka Kb Kc Kd Ke Kf Seʹ
 

Seʹ = 0.5Sut             ;   Sut   1400MPa  

Seʹ = 0.5*427 = 213.5 MPa. 

Ka  surface factor: 

Ka = aSut

b
                                                                        

for the used electrode  and from table (A-2)  

a = 272                          b = -0.995 

Ka = 272*427
-0.995

 = 0.6565 
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Kb size factor : 

Kb   
 

 

    
 
      

                   
  

                             

                                   

But as the sheer is almost uniform on the weld area; Kb can be 0.8 

Kc  loading factor: 

Kc = 0.59  for torsion.                                                                                                      

Kd  temperature factor. 

Kd = 1 ,from table (A-3) at 20
o 
on average.   

Ke reliability factor : 

for 99% reliability needed for the bar Ke = 0.814 from table (A-4) 

Kf  miscellaneous-effect modification factor. 

as the stress concentration factor  was taken into consideration ,it is reasonable to 

take Kf =1  

Se = 0.6565*0.8*0.59*1*0.814*1*213.5 = 53.85 MPa. 

 

 

Figure 5.8 Shear Stress on Weld 

  

τ
`
 = 

 

 
                                                                                                                  (5-18) 

where τ
` 

is the primary  sheer stress from the direct sheer force on the welding. 
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V is the direct sheer force on the welding area. 

A is the throat area of the welds. 

from table (A-6) A = 1.41hd 

where: h  is leg size of the welding.  

d  is the length of the weld line.  

h = 4 mm 

d = 50 mm 

A = 1.41*4*50 = 282 mm
2
  

V = 438 N. 

A = 282 mm
2
 

τ
` = 

   

   
 = 0.777 MPa.  

τ
``

= 
   

 
                                                                                                          (5-19) 

where: τ`` 
is the secondary sheer stress of the welds. 

M  is the moment at the centroid of the weld result from the force applied to 

the member. 

 r  is the distance from the centroid of the welds to the point of interest. 

Ĵ is the second polar moment of area of the welds about the centroid of the  

welds. 

M = F*L                                                                                                           (5-20) 

where:  L is the distance from the point impact force to the centroid of welds. 

L = 0.06 m 

F = 146/2 = 73N 

M = 73*0.06 = 4.38N.m  

r =         =           = 26.92mm 

Ĵ = 0.707* Ĵu                                                                                                   (5-21) 

Ĵu is the unit second polar moment of area of the welds. 

Ĵu = 
          

 
      from table  (A-6) 

Ĵu =  30833.3 mm
4
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Ĵ = 0.707*30833.3 = 21799.1mm
4
   

τ
``

= 
          

        
 *10

9= 5.41MPa  

τ   vertical = τ    cos 21.8 = 5.41(cos 21.8) = 5.023 MPa 

τ   horizontal = τ    sin 21.8 = 5.41(sin 21.8) = 2.01 MPa 

τeq vertical = τ  + τ    v = 0.777 + 5.023 = 5.8 MPa 

τeq horizontal  = τ   horizontal = 2.01 MPa 

τ =                   
                 

   

τ = 6.14 MPa 

τa = Kfs * τ                                                                                                         (5-22) 

Kfs = 2.7  from table (A-7) 

τa = 2.7(6.14) = 16.578 MPa 

   = Se / τa = 53.85 / 16.578 = 3.2 acceptable value. 

5.2.3 Bearing stress  

5.2.3.1 Bearing stress in the member  

 

Figure 5.9 Bearing Stress in Member 

σ =  
 

 
                                                                                                                  (5-23) 

A = the projection area = t   d = 4(8.5) = 34 mm
2 
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σ = 73/34 = 2.14 MPa 

As σ is very small with respect to the yield strength so it is possible to ignore the  

effect of fatigue failure. 

5.2.3.2  Bearing stress in the pin  

The pin is made of AISI 1010 steel 

 

Figure 5.10 The Pin 

A = 4(8) = 32 mm
2 

 

σ = 73/32 = 2.28 MPa 

as  σ is very small compared with Sy ;Then the effect of the fatigue can be neglected.   

5.2.4 The Coupler  

 

Figure 5.11 The Coupler 
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Figure 5.12 The Loads on the Coupler 

 

                                        

Figure 5.13 Coupler Dimensions (mm) 
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It is the part in the prototype that connect the rocker with the crank, made of AISI 

1010 steel. as the outer diameter of the coupler is very small compared to its length, so 

the buckling in the coupler must taken into consideration.      

Sy = 180 MPa 

Sut = 320 MPa 

The load at which the buckling starts "Pcr" 

Pcr = 
         

  
                                                                                                                                                         

(5-24) 

where  C is the end condition constant. 

E is the modulus of elasticity. 

I  is the moment of area of the cross section. 

L is the length of the column. 

C = 1     from table (A-8) 

 

I = 
 

  
 (do

4 
– di

4
)                                                                                                  (5-25) 

I =  
 

  
 ((21)

4 
– (15.45)

4
) = 6749.6 

E = 207 GPa  from table (A-9)  

L = 2.78 m 

Pcr = 1784.2 N 

  = Pcr /F = 1784.2/632 = 2.82                                                                          (5-26) 

where n is the safety factor against buckling 

For fatigue failure, for the column the force applied to it is completely reversed. 

Using Goodman Criteria : 

  
 

 
 = 
  

  
 + 
  

   
    

But Sm = 0 

  = Se/Sa 

Se = Ka Kb Kc Kd Ke Kf S e      

S e = (0.5) Sut       when    (Sut  ≤ 1400 MPa)       

S e = (0.5)(320) = 160 MPa 
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Ka = a Sut
b 

    

From table (A-2) we have (a = 275) , (b = -0.995) 

Ka = 275(320)
-0.995 

= 1.03
 
  

Kb = 1 for axial loading there no size effect               

Kc = 0.85  for axial loading   

Kd = 1 from table (A-3) 

Ke =0.814 for 99%  needed reliability from table (A-4) 

Kf  = 1 as there no stress concentration effects 

Se = 140.08 MPa 

σa = F/A = 438.6/ (ro
2 
– ri

2
) = 632/158.884 = 3.97 MPa 

as  σa  is very small compared with  Se  ;So it is very safe against fatigue failure. and 

no need to compute the factor of safety 

5.2.5 The Welds in the coupler 

 

Figure 5.14 Weld in the coupler 

τ  = V/A                                                                                                               (5-27) 

A = the throat area 

A = 2(1.41) hd   from table (5-6)  

A = 2(1.41)(4)(5) = 56.4 mm
2 

Using Goodman criteria : 

  = 
  

     
          (as the load is completely reversed) 

Se = Ka Kb Kc Kd Ke Kf S e      
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S e =  0.5*Sut       when    (Sut  ≤ 1400 MPa) 

S e = (0.5)(427) = 213.5 MPa 

Ka = a Sut
b 

   From table (A-2) we have (a = 272) , (b = -0.995) 

Ka = 272(427)
-0.995 

= 0.65
 
  

Kb = 1 for uniform shear stress at the throat                

Kc = 0.59                                                                                                             (5-28) 

Kd = 1  from table (A-3) 

Ke = 0.814  for 99% needed  reliability  

Kf = 1  as stress concentration is to be taken into consideration later.  

Se = 66.6 MPa 

τ a  = Kfs   τ    

Kfs = 2.7      from table (A-7) for the end of parallel fillet weld 

τ a = 2.7(316/56.4) = 15.13 MPa 

  = Se/ τ a = 66.6/15.13 = 4.4  

the factor of safety is acceptable. 

5.2.6  The Pin of the crank 

The pin is shown in figure (5-14), The critical section  is the bar of the pin where 

the pin connected to the crank. the load on the pin is 632 N completely reversed. 

Ma = F*L                                                                                                            (5-29) 

where L is the distance from axis of the coupler to the base of the pin.                                                                                                           

Ma = 632 (0.026) = 16.432 N.m 

σmax = 
  

 
  

C = d/2 = 6 mm (d = 12 mm) 

I =  d
4
/64 =  (12)

4
 /64 = 1017.87 mm

4
 

σ = 16.432(0.006)(10)
12 

/ (1017.87) = 96.7 MPa 

τ = V/A = 632/ (6)
2
 = 5.58 MPa 

σmax  is completely reversed 

for fatigue failure use the Goodman criteria : 
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 = 
   

  
 + 
   

   
  

Se = Ka Kb Kc Kd Ke Kf S e      

S e = 0.5*Sut       when    (Sut  ≤ 1400 MPa)       

S e = (0.5)(320) = 160 MPa 

Ka = a Sut
b 

    

From table (6-2) for machined or cold drawn having (a = 4.51) , (b = 0.265) 

Ka = 4.51(320)
0.265 

= 0.978 

 
Kb : 

de  =0.37d
                                                                                                                        

                    (5-30) 

 de = 0.37(12) = 4.44 mm 

for                    

Kb =  
 

    
 
      

 = 
    

    
 
      

 = 1.05 

Kc = 1    for bending 

Kd = 1  from table (5-3) 

Ke = 0.814  for 99% needed  reliability, from table (5-4). 

Kf = 1  as there no stress concentration effects. 

Se = 134.9 MPa 

the van misses stress σ  : 

σ  = 
 

  
[(σx – σy)

2 
+ (σy – σz)

2 
+ (σz – σx)

2 
+ 6(τxy

2 
+ τyz

2 
+ τzx

2
)]

1/2
                       (5-31) 

σ  = 69.05
 

then σ a = 69.05 MPa 

 f = Se / σ a = 134.9/69.05 = 1.95   

acceptable against fatigue failure. 
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5.2.7  The Crank 

 

Figure 5.15 The Crank 

The crank is a rectangular cross section bar (40*8mm), made of AISI 1010 steel, 

exactly the same as the rocker, and because of no stress concentration on the crank, it 

normally to get a higher safety factor in the crank, so there is no need for stress 

analysis.    

And because the safety factor is high in this case it can be replaced with another 

crank with less cross sectional area. But the available size of this bar is very smaller 

than (40 8mm) 
 
so the one in use is acceptable. 

5.2.8  Welding between the crank and the shaft. 

 

Figure 5.16 The Shaft and the Crank Assembly 
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Figure 5.17 Welding Between Shaft and Crank 

As shown in the previous figure (5-17) the red region is the most critical region, 

because the resultant shear stress at this area is the sum of  the primary  sheer stress 

from the direct sheer force on the welding(τ
`
) and the secondary shear stress (τ

``
). the 

welding is suspended to a torsion load and shear stress. The torque is equal to 31.6 

N.m. 

r = 17 mm  

τ  = V/A      

A  = 1.414 h*r    from table (A-6) 

A = 1.414(4)(17) = 96.152 mm
2
 

Then: 

τ  = V/A = 632/96.152 = 6.57 MPa 

τ    = M r / J                                                                                                        (5-32)  

J = 0.707(h)Ju                                                                                                                       

From table (A-6) for circular shape: 

Ju = 2   r
3 

 = 2   (17)
3 

= 30869.29 mm
3
      

Then: 

J = 0.707(4)(30896.29) = 87298.3 mm
4 

M = T that the shaft transmit 

M = 31.6 N.m 

τ    = 31.6(10)
3
(17)/87298.3 = 6.15 MPa 



 
46 WIND PUMP 

the resultant shear stress at the red region.  

τ resultant = τ  + τ    = 12.75 MPa 

τa res = 12.75 MPa 

τm res = 0 

Se = Ka Kb Kc Kd Ke Kf S e      

S e = 0.5 Sut       when    (Sut  ≤ 1400 MPa)       

S e = (0.5)(427) = 213.5 MPa 

Ka = a Sut
b 
    

From table (A-2)  a = 272  , b = -0.995 

Ka = 0.65 

Kb for the section in the welding : 

de = 0.37 d = 0.37(30) = 11.1 mm 

for                    

Kb =  
 

    
 
      

 =  
    

    
 
      

= 0.95 

Kc = 0.59       

Kd = 1 from table (A-3) 

Ke = 0.814  for 99% needed reliability from table (A-4). 

Kf  = 1  as the stress concentration is taken in consideration. 

From table (A-7) for end of parallel fillet weld Kts = 2.7 

Now: 

Se = 63.31 MPa 

Now using Goodman criteria for strain : 

 

 
 = 
  

  
   

For τa having :  

τa corrected = Kts   τa  = 2.7*12.75 = 34.425 MPa 

then : 

 

 
 =  
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n = 1.84 (acceptable) 

5.2.9  The Shaft  

 

Figure 5.18 The Shaft 

The shaft is a solid circular bar made of AISI 1010 low carbon steel. the 632 N is 

the force from the coupler and the 304 N is the weight of the fan As the 630 N is 

completely reversed and the 304 N is constant, then the reactions forces and the shear 

and the moment diagram must shown in two situation. the fist one is the first half of 

the shaft cycle when the force 630 N upward. and the other one in the second half of 

the shaft cycle, where the force 630 N is downward. 

Situation (1) 

 

Figure 5.19 FBD Diagram Situation (1) 

∑Ma = 0 

R2 (330) – 632(445) - 304(115) = 0 

R2= 958 N 

+↑Fy = 0 

R1 = 630 N 
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Figure 5.20 Shear and Moment Diagram for Situation (1) 

Situation (2) 

 

Figure 5.21 FBD Diagram Situation (2) 

∑Ma = 0 

R2 (330) – 632(445) + (304)(115) = 0 

R2 = 746 N 

R1 = 190 N 
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Figure 5.22  Shear and Moment Diagram for Situation (2) 

Form the moment diagrams in the two situations the it is possible to regard that the 

moment at bearing 2 is completely reversed moment with an amplitude of 72.62 N.m, 

the moment at bearing 1 can be ignored since it less than that at bearing 2.  

Ma, b2  = 72.62 N.m 

Mm, b2  =0 

The torque is = 31.6 N.m 

Ta = 
             

 
 = 0 

Tm = 
             

 
 = 31.6 N.m 

σ = 
  

 
      

τ =  
  

 
      

r = 15 mm 

C = 15 mm  

I  = (    ) (d
4
)     

J = (    ) (d
4
)      

I =  39760.8 mm
4
  

J = 79521.6 mm
4
  

σa = 
   

 
 = 
             

       
 = 27.4 MPa 
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σm  = 0 

τ =  
  

 
 = 
           

       
 = 6 MPa = τm 

τa = 0 

the Von Misses stress σ  : 

σ  = 
 

  
[(σx – σy)

2 
+ (σy – σz)

2 
+ (σz – σx)

2 
+ 6(τxy

2 
+ τyz

2 
+ τzx

2
)]

1/2 
                  (5-33) 

σ a = 
    

  
 
= 19.374 MPa 

σ m = 
 

  
 
 
= 4.24 MPa 

using modified Goodman criteria: 

 

 
 =  

   

  
 + 
   

   
     

Sut = 320 MPa 

Sy = 180 MPa 

Se = Ka Kb Kc Kd Ke Kf S e      

S e = 0.5 Sut       when    (Sut  ≤ 1400 MPa)       

S e = (0.5)(320) = 160 MPa 

Ka = a Sut
b 

    

From table (A-2)   a = 4.51 ,  b= -0.265 

Ka = 4.51(320)
-0.265 

= 0.97  

Kb   
 

 

    
 
      

                   
  

                             

                   

   = (0.37)d
      

 

   = (0.37)(30)
2 

= 333 mm 

Kb =                = 0.606 

Kc = 1  for bending. 

Kd = 1  from table (A-4) 

Ke = 0.814 for 99%  reliability 

Kf = 1 as there no stress concentration effects 
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Se = 76.5 MPa 

 

 
 =  

      

    
  + 

    

   
 = 0.28  

n = 3.57  acceptable safety factor  

 The shaft rotates in a low speed so the critical speed of the shaft is not important in 

this situation. 

5.2.10  Bearing  selection
[7] 

The procedures used for selecting bearing was based on the way used in 

Mechanical Design of Machine Elements and Machines Jack A. Collins 2
nd

 Edition. 

 

First perform a complete force analysis, and employ appropriate shaft design 

equations to determine a tentative strength-based shaft diameter at the bearing site.  

From the force analysis, calculate the radial load Fr and axial thrust load Fa to be 

supported by the proposed bearing. these loads are the reaction forces on the shaft at 

the bearing positions.  

Determine the design life requirement, for the bearing.(the bearing design is for 

infinite life) 

Access the severity of any shock or impact associated with the application so that 

an impact factor, If  may be determined from table A-11  

Tentatively select the type of bearing to be used from  table A-12 

Calculate the dynamic equivalent radial load Pe from the following empirical 

relationship: 

Pe = Xd Fr + Yd Fa                                                                                               (5-34) 

Where : Xd : dynamic radial load factor, based on bearing geometry from  table A-13 

Yd : dynamic axial load factor, based on bearing geometry from table A-13 

The combinations Xd1, Yd1, and Xd2, Yd2 should both be calculated, and whichever 

combination gives the larger value for Pe should be used. 

Execution: 

From the force analysis of the shaft the maximum radial load is equal to 

 Fr = 958N  

Fa =  8*Ft = 8*10.05 = 80.4 N. 
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The design life requirement is infinite life. 

Using table A-11, since a light impact is specified as (1.2-1.5) , so midrange impact 

factor  may be calculated as    If = (1.2+1.5)/2= 1.35  

From table A-12 it is appropriate to use a single raw deep groove ball  bearing . 

Dynamic equivalent radial load may be calculated from  the following the  

equation. 

Pe = Xd Fr + Yd Fa                                                                      

from table A-13 for a single row radial bearing  

Xd1 = 1               Yd1 = 0 

Xd2 = 0.55             Yd2 = 1.45 

So:  

Pe1 = 1 (958)  + 0 (80.4)  = 958 N  

Pe2 = 0.55 (958)  + 1.45 (80.4)  = 643.5 N  

Since    Pe1 > Pe2     so  Pe = Pe1 = 958 N 

the bearing should be selected from table A-14 (single row deep groove ball  

bearing) taking in consideration at that approximate fatigue load must exceeds or equal 

to the modified dynamic equivalent radial load  (Pf  ≥ Pe x If ) 

Pe If = 958x 1.35 = 1293.3 N = 1.2933KN 

So the number of appropriate bearing can be used is  6309 at which Pf = 1.34 KN 

larger than 1.293 and the bore diameter is 45 mm. 

as the bore diameter is larger than the shaft diameter, then the shaft diameter  must 

be increased completely or partially at the bearing position.   

5.2.11  Welding between the shaft and the blades 

The connection between the shaft and the bars is exactly the same between the 

shaft and the crank. But in this case the shear that is distributed uniformly is less than 

that at the welding between the shaft and the crank, because the secondary shear stress 

equal to zero. So it is safe having a safety factor larger than 1.26 
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5.2.12  The bar that holds the blade 

there are four bars at the end of the shaft, Arranged on top of each other so that the 

deviation from the axis of the shaft is an angle of 45
o
. The bars that support the plades 

are rods (40*8mm) made of AISI 1010 low carbon steel. 

Sy = 180 MPa 

Sut = 320 MPa 

 

 

 

Figure 5.23  The Bar Which Holds the Plade (Simplified Drawing)  

from the previous figure, it shown that the bending moment is maximum at the 

middle of the bar, caused by the bending forces. as shown below in figure 5.24 
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Figure 5.24 Shear and Moment Diagrams 

 

 

Figure 5.25 Middle Section in the Bar 

 

σmax = 
  

 
  

I = 
 

  
      

h = 8 mm. 

b = 40 mm. 

I = 1706.7 mm
4 

C = 4 mm 
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σmax = 
            

      
 = 35.33 MPa 

ny = 
  

    
 = 180 / 35.33 = 5.09  acceptable value. 

where ny  is  the safety factor against yielding. also the tangent force causes a 

bending moment on the bar, but the resultant stress is less than that caused by the 

bending force, as the moment of  area I  is larger in this case.  

5.2.13  Rod`s bolts for blades 

 

Figure 5.25 M16x1 Bolt 

Each rods is fixed by two bolts. the used bolts are M6 1fine series of medium 

carbon, from table A-10 the tensile stress area At = 20.1 mm
2
 , from table A-11 the 

minimum proof strength Fb = 225 MPa. from the static analysis as shown below in 

figures 5.26 and 5.27 the loads on the first bolt is 101.5 N tension and 145.7 N sear 

load. while the load on the second bolt is only 155.75 N shear load.  

 

Figure 5.26 Bending Force Reaction 
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Figure 5.27 Tangent Force Reaction 

Bolt 1: 

σ =  
 

  
    

σ =  
     

    
   = 5.05 MPa. 

τ =  
 

  
  

τ =  
     

    
 = 7.25 MPa. 

σ   = 13.05 MPa. 

Bolt 2: 

σ =  
 

  
    

σ =  0 

τ =  
 

  
  

τ =  
      

    
 = 7.74 MPa. 

so the factor of safety to be calculated for the first bolt because the Von misses 

stress is larger than that in the second bolt. 

n = 
  

  
  

n = 
   

     
 = 17.2  ;it is very safe against failure. 
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5.2.14  the Supporting Rod for Blades 

the used rod is 20x20 mm of 1.5mm thickness made of AISI 1010, from static 

analysis in figures 5.26, 5.27 it is clear that the tangent force and the bending force 

affect the rod by a bending moment, but maximum moment from both forces is in two 

different positions. the maximum bending moment from the tangent force is at 1.35 m 

far from the middle of the blat; in the section where the second bolt is placed. 

Mtangent = FxD 

 Mtangent = 10.05*1.35 = 13.567 N.m  

the resultant stress  

σ = 
  

 
   

C = .01 m 

I  = 5059.25 mm
4 

σ = 
          

       
 = 26.81 MPa. 

n = 
  

 
  =  

   

     
 = 6.7 

at this section there is no effect for the bending force because of the used bolts, the 

maximum bending moment from the bending force is at 1.3 m far from the middle of 

the plat; at the end of the bar that supports the blades. at this section the two forces 

affects by two equals bending moments. 

M = FxD 

M = 10.05*1.3 = 13.065 N.m 

the resultant stresses from both moments  

σ =2* 
  

 
  

I  = 5059.25 mm
4    

σ = 2*
           

       
 = 51.64 MPa. 
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n = 
  

 
  =  

   

     
 = 3.49  Somewhat high  against yielding. 

5.2.15  The Bearing supporting part 

it is a rectangular solid bar 40x140 mm, Since the piece is installed tightly and 

large-sized compared to other parts. And the forces that affect it  is small 

compared with the geometric dimensions. it possible to ignore stress analysis.   

5.2.16   The Column  

The column is made of AISI 1010, the force that affect it is the bending force of all 

blades. as shown in figure 5.28 the force affect the column by bending moment, it`s 

maximum value at the base of the column. 

 

          Figure 5.28 The Column 
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Figure 5.29 The Column cross section (mm) 

σ = 
  

 
   

C = .05 m 

I  = 1076246 mm
4 

M = 8*Ft*D 

M= 8*10.05*4 = 321.6 N.m 

σ = 
         

       
 = 10.76 MPa. 

n = 
  

 
  =  

   

     
 = 16.7  acceptable value for safety against yielding. 

5.2.17 The Plastic sheets 

The used sheets are 70x60cm plastic sheets of 1cm thickness, and no need for 

calculation for this part.   
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CONCLUSION AND RECOMMENDATIONS 

From the previous calculations the main safety factor of the project is 1.84 and this 

is an acceptable value, so the project could be implemented and published to reach a 

commercial level, specially that the project doesn`t coast so much, since the total coast 

was 250 $. 
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APPENDIX  

Table A-1 Yield And Tensile Strength Of Some Steels 
[6]

 

 
 

 

Table A-2 Parameters for Marin Surface Modification 
[6]

 

 



 
62 WIND PUMP 

Table A-3 Temperature Factor Kd 
[6]

 

 

 

Table A-4 Reliability Factors ke 
[6]
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Table A-5 Minimum Weld-Metal 
[6]

 

 

 

Table A-6 Throat Area of Welds 
[6]
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Table A-6 (continued) 

 

 

 

Table A-7 Fatigue Stress Concentration Factor Kfs 
[6]

 

 

 

Table A-8 The End Condition Constant C 
[6]
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Table A-9 Physical Constants of Materials 
[6]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
66 WIND PUMP 

Table A-10 Diameters and Areas of Coarse-Pitch and Fine-Pitch Metric Threads. 
[6] 
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Table A-11 Estimated Impact Factors for Various Applications
[7] 

 

 

Table A-12 Bearing Characteristics That May Influence The Selection of Bearing Type
[7] 
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Table A-13 Approximate Radial Load Factor For Selected Bearing Types
[7] 
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Table A-14 Dimentions and Load Ratings for Selected Single Row Radial-Deep Groove Ball Bearings
[7] 
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