DESIGN AND FABRICATION OF BASIC STATIC AND DYNAMIC BALANCING MACHINE

ABSTRACT

This work is an attempt to evolve a means for statically and dynamical balancing of mechanical components. This will no doubt evolve greater success in ensuring sound fabrication of our local machine and ensuring that life span of such machine is prolonged since vibration will be reduced to the bearest minimum.

Every wheel and its shaft have to be in a state of balanced, two mating shaft in rotation have to be in a state of static and dynamic balance. This is because unbalance condition produce centrifugal force which increase as the speed of the machine increase, causing damage to machine parts.

To achieve the aim of static and dynamic balancing, various design alternatives for achieving the design solution were synthesized and a choice of economic method which will satisfy the objective was made. Based on the principle guiding the performance of the machine, the dimension and size of the various components was were established and correctly selected and the basic static and dynamic apparatus was fabricated and after testing it was found to satisfy the objective. 
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CHAPTER ONE

1.0
INTRODUCTION 

Power transmission in engineering is accomplished by the use of shafts bearings, pulleys, belts, rollers, gears, couplings, etc. Most machine members are linked or interconnected with one another before this power transmission can be effective.

Misalignment or out of balance of shafts or any of these machine members results in excessive viberation which is transmitted to other members and down to the foundation bolt and therefore in----- fatigue stress on the members. Fatigue, probably, is responsible for over 70% of failure of engineering component in operation. Misalignment in shafts and bearing causes excessive load. High speed bearing of aircrafts  that may operate at over 20,000 rpm may become catastrophic if there be any unbalance of the members. Out of balance of machine members creates serious problems on the functionality and durability and machine members and on the machine in general.

It is therefore, with the understanding of he sensitivity of balancing in the design of mechanical components and the need to put balancing into consideration in the fabrication of our local machines, the view to determine the level of out of balance and the subsequent balancing of these machine members that necessitated the idea of designing and constructing a Basic Static and Dynamic Balancing Apparatus of this nature. 

1.1
OBJECTIVES 

The objective of this project is to design, construct and test a basic static and dynamic balancing apparatus as one of the ways to prevent premature failure of engineering components due to fatigue loading.

1.2
SCOPE OF THE PROJECT 

The basic and dynamic balancing machine covers the fundamental exploits of knowledge to design and construct and static  and dynamic balance for any mechanical member since each machine components has its own balance depending on its bulkiness. The basic principle of construction lies on the one chained in our construction. This construction gives illumination for the construction of production and maintenance balance. It also serves as a means of demonstrating static and dynamic balancing in laboratories of higher learning. 

CHAPTER TWO

2.0
LITERATURE REVIEW 

The idea of balancing came up when man invented the wheel was not completely round and if it does not rotate evenly about its central axis, then he had a problem. The wheel will vibrate, causing damage to itself and its support mechanism and in severe cases be unstable. Research showed that the wheel and its shaft had to be in a state of balance so that the resultant vibration can be reduced to minimum. 

2.1
WHAT IS BALANCING (MACHINE)

Balancing is the processing of minimizing viberation, noise ad bearing wear of rotating bodies as well as the adding or removal of material from non – rotating parts to change the centre of gravity and effect bending moments. The goal of balancing is to reduce viberation. The reduce viberation minimize noise, increase bearing life, decreases operating stress, consume less energy, increases product quality etc. 

Balancing is accomplished by reducing the centrifugal forces by aligning the principal initial axis with the geometric axis of the rotation through the adding or removal of materials. 

2.2
TYPES OF UNBALANCE 

The location of the centre of mass and the principal inertion axis is determined by the counter balancing effect from every element of the part. However, any condition of unbalance can be corrected by applying or removing weight at a particular radius and angle. In fact, the amount of unbalance can be correctly stated as weight time radius r

U
=
wr

The types of unbalance are static unbalance, couple unbalance and dynamic unbalance. 

2.2.1
STATIC UNBALANCE 

This is a condition that exists when the centre of mass is not on the axis of rotation static unbalance requires only are correction. The amount of unbalance is the product of the weight and radius. This type of unbalance is a vector and therefore must be corrected with a known weight a particular angle. Force unbalance is another name for static unbalance.

A workpiece is in static balance when the centre of mass it on the axis of rotation. When this condition exist, the part can spine on the axis without creating inertia force on the centre of mass. The sketch on fig 2.1 shows static unbalance of a drom – shaped part. Thus unbalance condition of this can be corrected with a single mass  1800 opposite the heavy sport. The magnitude of the correction mass and the heavy sport not be equal. Fig 2.2 shows  the balanced state of the drum – shaped part. 

2.2.2
COUPLE UNBALANCE 

This is a specific condition that exist when the principal inertion axis is not parallel with the axis of rotation. To correct couple unbalance, two equal weights must be added to the work piece at angles of 1800 apart in two correct planes. The distance between these planes is called the couple arm. Couple unbalance is a vector that describes the correction. It is common for balancers to display that left unbalance vector of a couple correction to be applied in both the left and right planes. 

Couple unbalance is expressed as u
= wrd. Where the unbalance v, is the product of a weight w items the radius, the times the distance d of the couple arm. It is stated as mass x length square with common unit of g.mm2 pure couple unbalance is shown in fig 2.3. The two heavy sport do not actually have to be on the ends. They can be anywhere along the length of the rooter but greater the their separation, the greater the unbalance effect they produce. The rooter is statically balanced since it will not swing on a knife – edge supports. In correction of couple unbalance, the location of the two correction weights do not have to be in the same plane as the heavy sports. The requirement the couple effect must have the same  magnitude and in the correct radial location. This is illustrated in fig 2.4.

2.2.3
DYNAMIC UNBALANCE 

This is also known as tow plane unbalance, it is the Victoria summation of force and couple unbalance. It is the most common condition found in virtually all rotors. The specification of unbalance is only complete if the serial location of the correction plane is known. Dynamic unbalance or two – plane unbalance specifies all the unbalance which exist in the work – piece. This types of unbalance can only be measured on a spring.

2.3
BALANCING EQUIPMENT 

Static Balancers 

These balancers do not rotate the part in order to measure unbalance, instead, their operations is based on gravity generating a downward force at the centre of gravity. An example of an older form of static balancer is the rolls or knife – edge balancers. The older method is still effective at minimizing static unbalance. The force downward on the centre of gravity will cause the rotor to rotate until the C.G is directly below the running surface, which identifies the location of heavy spot. The amount of material is unknown, only ils location is known material is added or removed by trial and error until no pot on the rotor savours the bottom. See p. 928. Another example of static balancers is the gravity balancing machine. 

Dynamic Balancers 

One example of these balancers is the two spring oscillating balancer. The rotor to be dynamically balanced is supported on two flexible spring at each end and then rotated at the speed the rotor is expected to operate the springs permit only lateral oscillation. For any unbalance will be recorded in a digital decoder which will register  the difference in the amplitude of oscillation of the two springs but if they are dynamically balanced, it appliqued of oscillation will be equal see fig 2.6. 

In the field of automotives, the work of Heinz there of engineers who discovered the first dynamic balancing machine cannot be together. This was widely used till 1945 when 

Marcellus Celly:
Merrall invented his electronic dynamic allowed the wheel to remain on vehicle and to spin at high speed so that viberation can be detected by electronic pic--------------


Todays list of wheel balancing machine from historical development include;

BRADSHAW’S WHEEL BALANCING MACHINE

CENTREMATIC BALANCE FOR CAR WHEELS

THE POCKET WHEEL BALANCER 

Following the growth of technology now, there are now companies whose job is mainly balancing of machine components. Such companies have more then fifty balancing apparatus from which each is used to balance a specific job. Hence one design provides the bases for constructing any type for any specific  type of component and can be used to statically and dynamically balance a fly wheel perfectly except for an electronic device such as the vibrometer which cost and availability could not permit as to include for precision measurement of atom of viberation. 

CHAPTER THREE

3.0
SPECIFICATION OF PROBLEM/SYNTHESIS OF SOLUTION AND THEORY OF DESIGN 

BACKGROUND INFORMATION/OBJECTIVE 

To design, construct and test a basic static and dynamic balancing apparatus with a simpler make up bot efficient 

DEFINITION 

To meet up with the requirement of statical and dynamical balancing of mechanical components 

CONDITION OF USE

The masses should be firmly secured on the shaft before roaming the machine for either statical test or dynamical test on the machine. The apparatus should be used in laboratory.

CHARACTERISTICS 

The pointer / he protractor measure static balancing. The pointer defect from zero for any degree of unbalance and points at zero for static balance of the two weight mence controls static balance. Viberation effect control dynamic unbalance. 

3.5
PERFORMANCE 

Operation to be simple Apparatus should be easily understood by learner. Capable of balancing flywheel if bolkier. 

3.6
RELIABILITY 

Apparatus should be sufficiently reliable for demonstrating statical and dynamical balancing rather then the old method. 

3.7
SYNTHESIS OF SOLUTION 

In frying to design/construct the static and dynamic balancing machine, some alternative solution came up. These are (i) should be machine be manually operated (ii) should we use belt or chains in transferring motion (iii) should muld steel, belt, motor, masses be used for basic design. 

ALTERNATIVE ONE 

Since the machine is aimed at balancing mechanical component statically and also dynamically, if manually operated the speed of rotation may not be high, hence if there is unbalance at low speed it may not easily be identify, hence it has to be power driven it possible even to the speed the component is expected to be used.

ALTERNATION TWO

Chairs could be use bot, it could be more noiser than belt and main need lubrication maintenance adding to its cost, hence belt is preferable (V – belt).

ALTERNATIVE THREE 

Alternative three was chosen, this is the design a fabrication of a basic machine with material selected potting lost into consideration, simplicity of layout, efficiency and performance of function. 

3.8
THEORY OF BALANCING 

3.8.1
MACHINE ELEMENT AND FORCES 

If the centre of gravity (----) of our element of mass m has a linear acceleration ag, the force required to produce acceleration is fg = mag and is directed in the same sense as og. If an element having angular acceleration w, has a moment of inertia, I
= MK2 about the centre of gravity, the torque required to produce angular acceleration is T = IW

The effect of the force acting through the centre of gravity and the torque can be replaced by applying the force art a point displaced at a distance d, from the centre of gravity such that T = Fd. 

The force “F” is parallel to fg and has the same sense as fg. 

3.8.2
BALANCING OF ROTATING 

If a shaft, rotating at an angular velocity w has a mass m rigidly attached to it at a radius r, the mass is pulled towards the shaft by a force equal to M1 W2r, where W2r is the centrifugal fore on the shaft and the shaft on the bearing and the bearing on the foundation. The centrifugal force  rotates with the shaft resulting to unbalance, hence viberation. To balance the centrifugal force, it is necessary to attach a second mass diametrically opposite to M1 and at a radius r2 such that m1w2r1
=
m2w2r2 

The following conclusive can be made form the equation above

In balancing problem we are concerned with the problem of masses and its distance from the axis of rotation

A system that is dynamically balanced is also statically balanced, the reverse is not necessarily true. 

Once a system is balanced at one speed, it is balanced for all speed. 

3.8.3
OUT OF BALANCE MASSES IN A COMMON TRANSVERSE PLANE  

Consider masses …M1, M2, M3 and M4 arranged at radii r1, r2, r3 and r4 at angles (1, (2, (3, and (4 in a common plane. As the shaft rotate out angular speed w, each mass will pull on the shaft by a force m1 w2r12, m2w22r2, m3w32r3, m4w24r4 and directed outward from the centre of the shaft tot he centre of the respective masses. The resultant of the centrifugal force can be obtained either by calculation, resolution of forces or by force polygon. If the resultant is mw2r, th4e balancing force is – mw2r.  Since w2 is common to all the forces, the computation can be carried out with m1r1, m2r2, m4r4.

By resolution of force

E4
=
m1r1cos(1 + m2r2cos(2 + m3r3cos(3 + m4r4cos(4 

(V
=
m1r1cos(1 + m2r2cos(2 + m3r3cos(3 + m4r4cos(4 


:.
The magnitude of the resultant force

RF
=
((H)2 + ((V)2 

The angle which the resultant makes with the horizontal is 

(
=
tan-1 ((H)




(V

By  polygon of forces, the magnitude and direction of the various forces are represented with a line, the balancing force will  be the completing line. 

3.8.3
OUT OF BALANCE MASSES IN DIFFERENT TRANSVERSE PLANE  

Suppose a shaft carries two masses m1 and m2 at radii ri and r2 receptively oriented at 1800 to each other, further suppose m1 and m2 are equal, r1 = r2 and with transverse distance between them d, it is clear that the shaft is statically balance bot not dynamically balanced because of couple of magnitude mwrd. For balancing several masses at different plane it involves drawing force polygon and of couple polygon 

For static balancing, an extension shaft and pulley are fitted to the end of the balanced shaft and pulley. Two weight contained can be suspended from a cord wound round the pulley and loading masses added to one container to determine moment of each block in turn. A protractor scale incorporated measures the degree of unbalance. A linear scale to measure position of blocks.

For dynamic balancing, the rotating assembly is drawn by a v – belt from an electric motor.

Using either two, or three, or four of the blocks produced. The following can be done.

Dynamic balancing of the assembly by calculating the position of the blocks along the shaft to balance the  standard mass by resolving of taking moment about one end of the shaft.

Demonstration of balance and unbalance by rooming the motor up to accepted speed.

For static balance the force polygon could be drawn.

CHAPTER FOUR

DESIGN CALCULATION 

4.1
APPROXIMATE WEIGHT OF THE BALANCE 

Considering the size of the machine, the dimension of the maximum balancing weights are chosen. The volume of the cylindrical balancing weight are

(h ((2 – r2)

=
( x 0.094 (0.03152 – 0.012)

=
0.295309 (8.9225 x 10-4)


=
2.634 x 10m3
Since the density of steel = 7680kg/m3
Density 
=
mass




Vol. 

:.
Mass

=
density x vol. 




=
7680kg/m3 x 2.634 x 10-4 m3



=
2.20kg

Based on this calculation, balancing weight of this design is taken to be 

2kg weight 
=
2 x 9.8
=
19.6N
=
20N

FORCE ANALYSIS ON SHAFT 

FC
=
centripetal force

FC
=
mw2r

=
mv2





  r

Where 
m
=
total mass in rotation



W
=
angular velocity of rotation
 

For this design, the mass of the mass of the shaft and its content (pulley) is 5kg. The radius of the pulley of centre
=
75mn
=
0.075m

The rpm of the shaft is

Dia of driven pulley 
x
 rpm of 

Dcies of driving 

electric motor

75 x 1400

40

=
2625rpm

Hence the rpm of the shaft is 2625rpm 

Therefore, angular velocity w
=
2(N








  60






=
2 x 3.142 x 2625








60






=
274.925 rad/s 

Hence, FC

=
5 x (274.925)2 x 0.075





=
2.8, 343.9N

The free body diagram of the balanced shaft with the forces acting on it is shown below. R1 and R2 are the bearing reactions while force of 20N due to the balanced weights at each end of the shaft at the respective distance. 

For static equilibrium

(Fy
=
o

:.
R1 + R2 – 20 – 20 – 28, 343.9 – 0 

 
R1 + R2
=
28, 383.9N

Taking moment about bearing (1)

Solving moment 

Clock noise moment = anti clock noise moment 

20 x 60 + 28,343.9 x 150
=
R2 x 300 x 20 x 300N

R2 x 200
=
28343.9 x 150 + 20 x 600 – 20 x 300



=
4251585 + 12000 – 6000

R2
=
4257585


    300




=
14191.95

BOT 
R1 + R2
=
28383.9



:.R1
=
28383.9 – 14191.95




=
14191.95

SHEAR FORCE (SF) CALCULATION 

F1
=
SF at 1 – 1 
=  - 20N 
(same through)







AB

F2
=
SF at 2 – 2
=
- 20N + 14191.95





=
14171.95N same for BC

F3
=
SF at 3 – 3 
= 14171.95 – 28343.9




=
- 14171.95N (Same through CD)

F4
=
SF at 4 – 4 
=
14171.95 + 14191.95






=
20N (same through DE)

4.4
BENDING MOMENT (BM) CALCULATION 

BM 
at
1 – 1 
=
M1
=
- 20 x1
MA
=
M. z0
=O

MB
=
(M1)x1
=
- 20 x 0.30
=
- 6Nm

BM at 2 – 2 
=
M2
= - 20x2 + 14191.95 (x2 – 0.3)

:. MC = (M2) x 2
= 0.6
= - 20 x 0.45 + 14191.95 (0.45 – 0.30)
90 + 2128.7925

=
2119.7925NM

BM at 3 – 3 
=
m3

=
-20 x 3 +14191.95 (x3 - 030)

28343.9 (x3 – 0.45)

:.
M0
=
(M3) x3
= 0.00
=

20 x 0.6 + 14191.95 x 0.3 – 28343.9 x 0.15

= 
- 12 + 4257585 – 4251.585




=
- 6NM

BM at 4 – 4 
=
M4
=

20x4 + 14191.95 x (x4 – 0.3) – 28343.9 (x4 – 0.45) + 14191.95 (x4 – 0.6)

=
- 20 x 0.90 + 14191 x 0.6 – 28343.9 x (0.9 – 0.45) + 14191.95 (0.9 – 0.6)

=
- 18 + 85146 – 12754.755 + 4257. 585


12772.755 – 12772.185

:. Mass bending moment 
=
2119.7925

SHAFT DESIGN

Using maximum shear stress theory 

The mass shear stress on the shaft is 

E max
=
1/2
((6)2 + 4c2

Substituting for (b and c

T max
=
1/2
(32m)2+4 (16T)2




((d3)
    ((d3)

=
16 M2 + T2


(d3

:. ( emore xd3
=
M2 + T2


T

=
p x 60




2 ( N



=
573 x 60




2 x 3.142 x 2625

=
34380
=
2.08NM

16495.5


From 



T
=
T


J

r

:.
=
T x r


  J

Bot 
J
=
(d4



 32

:. T
=
T x d


      2



(d4



32

:. T
=
T x 16



(d3

Since 
T
=
2.08NM, 
d
=
0.02M



:.
=
2.08 x 16





3.142 x 0.023



=
1323997.454

CHAPTER FIVE

5.0
FABRICATION DETAILS/MATERIAL SELECTION / COST ANALYSIS 

5.1
FABRICATION PROCEDURE 

The components of this machine include 

Structural stand

Mounting plat form 

Bearing housing (plumer blocks)

Weights 

Pulleys

Electric motor

Extension shaft

Static weight container

Balancing blocks

Angular scale 

Metre role 

Bolts & knots 

The manufacturing process employed in the manufacture of some of these components include 

Cutting

Welding

Machining 

Drilling

Threading 

STRUCTURAL STAND 

This is made from angle iron (bar). It is rectangular with length 800mn with, 450mn and height 700mn.

ASSEMBLY PROCESS

1.
The plumber blocks were put at the correct position on the plat form. They are held on the plat form with bolt and not over a cross bar. 

The shaft was then passed through the internal hole of one bearing followed be the angular scale the pulley at centre before passing it through the second bearing. 

The pulley on the shaft and electric motor are positioned. The motor was mounted in position and held with bolt and nots.   

The pulleys are connected with a v – belt.

The dynamic balancing weight were pot in place.

The metre role is positioned and bolted.

The pointer was pot in place.

The pulley for the static balancing was tightened.

The pans with the rope was hug on the pulley. 

MATERIAL SELECTION 

1.
Structural Stand:
The material used for the structural stand is mild steel angle iron 40m x 40mn. This is due to strength and affordable lost. 

2.
Top Platform:
The material used for the platform is mild steel sheet of thickness.


This is due to its flatness, strength rigidity and affordable cost.

3.
Shaft:
The shaft is machined from medium carbon steel round bar. This is due to its strength, ability to withstand combined bending and torisional stress. 

4.
Dynamic Weight:
The weight are machined from mild steel round bar. This is due to case with which a needed weight would be gotten.

5.
Metre Role:
The metre role is made from stainless steel. This is due to strength, case of maintenance, strength.

6.
Plumber Blocks:
The plumber blocks are made of high speed steel (HSS). It is chosen because it will accommodate any range of speed.

7.
Pulley:
One is made of mild steel while the other is made of cast iron. Availability, strength.

8.
Pans:
They are made of plastic materials. This is due to its availability and meeting up with the requirement.

9.
V – belt:
It is made up of re-inforced fabric. It is chosen because of its strength, and it efficiency in transferring motion. 

10.
The Angular Scale:
This is made up of plastic material. It is chosen because of its uniform caliberation and is availability. 

11.
Pointer:
The pointer is made of mild steel rod. This is because it can be easily be fixed to the shaft, strength.

12.
Static Weights:
They are made from mild steel.

COST ANALYSIS 

The naira value/equivalent saved by increased efficiency is on expression of the benefits of the uses or application of the static and dynamic balancing machine.

Taking into account the economics of the machine and the production process, it follows by definition that “cost analysis is the statement of the total cost of production of the machine. This covers the cost of material, cost of transportation labour and other miscellaneous empowers.

Shown below is the table of the cost. 

	S/N
	DESCRIPTION 
	UNIT COST
	QTY
	TOTAL COST (N)

	1
	40mm x 40m mild steel
	1000
	3
	3000

	2
	300 x 450mm mild steel plate 
	800
	1
	800

	3
	Steel role 
	1200
	1
	1200

	4
	22m dia round bar (1m length)
	1000
	
	

	5
	65mm dia cylindrical bar length 30mm
	700
	4
	2800

	6
	70mm dia pulley (mild steel)
	500
	1
	500

	7
	290mm dia pulley (allowimim)
	1500
	1
	1500

	8
	Plumer block
	700
	2
	1400

	9
	Electric motor 3/4hp 140 rpm (3 plus)
	6000
	1
	600

	10
	3600 angular scale
	700
	1
	700

	11
	Stainless pan 
	50
	2
	100

	12
	V – belt 
	300
	1
	300

	13
	19mm dia round bar length 300mm
	350
	1
	350

	14
	Bolt and knots 
	230
	10
	300

	15
	Electrode 12 guage
	5
	30
	150

	16
	Cutting disk
	400
	1
	400

	17
	Grinding disc
	500
	1
	500

	18
	Paint 
	300
	1
	300

	19
	Saw blade 
	150
	2
	300

	20
	Transportation 
	500
	5
	2500

	
	TOTAL 
	
	
	25100


LABOUR / FABRICATION COST

Description of Job



Cost (N)

Machining 




6000

Cutting





500

Welding





2000

Threading 




400

TOTAL 





8900

MISCELLANEOUS COST 


All other cost such as feeding that cannot be directly determined are hereby is estimated as N5000.00.

Hence ground total of cost of fabrication of the basic static and dynamic machine is 25100 + 8900 + 5000




=
N39000.00

MAINTENANCE / SAFETY MEASURE  

To ensure the acceptable standard of the machine, the machine should be cleaned of dust as part of preventive maintenance to avoid rusting of the steel method and balancing blocks should be lubricated when unused in order to prevent rusting and safety measure include exposing it to high temperature source of heat to avoid melting of the plastic components. Since it is an apparatus that is useful in the laboratory, it should be kept were no dropping load could damage the components. 

RECOMMENDATION

The basic static and dynamic balancing machine is a technological  exploit of a way to demonstrate static $ dynamic balancing in a simpler way in the laboratory as well as a base specific type of machine that could statically $ dynamically balance components hence further improvement should include vibrometer to measure degree of vibration and measure to corre3ctely add the mass or remove mass to or from the component under test for more industr4ial practicability.

CONCLUSION

The prototype, base static and dynamic balancing machine has been designed, constructed and tested and was found to effectively serve the purpose for while it was intended.

It I s single and practically easy to operate. It has an edge of most balancing apparatus manufactured in the country due to its simplicity of operation and its practicability.

This work should therefore be a motivating force and challenge to our indigenous engineers to strive towards technology break through. Federal government should pure money into research. So as to encourage our engineers in making more research in making more research in order to develop new or improve on machines. 

REFERENCES

Vaw, Hillier, F.W.P. Huk 1972. “Fundamental of Automotive Technology”. Hitchukson of London Publishers pg. 86 – 90. 

Mabie, H.H and Oivirk Fred W. (1987). Mechanism and Dynamics of Machinery John Willy & Sons in pg. 48 – 60.

R.S Khojni & Gupta JG 2004. Machine Component Design. Evrasia Publishing thous (pvt) LMD pg. 14 – 45, pg 657 – 685. 

Eugene, A.A and Theodore, BC (1997). Marks Standard Handbook for Mechanical Engineers.

S. Malhker Jone, B.P. (1993). Strength of Material. CBS Publisher and distributor pg. 10 – 15. 

D.H Bacon and R.C Stephens (1990). Mechanical Technology An Imprint of Butter Worth. Heineman Ltd pg 189 – 194. 

John Hannah and R.S Stephen “Elementary Mechanics of Machine” Edward Arnold Publisher pg. 8 – 10, pg. 18 – 25.

R.C Hibeler (1974) Engineering Mechanics Macmillan Publisher pg. 40 – 45. 
F





Fg





d





Shaft 





M1  





94mm 





Q 63 





21m 





20N





FC 





20N





R1





R2





Q20mr





900m





20N





28, 343.9N





20N





R1





R2





300mm





150mm





150mm





300mm





:. D	=	       


 		   3	16 x    m2 + T2


			3.142 x T max





:. d	=	       


 		   3	16 x    2119.79252 + 2.082


				3.142 x T max





	=	       


 		   3	16 x    4493520.243 + 4.3264


				3.142 x T max





=	       


 		   3	16 x    4493524.559


				3.142 x T max





:. d	=	       


 		   3	3391.69633


			4160000





				=	0.021m





				=	21mm


		








:. d	=	       


 		   3	16 x    4493524.569


				3.142 x 1323997.454
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