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Abstract— Shafts are the rotating element which is used for 

transmission of power or torque. The shaft is subject to 

torsion, bending, and occasionally axial loading, therefore 

proper design of shaft is necessary to ensure their proper 

working in various applications. The shafts are designed 

based on their strength and rigidity considerations. Based on 

strength includes shafts subjected to bending moment, 

twisting moment, combined bending and twisting moment 

and fluctuating loads. While considering rigidity, torsional 

and lateral rigidity are considered for design. 
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I. INTRODUCTION 

The term "shaft" applies to rotating machine members used 

for transmitting power or torque. The shaft is subject to 

torsion, bending, and occasionally axial loading. Stationary 

and rotating members, called axles, carry rotating elements, 

and are subjected primarily to bending. Transmission or line 

shafts are relatively long shafts that transmit torque from 

motor to machine. 

Countershafts are short shafts between the driver 

motor and the driven machine. Head shafts or stub shafts are 

shafts directly connected to the motor. Motion or power can 

be transmitted through an angle without gear trains, chains, 

or belts by using flexible shafting. Such shafting is fabricated 

by building up on a single central wire one or more 

superimposed layers of coiled wire. 

Regardless of design requirements, care must be 

taken to reduce the stress concentration in notches, keyways, 

etc. Proper consideration of notch sensitivity can improve the 

strength more significantly than material consideration. 

Equally important to the design is the proper consideration of 

factors known to influence the fatigue strength of the shaft, 

such as surface condition, size, temperature, residual stress, 

and corrosive environment. High-speed shafts require not 

only higher shaft stiffness but also stiff bearing supports, 

machine housings, etc. High-speed shafts must be carefully 

checked for static and dynamic unbalance and for first-and 

second order critical speeds. The design of shafts in some 

cases, such as those for turbopumps, is dictated by shaft 

dynamics rather than by fatigue strength considerations. The 

lengths of journals, clutches, pulleys, and hubs should be 

viewed critically because they very strongly influence the 

overall assembly length. Pulleys, gear couplings, etc., should 

be placed as close as possible to the bearing supports in order 

to reduce the bending stresses. The dimensions of shafts 

designed for fatigue or static strength are selected relative to 

the working stress of the shaft material, the torque, the 

bending loads to be sustained, and any stress concentrations 

or other factors influencing fatigue strength. Shafts designed 

for rigidity have one or more dimensions exceeding those 

determined by strength criteria in order to meet deflection 

requirements on axial twist, lateral deflection, or some 

combination thereof. An increase in shaft diameter may also 

be required to avoid unwanted critical speeds. 

II. CLASSIFICATION OF SHAFTS 

Shafts involved in power transmission may be classified as  

1) Transmission shafts are used to transmit power between 

source and the machines using the power. They include 

line shafts, jackshafts and counter shafts 

 Line shaft is a long continuous shaft, which receives 

power from the source and distribute to different 

machines.  

 Jackshaft is directly connected to the source of power 

and from which other shafts are driven.  

 Counter shafts receive power from line shaft and transmit 

to a machine.  

2) Machine Shafts are incorporated within the machine, 

such as crank shaft. 

III. MATERIAL USED FOR SHAFTS 

The material used for shafts should have the following 

properties: 

 It should have high strength  

 It should have good machinability.  

 It should have low notch sensitivity.  

 It should have good heat treatment property.  

 It should have high wear resistant property. 

The mechanical properties of these grades of carbon 

steel are given in the following table. 

Indian 

Standard 

Ultimate tensile 

strength 

Yield 

strength 

40 C 8 560 - 670 320 

45 C 8 610 - 700 350 

50 C 4 640 - 760 370 

50 C 12 700 Min. 390 

Table 1: Mechanical properties of steels used for shafts. 

When a shaft of high strength is required, then an alloy 

steel such as nickel, nickel-chromium or chrome-vanadium 

steel is used. Depending on the requirement, the shafts can be 

made of plain carbon steel or alloy steel. 

IV. MANUFACTURING OF SHAFTS 

Shafts are generally manufactured by hot rolling and finished 

to size by cold drawing or turning and grinding. The cold rolled 

shafts are stronger than hot rolled shafts but with higher residual 

stresses. The residual stresses may cause distortion of the 

shaft when it is machined, especially when slots or keyways 

are cut. Shafts of larger diameter are usually forged and turned 

to size in a lathe. 

V. STANDARD SIZES OF TRANSMISSION SHAFTS 

The standard sizes of transmission shafts are: 25 mm to 60 

mm with 5 mm steps; 60 mm to 110 mm with 10 mm steps; 
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110 mm to 140 mm with 15 mm steps; and 140 mm to 500 mm 

with 20 mm steps. 

The standard length of the shafts are 5 m, 6 m and 7 

m. 

VI. STRESSES IN SHAFTS 

The following stresses are induced in the shafts: 

 Shear stresses due to the transmission of torque (i.e. due 

to torsional load). 

 Bending stresses (tensile or compressive) due to the 

forces acting upon machine elements like gears, pulleys 

etc. as well as due to the weight of the shaft itself. 

 Stresses due to combined torsional and bending    loads. 

VII. MAXIMUM PERMISSIBLE WORKING STRESS FOR 

TRANSMISSION SHAFT 

According to American Society of Mechanical Engineers 

(ASME) code for the design of transmission shafts, the 

maximum permissible working stresses in tension or 

compression may be taken as 

 112 MPa for shafts without allowance for keyways. 

 84 MPa for shafts with allowance for keyways. 

For shafts purchased under definite physical 

specifications, the permissible tensile stress may be taken as 

60 per cent of the elastic limit in tension, but not more than 

36 per cent of the ultimate tensile strength. In other words, the 

permissible tensile stress, 

t = 0.6 el   or 0.36 u, whichever is less. 

The maximum permissible shear stress may be taken 

as 

 56 MPa for shafts without allowance for key ways. 

 42 MPa for shafts with allowance for keyways. 

For shafts purchased under definite physical 

specifications, the permissible shear stress may be taken as 30 

per cent of the elastic limit in tension but not more than 18 per 

cent of the ultimate tensile strength. In other words, the 

permissible shear stress, 

= 0.3 el or 0.18 u, whichever is less. 

VIII. DESIGN OF SHAFTS 

The shaft may be designed on the basis of  

 Strength  

 Rigidity and stiffness 

In designing shaft on the basis of strength the 

following cases may be consider 

1) Shafts subjected to twisting moment only 

2) Shaft subjected to bending moment only 

3) Shaft subjected to combined twisting moment and 

bending moment 

4) Shaft subjected to fluctuating loads 

A. Shaft Design based on Strength 

1) Shaft subjected to twisting moment 

When the shaft is subjected to twisting moment (or torque) 

only, then the diameter of the shaft may be obtained by using 

the torsion equation. We know that 

T/J = Fs/r 

Where, T=Twisting moment acting on the shaft, 

J=Polar moment of inertia of the shaft about the axis of 

rotation, FS
 
= Torsional shear stress, and r = Distance from 

neutral axis to the outer most fiber = d/2 where  

We know for round solid shaft, polar moment of 

inertia, 

J = /32 d4 

The equation may be written as 

T/πd4= 2fs /32d 

T = fs πd3
 

/ 16 

Twisting moment (T) may be obtain by the 

following relation: 

In S.I units, power transmitted (in watts) by the 

shaft,  

P=2πNT/60 or T = (P х 60)/2πN 

Where,  

T=Twisting moment in N-m  

N=Speed of the shaft in RPM  

In M.K.S units, horse power transmitted by the 

shaft,  

P=2πNT/4500  

T=P х 4500/2πN  

Where,  

T=Twisting moment in N-m and  

N=Speed of the shaft in rpm 

2) Shafts subjected to bending moment only 

When the shaft is subjected to a bending moment only, then 

the maximum stress (tensile or compressive) is given by the 

bending equation. We know that 

M/I = Fb/y 

Where,  

M=Bending moment, N-mm  

I=Moment of inertia of cross-sectional area of the 

shaft about the Axis of rotation, mm4,  

Fb
 
=Bending stress, N/mm2

 

and  

Y=Distance from neutral axis to the outer-most 

fiber, mm  

We know that, Moment of Inertia, for a round solid 

shaft 

I = πd4
 

/64 and y = d/2 

Substituting these values in the above equation  

Bending Moment M= (πd3/32) х fb 

3) Shafts subjected to combined twisting and bending 

moment 

When the shaft is subjected to combined twisting and bending 

moment then the shaft must be designed on the basis of the 

two moments simultaneously. The maximum induced stress 

can be obtained by considering the following theories.  

 Maximum shear stress theory or Guest’s theory. It is used 

for ductile materials such as mild steel. 

 Maximum normal stress theory or Rankin’s theory. It is 

used for brittle materials such as cast iron.  

1) Guest’s Theory 

According to maximum shear stress theory the maximum 

shear stress due to combined load is  

Let 

fs
 
= Shear stress induced to twisting moment  

fb
 
= bending stress (tensile or compressive) induced 

to Bending moment 

According to Maximum shear stress theory, the 

maximum shear stress in the shaft  

fs(max) =√[( fb)2
 

+ 4(fs)2] 

Substituting the values of fb & fs as per above 

equations  
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πd3
 

х fs= 16 х √ (M2+T2) 

fs
 
=√ (32M/ πd3)2+4(16T/ πd3) 

2) Rankine’s Theory 

According to maximum normal stress theory, the maximum 

normal stress in the shaft  

fb
 
(max) = (fb/2) +√ [(fb)2

 

+4(fs)2
 

] 

fb
 
= (16/ πd3) х (M+√ (M2+T2)) 

4) Shafts subjected to fluctuating loads 

In above equations shafts are subjected to constant twisting 

moment & bending moment but in actual practice shafts are 

subjected to fluctuating torque & bending moments. In order 

to design such shafts like line shaft &counter shaft combined 

shock & fatigue factor to be considered for calculating 

twisting moment and bending moment substituting these 

factors in above equations  

a) For maximum shear stress theory  

(πd3/16) х fs=√ [(Km
 
хM)2+ (Kt

 
хT)2] =Te 

b) For maximum normal (tensile or compressive) 

theory 

(πd3/16) х fs= [(Km
 
хM)/2] +√ [(Km

 
хM)2+ (Kt

 
хT)2] = Me 

Where: 

M= Bending Moment 

fb= Bending stress 

T = Twisting moment (Torque) upon the shaft 

fs= Tensional shear stress 

Km= Combined shock & fatigue factor for bending 

Kt = Combined shock & fatigue factor for twisting 

d = diameter of the shaft 

B. Shaft Design based on Rigidity and Stiffness 

Sometimes the shafts are to be designed on the basis of rigidity. 

We shall consider the following two types of rigidity. 

1) Torsional Rigidity 

The torsional rigidity is important in the case of camshaft of 

an I.C. engine where the timing of the valves would be 

effected. The permissible amount of twist should not exceed 

0.25° per metre length of such shafts. For line shafts or 

transmission shafts, deflections 2.5 to 3 degree per metre 

length may be used as limiting value. The widely used 

deflection for the shafts is limited to 1 degree in a length equal 

to twenty times the diameter of the shaft. The torsional 

deflection may be obtained by using the torsion equation, 

T/J= G/L 

Where, 

= Torsional deflection or angle of twist in radians, 

T = Twisting moment or torque on the shaft, 

J = Polar moment of inertia of the cross-sectional 

area about the axis of rotation, 

G= Modulus of rigidity for the shaft material, and 

L= Length of the shaft 

2) Lateral Rigidity 

It is important in case of transmission shafting and shafts 

running at high speed, where small lateral deflection would 

cause huge out-of-balance forces. The lateral rigidity is also 

important for maintaining proper bearing clearances and for 

correct gear teeth alignment. If the shaft is of uniform cross-

section, then the lateral deflection of a shaft may be obtained 

by using the deflection formulae as in Strength of Materials. 

But when the shaft is of variable cross-section, then the lateral 

deflection may be determined from the fundamental equation 

for the elastic curve of a beam, i.e. 

d2y/dx2 =  M/EI 

Where, 

M= Moment 

E= Modulus of elasticity 

I= Moment of inertia 

IX. CONCLUSION 

A Shaft is one of the important element used for transmission 

of power and torque. With the help of this review paper, 

various loads on which shafts are subjected like torsional, 

bending, axial, lateral, can be calculated. This will be helpful 

for proper design and safe working conditions for the shaft 

subjected under various loads. 
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