
Foundation of Technical Education 

 Al-Dour Technical Institute 

 Mechanical Department 

2nd  Stage 

Training Package 

In 

Review of Strength of Materials 

For 

Students of second class 

Mechanical Department/ Production 

By 

Nadum I. Naser 

 



 

 

 

Strength of materials is a very important subjects to be studied in order to 

have a full knowledge about the characteristics of materials. For this eason I 

have designed this modular unit for this knowledge to be understood. 

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1- Understand the strength of materials. 
2- Define the stress. 
3- Define the strain. 
4- Distinguish between the elasticity and plasticity. 

Flow Chart:- 
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Pre Test 

Calculate the strain in a steel rod of square cross-section of side 2 cm when a 

  910 ×force of      9800 N is applied and the young's modulus of elasticity is 20.27 

?2N/ m 

Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

1.stress :                                                                                                  

The internal  forces per unit area at any section of the body is known as 

stress.                                                                                 
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Main types of stress  

Tensile stress .1 



                                                                                                 

 

 Compression stress .2 

 

                             
                                                                                    

 

Strain: the deformation per unit length                                                                            

l
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     where   δ – change in length                                                                                

ε - strain                                                                                                    

                                         Modulus of elasticity (E):     

Hooks low states that when a material is loaded within elastic limit , the stress is    

proportional to strain  
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  S =   E  ×   ε 

Where   E   is young modulus of elasticity (constant)                                              
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  Shear stress .3     
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The shear stress is directly proportional to shear strain    

                                                                                                   

where                                                                                                            

Ф – shear strain   

shear stress -         

  G      

G – modulus of rigidity  
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    4.   Torsional shear stress   
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max. shear stress -s τ 

 T–torque  or twisting moment      

   r- Radius of the shaft 

  d- Diameter of the shaft    

 D-  outer diameter of shaft     

J- polar moment of inertia                           

                                                                

                                    

                                       

Stress –Strain graph 

 



 

Elasatic zone: In this zone whenever the effected load lifted, the body recover to its 

original shape 

Elasticity : it is the property of a material to regain its original shape after 

deformation when the external forces are removed 

Plastic zone : in this zone whenever the effected load lifted, the body cannot  

recover to its original shape 

Plasticity : it is the property of a material which retains the deformation produced 

under load permenantly.. 

 

Yield point : it is about the point which split the elastic and plastic zone. 

 



Max. stress : Maximum stress which can the material sustain        

Break stress : the stress which the failure of the material happen , always the 

maximum stress and the failure stress is the same. 

Working stress : when designing machine parts its desirable to keep the stresses 

lower than the maximum stress at which failure of material takes  place . this 

stress is known as working stress or design stress 

Factor of safety : 

It is defined as the ratio of the maximum stress to the working stress 
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Post Test 



N/ m . if the Young's   610 ×An aluminium bar , length 10 meters , stressed by 9.8 

. Calculate the elongate of 2N/ m  910 ×modulus of elasticity for aluminium 6.752 

material.  

Key Answer 

Pre Test 
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Post Test 

Stress  ∞  strain 

Stress = Young's modulus × strain 

S  =  ε × E 
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A rivet is a short cylindrical bar with a head integral to it. The cylindrical 

portion of the rivet is called shank or body and lower portion of shank is 

known as tail.  

Overview 

 



The rivets are used to make permanent fastening between the plates such 

as in structural work, ship building, bridges, tanks and boiler shells. The 

rivet joints are widely used for  joining light metals.  

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Recognize the types of rivet joints. 

2- Calculate the stress on the rivet. 

Flow Chart:- 

 

 

 

 

 

 

Pre Test 

Find the efficiency of the following riveted joints: 

1.Single riveted lap joint of 6 mm plates with 20 mm diameter rivets having a 

pitch of         50 mm. 

2.double riveted lap joint of 6 mm plates with 20 mm diameter rivets having a 

pitch of        65 mm. 
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Assume: 

Permissible tensile stress in plate      = 120 MPa 

Permissible shearing stress in rivets  =  90  MPa 

Permissible crushing stress in rivets  = 180 MPa 

Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

A rivet is a short cylindrical bar with a head integral to it. The cylindrical portion 

of the rivet is called shank or body and lower portion of shank is known as tail.  

The rivets are used to make permanent fastening between the plates such as in 

structural work, ship building, bridges, tanks and boiler shells. The rivet joints 

are widely used for  joining light metals. 

 

  Method of riveting 



1-drill the plate that would be riveted , the diameter of hole is usually diameter 

of rivet 

2-the red hot rivet is introduced into the plates and the second head is then 

formed, this may be done by hand or by a riveting machine. 

 

                                                                                                                                

 

 

Types of riveted heads 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



Types of riveted joints 

1- Lap joint 

A lap joint is that in which are plate overlaps the other and the two plates are 

then riveted together 

 

 

 

2-Butt joint 

A butt joint is that in which the main plates are kept in alignment 

butting(touching) each other on one  side or on both sides of the main 

plates.                                                            



 



 

Technical terms 

1- Pitch(p): it is the distance from the center of one rivet to the center of the 

next, measured parallel to the center. 

):it is the perpendicular distance between the center lines of the       bPBach pitch( -2

successive rows. 

center of rivet in adjacent  ):it is the distance between thed(PDiagonal pitch -3

rows of         zig - zag riveted joints. 

4- Margin(M):it is the distance between the center of rivet hole and the nearest 

edge of the plate. 



 

 

 

 

 

Failures of riveted joints 

 

 

1-Tearing of the plate at the edge: 

This can be avoided by keeping the margin A (m = 1.5 d) 

2-Tearing of the plate across a row of rivets: 
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 t - thickness of the plate 

d  -  diameter of hole 

Tensile stress for the plate material - tS 

3- Shearing of the rivets: 



 

 

 

 

𝝉 =   
𝑻𝒂𝒏𝒈𝒆𝒏𝒕𝒊𝒂𝒍 𝒇𝒐𝒓𝒄𝒆
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 𝜏   - shear stress on the rivet cross section 

       

d- diameter of the rivet 

when the shearing takes place at two cross- sections of the rivet, then the rivets 

are said to be in (double shear ) 



                                          for double rivet cross- 

sections 
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4                                      Shearing force on the rivet(single 

shear)    

  



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2

2                                   shearing force on the double 

rivet(double shear)   

 

  n- number of rivets per pitch length 

note: 

All lap joints and single cover butt joints are in single shear , while the butt 

joints with double cover plates are in double shear. 

   4- Crushing of the rivet  

 

2
2

2

2

4
2

4
2

d

F

d

F

A

F

dA
















 cc

c

SntdF

tdA





        

d - diameter of the rivet 

t - thickness of the plate 

n - number of rivets per pitch length 

crushing stress - cS  

5-Efficiency of the riveted joints: 

The efficiency of the riveted joints is defined as a ratio of strength of riveted 

joints to the strength of unriveted or (solid) plate. 

 

𝜼 =
𝒍𝒆𝒂𝒔𝒕 𝒐𝒇 𝑭𝒕,𝑭𝒔 𝒂𝒏𝒅 𝑭𝒄

𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒖𝒏𝒓𝒊𝒗𝒆𝒕𝒆𝒅 𝒑𝒍𝒂𝒕𝒆
    

𝜼 =
𝒍𝒆𝒂𝒔𝒕 𝒐𝒇 𝑭𝒕,𝑭𝒔 𝒂𝒏𝒅 𝑭𝒄

𝑷×𝒕×𝑺𝒕
     

Tearing resistance of plate-   tF 

Shearing resistance of rivet-  sF 

crushing resistance of rivet- c F 

P – Pitch 

t – thickness of the plate       

              Tensile strength(stress)of the plate-  tS 

 

 



Post Test 

A double riveted double cover butt joint in plate 20 mm thick is made with 25 

mm diameter rivets at 100 mm pitch .the permissible stresses are : 

2
=150 N / mmcS       

2
mm/ 𝝉 = 𝟏𝟎𝟎 𝐍             

2
=120 N/mmtS  

Find the efficiency of joint , taking the strength of rivet in double shear as twice 

than that of  single shear. 

Key Answer 

Pre Test 

1.Efficiency of the first joint: 

   
2

= 120 MPa= 120 N / mm  tS = 20 mm           d= 6 mm          t=50 mm           P 

𝝉 = 𝟗𝟎 𝑴𝑷𝒂 = 𝟗𝟎 
2

= 180 MPa = 180 N  / mm cS                     
2

N / mm 

(i)tearing resistance of the plate 

NStdPF tt 216001206)2050()( 
 

 (ii) shearing resistance of the rivet: 

          


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 ndFs
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(iii)crushing resistance of the rivet: 
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𝜼 =
𝒍𝒆𝒂𝒔𝒕 𝒐𝒇 𝑭𝒕,𝑭𝒔 𝒂𝒏𝒅 𝑭𝒄

𝑷×𝒕×𝑺𝒕
                                         

NLeast resistance is = 21600                                 N = 50×6×120 = 36000  tt × S P × 

  𝜼 =
𝟐𝟏𝟔𝟎𝟎

𝟑𝟔𝟎𝟎𝟎
= 𝟎. 𝟔𝟎       or      60% 

2.Efficiency of the second joint: 

   
2

= 120 MPs= 120 N / mmtSP =65 mm          t = 6 mm         d = 20 mm            

𝝉 = 𝟗𝟎 𝑴𝑷𝒔 = 𝟗𝟎 
2

= 180 N  / mm s= 180 MP cS                     
2

N / mm 

(i)tearing resistance of the plate 

120 = 32400 N × 6 × 20) –= (65  td)× t ×  S –= (P   tF 

(ii) shearing resistance of the rivet: 
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(iii)crushing resistance of the rivet: 
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𝜼 =
𝒍𝒆𝒂𝒔𝒕 𝒐𝒇 𝑭𝒕,𝑭𝒔 𝒂𝒏𝒅 𝑭𝒄

𝑷 × 𝒕 × 𝑺𝒕
       

       Least resistance is = 32400 N                                   

= 46800N  120 × 6 × =65 tP × t × S 



  𝜼 =
𝟑𝟐𝟒𝟎𝟎

𝟒𝟔𝟖𝟎𝟎
= 𝟎. 𝟔𝟗𝟐   or 69.2 % 

 

Post Test 
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Overview 

 



A welded joint is a permanent joint which is obtained by the fusion of 

the edges of the two parts to be joined together, with or without the 

application of pressure and a filler material. The heat required for the 

fusion of the material may be obtained by burning of gas (in case of gas 

welding) or by an electric arc (in case of electric arc welding) . the later 

method is extensively used because of greater speed of welding. 

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Define Types of welding joints. 

2- Calculate the length of weld. 

Flow Chart:- 

 

 

 

 

 

 

Pre Test 

A plate 100 mm wide and 10 mm thick is to be welded to another plate 

by means of double parallel fillets. The plates are subjected to a static 
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load of 80 KN. Find the length of weld if the permissible shear stress in 

the weld does not exceed      55 MPs. 

Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

 

1.lap joint  or  fillet joint 

 

 

 

 

 

2.Butt joint 



 

Strength of transverse fillet welded joints 

 

 

 

 

 

 

 



Tensile force of the joint for single fillet 

tt

tt

SlsF

SAF





707.0 

Where 

allowable tensile stress for weld metal -   tS 

Tensile force of the joint for double fillet 

tt

tt

SlsF

SlsF





414.1

707.02
 

Strength of parallel fillet welded joints 

 



in order to allow for starting and stopping of the bead , 12.5 mm should be added to the 

length of each weld.    

 



 

 

Strength of butt joints

 

 

Stress concentration factor 

When the parts of welded joint are subjected to fatigue loading(dynamic loading) 

the S.C.F as given below should be taken into account. 

 



 

FCSFCS

S
S t

t
..

,
..


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Note: for static loading and any type of joint , S.C.F  = 1 

Basic weld symbols 

 



 



 

Post Test 

A plate 100 mm wide and 12.5 mm thick is to be welded to another plate 

by means of parallel fillet welds. The plates are subjected to a load of 50 

KN. Find the length of weld so that the maximum stress does not exceed 

56 MPs. Consider the joint first under static loading and then under 

fatigue loading. 

Key Answer 

Pre Test 

Let    l – length of weld 

          s- size of weld = plate thickness = 10 mm 

        F = 1.414 × s × l × 𝜏  

    mml

ll

103
788

1080

7885510414.11080

3

3








     

Adding 12.5 mm for starting and stopping of the weld run, we have 

    l = 103 +12.5 = 115.5 mm . 

Post Test 

1.length of weld under static loading 

Let         l – length of weld 

              s- size of weld =  plate thickness = 12.5 mm 



   F = 1.414 × s × l × 𝜏 

l× 56 = 990   l×  12.5×  1.414=  310×  50 

mm 50.5= 
50 ×10

3
  

990
  =   l 

adding 12.5 mm for starting and stopping of the weld run, we have 

l  = 50.5 +12.5 = 63 mm  

2.length of weld for fatigue loading 

From table we find that the stress concentration factor is for parallel 

fillet welding is 2.7 

𝜏 =
56

2.7
 = 20.74 𝑁/𝑚𝑚 2

        permissible shear stress      ∴   

   F = 1.414 × s × l × 𝜏 

l× 20.74 = 367   l×  12.5×  1.414= 310×  50 

50  ×  10
3

 

367
 = 136.2 𝑚𝑚=   l 

adding 12.5 mm for starting and stopping of the weld run, we have 

 l  = 136.2 + 12.5 =  148.7 mm. 

Reference 

R. S. Khurmi, J. K. Gupta, "Theory of machine" 

 

 



Foundation of Technical Education 

 Al-Dour Technical Institute 

 Mechanical Department 

2nd  Stage 

Training Package 

In 

Screwed Joints, Design of  Bolts for Fastening , 
Design of  Bolts for  Power Transition . 

For 

Students of second class 

Mechanical Department/ Production 

By 

Nadum I. Naser 

 



 

Power screws are used to convert rotary motion into translatory 
motion.In most of power screws the nut has axial motion against the resisting 
axial force while the screw rotates in its bearing. In some screws, the screw 
rotates and moves axially against the resisting force while the nut is 
stationary, and in others the nut rotates while the screw moves axially with 
no rotation. 

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Define Pitch and  lead in the screw. 

2- calculate tensile stress in the screw. 

3- calculate torsion stress in the screw. 

4- calculate shear stress in the screw. 

5- calculate crush stress in the screw. 

Flow Chart:- 

 

 

 

 

 

 

Overview 

 

No 

Yes 

No 

Yes 

Overview 
Objectives Pre Test 

IF 

≥ 𝟗 

Next Package 

Activities  And the 

exchanges In The 

Package 

Pre Test 

IF   ≥ 𝟗 



Pre Test 

A vertical screw with single start square threads of 50 mm mean diameter 

and    12.5 mm pitch is raised against a load of 10 KN  by means of a hand 

wheel, the boss of which is threaded to act as a nut. The axial load is taken 

up by a thrust collar which supports the wheel boss and has a radius of 30 

mm . the coefficient of friction is 0.15 for the screw and 0.18 for the collar. If 

the tangential force applied by each hand to the wheel  is 100 N. find the 

diameter of the hand wheel. 

Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

 
1. square thread                                          2.acme thread                       3.buttress 

thread 

Torque required to raise load by square threaded screws: 
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Torque required to overcome friction between screw and nut 

 
2

tan
2

1

d
W

d
PT    

When the axial load is taken up by a thrust collar , so that the load does not 
rotate with the screw , then the torque required to overcome the  friction at 
the collar: 

collartheofradiioutsideandinsideRR

collartheoffriction

RR
R

RWT
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
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21

1

21

12
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Total torque required to overcome friction : 

21 TTT   

, then the total lapplied at the end of a lever  of arm length  1PIf the effort 
torque required to overcome friction must be equal to the torque applied at 
the end of lever. 
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The mechanical advantage is the ratio of the load lifted (W) to the effort 
) at the end of the lever1(Papplied  
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Torque required to lower load by square threaded screws: 

 
    tanWP  

Torque required to overcome friction between the screw and nut 

 
 

2
tan

2
1

d
W

d
PT  

 
Note1 :    when 𝛼 >  𝜙 

Then   𝑃 = 𝑊 tan(𝛼 − 𝜙) 

 
222

p
d

p
d

dd
d co

co 


    of the screw is dNote2: the mean diameter  

core diameter – cnominal diameter               d – od 

 



Post Test 

An electric motor driven power screw moves a nut in a horizontal plane against a 

force of 75 KN at a speed of 300 mm/min . the screw has a single square thread of 

6 mm pitch, on   a major diameter of 40 mm. the coefficient of friction at screw 

threads is 0.1 .                    Find the power of the motor. 

Key Answer 

Pre Test 
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Post Test 
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key : it is a piece of metal has different forms used to 

prevent relative motion between a shaft and the 

connected  member (hub) through which torque is 

being transmitted 

Overview 

 



Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Define Types of key. 

2-Calculate Stresses in keys   ز

Flow Chart:- 

 

 

 

 

 

 

 

Pre Test 

A sunk key of 14 mm width . 20 mm thick and 50 mm length ,is required to transmit 

torque of 14000 kg.cm from a solid shaft of 4 cm diameter .Calculate if  the length 

of key is enough or not, when the design stresses of  the key are for shear 560 kg/cm
2 , and crushing stress  1680 kg/cm 2 . Also calculate the enough length when the 

original length of the key cannot sustain the above stress 

Notes 

No 

Yes 

No 

Yes 

Overview 
Objectives Pre Test 

IF 

≥ 𝟗 

Next Package 

Activities  And the 

exchanges In The 

Package 

Pre Test 

IF   ≥ 𝟗 



-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

1.sunk keys 

2.saddle keys 

3.tangent keys 

4.round keys 

5.splines 

 

 

 

 

 

 

Sunk keys 

The sunk keys are provided half in the keyway of the shaft and half 

in the keyway of the hub.  

The sunk keys are the following types: 

a. Rectangular sunk keys: 



 

63

4
2

3

2

4

d

d

w
t

d
w






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w – width of  key 

t – thickness of  key 

d – diameter of the shaft 

the key has taper 1 in 100 on the top side only 

 

 

b. square sunk key 

4

d
tw 

 

c. parallel sunk key : it is the same of others above just  a taper 

less  

d. Gib head key 



 

e. feather key :

  

 

 

 

f. woodruff key : 

 



     

 

saddle keys 

 

 

 

 

 

 



tangent keys 

 

 

round keys  

 

 

 

 

 

 



splines 

 

these shafts usually have  four ,six ,ten ,sixteen splines. the splined 

shafts are used when the force to be transmitted large in proportion to 

the size of the shaft.  

 

 

 

Stresses in keys 

1.shear stress  
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wl

d
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T
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







22
   

    Area resisting shear -sA 



T -  transmitted torque  

 w -  width of key 

l - length of the key 

r – radius of shaft 

2.Crushing stress 
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lt

d

T

l
t

r

T

A

F
S

c

c










4

2

2

2

    

         

t  -  thickness of key   

   area resisting crushing  - cA
  

crushing stress -cS   

 

 

 

Post Test 

It is required to transmit 75 Hp from shaft 6 cm in diameter to a gear by a sunk key 

and the .  
2of length 70 mm at 1000 R.P.M  permissible shear stress is 60 MN/m

. Find the dimension of the key.  
2

crushing stress is    120 MN/m 

Key Answer 



Pre Test 
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∴   is enough 50  ∴  21680 kg/cm <for crushing  1400       

is not enough 50  ∴        2560 kg/cm >for shear  1000    ∴    

To find  require length of the key we need the shear law 
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140002
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
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l
                                              

wld

T


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2
  

                                                 
l= 8.928 cm = 89.28 mm 

∴ the length of key is about 90 mm 

 

 

Post Test 

F × V P = 

power –P  

force –F  



velocity –V  
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Overview 

 



Clutches :   clutch is a machine member used to connect a driving 

shaft to  a driven shaft , so that the driven shaft may be started or 

stopped at will, without stopping the drive shaft. 

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Define Types of clutches 

2- Design of a disc clutch. 

3- Determine the maximum, minimum and the average pressure in a plate 
clutch. 

Flow Chart:- 

 

 

 

 

 

 

Pre Test 

Determine the maximum, minimum and the average pressure in a plate clutch 

when the axial force is 4 KN. The inside radius of the contact surface is 50 mm, and 

the outside radius is 100 mm, assume uniform wear? 

No 

Yes 

No 

Yes 

Overview 
Objectives Pre Test 

IF 

≥ 𝟗 

Next Package 

Activities  And the 

exchanges In The 

Package 

Pre Test 

IF   ≥ 𝟗 



Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

There are two main types of clutches: 

1.positive clutches                         

 

2.friction clutches 

(a)disc or plate clutches 



 

 

(b)cone clutches 



 

 

(c)centrifugal clutches 

   

Note: the disc and cone clutches are known as axial friction 

clutches, while the centrifugal clutch  is called radial friction clutch. 



  

 

 

Design of a disc clutch: 

   

Consider two friction surfaces maintained in contact by an axial 

thrust ( W ) : 



T – torque transmitted by the clutch 

P – axial pressure with which the contact surfaces are held together 

external and internal radii of friction faces – 2rand   1r 

consider an elementary ring of radius r  and thickness dr : 

 drrA .2  then the area of contact surface 

∴  axial force on the ring  

 drrpApAreapressureW .2  

And the frictional force on the ring acting tangentially at radius r : 

 drrpWFr .2.    

frictionoftcoefficien 

∴   frictional torque acting on the ring 

 drrprdrrprFT rr

2..2.2.    

We shall considering two cases : 

 

1.uniform pressure 

2.uniform axial wear 

1.when we have uniform pressure  
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W – axial thrust on the friction surfaces 

T – total friction torque 

R – mean radius of the friction surface 

 

 

 

2.when we have uniform wear 

The normal wear is proportional to the work of friction. The work of friction is 

proportional to the product of normal pressure (p) and the sliding velocity (V): 

∝ work of friction ∝ p . V     normal wear  
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Post Test 

A plate clutch having a single driving plate with contact surfaces on each side is 

required to transmit 110 KW at 1250 R.P.M  . the outer diameter of the contact 

surfaces is to be        300 mm. the coefficient of friction is 0.4  .assuming a uniform 

.ces. determine the inner diameter of the friction surfa 2pressure of 0.17 N/mm 

Key Answer 

Pre Test 
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Post Test 
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Spring is an elastic body compressed or extended when loaded , and 

go to its original shape when load is removed. 

Objectives :- 

After studying the first modular unit , the student will be able to:- 

1-Define Types of springs 

2- Calculate stress due to curvature of wire.  

3- Calculate torsional stress in the spring. 

Flow Chart:- 

 

 

Overview 

 

No 

Overview 
Objectives Pre Test 

Activities  And the 

exchanges In The 

Package 

Pre Test 



 

 

 

 

 

 

Pre Test 

A compression coil spring made of an alloy steel is having the following 

specifications: 

mean diameter of coil = 50 mm; wire diameter = 5 mm; number of active 

coils = 20; 

if this spring is subjected to an axial load of 500 N ; calculate the maximum 

shear stress (neglect the curvature effect) to which the spring material  is 

subjected. 

Notes 

-10 degrees for the above question. 

- Check your answers in key answer. 

The Text 

IF 

≥ 𝟗 

Next Package 



Spring is an elastic body compressed or extended when 

loaded , and go to its original shape when load is removed. 

The important applications of springs are as follows : 

1.to apply forces, as in brakes, clutches and spring loaded valves 

2.to control motion by maintaining contact between two elements as in 

cams and followers. 

3.to measure forces, as in spring balances and engine indicators 

4.to store energy, as in watches, toys,  etc.. 

5.to absorb or control energy due to either shock or vibration, as in car 

spring, aircraft landing gears, shock absorbers and vibration dampers. 

Types of springs 

1.helical springs 

 

 

 

 

 



 

 

 

2.conical and volute springs 

 

3.torsion springs 

 

4.laminated or leaf springs 



 

5.disc springs 

 

Terms used in compression springs 

1.solid length: it’s the product of total numbers of coils and the diameter of 

the wire 

wireofdiameterd

coilsofnumbertotaln

dnL S
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2. free length : it’s the length of spring in the free or unloaded condition. 

 

 

 

 



              

Free length = solid length +max. compression +clearance between adjacent coils 

  maxmax

' 15.0   dnLF  

We can also use the following relation to find the free length of spring 

    mmndnLF 1)1( '

max

'     

The clearance is taken as 1 mm 

3. spring index : it’s the ratio of the mean diameter of the coil to the mean 

diameter of wire 
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D
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4. spring rate : it’s the load required per unit deflection of the spring 



W
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5. pitch : it means the axial distance between adjacent coils in 

uncompressed state. 
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The pitch may also be obtained by using the following relation 
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Stresses in helical springs of circular wire 
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The following stresses also act on the wire 

 

1.direct shear stress because of the load  W 
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2.stress due to curvature of wire 

 

 

 



 

 

Maximum shear stress in the wire = torsional shear stress + direct shear stress 
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In order to consider the effects of both direct shear stress as well as curvature of 

the wire we use a Wahl's stress factor. 

Maximum shear stress in the wire 

 Wahl's stress factor                                      
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Deflection of helical springs of circular wire 
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Spring rate or stiffness of the spring 
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Post Test 

A helical spring is made from a wire of 6 mm diameter and has a diameter of 70 

mm; if the permissible shear stress is 350 MPa and modulus of rigidity 84 KN/mm

.find the axial load which spring can carry and the deflection per active turn. 
2

 



Key Answer 

 

Pre Test 

 

 

 

 

 

 

 

 

 



 

Post Test 
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2.consedering the effect of curvature 
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