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:Introduction 

 A spring is a flexible element used to exert a force or torque and at the 

same time to store energy. 

 Objective of this chapter (see section 19-1, page 732) 

Kinds of springs (section 19-2, page 732): 

See table (19-1) and Figure (19-2)  
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Helical compression springs (section 19-3, page 735):  

In the most common form of helical compression spring, round wire is 

wrapped into a cylindrical form with a constant pitch between adjacent coils. 

This basic form is completed by a variety of end treatments as shown in fig. 19-3 

(b, c, and d), page 734. 
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Note:  

Figure 19-3 (b) is using for medium to large-size springs. Figure 19-3 (c) is 

using for springs with smaller wire. Figure 19-3 (d) is using for springs with 

unusual cases. 

 

Diameters: 

OD: outer diameter = Dm + Dw       

ID: inside diameter = Dm – Dw 

Where:  

Dm: mean diameter of coil   

Dw: wire diameter 

 

Tables (19-2), page 736 shows  

Standard wire diameters 
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Stresses on wire diameter of spring: 

 

ζ1 = 
 

 
   ……… (a) 

 

 

 

ζ2 = 
   

 
  ……….. (b) 

 

 

ζ3 = ζ1 + ζ2  
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Lengths:  

 
 

 

 

For above fig. (a)   Na = N          ;   LF = PNa + Dw 

                  Fig. (b)     Na = N – 2   ;   LF = PNa + 2Dw 

                  Fig. (c)   Na = N – 2   ;   LF = PNa + 3Dw 

                  Fig. (d)   Na = N – 1   ;   LF = P (Na +1) 
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Notes: 

 Forces: see figure 19-6, page 737 

 Spring rate: The relationship between force and its deflection (K) 

 

K = 
   

   
 = 
   –   

   –   
 = 

  

   –   
 = 

  

   –   
 …….. (19-1) 

 

 Spring index:   C = 
    

  
 

 Number of coils :   N  

 Number of active coil:   Na 

 Pitch (P):  Axial distance from one coil to adjacent coil. 

 Pitch angle :   λ = tan-1 (
 

   
) 

 Materials used for springs:  see page 740 and table (19-3), page 741. 

 Types of loading and allowable stresses: 

 Light service:  for static load or up to 1000 cycles 

 Average service: for moderate load or up to 106 cycles 

 Severe service: for impact load or over 106 cycles 
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Figures (19-8, 19-9, 19-10, 19-11, 19-12, and 19-13) are used for different 

materials. 
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Stresses and deflection for helical springs (section 19-4, page 744): 

 As a compression spring is compressed under an axial load the wire is 

twisted. Therefore the stress developed is Torsional shear stress                    

{    
   

 
} combined with direct shear stress (    

 

 
)then (ζ = ζ1 + ζ2). 

ζ = {
(   

  
 
 
  
 
)

 

  
   
 } + 

 

(
   

 

 
)
  

    = (
      

   
 ) (  

  

   
) = (

    

   
 ) (  

 

  
)  

 ζ  = (
    

   
 )(K) = (

    

   
 )  ……… (19-4) 

Where: C = spring index  ;  K = Wahl factor = 
    

    
 + 
     

 
 

Note:  

1. Wahl factor is the term that account for the curvature of the wire and 

stress concentration. 

2. See fig. (19-14), page 744 to find Wahl factor. 

3. Recommended C is  12 > C > 5 
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Deflection: 

 

θ = 
          

   
           &      f = Deflection =   

  

 
  

  
   

   
 * 
  

 
 = 
{(  

  
 
) (      )}

 
     

  

  

 
  

 
 

   
(      

    ) 

    
  

(         ) 

    
            ……….. (19-6) 

Where:  

θ: Angle of twist in radians. 

T: Applied torque = F * 
  

 
 

L: Length of wire = πDm * Na 

G: Modulus of elasticity in shear (see table 19-4, page 745) 

J: polar moment of inertia for wire =
   

 

  
.  
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Buckling: 

Figure (19-15) shows buckling criteria (page 746). First compute  
  

  
 then find 

  

  
 after that check the buckling from figure (19-15). 

 

Analysis of spring characteristics and design: 

See example problem (19-1) to example (19-3). 

Note:  

 The following formula can be used for OD at the solid length condition: 

ODS = √  
  

     
 

  
 + Dw    ………. (19-3) 

 An initial diametric clearance of one- tenth of the wire diameter is 

recommended for springs having a diameter of 12 mm or greater. 

 Coil clearance   CC = (LO – LS)/Na 

 Check that (LO-LS) > 0.15(LF – LS) 
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Example Problem 19-1, (Page 796): A spring is known to be made from music 
wire, ASTM A228 steel, but no other data are known. You are able to measure 
the following features using simple measurement tools: 
Free length = Lf = 44.45 mm 
Outside diameter = OD = 14.25 mm 
Wire diameter = Dw= 1.4 mm 
The ends are squared and ground. 

The total number of coils (N) = 10.0. 

Load=62.27 N at ≈300000 cycles. 

Sol: 

1. From table 19-2 the wire is 17-gage music wire,  

Dm = OD - Dw= 14.25-1.4 = 12.85 mm ;  

ID = Dm - Dw = 12.85-1.4= 11.45 mm 

C= Dm/Dw = 12.85/1.4 = 9.2 ;  

K = 
    

    
 + 
     

 
 = 1.158 

2. F = FO = 62.27 N 

ζ= (
    

   
 )   

  (     ) (     )(   )

  (   ) 
 = 865.1 MPa 

3. f = 
(         ) 

    
   = 

  (     )(    ) ( )

             
 = 27.2 mm= fo 

Na = N – 2 = 10 – 2 = 8 (for squared & ground) ; G= 81.7 GPa from table (19-4) 

4. LO = LF – fO = 44.45 – 27.2 = 17.25 mm ; LS = Dw*N = 1.4*10 = 14 mm ;                 

K = ∆F/∆L = Fo/(LF – Lo) = FO/fO = 62.27/27.2 = 2.29 N/mm 

5. FS = K (LF – LS) = 2.29(44.45-14) = 69.79 N ;  

ζ = 
        

    
  = 970 MPa 

6. From fig. 19-9 for ASTM A228 steel for average service  

ζd = 930.8 MPa at Dw = 14 mm > ζo = 865.7 MPa           satisfactory  

7. ζS > ζd so use light service ζd= 1034 MPa at Dw = 1.4 mm   (in this case ζd > ζS        

satisfactory) 

8. 
  

  
 = 49.5/12.85 = 3.46, so from fig. 19-15 use curve A (No Buckling) 

9. Dhole > OD + 
  

  
 = 14.4 mm 
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