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Outline

• Functions and types

• Helical coil springs (compression and extension or tension) 
– Consideration for selection of springs 

– Selection of compression and extension springs using manufacturer’s 
catalogue

• Other types of springs
– Belleville washers (disc springs)

– Design parameters and method of stacking

– Selection of disc springs using manufacturer’s catalogue



Functions of springs

• Springs are flexible machine components that deflects under the 
action of load and returns to its original shape when load is 
removed

• Springs are often used to
– absorb and store energy, e.g. vehicle suspension, railway buffers to 

control energy, buffer springs in elevators and vibration mounts for 
machinery

– Measure forces, e.g. spring balances, gages

– Apply force and control motion



Types of springs
Helical coil springs

• Helical compression, extension and torsion springs

 Belleville washers

 Torsion bar springs

 Leaf springs

 Volute springs

Lee Spring  online catalogue (https://www.leespring.co.uk/)

leaf Spring

Volute Spring
https://advanex.co.uk/productsandservices/

https://www.leespring.co.uk/
https://advanex.co.uk/productsandservices/


Helical coil extension (tension) springs

End forms of extension  coil springs 

Helical coil extension or tension springs are commonly used to store 
energy or allow tension force to be applied

 To apply tensile loads, hooks are needed at the ends of the springs.



Helical coil compression springs

End forms of compression coil springs http://springipedia.com/

Helical coil compression springs are commonly used to store energy or 
provide resistant axial force under compression. 

http://springipedia.com/


Helical coil torsion springs

 Torsion springs are used to apply a torque or store rotational energy

 When the ends of torsion springs are 
twisted around the centre of the spring, 
the torsion spring tries to push them back 
to their original position.

 Like tension springs, torsion springs are 
usually close-wound. There are single-
and double-bodied types with short 
hook, hinged straight offset, straight 
torsion, and special ends.

Types and end forms of torsion springs 



Spring rate (extension)

 The Spring rate equation for extension springs

𝒌 =
𝑭𝒎𝒂𝒙 − 𝑭𝒐
𝑳𝒎𝒂𝒙 − 𝑳𝒐

𝑁/𝑚𝑚

Where, Lo is free length, Lmax is the max 
extended length, Fo is preload and Fmax is 
the max force at the mas extended length

𝒌 =
𝑭

𝜹
𝑁/𝑚𝑚
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Spring rate (compression)

 Spring rate is slope of the force (F) –deflection (δ) curve of a spring under 
either compression or tension 

 With given preload (Fa) and installed 
length (La), and known operation load 
(Fo) and length (Lo),

 The free length (Lf) &  length (Ls) are

𝒌 =
𝑭

𝜹
𝑁/𝑚𝑚

Lengths of compression spring

𝑳𝒇 = 𝑳𝒂 +
𝑭𝒂
𝒌

𝑚𝑚

𝒌 =
𝑭𝒐 − 𝑭𝒂
𝑳𝒂 − 𝑳𝒐

𝑁/𝑚𝑚

𝑳𝒔 = 𝒅𝑁 𝑚𝑚
d is wire diameter
N is total number of coils of the spring
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Springs in series and parallel

Springs in series 

F
F

Springs in parallel 

𝟏

𝒌
=
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𝒌𝟐
𝒌 = 𝒌𝟏 + 𝒌𝟐

𝑭 = 𝑭𝟏 = 𝑭𝟐
𝜹 = 𝜹𝟏 + 𝜹𝟐

𝑭 = 𝒌𝜹, 𝑭𝟏 = 𝒌𝟏𝜹𝟏, 𝑭𝟐 = 𝒌𝟐𝜹𝟐

𝑭 = 𝑭𝟏 + 𝑭𝟐
𝜹 = 𝜹𝟏 = 𝜹𝟐

 Springs may be arranged in different ways 
of combination

 Springs in parallel 

 Springs in series
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Design and selection of springs

General steps to select a suitable spring

– Understand a suitable type, load range, required free, compressed or 
extended length and spring rate to meet requirement in given space;

– Know operational conditions for sufficient life without buckling or 
permanent (creep) deformation;

– Choose suitable material (music wire, stainless steel, bronze, etc) for 
sufficient energy store and force capabilities;

– Make sure natural frequencies of vibration much higher than the frequency 
of spring motion that they control;

– Meet other design requirements, e.g. cost, easy access for assembly;

– Select a suitable spring from a Spring manufacturer’s catalogue, e.g. 
https://www.leespring.co.uk/

https://www.leespring.co.uk/


Selection of springs
 Selection of springs from suppliers and manufacturers knowing required force, 

spring rate, deflection range, general operational conditions, etc.

Lee Spring® catalogue at 
https://www.leespring.co.uk/

https://www.leespring.co.uk/


A worked example: Selection of compression spring for a 
spring supplier (LeeSpring) 

 Select a compression spring required to exert a force of 35 N when compressed to 
a length of 60 mm. At a length of 48 mm, the force must be 50 N. The spring is to 
be installed in a hole with 24 mm diameter.

Check Lee Spring® catalogue at 
https://www.leespring.co.uk/

Fa = 35 N, La = 60 mm & Fo = 50 N, Lo = 48 mm

From the above, we know 

𝒌 =
𝑭𝒐 − 𝑭𝒂
𝑳𝒂 − 𝑳𝒐

=
𝟓𝟎 − 𝟑𝟓

𝟔𝟎 − 𝟒𝟖
= 𝟏. 𝟐𝟓 𝑁/𝑚𝑚

From slide 9, 

𝑳𝒇 = 𝟔𝟎 +
𝟑𝟓

𝟏. 𝟐𝟓
= 𝟖𝟖 𝑚𝑚
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SW model download 
from LeeSpring®

Can you select a compression 
spring for a mountain bike?

https://www.leespring.co.uk/
https://www.leespring.co.uk/


Belleville washers (Disc springs)

 Belleville washers are specific springs of conical-shaped discs 

– High load capacity with small deflection in confined space

– Inherent dampening with parallel stacking

– Flexibility in stack arrangement to meet different operational requirements

Same concept as springs in parallel 
and series

Spirol disc springs design guide 
also available on Moodle

t

De

loho

Di

https://www.spirol.com/library/main_catalogs/SPIROL-Disc-Springs-us.pdf


Force and deflection relationship

 Unlike compression and tension springs, Belleville washers have non-linear force and 
deflection relationship.

𝑭 =
𝟒𝑬𝜹

𝑲𝟏𝑫𝒆
𝟐 𝟏 − ν𝟐
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Force/deflection predictability is limited to 75% of 
total deflection (ho). Therefore, 0.15 ho & 0.75 ho
are often used as the initial & max compressions 
in Design & Selection of Belleville washers (Disc 
springs).

Belleville washer force-deflection curve
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Stack combinations

Different force and deflection relationships may be achieved by using 
different stack combinations 

Stack combinations to give different Force 
and deflection characteristics 

δ

Fa

δb,d= 3δa

Fc,d= 2Fa

Odd number of stacksEven number of stacks

F

Use outer edge to rest on both ends.  In the case 
of odd numbers of stacks, the end with outer 
edge should be on the end of force/motion.



Selection of disc springs

 Similar to coil springs, suitable Belleville washers (disc springs) may be chosen from 
suppliers and manufacturers

– Define outer/inner diameters, force & deflection range

– Select a single disc spring with data at 0.15ho and 0.75ho

– Work out a suitable stack combination to meet the requirements of total force (F), 
deflection (δ or s) and outer/inner diameters (De/Di).  

Spirol Disc Springs guide to 
DIN EN 16983 also available 

on Moodle

In addition to the choice of different 
sizes, disc springs 

 in parallel for larger force 

 in series for larger deflection 

https://www.spirol.com/library/main_catalogs/SPIROL-Disc-Springs-us.pdf


Selection of Disc springs

(https://www.spirol.com/library/main_catalogs/SPIROL-Disc-Springs-us.pdf), also available on Moodle

 Spirol Disc Spring (Belleville washer) catalogue

https://www.spirol.com/library/main_catalogs/SPIROL-Disc-Springs-us.pdf


A worked example: Selection of disc spring
 Select Spirol disc springs required to exert an initial force of 200 N at 0.15ho and  a 

maximum operational force of 700 N under further 2.7 mm deflection. The spring is to 
be installed in a hole with 24 mm diameter.
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𝒔𝟏 = 𝟎. 𝟏𝟓𝒉𝒐 → 𝑭𝒂𝟏 = 𝟐𝟎𝟎 𝑵 & 𝒔𝟐 = 𝟎. 𝟕𝟓𝒉𝒐 → 𝑭𝒂𝟐 = 𝟕𝟎𝟎 𝑵

From the above, we know 

𝒔𝟏 = 𝟎. 𝟏𝟓𝒉𝒐 = 𝟎. 𝟏𝟏𝒎𝒎 → 𝑭𝒂𝟏 = 𝟐𝟏𝟒 𝑵

From Spirol disc spring table, 

𝒔𝟐 = 𝟎. 𝟕𝟓𝒉𝒐 = 𝟎. 𝟓𝟔 𝒎𝒎 → 𝑭𝒂𝟐 = 𝟕𝟏𝟗 𝑵

Δ𝒔 = 𝑺𝟐 − 𝑺𝟏 = 𝟎. 𝟔𝒉𝒐 =0.45 (mm)  N=S/ Δ𝒔 =2.7/0.45 = 6 (springs)

SW model download 
from LeeSpring®



Some observations 
 Coil compression spring vs disc spring

Fa

𝒔𝟏 = 𝟎. 𝟏𝟓𝒉𝒐 = 𝟎. 𝟏𝟏 𝒎𝒎 → 𝑭𝒂𝟏 = 𝟐𝟏𝟒 𝑵

𝒔𝟐 = 𝟎. 𝟕𝟓𝒉𝒐 = 𝟎. 𝟓𝟔𝒎𝒎 → 𝑭𝒂𝟐 = 𝟕𝟏𝟗 𝑵
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 Compression springs have a large deflection 
and spring rate range

 Disc springs require a large force to exert a 
small deflection  
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Summary

• Springs of various types can be used in different engineering applications 

• Spring rate, free or solid length, maximum length (for tension springs) or solid length (for  
compression springs) are key parameters to select a suitable spring with defined 
dimensions  

• Coil springs (compression or tension) provide a wide range of spring rate, free length, 
maximum compression or extension for different operational conditions

• Disc springs (Belleville washers) can be a useful solution in situation which requires a large 
spring rate and relatively small deflection.

• The worked examples in selecting the compression spring and disc spring can be used in 
your Individual (Gearbox Actuator) Project.
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