
Disc Springs are conically-shaped precision components designed to be axially 
loaded. Disc Springs can be statically loaded either continuously or intermittently, 
or dynamically subjected to continuous load cycling. What sets Disc Springs 
apart from other types of springs is that deflection of the Disc at a given load 
is predictable making it possible to calculate the minimum cycle life. Due to 
their predictability, high reliability, and unparalleled fatigue life, Disc Springs are 
preferred over all other types of springs in critical applications such as safety 
valves, clutch and brake mechanisms for elevators and heavy equipment, and 
supports for industrial pipe systems. Disc Springs can be used individually or 
assembled into stacks to achieve the forcedeflection characteristics required for 
the application. This White Paper details the different methods of stacking Disc 
Springs, and how to determine the proper stack configuration for a particular 
application. 

To achieve the optimal Disc Spring performance, it is best to keep the working 
deflection between 15% and 75% of full deflection as it is in this range that 
measured results most accurately match the theoretical characteristics of 
the Disc Spring. If a single Disc Spring is not capable of the force/deflection 
characteristics the application requires, Disc Springs can be stacked in series, 
parallel or combination to achieve the requirements (See Below: Methods of 
Stacking and Figure 1).

METHODS OF STACKING

Friction between Disc Springs stacked in parallel must be considered.  Factors 
affecting friction include the number of Discs stacked in parallel, the amount 
of Disc deflection, Disc lubrication and surface finish of the Discs and guiding 
elements.  A reasonable allowance is 2 – 3% for each sliding surface.  Addition 
of friction in parallel stacked Discs results in an actual load/deflection curve that 
is different from the theoretical curve.  Actual loads are higher when a load is 
applied and reduced when the load is removed.  This hysteresis results in a 
damping affect that increases with thicker Discs or more Discs stacked in parallel 
(Figure 2).
 
Friction between sliding surfaces should be minimized to reduce deviation from 
theoretical predictions and reduce heat buildup detrimental to life of the Disc.  
Disc Springs stacked in parallel should be lubricated with a solid lubricant such as 
molybdenum disulphide and limited to a maximum of 4 Discs in parallel.  Friction 
will be less in a vertically oriented stack than in a horizontally loaded stack.  In 
dynamic applications there is a “running in” period where friction is reduced as 
surface finish of sliding surfaces and contact surfaces wear and smooth due to 
part on part contact.
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Deflection:  Same as single Disc

Force:  Single Disc multiplied by 
the number of Discs

IN PARALLEL IN SERIES
Deflection:  Single Disc 
multiplied by the number of Discs

Force:  Same as single Disc 

Deflection:  Single Disc multiplied 
by the number of Discs in series

Force:  Single Disc multiplied by 
the number of parallel Discs in a set

IN COMBINATION
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When stacking Disc Springs, a wide range of force/deflection characteristics 
are possible; the stack can be designed with specific load curves to meet 
the application requirements with both progressive and regressive possible 
(Figure 3).

STACK CONSTRUCTION

It is preferable to configure the stack to have an even 
number of Disc Springs with the outer edge of the Disc 
Spring positioned at each end of the stack to aid stability. 
Due to various application restrictions, it may not always 
be possible to use a stack with an even number of Disc 
Springs. When a stack configuration uses an odd number 
of Disc Springs, the outer edge of the Disc Spring should 
be oriented to the end which the force is applied – the 
moving end of the stack.

Shorter stacks are more efficient, which is of particular 
importance for dynamic applications. As a result of 
friction between the Disc Springs as well as the guiding 
mandrel or sleeve, the Disc Springs at the moving end of 
the stack tend to deflect more than the Disc Springs at the 
opposite end. Using the largest practical diameter Disc 
Spring will reduce the number of Disc Springs per stack, 
and the total stack height. It is recommended that the 
overall stack height does not exceed 3 times the external 
diameter of the Disc Spring or 10 Discs in series. If the 
application requires, taller stacks can be divided with flat 
washers to provide stability.

STACK GUIDANCE
To keep the Disc Springs in position the stacks need guiding. The preferred 
method is internal guidance, such as a rod/mandrel, through the inside 
diameter. In the case of external guiding, a sleeve is suggested. In either case, 
the guiding component should be case hardened to 58 HRC with a depth of 
not less than 0.6mm with a surface finish of ≤ 4 microns. 

The stability of a Disc Spring with a thickness of 1mm or less can present 
a problem at the bearing surfaces. In such cases, it is recommended that 
intermediate flat Discs/Washers are used with outside diameter contact.

Once the Disc Spring stack has been aligned, a light preload should be 
applied to keep the stack in position. If this is not possible, the stack should be 
taken to flat condition at least once, as this also has the effect of centralizing 
the Disc Springs.

De or Di
(mm)

DIAMETRIC 
CLEARANCE

(mm)
Up to 16 0.2

Over 16 to 20 0.3
Over 20 to 26 0.4
Over 26 to 31.5 0.5
Over 31.5 to 50 0.6
Over 50 to 80 0.8
Over 80 to 140 1.0
Over 140 to 250 1.6

Since the diameter of the Discs change 
when compressed, the following clearance 

values are recommended:
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PROGRESSIVE LOAD CURVES

Progressive loading can be obtained by assembling the stacks in which the 
Disc Springs will deflect consecutively when loaded, by:

• Stacking single, double and triple parallel sets in series.
• Stacking Disc Springs of various thickness in series.

It is necessary to limit the compression of the weaker Disc Spring to avoid 
over-compression while the stronger Disc Springs, or parallel sets, are still 
in the process of compressing.

PRE-STACKED

The process of installing Disc Springs stacks in a production environment 
is generally a manual process. Depending on the stack configuration this 
is a time-intensive process and introduces an opportunity for errors in the 
stack configuration. Rather than having to configure and stack Disc Springs 
manually, manufacturers can specify Pre-Stacked Disc Springs (greased or 
ungreased). These stacks are packed in shrink-wrap with a perforated tab, 
allowing a simple installation process that saves time and helps mistake-
proof the assembly process.

Disc stacks with 
progressive characteristic 

load curves and stroke 
limiters to avoid overload.
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Orignal article by Darren Snell

Read how SPIROL Engineers determined the best Disc Spring stacking 
methods for an overload safety switch on SPIROL.com.
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