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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Stress Analysis and Strength of Components
Committee. This Committee first met in 1964 and now has the following membership:

Chairman
Mr A.J. Batchelor

Vice-Chairman

Imperial Chemical Industries Ltd

Mr J.V.Vint C.A. Parsons and Company Ltd
Members

Mr H.L. Cox Independent

Dr M.S.G. Cullimore University of Bristol

Mr C.E. Day Independent

Prof. J.P. Duncan’ University of British Columbia

Mr D. Duval Foster Wheeler Power Products Ltd
Dr R.B. Heywood A. Macklow-Smith Ltd

Dr L.C. Laming Imperial College of Science and Technology
Mr D. McKinlay Lloyd’s Register of Shipping

Dr R.M.G. Meek National Engineering Laboratory
Dr. J. Spence University of Strathclyde

Prof. C.E. Turner

Corresponding Member

Imperial College of Science and Technology

The construction and subsequent development of the Data Item was undertaken by

Mr R.P. Sharp

— Senior Engineer.

The person with overall responsibility for the work in this subject area is Mr M.E. Grayley, Head of Strength Analysis

Group.
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FATIGUE STRENGTH OF STEEL CONED DISC SPRINGS (TENTATIVE)

1. NOTATION
a external radius of spring (see Sketch 2.2) m in
b internal radius of spring (see Sketch 2.2) m in
E modulus of elasticity of spring material N/m? Ibf/in?
fl, 2.3.4 stresses at perimeters 1 to 4, respectively (see Sketch 2.1) N/m? Ibf/in?
fnax maximum stress at indicated location of failure N/m? Ibf/in?
i minimum stress at indicated location of failure N/m?  Ibffin?
fo notional stress used to correlate fatigue strength (see Section 3) N/m? Ibf/in?
frange range of stress at a perimeter, f_. —f . N/m? Ibf/in?
fy proof stress of spring material N/m? Ibf/in?
h internal height of unloaded single spring (see Sketch 2.2) m in
N endurance
P total load applied uniformly to perimeters 1 and 3 of single N Ibf
spring (see Sketch 2.2)
t thickness of material of single spring (see Sketch 2.2) m in
o ratio of external to internal radii of spring, a/b
) deflection of single spring under load P (see Sketch 2.2) m in
v Poisson’s ratio of spring material
Subscripts
max, min refer to maximum and minimum deflections, loads and stresses
of working cycle respectively
Both Sl and British units are quoted but any coherent system of units may be used.
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NOTES

This Item presents data on the fatigue strength of preset, steel coned disc springs in series combination (as
defined in Sketch 2.1 of Reference 16). The great majority of the test data available come from Derivation 3.
In both that derivation and Derivation 4 the results of the fatigue tests are presented in terms of a notional
stress, f, (explained in Section 3 and in Appendix A). This gives excessive scatter in results. The lack of
detailed test data on the actual material thicknesses, the geometrical ratios o, h/t and h/a of the springs
and on the ranges of load and deflection employed in the tests prevents a satisfactory re-analysis of the data
to reduce this scatter. Accordingly, it is only possible now to present the existing data in terms of the notional
stress, f;,, and therefore the Data Item is designated tentative.

Locations of fatigue crack 2 1
initiation from which cracks |
may propogate to cause failure

Sketch 2.1 Initially coned disc spring showing perimeter reference numbers and likely locations of
fatigue cracks

Unloaded form
/ Loaded form

-7 /’”\: | ! Il'i\\\\\\\
=Y — -

Sketch 2.2 Section through an initially coned disc spring showing basic notation

Springs covered by this Item had cone angles less than 15 degrees, values of the radius ratio, o, less than
5.0 and values of h/t less than ./ 2 (that is the springs did not exhibit negative stiffness). The springs were
not deflected through the flat position, 6/h = 1.0. Data presented are from tests made on spring stacks
containing between 2 and 30 identical springs in series.

" Any further experimental data relating particularly to the factors discussed in this Item that you can communicate to ESDU may make it

possible to revise and improve this Data Item.
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In a coned disc spring under compressive loading a high compressive stress is produced at perimeter 1,
tensile stresses of somewhat lesser magnitude are produced at perimeters 2 and 3 and a low compressive
stress is produced at perimeter 4. (At low deflections in springs of certain geometries the stress at perimeter 2
is compressive and can become tensile with increasing deflection.) These stresses can be determined from
Equations (3.2) to (3.5). It is the tensile stresses at perimeter 2 or 3 that usually leads to the initiation of
fatigue cracks at these points, see Section 6.1. The cracks propagate through the thickness of the spring and
radially across the spring section as illustrated in Sketch 2.1.

Figure 1 indicates the effects of geometry and maximum deflection on the location of maximum tensile
stress, see Section 6.1. Figure 2 gives the available data presented in terms of f, showing the spring
thicknesses tested and giving bounds on the data. However, there is some doubt as to the effect of spring
thickness on fatigue strength derived from these data. Notes are provided on the effects of the method of
production and the resulting surface finish on fatigue strength and the need for, and effect of, presetting
and/or the application of a minimum load. The location of failure in a spring, and the position within a stack
at which this failure occurs, is described.

3. PRESENTATION OF DATA

The data giverl in Figure 2 are presented in terms of the notional stress, f;, which is calculated using
Equation (3.1) , see Appendix A:

fg = fo. —05f . . (3.1)

Valuesof f.. and f;, are found' by substituting the maximum and minimum deflections of the loading
cycle respectively into either Equation (3.3) for perimeter 2 or Equation (3.4) for perimeter 3, see
Appendix A. (If the maximum and minimum loads rather than deflections are known, Reference 15 should
be consulted for the relevant load/deflection relationship.)
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* The factor of 0.5 in Equation (3.1) is based upon fatigue limit stresses. The fatigue limit chosen by the author of Derivation 3 was that at
2% 10° cycles.

T The data in the Item are given in terms of stresses calculated using the theory of Almen and Laszlo, see Derivation 1 and Equations (3.2)
to (3.5). Deviations of actual stresses from those calculated on this basis may be significant at high values of the ratios h/t and o .
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