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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

>

g The work on this particular Data Item was monitored and guided by the Fatigue Committee. This Committee first
s met in 1955 and now has the following membership:

©

S

§ Chairman

= Mr K.E. Cheverton — Rolls Royce (1971) Ltd, Bristol Engine Division, Filton
B

S

2 Vice Chairman

§ Dr W.J. Harris — Rolls Royce (1971) Ltd, Small Engine Division, Leavesden
=

5 Members

w Mr R.A. Clare — Ministry of Defence (Aviation Supply)

< Mr H.L.Cox — Independent

E Mr A.J.Fenner — Ministry of Defence (Aviation Supply)

g Mr W.T. Kirkby — Royal Aircraft Establishment

= Mr J.A.B. Lambert — Hawker Siddeley Aviation Ltd, Hatfield

20 Mr N.H. Mason — Consulting Engineer

2 Mr H.E. Parish — British Aircraft Corporation (Preston) Ltd

S Mr V.A.B. Rogers — Westland Aircraft Ltd

8 Mr J.B. Sanders — Ministry of Defence (Aviation Supply)

i Mr R.H. Sandifier — Independent.

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

Mr M.E. Grayley — Head of Strength Analysis Group
Mr R.L. Penning — Strength Analysis Group.
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1. NOTATION
f, tensile strength of material N/m? Ibf/in?
K elastic stress concentration factor based on net cross-sectional
area
N endurance
S maximum alternating stress based on net cross-sectional area N/m? Ibf/in?

Both Sl and British units are quoted but any coherent system of units may be used.

2. NOTES

The results of approximately 1100 fatigue tests on plain and notched specimens of a number of types of
high strength steel have been analysed to give curves of KS, /f, against N. The data have been grouped
according to the type of steel as shown in Table 4.1 and are presented in Figures 1 to 8.

InFigure 9 S, is plotted against N for various values of f; to give a correlation of endurance with ultimate
tensile strength for low alloy steels only. The curves given in Figure 9 have been obtained by considering
all the results shown in Figures 1 to 4, and are not therefore necessarily the best fit for any one particular
steel; they do not apply to the stainless or maraging steels of Figures 5 to 8.

All the results were obtained on specimens with 1.0 <K < 3.2 tested either as a rotating cantilever (single-
or two-point loading) or as a rotating beam (4-point loading), except those results for the austenitic stainless
steel DTD 166B (Figure 7) which were obtained on specimens tested in reverse bending.

The diameter at the critical section for most of the specimens was in the range 0.2 to 0.32 in (5.08 to
8.13 mm) though about 60 were bigger, up to 1.0 in (25.4 mm) diameter, and about 10 were smaller, 0.125 in
(3.18 mm) diameter. The surface finish was fine turned, ground or polished (normally Centre Line Average
Index range 0 to 32 pin (0.813 um)). No subsequent chemical, thermal or mechanical treatment was applied,
except for stress relief in vacuo in a few instances.

ESDU Copyright material. For current status contact ESDU.

The values of f; used in plotting the data points shown were those obtained from control tests on specimens
of the same batch of material, whenever available. When such a value was not available an average value
taken from the appropriate specification was used.

In each figure a mean curve has been drawn through the results for plain specimens. Test results, whenever -
available, for notched specimens are plotted on the figures as maximum alternating stress at the notch -
against endurance. An estimate of the allowable alternating stress at any required endurance in any other
notched specimen may be made by treating the mean curve for plain specimens as K,S, /f;, that is, using
the maximum stress at the notch for the notched specimens. For specimens in the range of sizes on which
the figures are based, the extent to which the alternating stress estimated in this way is low may be judged
by the difference between the actual notched specimen results and the points from which the mean curve
was constructed. For notched specimens larger than those tested the difference between the estimate and
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the results of an actual test is likely to be less. Comparison of the plotted results in order to ascertain the
magnitude of any size effect is inadvisable because factors other than size will affect the comparison, for
example, surface finish, variation in composition. Conservative estimate of fatigue endurance would be
obtained by using a curve through the results lower than the mean curve given.

This Item applies to stress concentrations due simply to change of form and does not relate to stress
concentrations forming part of the loading system (for example, interference fits) nor to the fretting that
may occur in such cases. Guidance on the latter subject may be obtained from ESDU 90031 “Fretting
fatigue”.

The fatigue endurance of steels is strongly influenced by surface conditions and treatments which may have
a negligible effect on tensile strength. The endurance values may therefore increase or decrease in relation
to those indicated by the figures according to the nature of the surface treatment. The fatigue endurance
may be reduced by processes that induce a residual tensile stress in the specimen surface, for example,
harsh grinding or heavy machining. A reduced fatigue endurance is also associated with surface
decarburisation, oxidation and chromium plating. The fatigue endurance may be increased by processes
that induce residual compressive stress, for example, shot peening or rolling, and there is evidence to suggest
that case hardening, nitriding and grit blasting (before cadmium plating) are beneficial in this respect.

This Item does not cover low strength steels, that is, steels with tensile strengths below below 123 000 Ibf/in?
(55 tonf/in? , 848 MN/mZ), which are usually designed to the fatigue limit. Guidance on the fatigue limits
that may be assumed for such steels is to be found in ESDU 88008 “Fatigue limit of unnotched steels
(related to tensile strength)” and the references given in Section 3 of this Item.
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