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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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
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The work on this Item was carried out in the Strength Analysis Group of ESDU under the supervision of
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FATIGUE STRENGTH OF KEYED ASSEMBLIES

1 INTRODUCTION

This Item provides information on the fatigue strength analysis of keyed assemblies. Very few data
concerning fatigue strength were found to be available. The mgjority of information found concerned stress
analysis and where applicable this has been included in the form of stress concentration factors that give
the magnitude of the stress fields in the areas where fatigue cracks initiate. Included are the stress
concentrations present at a keyway, both in bending, and for a non-shrink fit assembly where torque is
transmitted by thekey. Thefactors upon which the stress concentrations and distributions depend and others
that influence fatigue strength are discussed.

5 2. NOTATION
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keyway width
shaft outside diameter

tensile strength of shaft material

stress concentration factor defined as direct stressin keyway
divided by maximum nominal bending stressin plain shaft
subjected to same bending moment

shear stress concentration factor defined as shear stressin
keyway divided by nominal shear stress at surface of aplain
shaft subjected to same torque

endurance

amplitude of alternating shear stress at surface of aplain solid
shaft of diameter D

amplitude of alternating direct stress at surface of a plain solid
shaft of diameter D

keyway depth in shaft measured from shaft outside diameter
(see Table 12.1)

keyway fillet radius (see Table 12.1)

3. SHAFT TYPES

Both Sl and British units are quoted but any coherent system of units may be used.
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Thisltem concernskeyways and keys asfitted to parallel shaftsand hub bores. In the case of tapered shafts
and bores, torque applied to the assembly is transmitted almost entirely by friction between the conical
faces and the key and keyway will be taking very little torsional loading.
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4, LOADING TYPES

Theshaft of akeyed assembly can experience basically two types of loadinginservice, either torsional
or bending. Thetwo typesare often combined, asin the case of an overhanging, rotating shaft with akeyed
pulley transmitting torque. Loading cycles can be further complicated, from a fatigue viewpoint, since in
the case cited the bending cycles will often be far greater in number than those due to torsion.

5. KEYWAY TYPES

Two types of keyway, for which data are available, are in common use; the sled-runner type, as cut with
an ordinary milling cutter of the same width asthe keyway, as shown in Sketch 5.1a, and the profiled type,
as cut with an end-mill of the same diameter as the keyway width, as shown in Sketch 5.1b. It has been
found that the shapes of the key and keyway ends are important factorsin determining resistance to fatigue
failure. It can be deduced from Sketch 5.2 that under bending | oading the contour of the sled runner keyway
provides asmoother change in cross-sectional-area at the end of the keyway than does the profiled keyway
and hence produces a lower stress concentration. However, under torsional loading the profiled keyway,
because of its rounded end, provides a smoother contour for the load path and hence a lower stress
concentration than does the sled-runner type. A combination of the two types could be devised to resist
both types of loading, as shown in Sketch 5.3, by machining with an end-mill and using a progressive
run-out of depth at the keyway end. This can easily be achieved if numerically controlled machine tools
are used. This keyway end type has been shown to provide an improved stress distribution (see
Derivation 9). Chamferring or radiusing the ends of the key was also foundto give beneficial effects.
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Sketch 5.3

A further type of key, for which data do not appear to be available, is the Woodruff type, as shown in
Sketch 5.4.

Sketch 5.4

This typeis often used in tapered shaft assemblies purely for angular location purposes, the torque being
transmitted by friction at the shaft taper. An advantage of thistype of keyway isthat it isrelatively easy to
machine and the key has the ability to rotate due to its circular base and thus find its own seating.

6. EFFECT OF FIT OF THE COMPONENTS
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The behaviour of the keyed assembly under load is affected by the fit of its components. For example, if
interference is present between the shaft and the hub then all, or alarge part, of the applied torque can be
transmitted by friction, with the key and keyway taking very little load.
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