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THE EFFECT OF SURFACE ROUGHNESSON THE FATIGUE LIMIT OF STEELSAT
ZERO MEAN STRESS

1. NOTATION
f, tensile strength N/m? Ibf/in?
Kt surface finish factor due to surface roughness defined by
sf SaO(Oo)

L surface roughness sampling length m in

Ma centre-line-average height of surface roughness m in

M peak-to-valley height of surface roughness m in

Mo peak-to-valley height of surface roughness below which no m in
improvement in fatigue strength can be made

S,0(=) fatigue limit alternating stress at zero mean stresswith surface~ N/m? Ibf/in?
roughness depth lessthan r,

Spo(=) fatigue limit alternating stress at zero mean stresswith surface~ N/m? Ibf/in?

roughness depth greater than r,

Both Sl and British units are quoted.

2. NOTES

This Item provides data on the zero mean stress fatigue limit of steels having rough surfaces. Thereis a
variety of methods in use for the description of surface roughness; however, the peak-to-valley height
measure is the most pertinent to fatigue situations and is used throughout this Item. Other methods and
conversion to peak-to-valley height are discussed in Appendix A.

ESDU Copyright material. For current status contact ESDU.

All steelscontain minuteflaws, thecritical size of which decreasesasthe material tensile strength increases;
consequently, reduction of surfaceroughness, r; , tolessthan thisflaw size producesno further improvement
in fatigue limit. This cut-off value of surface roughnessis denoted by r,. At roughness levels below r,
failure will occur from these inherent flaws.

The dataare presented in Figure 1 interms of kg plotted against r for arange of values of tensile strength.
The form of the curves was decided not only by the data shown but also by the trends indicated by the
available qualitative data. There will be scatter about these lines for which, in critical situations, an
allowance should be made. Figure 2 isderived from Figure 1 and presentsthe curvesal one up to aroughness
of ry equal to 500 pm (2 x 1072 in). Also in Figure 2 are presented lines of constant kg f; /2 for design
purposes. Figure 3 shows a curve of f; against r, the surface roughness cut-off value, to enable the user
to check quickly to see whether or not surface roughness effects are significant. This curve was obtained
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from Figure 1 by cross-plotting values at kg = 1.0 . A line obtained by cross-plotting for values of kg = 0.95
isalso givenon Figure 3. Figure 4 isacross-plot of Figure 1 with kg plotted against f, for aseries of values
of ry.

3. PEAK-TO-VALLEY HEIGHT OF SURFACE ROUGHNESS ;
31 M easurement of ry

Sketch 3.1 illustrates a section through a typical machined surface magnified many times. It appears as a
rough terrain of peaks and valleys. The surface undulations can be broken down into two textures
superimposed upon an error of form. The primary texture, or surface roughness, is produced, for example,
by the effect of thetool, by abrasions or by metallurgical structure factors. Secondary texture, or waviness,
results from eccentricity or misalignment of the production apparatus used.

8 Choice of sampling length (the length of surface examined by, for example, a stylus) is important. If a
it sampling length L3 is chosen, as shown in Sketch 3.1, the effects of error of form will be seen as well as
§ those of waviness and surface roughness. If a sampling length of L, is chosen, only waviness and surface
= roughnesswill berecorded. If asampling length of L, istaken, then the effects of error of form and waviness
S will be negligible and a reasonably accurate surface roughness trace will be found. A series of traces of
§ sampling length L; must be taken to ensure representative results. Taking L, equal to 0.8 mm will give
§ satisfactory results for most practical engineering surfaces (see Derivation 13).
<
s
S = |
(8]
£ | 2 | L/\
®
/[ \ e
©
5 L | Ly ‘ Ly \‘}' -
E -~ I | I |
.90
= Actual profile
S
o)
@) WWWWWMW’WW’W’W
(%]
wl
Surface roughness
W
Waviness

Error of form

Sketch 3.1 Characteristics of a machined surface

The peak-to-valley height of surface roughnessis determined as shown in Sketch 3.2. Thedistancer; isthe
maximum vertical deviation of the actual profile from the reference profile. The reference profileisaline
that touches the highest peaks within the sampling length. Thisline is straight for short sampling lengths
but may havetheform of the geometrically ideal profileor may follow periodicity in the surface. The datum
profileisalineparallel tothereference profilethat just touchesthelowest valley within the sampling length.
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Thevalueof surfaceroughnessthat isof interest isthat normal to the direction of applied stress. In combined
stress situations it may be necessary to take traces in several directions to ensure that the value of r; used
is the maximum.

Reference profile

Actual profile

Datum profile

Ly

Sketch 3.2 Measurement of peak-to-valley height of surface roughness
3.2 Interpretation of Surface Roughness M easurements

Table 6.1 shows several sectionsthrough machined and polished surfaces. Cases a, b, ¢ and d show profiles
of turned surfaces and e, f, g and h show profiles of ground, lapped, hand polished and scored surfaces
respectively. These surfaces assume improvement of surface texture by the use of progressively finer
techniques. From these profilesit can be seen that different topographies may produce similar r; values. A
local scratch in an otherwise flat surface may give the samer, value as an overall rough surface. Cases b
and c, although nominally produced by the same method, show different surface roughnesses. This
emphasises the danger of classification of surfaces by production method and illustrates one reason for
scatter observed in surface roughness effects. The production process may induce residua stresses in the
material which can have a pronounced effect on the fatigue limit. These stresses are, however, usually
compressive and improve the fatigue properties of the material.

Defects that have been smeared over or surface cracks produced by careless grinding will not show up on
profile traces. Such defects may lead to premature fatigue failure especially in the higher strength steels.
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