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» SELECTION AND USE OF STEELS—SAE J401 APRS8]

SAE Information Report

Report of the Iron and Steel Technical Committee, approved June 1911, third revision April 1981.

1. Steel Designation—The SAE system of designating steels, described in
SAE J402 classifies and numbers them according to chemical composition. In
the case of the high strength, low alloy steels in SAE J410 and the high strength
carbon and alloy die drawn steels in SAE J935, minimum mechanical property
requirements have been included in the designations. In addition, hardenabil-
ity data on most of the alloy steels and some of the carbon steels will be found
in SAE J1268.

The steels so designated have been developed cooperatively by producers
and users and have been found through long experience to cover most of the
wrought ferrous materials used in automotive vehicles and related equipment.
Because the SAE designations provide a convenient way for engineers to state
briefly but clearly the chemical composition, and in some instances, some of
the properties desired, they are widely recognized and used throughout the
United States and in many other countries.

It should be recognized that the many technological variations of the steel-

‘the adjacent areas, or both, the effect in either case being to reduce the deflec-
tion and the unit stress in the troubled area. This is because the elastic modu-
lus (Young’s modulus) is, for all practical purposes, the same for all steels
regardless of composition or condition.

It is well established that the fatigue strength of a component can often be
substantially increased by inducing compressive stresses into the outer layer in
critical areas in such a way that a significant portion of the induced stress is
retained after processing. In service the algebraic sum of this residual compres-
sive stress and the applied stress (usually a tensile stress from a bending or a
torsional load) results in a net decrease in the stress on the component, thus
increasing fatigue life. Processes commonly used to induce residual compres-
sive stresses are shot peening, cold rolling of radii, induction hardening, shell
hardening, nitriding, carbonitriding, and, sometimes, carburizing and harden-
ing.

The corollary of the above is that any process or condition that leaves a

making process, coupled[With the diverse requirements of the numerous pro-
cesses used in the manufacture of components, make it impossible for these

residual tensile stress in the outer layer of a corhponent is usually detrimental
to fatigue life.
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strength than to any other property. For material up to about 175 000 psi
(1210 MPa) the fatigue strength is about 50% of the tensile strength. For higher
strength materials, this percentage decreases somewhat and the test results
show increased scatter. See also Reference 8.

The fatigue limits thus determined are seldom realized in practice because
few actual components are so highly finished, that is, free from surface imper-
fections in critical areas. If the surface of a critically stressed area is as-cast,
as-forged, turned only, or decarburized, the fatigue strength may be reduced.
Because they concentrate stress, undersize fillets, undercuts, notches, grooves,
tool marks, weld cracks, and the like are highly detrimental. Since the effect
increases as tensile strength rises, an attempt to increase fatigue strength by
increasing tensile strength may actually decrease component life. The remedy
lies in improving the design to remove the cause of the damaging stress concen-
tration.

If the stress concentration is caused by excessive elastic deflection under load
then the best and, usually, the least expensive way to remedy the difficulty is
to either increase the section modulus of the affected area or decrease that of

The ¢ symbol is for the convenience of the user in locating areas where
technical revisions have been made to the previous issue of the report.
If the symbol is next to the report title, it indicates a complete revision
of the report.

low temperatures without any consideration of the notch-toughness level of the
material used simply because the test is so much more severe than the applica-
tion that the added protection is not needed. Since the addition of a notch-
toughness requirement to the material specification increases cost, failure to
carefully consider the need for it can mean unnecessary material cost.

7. Fracture Toughness—This test is growing in favor for evaluating the
toughness of materials and structures subjected to various loading rates. It is
based on the concepts of linear elastic fracture mechanics and its results are
considered to be a constant of the material for a given temperature and loading
rate under conditions of plane strain. The results are used to determine the
stress required to cause a flaw of any given size, such as a scratch, a crack, or
any unfused portion of the weld, to propagate unstably.

The concepts of fracture mechanics have also been applied extensively to
analyze subcritical crack growth rates under static loading in an aggressive
environment (stress-corrosion cracking), cyclic loading in a noncorrosive envi-
ronment (fatigue), and under the combined effects of cyclic loading and ag-
gressive environment (corrosion fatigue).
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