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Introduction: Power driven applications, performance and reliability hungry rlnlshers
engineers are all fighting a unique enemy: Fatigue. This short article presents

2 techniques used to enhance fatigue strength and fatigue life of components

such as gears as well as many other transmission and engine components.

A Short Word on Fatigue

Fatigue failure is common in most metals and
is most frequently caused by tensile stresses
favouring crack and micro fissure growth from
or near the surface of the material. This is
usually followed by a drastically reduced
performance of the component followed by
failure at an early stage of the component’s life.

The magnitude and the distribution of the
residual tensile stress are both critical to the
general behaviour and performance of any
components and should be considered at the
design stage, when possible.
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Figure 1: Fatigue Failure of a Gear Tooth

So what are the common causes of residual
tensile stress?

Firstly, at the manufacturing stage of raw
material metals, microscopic  thermally
generated residual stresses develop; also,
impurities will create weak points. Then, there
are mechanically generated tensile residual
stresses, which are often the result of
manufacturing processes producing non-
uniform plastic deformation. Examples of this
are, welding, machining, (turning, milling,
drilling) and grinding.

With inherent and artificially induced tensile
stresses existing in most metallic manufactured
components, the potential/risk for fatigue
failure, particularly in cyclically loaded
components, is high. Various techniques exist
to help reduce these high tensile stresses (heat
treatment, deep freeze, etc.). However, despite
producing a decrease or neutralising tensile
residual stresses, these processes will not
address the issue of efficiently increasing
fatigue strength and fatigue life.
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Figure 2: Crac'knlhitia o_n Site n a Gear'Tooth

Shot Peenin

Shot peening is a cold working process in
which a stream of small spherical shots,
propelled at high velocity and under fully
controlled conditions, are bombarded onto a
metallic component or target causing a thin
layer of the exposed surface to deform
plastically. The immediate effect of bombarding
high velocity shots onto a component (e.g.
gear) is the creation of a thin layer of high
magnitude compressive residual stress at or
near the surface, which is balanced by a small
tensile stress in the deeper core.
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Figure 3: Effects of shot peening

The predictable magnitude of the compressive
stress introduced is obviously a function of the
material targeted, as well as the shot peening
condition and can reach values as high as 50
to 60% of ultimate tensile strength of the
material. Its depth is largely dependent on the
peening intensity and the relative hardness of
the impinging shot and the targeted
component; practically, it can be from up to
200pum (hard materials, i.e. 700HV-60HRC) to
1000pm (soft materials, i.e. 300HV-31HRC).
The compressive residual stress introduced will
benefit the treated component as it will reduce,
and even negate any residual or subsequently
imposed tensile stress at the surface.



It is well known that most fatigue failures and
stress corrosion normally initiate at or near the
surface stressed in tension. Therefore, by
reducing the net tensile stresses at and near
the surface of components, fatigue crack
initiation and stress corrosion can be delayed,
improving the fatigue life of the processed
parts. The fatigue strength of components such
as carburised gears can be increased from 100
to 150%.

The benefits of shot peening are therefore vital
for several industries (automotive, aerospace),
which are constantly developing lighter
components of which the strength and fatigue
life will be expected to be high. Shot peening,
as a stand-alone process, provided it is fully
controlled, can achieve very good results and
greatly enhance the mechanical properties of
the components treated. The use of a second
technique, as a complementing process, aims
at giving the component a surface finish of high
quality as well as a great look: the
Superfinishing process, also called REM®.

Superfinishing: the REM® process

The technique of Superfinishing, often
assimilated to vibro-finishing, has been
developed by REM® and is currently used by
Impact  Finishers to  process critical
transmission components. Since the benefits of
shot peening are well known, it is important to
describe the Superfinishing process to
understand why both processes provide a
solution to fatigue failure.

The Superfinishing process is a technique used
to gently reduce the surface finish and produce
a smooth and shiny surface. The principle of
the process is fairly simple. A vibratory bowl is
filed with non-abrasive ceramic stones and
combined with a chemical accelerator (REM®
FML575 IFP). The ceramic beads, under the
action of the machine, roll and turn, with the
components moving inside. The chemical is
added, at controlled concentration and flow
rate. The combined actions of the beads and
the chemical provide the high quality finished
parts.
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Figure 4: Principle of the Superfinishing
process

As described in the diagram above, the surface
layer of the component is gently oxidised and
the moving media removes the soft layer
formed from the high points of the original
rough surface. The chemical coating also
prevents oxidation and removal of the recesses
and grooves, leading the geometry of the
treated component to maintain its original
design. Since the media is constantly moving
while the chemical is constantly added, a
succession of soft layers will be wiped and
more of the positive surface areas exposed will
be removed, until the surface becomes
extremely flat and smooth.

Since the chemical used interacts well with the
carbon content of the treated parts, the process
was primarily used on carbon and alloy steels,
giving very good results on case carburised
gears and other transmission components (see
following photograph).

Figure 5: Components manufactured by
Hewland Engineering; Shot Peened and REM®
processed by Impact Finishers.

The same process can also be used on
stainless steels, Titanium, Inconel and many
Aerospace alloys as well.

From a technical point of view, the
Superfinishing process on its own will provide
finished components with a low Rj finish, which
can improve the fatigue life of the treated parts
by as much as 30%. As a consequence,
significant noise and vibration reductions as
well as lower operating temperatures will lead
to longer lasting and better performing
components.

Last but not least, the REM® products used to
carry out the process at the facility in Slough
are completely user and environmental friendly.

Conclusion

The combination of the two surface finish
processes described is the key factor in
enhancing and/or developing components
subject to high loads or multiple cycles. The
compressive stress introduced by the shot
peening process allied to the smooth finish
provided by the Superfinishing lead to
increased fatigue strength and fatigue life of the
treated components. Both techniques, fully
controlled, will and already help fulfilling the



high expectations of manufacturers involved in
the car and aerospace industries, as well as
many other where their requirements match
what both techniques can provide together or
independently.

An on going research project will also provide
us with a complete evaluation of the
improvements provided by both processes and
would also help us optimising their use.



