SHOT PEENING SCHOOL

by John Cammett | Consultant, Nadcap Auditor, EI Shot Peening Training Lead Instructor

Understanding the
Peening Time Paradox

The Key to Uncoupling Intensity and Coverage

WHAT I REFER to as
a time paradox is only a
seeming paradox. Time is
used in the standard protocol
for  determining  peening
intensity, yet intensity itself is
independent of time during
peening provided that machine
settings or other key parameters
are not altered during the
process. This may seem
paradoxical though in reality
it is not. Coverage certainly
is time dependent because
an increase in exposure time
during peening results in more
impact dents on the surface of the part. One of the continuing
challenges encountered in my twenty-plus years of teaching
shot peening in training and workshop sessions has been to
get students to grasp the difference between intensity and
coverage concepts and their separate relationship to time.
If you truly understand the conceptual independence of
intensity and coverage in peening, then you need not read the
remainder of this article. On the other hand, if you believe
there is a fundamental relationship between the two, or even
worse, attempt to relate them in practice, then I invite you to
read on. You are belabored by a misconception. As the saying
goes, we really must talk about this.

An Analogy

Let us begin discussion in a semi-technical vein and defer
matters more technical to later. A useful analogy is that of
a garden hose delivering a stream of water under pressure.
If the water is delivered into the hose by the utility provider
at constant pressure and the hose nozzle meters at a constant
flow rate, then the force of the water is analogous to peening
intensity. It matters not how long the time, whether for a
second, a minute or an hour, the force of the flow remains the
same and so does the intensity provided by the media stream
in peening. Both the force of water flow and peening intensity
are independent of time. There is, however, a time dependence
of the water flow and this is the amount of moisture delivered
to the ground or plants that are being watered—more time,

more wetting. This is analogous
to coverage in peening—more
time, more coverage. Indeed, a
certain degree of wetting from
the hose on a given area can be
achieved by passing the hose
back and forth over the area at
any constant rate. All that matters
is that the wetting occurs over
the necessary total time. And so
it is with peening. The desired
coverage will be achieved in the
necessary total time irrespective
of the speed of passes over the
given area of the part.

An Example

To illustrate the uncoupling of intensity and coverage,
consider that a job shop company involved in shot peening
for a variety of customers employs two people on a part-time
basis. One individual is responsible for doing intensity
determinations and establishing machine settings to achieve
intensities according to customer requirements. The first
person does this in the mornings for the peening jobs that
the second individual performs in the afternoons. The two
individuals are on separate work schedules and communicate
only by computer records in the company system. The lack of
additional communication is not problematic since the first
employee provides the machine settings appropriate to the
intensity levels that the second employee must use in peening
parts. Usually, the second employee must verify that the given
machine settings will produce the desired intensity for each
part by performing an intensity verification. Then the second
employee must also determine the peening cycle time for
each part according to customer coverage requirements. Let
us suppose now that the parts to be peened include materials
of different hardness, soft, medium and hard, but that the
intensity required by customers for each is the same and the
coverage requirement is also the same. Clearly, the typical
sizes of dents in the each of the different parts will be different
given that the media is the same and the impact energy is
the same. The soft part will have larger impact dents than
the medium hard part and much larger dents than the hard
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part. Because of the differences in dent size, the soft part will
achieve the desired coverage much sooner in time than either
the medium hard and hard parts under the imposed condition
of equal intensity and media flow rates for each. Despite this
contrived but plausible scenario, two very important points
may be posed. The peening cycle times for the parts will be
quite different and thereby, there is no correspondence of
cycle times to the Almen strip peening exposures or even the
saturation times for each intensity determination. Note that,
because the intensities sought were the same, the Almen strip
exposure times and saturation times would have been the same
for each. Indeed, since the same intensity was being sought,
irrespective of part hardness, it may have been necessary to
do only one intensity determination and not three.

Intensity: Some Technical Considerations

Now, let us consider the concept of intensity in peening on a
somewhat more technical level and in a bit more detail than
that presented above. Conceptually, intensity in shot peening
is simply a measure of how hard we hit a work piece with
media propelled via air or wheel. This involves the transfer of
kinetic energy of the media into deformation of the surface
layers of the work piece. Not all of the media kinetic energy is
transferred. Some is lost as the kinetic energy of rebounding
media. Some is lost as elastic energy of deformation of the
media particles and some is lost as elastic energy of recovery
of the work piece deformed layers. The remainder of the
media kinetic energy is retained as plastic deformation of the
work piece surface layers. Hopefully, we propelled the media
with sufficient total energy to cause some plastic deformation;
otherwise, we will not have achieved anything useful from
the bombardment. It is the amount or degree of plastic
deformation that matters as far as producing the desired
effects of peening. As a practical matter, we do not concern
ourselves with the partitioning of media kinetic energy thus,
but simply want to have a measure of the effect of peening
(the relative amount of plastic deformation produced). The
measure that we call intensity is an analog quantity expressed
as a specific property of a saturation curve. Please read on for
further explanation.

Recognizing the principles involved, John Almen
in his early work on shot peening patented a scheme for
determining peening intensity using standard test strips
(Almen strips) made from SAE 1070 spring steel with
the standard dimensions of 3" x 0.75" x Thickness and
heat treated to a specified hardness range (44-50 HRc).
A key feature of Almen strips is that they are thin enough
to bend when subjected to peening on one side because of
plastic deformation produced at surface and in near-surface
layers. Three thicknesses of Almen strips are used today to
give appropriate amounts of bending depending upon the
intensity range being used for peening. Almen also patented
a gage (Almen gage) for measuring the degree of curvature

produced in Almen strips after being impacted by media. The
successor to Almen’s patented gage, in use today, determines
arc-heights. An arc-height is the chordal elevation of the
unpeened surface of the test strip above a reference plane
defined by the positioning of the strip on the gage. Almen also
introduced the concept of saturation, recognizing that the
bending of strips increases with peening exposure time until
no further increase occurs after sufficiently long exposure. It
may have been fortuitous that Almen chose 1070 spring steel
as the Almen strip material because another material, such as
aluminum or other austenitic alloy, would not have exhibited
saturation behavior as observed with the SAE 1070 steel. More
information on Almen strips (including saturation behavior
and intensity determination) and Almen gage characteristics
are available in SAE specification J442.

A typical Almen saturation curve is shown in Figure 1
from SAE J443. The curve is a plot of Amen strip arc-height
on the Y-axis versus peening exposure time on the X-axis. To
generate a saturation curve, a minimum of four Almen strips
must be used and each is peened for a different exposure using
the same machine settings. Note that the time scale need not
actually be time itself, but may be any uniform time-based
unit such as machine cycles or inverse velocity of part or
nozzle motion. Each of the four or more Almen arc-heights
produced is exactly that, an arc-height and not an intensity.
Intensity is derived from the saturation curve by invoking
what is termed the ten-percent rule. The saturation curve is
a best-fit curve representing the Almen strip data and not a
point-to-point fit to the data points themselves. The intensity
is defined as the first point on the best-fit curve (not generally
at a data point itself) whereby the arc-height increases by only
10% when the exposure time is doubled. Deriving the intensity
value can be done satisfactorily by manual calculation, but it
is most effectively done by use of computerized algorithms
validated per SAE ]J2597. The time at which intensity is thus
declared is called the saturation time.

Some very important points involved in the process of
intensity determination include:

« The time scale of a saturation curve can be in terms of any
time-based unit provided that the units are uniform.
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Figure 1. Almen Saturation Curve
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o The Almen strip has only one function and that is intensity
determination. Almen strips are not intended, nor were
ever intended (except erroneously), to be used in any way to
establish peening time for parts.

The intensity value obtained by analysis of a saturation
curve represents the entire curve. It is absolutely important
to note that the derived intensity is independent of time.
Further, It is vitally important to understand that the
saturation curve is a plot of arc-height versus time and is
NOT a plot of intensity versus time.

The exposure times for Almen strips are only that and these
bear no relationship to times for peening of parts, which are
usually made of different material than Almen strips and
respond to peening differently.

The saturation time obtained during intensity determination
is neither an independent nor a fundamental quantity and
has no further use after intensity determination, except
possibly as an exposure time for intensity confirmation
when required.

The time of peening, or the velocity of part/nozzle travel,
is not dictated nor is it even influenced by anything done
in intensity determination. Of course the same machine
settings must be employed to ensure peening continuously at
the desired intensity, but the peening time for a part is related
independently only to peening coverage considerations.

Coverage: Some Technical Considerations

Until now, I havent provided much technical discussion
of coverage although it has been mentioned in passing.
Coverage is defined as the relative amount of obliteration
of or replacement of the original unpeened surface features
by dents produced by media impacts. Most germane to this
article is that coverage is time dependent as may be seen in
the typical coverage curve shown in Figure 2. This is a plot of
coverage percentage from 0 to 100% versus time of peening
on the y-axis versus time (or time-related quantity such as
passes) on the x-axis. The subject of coverage in peening
is quite important and deserving of considerably more
discussion than it is receiving here, but this is not necessary
to current purposes. Here it is given limited mention because,
in the current context, it is important to observe only that
coverage is time dependent and that, under constant
intensity and media flow rate, the progression of coverage
from 0 to 100% with time occurs continuously but at a
progressively declining rate. In other words, a coverage curve
is a decelerating curve whereby the rate of coverage declines
continuously with increasing time. Because of the subjectivity
of coverage determination, normally done by optically aided
visual technique and combined with the relatively slowness
of rate approaching 100%, coverage is considered complete
when at least 98% has been attained. This is assuming that
each unimpacted area is comparable in size to a typical
impact dent and that the unimpacted areas are randomly
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Figure 2. Coverage Curve

distributed. There are some individuals who believe that
even small unimpacted areas can be deleterious to fatigue
strength in peened parts, but this is not so. The reason is that
the subsurface extent of plastic deformation associated with a
peening impact dent is much greater than the size of the dent
as seen on the surface. But I digress. The important aspect
of coverage relative to this article is that it is time dependent
and, of course, that the peening cycle time for a part depends
upon attainment of a desired or required coverage amount.

Summary

I have presented some basic concepts on intensity and coverage
in peening. Central to discussion presented is the argument
that the two concepts are separate, independently determined,
and are not related by time. Further, it has been demonstrated
by argument that intensity is not time dependent whereas
coverage is. A most significant corollary to this is that what is
done during the performance of intensity determination and
what results from it, has no bearing on subsequent peening of
a part in terms of coverage or resulting cycle time.
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