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Using Abrasion for Materials Deposition
EnBIO is the developer of CoBlast™; a process that
uses abrasive blasting to produce surface modification.
Potential applications range from orthopedic 
prosthetics to stents to dental implants, like those 
in the photograph.

Rising to the Challenge
Pangborn needed to overcome seemingly insurmountable
challenges to build an one-of-a-kind vertical system
to peen Airbus and Gulfstream wing components for
Vought® Aircraft. Read how Pangborn’s research and
development staff and engineers met the challenge.

Photo: Airbus A330/A340 upper panels at Vought
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Turning Convention On Its Head

Using Abrasion for
Material Deposition

Turning Convention On Its Head by John O’Donoghue and Liam O’Neill, EnBIO

Abrasion is one of the tremendous forces of
nature that has helped to shape our world,
ranking alongside water and ice in terms of its

sheer erosive power. In dry climates, sand-laden winds
have sculpted the rock with a raw cutting force, creat-
ing shapes and features that awe and inspire. These
same forces are often considered to be destructive,
defacing the efforts of man to shape his world—
literally so in the case of the Sphinx of Giza whose
facial features have succumbed to the ravages of
erosive sandblasting.

In recent times, abrasion has been tamed and
controlled to take its place among the many industrial
processes available for the purposes of shaping and
fabricating materials into the goods that ease and
improve our lives. Abrasive blasting (as distinct from
shot peening, which is used primarily to modify the
mechanical properties of metals) is used to abrade the
uppermost layers from the surfaces of a myriad of
metallic and ceramic substrates for the purposes of
cleaning, or to prepare the surface for a subsequent
process step. It does not logically follow then that
abrasion can be used as a means for material deposi-
tion on certain select surfaces. Yet EnBIO, a surface
modification company based in Ireland, has achieved
just that.

CoBlast: A new deposition technique for select
metals
EnBIO (an acronym for Enhancing Biomaterials) 
incorporated in 2006 with a focus on exploiting the
use of abrasive blasting to produce surface modifica-
tions for the medical device and dental sectors. The
company developed a patent-pending technique called
CoBlast™ to incorporate dopants (a dopant is a 
substance which is added to a crystal lattice with the
intention of changing its conductive properties) in the
uppermost layers of reactive metals like titanium and
its alloys, nitinol, cobalt chrome and select stainless
steels. These metals, used to manufacture implants for
the human body, quickly form a thin protective oxide
layer on their surface in air as a result of their inherent
reactivity. Ironically, it is this action that renders these
metals passive and consequently suitable for use as
structural replacements for many diseased body parts.
Applications range from commonplace orthopedic
prosthetics to stents—tiny scaffolds deployed to hold
arteries and ducts open. Also, not surprisingly, the use 

Figure 1: Schematic of the CoBlast process

of titanium in dental implants has led to an explosion
of interest from manufacturers in this field.

One of the features of natural oxide formation on
reactive metals is the incorporation of airborne con-
taminants into the newly constructed oxide layer.
Carbon and traces of elements deriving from the tita-
nium processing steps are naturally found in the oxide
film on the surface. CoBlast exploits this natural effect
by loading the immediate atmosphere with appropri-
ate materials when the oxide is forming, thereby incor-
porating materials of choice into the surface. CoBlast
derives its name from the process of simultaneously
blasting a surface with two media: one stream is a
conventional abrasive jet to disrupt and remove the
oxide layer on the immediate surface while the second
jet stream delivers the dopant material required in and
on the surface. Disrupting and removing the resident
oxide layer exposes the underlying metal reactivity;
the resulting oxide healing process— which completes
itself in a fraction of a second—naturally incorporates
the dopant material that is flooding the area. The
reconstituted layer is a composite of natural metal
oxide and the introduced dopant—usually a 
bioceramic in the case of an orthopedic implant.

Benefits of CoBlast
In addition to its simplicity (and thus its low cost), the
scalable process has many inherent advantages. The
main advantage is the room temperature application.
As we know, it is extremely difficult to apply a material to
the surface of a metal in the adherent manner required
for most coatings. High temperature methods such as
plasma spray or sputtering are usually used, resulting

For the first time,
it is possible for 
new and novel 
functionalities to be
added to the surface
of metallic implants
in a manner devoid
of complications.
The developers of
this abrasion process
believe that this
capability will lead
to the development
of new ideas and
product concepts
not heretofore
considered.

John O'Donoghue is the
principal founding 
member of the EnBIO
team. He was until recently
a Principle Engineer with
Guidant/Boston Scientific.
There he was responsible
for conceptualizing and
implementing new
approaches to the manu-
facture of medical devices
as well as designing and
implementing several
product improvement
changes. He also has
extensive regulatory and
medical device validation
experience.

Liam O’Neill is the
Research and Development
Manager for EnBIO. He
has 13 years experience
in coatings and surface
analysis technology,
including three years
developing coatings for
the aerospace industry
and six years developing
novel plasma-based 
surface treatments with
Dow Corning.
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in damage to the material being deposited. This has serious implica-
tions for the use of such techniques in implant coatings where con-
trol of materials is paramount. EnBIO has successfully deposited a
range of bioceramics on metal substrates without changing the
physical or chemical properties of those materials or the substrate in
any way. As well as the obvious regulatory advantages to such a
process, the full potency of the material is brought to bear on the
surface for its intended function.

Figure 2: Cross-sectional profile of a surface modified 
using CoBlast (Hydroxyapatite on Ti)

The straightforward nature of the CoBlast™ process means
that it can easily be added to any production process and at
a favorable cost relative to conventional deposition tech-
niques in the medical device sector. Abrasive blasting is
already well regulated in medical device manufacturing, and
this coupled with the fact that all the materials—dopants
and substrates—are also well established gives precedence
for regulatory approval and hence sector acceptance. It also
means that there is already appropriate equipment and
expertise available within the industry.

In addition, ceramic materials incorporated via the oxide 
cannot be delaminated or chipped off as with conventional coatings.
In the same way that the natural oxide layer on a metal is consid-
ered to be part of the metal, so too is the bioceramic loaded oxide
layer resulting from the CoBlast surface treatment. An analogy 
frequently used by EnBIO is that of the difference between a wood
stain and a varnish: the stain is the surface modifying element in
the case of wood, while the varnish constitutes the coating that sits
on top of the wood. The varnish can be removed off the top but
removal of the stain requires removal of wood. Such is the case
with reactive metals having undergone the CoBlast process.
Removal of the dopant materials is only possible if the uppermost
substrate layers are also removed. CoBlast results in a thin layer of
incorporated material without adding substantial volume to the part
being treated. This adhesion is demonstrated by the superior results
of the CoBlast surface to ASTM tensile and shear tests.

Applications: Medical and non-medical
The coating material preferred by the medical device and dental
communities is Hydroxyapatite (HA), a bioactive bioceramic used 

mainly in orthopedic and dental applications. XRD analysis of
hydroxyapatite (HA) demonstrates that the deposited HA is fully
crystalline—an important feature for the implant stakeholders, but
indicative of the material-friendly manner embodied by the tech-
nique. In vitro and In vivo testing indicates that the CoBlast deposi-
tion technique competes favorably with contemporary HA coating
methods while offering mid- to long-term benefits due to the highly
adherent HA finish. EnBIO has succeeded in depositing HA on
Nitinol stents that have successfully survived a 50 million cyclic
fatigue test without losing the HA from the surface.

Figure 4: Image of coronary stent with 
CoBlast modified surface

Other work has demonstrated that using CoBlast to apply 
various materials to the surface of titanium can significantly
improve the hardness and wear resistance of the titanium, which is
an inherently soft metal. EnBIO believes that this novel and cost-
attractive approach of modifying the surface of titanium will have
countless applications as the use of titanium becomes more wide-
spread. EnBIO’s focus has expanded into a number of aerospace and
military sectors.

With advances in abrasion techniques like these, even the
ancient Egyptians would be impressed!  l

Turning Convention On Its Head by John O’Donoghue and Liam O’Neill, EnBIO

Figure 3: Adhesion of CoBlast HA (measured) vs plasma
sprayed HA surfaces for ASTM F1147 tensile test and ASTM

F1044 shear test (average from literature search)
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l Improved Consistency - Highest consistency from particle to particle in size, shape,      
hardness and density compared to commonly used metallic media.

l Highest Resistance to Fracture - Cut Wire Shot media tends to wear down and become 
smaller in size rather than fracture into sharp-edge broken particles which may cause
damage to the surface of the part being peened.

l Lower Dust Generation - Highest durability equals lowest dust levels.

l Lower Surface Contamination - Cut Wire Shot doesn’t have an Iron Oxide coating or leave 
Iron Oxide residue - parts are cleaner and brighter.

l Improved Part Life - Parts exhibit higher and more consistent life than those peened with 
equivalent size and hardness cast steel shot.

l Substantial Cost Savings - The increase in useful life of Premier Cut Wire Shot results in 
savings in media consumption and reclamation, dust removal and containment,        
surface contamination and equipment maintenance.

(216)651-6758
www.premiershot.com

The advantages of the Premier Shot CompanyThe advantages of the Premier Shot Company
Premier Shot is proudly produced in the United States. It is

manufactured to meet today’s high quality shot peening standards
and is used in automotive and aerospace applications worldwide.

Premier Shot Company: 1203 West 65th Street • Cleveland, Ohio 44102 

Special ConditioningNormal ConditioningAs-cut



8 The Shot Peener Fall 2009

Rising to the Challenge
Case Study Pangborn Meets Engineering Challenge for Vought Aircraft

V
ought Aircraft Industries is one of
the world’s largest independent
suppliers of aerostructures and the

largest U.S. manufacturer of Airbus
aerostructures. Vought has produced
more than 10,000 wings and tail sections
for a variety of prime aircraft contractors.
The company’s Nashville, Tennessee
location has 70 years of experience in
aerospace design, manufacturing and
assembly. The site specializes in long and
large machining and processing of aircraft
parts—the components for the Airbus
A330/A340 aircraft measure more than
100 feet long.

Vought’s Nashville facility used two
horizontal machines to shot peen wing
components for Airbus and Gulfstream
aircraft: one machine for peening wing
panels, one for peening spars. Both parts
required multiple passes and time-
consuming material handling to complete
the peening process. A few years ago, the
company considered purchasing a vertical
machine to replace both machines and
Vought engineers spent eight months
working on conceptual design reviews
and writing specifications. After review,
the company decided to rebuild the exist-
ing equipment. Recently, it was determined
that the machines, after 37 years of service,
were beyond useful life and Vought moved
ahead with plans to purchase a vertical
machine.

Vought’s engineering team needed a
unique machine. “We specified a vertical
peening system and we wanted to stay
away from maintenance issues associated
with oscillating panels. We peen large
parts and, generally, the surfaces are flat.
We wanted to achieve the blast patterns
with multiple banks of blast wheels and
we wanted to eliminate part manipulation
and achieve intensity and coverage
requirements in a single pass,” said Rick
Nicholls, Manufacturing Staff Engineer at
Vought Aircraft. 

The machine would be a one-of-a-
kind vertical shot peening system that
must meet Vought’s saturation peening

specification, must peen in one pass
(except for spars with masking that would
require a second pass), must have sta-
tionary wheels, and the wing panels and
spars were not to be rotated, raised or
lowered as part of the peening process.
Additional challenges were floor space
and height limitations. Vought needed to
keep one of the horizontal machines
operational until the new machine was
fully functional and all recipes were
approved by Airbus. The older machine
required floor space that would have been
appreciated by the manufacturer of the
new machine. Just as restrictive was the
vertical space. The plant had a crane
clearance of only 26 feet and because of a
high water table, a special pit design with
minimal depth was needed.

The company that received the bid
would need to overcome seemingly insur-
mountable challenges to build this sys-
tem. “We choose Pangborn because they
brought more to the table than just a
standard machine,” said Mr. Nicholls.
“Pangborn was willing to invest extensive
man hours in their lab to determine the
right wheel and line speeds to achieve the
saturation curves required.” 

And so research and development
began in the Pangborn lab. The test speci-
man, a section from one of Vought's most
complex aluminum spars, had multiple
pockets, thin floors and walls, and
enclosed angles. The Pangborn R&D staff
mounted 20 Almen strips on all the flats,
vertical, horizontal and angled ribs that
needed to have saturation peening. The
specification required that all of those
locations meet saturation within a set
range on an “N” Almen strip. The chal-
lenge was to determine the quantity of
wheels, and most importantly, the wheel
positions that would satisfy the saturation
requirements. Improper wheel setup
would cause some locations to fall within
specs while others would be outside of
the spec. Wheel rpm and flow entered
into the equation and again, all of this
must be achieved in one pass.
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“We worked seven days a week and many times
put in 18 hours a day to find the combination of
parameters that met Vought’s specifications. We
used nearly 3,000 Almen strips during the testing
process,” said Lynn Keller, a member of Pangborn’s
engineering staff. Pangborn engineers determined
the depth of the machine pit and designed an 
elevator system that enabled the machine to 
accommodate large wing components and still 
not exceed the overall height restrictions.

The final system design included Programmable
Logic Controllers (PLC) and a Human Machine
Interface (HMI) that were interfaced with an indus-
trial computer to ensure enhanced recipe capability.
All motion, travel speeds, travel distances, part 
position, wheel RPM and flow were monitored with
closed loop feedback. Additional components of the
system included:

• Twenty-four Rotoblast peening wheels with
variable frequency drives and encoders for closed
loop feedback

• Twenty-four MagnaValves with closed loop
feedback for shot flow control

• Dual shot recovery systems with internal cross-
over valves and controls to balance the system

• Monorail system and product load beam for
material handling with servo drives and encoder
system for closed loop feedback

• Air wash separators and Sweco system for proper
fines and shot distribution control

The overall dimensions of the peening cabinet
are 5 ft. wide x 46.5 ft. long and 21.5 ft. high (1.5 m
x 14.1 m x 6.5 m). The overall dimensions of the
system from the bottom of the machine pit to the
top of the elevator are approximately 41 ft. high x
60 ft. long x 25 ft. wide (12.5 m x 18.2 m x 7.6 m). 
A monorail system extends approximately 120 ft.
(36.5 m) from each end of the machine.

The system was delivered to Vought in 16 truck
loads and reassembled in their facility by Pangborn
personnel. Pangborn’s field service engineer super-
vised the set-up, start-up and operator training.

The Pangborn vertical peening system is now
fully operational and has successfully met the
demands of Vought Aircraft. “We’ve achieved
process improvement with the Pangborn machine.
Before, it was very labor intensive to position the
large parts and run them through the horizontal
machine and then flip them over and run them
through again. We eliminated running multiple passes
and the time savings have been big,” said Mr.
Nicholls. l

Case Study Pangborn Meets Engineering Challenge for Vought AircraftFeature Story A
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Research News Comparing the Effect of Shot Peening to Laser Peening on Welds

Ipresented this paper at ICF12 in July. I chose
to work on this project for two reasons: First,
the research is part of our SAE Fatigue

Design Evaluation (SAEFDE) weld program that
holds wide interest in SAE. Second, this is my
last research project prior to my phased retire-
ment and I wanted to honor Henry O. Fuchs—
my good friend and co-author of our book,
Metal Fatigue in Engineering.

Henry died in 1989 but his contributions
live on in the SAEFDE. He co-led one of most
popular short courses in SAE history. The
course, titled Fatigue Concepts in Design, ran for
30 years and had more than 2,000 participants.
His work in fatigue studies was so important
that SAE gives the H.O. Fuchs award annually
to a deserving student in fatigue research.

Henry’s contribution extended beyond the
academic. He started Metal Improvement
Company in his garage in the 1950s and this
company has grown to be one of the largest
shot peening companies in the world.

I always considered Henry to be “Mr.
Residual Stress,” a title I passed down to him
after John O. Almen passed away. Thus, based
on Henry’s strong influence in shot peening
and residual stresses, I did this research project
to honor my dear colleague and friend. The
ICF12 presentation will most likely be my last
professional presentation on fatigue.

—Professor Ralph I. Stephens

The complete paper is available at the www.shotpeener.com

library (paper number 2009031)

Effect of Shot and Laser Peening on SAE
1010 Steel Tubes with a Transverse
Center Weld Subjected to Constant and
Variable Amplitude Loading

L.D. Vo1, R.I. Stephens1

1The University of Iowa, Iowa City, Iowa, USA

INTRODUCTION
Compressive surface residual stresses from

shot peening have proven to be extremely 
beneficial to fatigue resistance of intermediate
and high strength metals and alloys. Lower
strength materials, including steel weldments,
often are believed to not have this significant
benefit. This is due to lower yield strengths that
restrict the magnitude of induced residual

stresses and the relaxation of residual stresses
during cyclic loading due to local plasticity.
Thus, the application of shot peening, or
emerging laser peening, has not been common
in steel weldments with yield strengths less
than about 400 MPa. The limited research
available in the literature concerning these
lower strength mild steel weldments, however,
has indicated increased constant amplitude
fatigue limits at 2x106 cycles of between 10 to
90%.[1-4] Most of these tests were performed
with an R-ratio (Smin/Smax) equal of 0 or 0.1, and
included longitudinal and transverse fillet
welds, butt welds and bead-on-welds.
Intermediate fatigue lives often showed mixed
results, whereas at shorter life (≤4x104 cycles),
no benefits from shot-peening were obtained.
Laser peening produces deeper penetration of
compressive residual stresses than shot peen-
ing and hence may produce better fatigue
resistance than shot peening for mild steel
weldments. Laser peening has been very 
successful in higher strength materials involv-
ing aluminum, steel and titanium alloys.[5,6]
However, it is significantly more expensive
than shot peening. The goals of this research
were to compare the fatigue resistance of both
shot and laser peened mild steel weldments
under constant and variable amplitude loading
as part of the Society of Automotive Engineers
Fatigue Design and Evaluation (SAEFDE) 
committee’s fatigue of weldments program. 

DISCUSSION OF RESULTS
The literature review indicated shot peen-

ing of mild steel weldments increased the con-
stant amplitude R = 0 or 0.1 fatigue strength at
2x106 cycles by 10 to 90% with little increase at
intermediate or low cycles to failure. However
fatigue behavior under variable amplitude or
other R ratios was not found. Thus, ambiguity
exists as to how beneficial shot peening can be
in low strength steel weldments. This research
confirmed the beneficial effects of both shot
and laser peening on constant amplitude R =
0.1 and 0.5 fatigue strengths at 2x106 cycles,
with little benefit at shorter lives. However,
under three different variable amplitude spectra
little influence on fatigue life was found with
either shot or laser peening. This beneficial or
little effect is usually attributed to whether or
not the desirable residual compressive stresses

A recent research project that compared the effects of shot peening to laser peening on welds is a 
tribute to Henry O. Fuchs

Weld Fatigue Research
Ralph I. Stephens 
is a professor of
Mechanical and
Industrial Engineering
at the University of
Iowa. 

Fatigue and fracture
mechanics are two of
his special fields of
knowledge and he
has done extensive
research on the
fatigue behavior of
cast steel, the 
influence of high
mean tensile stress
on fatigue life, and
the influence of 
residual stress and
mean stress on bolted
and welded fasteners. 

Professor Stephens is a
Registered Professional
Engineer, State of
Iowa, and a member
of the Weld Program
in the Society of
Automotive Engineers
Fatigue Design and
Evaluation Committee.

“Effect of Shot and Laser
Peening on SAE 1010
Steel Tubes with a
Transverse Center Weld
Subjected to Constant
and Variable Amplitude
Loading” is reprinted
with permission by ICF12.

The complete paper (paper
number 2009031) is available
in the online library at
www.shotpeener.com
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are maintained or relaxed during cycling in these low yield
strength weldments. The laser peened and shot peened
weldments had similar near surface residual compressive
stresses, but the laser peened residual stresses remained
compressive to much greater depths. This greater depth
was only beneficial with respect to shot-peening for the 
R = 0.1 tests. The macro and micro hardness values indi-
cated surface and depth hardness was greater for the laser
peened specimens. All test conditions had little scatter
with cracks nucleating at the root of the starting weld area.
Fatigue crack growth regions had the same morphology at
both the macro and micro levels for the three test conditions
as did final fracture regions.

CONCLUSIONS
Both shot and laser peening caused increased fatigue
strengths in these mild steel weldments at 2x106 cycles
with R = 0.1 and 0.5, but had little effect at shorter lives
and with three different variable amplitude tests. The
greater depth of compressive residual stresses and micro
hardness from laser peening was beneficial with respect to
shot peening for only R = 0.1 tests at long life. The current
additional cost for laser peening of mild steel weldments
would not yet be justifiable.  l

ACKNOWLEDGEMENT 
The authors want to thank the following people who contributed to
this SAEFDE sponsored research program: John Bonnen of Ford
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In part two of a two-part series, learn how using a peening machine for blast cleaning and special
applications can give you a competitive advantage over other blast cleaning shops

Switching Over
Cleaning with a Peening Machine

Switching Over: Cleaning with a Peening Machine by Kumar Balan

In my last article, I reviewed the requirements of a
shot peening system: Monitor and control media
velocity (air pressure or wheel speed), classify shot

size and shape (rounds versus non-rounds) and monitor
media flow rate. In addition, some aerospace applications
need real-time information about the process with
alarms and shut-down capabilities when process
parameters stray outside of set limits. As a result, the
peening process can be expected to deliver intensity
within the specified range and the required percentage
of coverage on the part on a consistent and repeatable
basis.

If your shot peening operations have slowed, you
may be able to exploit the sophisticated features of
your shot peening machine and market superior blast
cleaning services and special applications.

Smart Cleaning
A peening machine, in all likelihood, is equipped with
the process control components identified earlier. Why
not utilize the machine capabilities to run a “smarter”
cleaning operation? 

Blast cleaning is defined by momentum of the
abrasive, which is mass times velocity. Your peening
machine is capable of altering the media velocity since 
different peening intensities require different velocities.

In a wheel-type blast machine, this is determined
by wheel speed and in an air-type machine it’s the air
pressure. Cleaning a particular part may not always
require the maximum velocity that the wheel or the
nozzle is capable of delivering. Reduced wheel speeds
and air pressure may provide you with equally clean
results. More importantly, the resulting reduced
momentum means less wear on the machine compo-
nents and a reduced media breakdown rate. Therefore,
smart cleaning lowers operating costs.

Another smart cleaning initiative that can be
adopted when using your peening machine for clean-

ing is to check for process consistency. Shot peening
operators run Almen strips at definite intervals, or
when changing from one part type to another, as a
control test to determine the intensity of the blast
spray. A similar process can be followed at regular
intervals when cleaning parts, maybe at the start of a
shift, to determine whether the machine is performing
as it was when the previous batch of parts was cleaned.
This not only tests the health of your machine, but also
gives you documented proof of your operation. The
information provides a credible explanation for your 
customers regarding the effect of different material,
scale or contaminants on blast cleaning quality.

A case study conducted with Almen strips by our
company for an airblast cleaning application revealed
some interesting results when the stand-off distance
(distance from part to nozzle) was changed at 
different pressures. These results helped determine 
the optimal distance given the constraints of surface
roughness. This also led to the use of fewer nozzles
and reduced compressed air, given that nozzle blast 
patterns flare out with increased stand-off distances.
It is important to note that such tests, as in this case,
can also be carried out using non-ferrous media such
as aluminum oxide. See results in the table below.

When your customer’s requirement calls for 
“contaminant-free” blasting of their critical components,
it is advisable to complement a traditional rotary
screen and an airwash separator with a media screener
such as a vibratory classifier. Larger size contaminants
such as nuts and bolts can get into the media stream
when not separated from the media in the rotary
screen. At a second stage, these will be separated in
the vibratory classifier and not clog the pressure pot
outlets in an airblast machine or damage wheel parts
in a wheelblast machine. These steps will prevent 
damage to the critical component being cleaned.

Kumar Balan is a
Product Engineer with
Norican Group

Stand-Off Distance Arc Height Ra Micro Inches Arc Height Ra Micro Inches Arc Height Ra Micro Inches

3" 0.011 85 0.0146 122.7 0.0153 135.5

5" 0.0088 57.2 0.01205 109.1 0.0127 112.4

7" 0.00755 57 0.01165 105.3 0.0111 88

9" 0.0064 56.1 0.0116 102 0.0107 84.5

11" 0.0064 54.1 0.0109 99.3 0.01065 85

220 AIOx at 20 PSI
with N Strip

220 AIOx at 30 PSI
with N Strip

220 AIOx at 40 PSI
with N Strip
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Once again, a properly designed peening machine is the answer to
your smart cleaning application.

Special Applications
Though not driven by specifications as in shot peening, applications
other than peening involve an equal amount of process considera-
tions. For example, etching requires a consistent surface finish. Your
peening machine is already equipped with components designed to
address process consistency. Etching applications are common in the
automotive sector for pressure plates, brake liners and any surface
that relies on surface roughness to enhance bonding properties.
Aircraft engine components are etched prior to the application of
thermal coatings to ensure coating efficiency.

Parts that require critical coating applications are good 
candidates for a converted shot peening machine because an
anchor pattern is controlled by consistent media size and velocity.
Any change in anchor pattern has a detrimental effect on the coat-
ing—deeper patterns will result in greater paint consumption and
longer drying times. Shallow anchor patterns will cause thinner
paint coats and increase the probability of premature rust-induced
failure.

Limitations of Conversion
A partial list of limitations is as follows:

1. Computer-controlled airblast machines that are specifically
designed for peening bores, slots, etc., may not render themselves
easily for conversion to general cleaning machines.

2. A machine that will be used for occasional peening that requires
a different size of media will run the risk of the contamination of
media stream with different sizes. The contamination will lead to
inconsistent and non-repeatable peening results. This is especially
true for customized shot peening machines that are used for
demanding applications, like aerospace components. Despite
thorough cleaning, the shot peening operator runs the risk of
contaminating the peening process when switching over from the
cleaning run to peening parts again. However, if the machine isn’t
needed for shot peening, using it for cleaning projects is a real
opportunity.

3. A peening machine that was operated with non-ferrous media
can’t be used for cleaning with large-sized ferrous media. The
media reclaim system in most peening machines operating with
non-ferrous media tend to be vacuum style. Such a reclaim
system will not be able to reclaim the larger mass of ferrous
media. A reclaim system that worked efficiently with a peening
machine using glass bead can’t be expected to work with S 280
cleaning media.

Summary
You may have the opportunity to keep an idle shot peening machine
working. If you have the right conditions to convert the machine to
blast cleaning, take advantage of its sophistication. Not only will
you run an economical blast cleaning operation, but you can differ-
entiate your blast cleaning and special application offerings by 
providing superior quality and process control. l

Switching Over: Cleaning with a Peening Machine by Kumar Balanture Story A

The Original CLELAND
SHOT CLEANING SPIRAL SEPARATOR

Spiral
Separators

“Cleland Spirals Work Around the World”

Phone/Fax: (763)571-4606

Cleland Manufacturing Company
2125 Argonne Drive

Minneapolis, Minnesota 55421 USA

The Cleland Spiral Separator 
is the most successful method 
of separating round product
from cracked, broken, or non-
round materials. The Cleland
Spiral Separator is available
with a self-cleaning hopper to
ensure total emptying of the 
top hopper bin.
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Multiple wraps are 
a thing of the past.
Intertape Polymer Group™ introduces 
Anchor® BT-100 Shot Peening Tape.
Clean, residue-free, easy one-piece 
removal. Improve productivity with 
BT-100... one wrap, every time, gets 
the job done.

Intertape offers a comprehensive range 
of tape including blast tapes, duct tapes 
and masking products designed to 
meet today’s high quality shot peening 
standards. Whether it’s high-speed 
cleaning or precision peening, Intertape 
provides a solution to meet your needs.

For samples contact cstoner@itape.com 
or 901-486-3323.

Toll Free: 800-IPG-8273 / 800-474-8273
www.intertapepolymer.com  |  E-mail: info@itape.com

Masking productsDuct & cloth tapes Die-cut shapes
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1-800-832-5653 or 1-574-256-5001 
info@electronics-inc.com  www.electronics-inc.com  56790 Magnetic Drive, Mishawaka, Indiana 46545 USA 

SM Service Mark of Electronics Inc.

Electronics Inc. Certified Almen Strips

• Proven in the field • Consistent quality
• Repeatable performance • Trusted worldwide

Electronics Inc. manufactures and maintains the world’s largest inventory of Almen strips for worldwide
distribution. EI can provide strips to any specification, from standard MIL specifications to rigid aerospace
specifications. Almen A, N or C strips in GradesSM 3, 2, 1 and I-S are ready-to-use and are pre-qualified.
Due to EI's heat treatment process, additional benefits of the strips include improved control of hard-
ness and flatness as well as eliminating the potential for decarburization.

The Almen Strip Experts Since 1987



Engineered Abrasives
Manufacturers of the Finest Blast Finishing and Shot Peening Systems

ISO/TS16949
ISO 14001
FORD Q1
Certified

Job Services

All Fixtures A-2 Tool
Steel (62-64 RC)

Engineered Abrasives index
units are the most durable
machines on the market today
with all our special features

48’’ Single Cell Shot Peen System

6 Suction Nozzles 1 Pressure Nozzle

All Nozzles MagnaValve Controlled

Sweco, Oscillating Nozzles and 
Rotary Lance

9 Axis CNC 
Shot Peen System

5 Axis on Gear

2 Axis on 
Rotating Lance

2 Axis on Turntables

Patented 72’’ Index Unit with Shot Flow Controls, Sweco, Bucket Elevator, 8 Nozzles and 16 Spindles
Designed for High-Volume Shot Peening
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Blast Finishing and 
Shot Peening Machines

Engineered Abrasives manufactures 
custom and turnkey equipment for high-
volume applications. Our machines are
used around the world in the most
demanding shot peening and blast finish-
ing operations. We specialize in patented
rotary index machines for the automotive
and aerospace industries. Our index
machines aren't just rugged—they are
smart, too. Every action is controlled and
monitored and our closed-loop systems
ensure foolproof and safe operation. No
media or energy is wasted at any point in
the operation.

We also manufacture industrial blast 
conveyor systems, abrasive blast table
machines, CNC abrasive blast machines,
dust collectors, air deburring machines,
pressure vessel systems and sand blasting
equipment.

We design and fabricate all equipment 
at our plants in Illinois and ship around
the world. We are experts at transporting
and installing machines in our customers'
facilities and our training and support
ensures a fast start-up on the new 
equipment.

Machine Rebuilds
We take the manufacturing know-how
that makes our new equipment a great
value and apply the same principles 
to our rebuild work. Rebuilds are an 
economical alternative to new equipment
and an updated machine will increase
efficiency and reduce media, maintenance
and energy expenses.

Job Shop Services

Engineered Abrasives provides shot peening
and blast finishing services on the most
state-of-the-art equipment on the market
today—our own. We will analyze your part
and provide competitive pricing with quick
turnaround. After we complete the metal
treatment process, we use high pressure
spray washes and ultrasonic wash/rinse and
dry systems to clean your parts and assure
that they arrive at your facility ready to use.

Engineered Abrasives is an ISO/TS16949,
ISO 14001 and Ford Q1 certified job shop.
We meet SAE and international standards
and our patented machines and processes
can handle a wide range of parts.

In-House Shot Peening
Support

Bringing shot peening or blast cleaning
in house can be a big project. However,
ordering your equipment from Engineered
Abrasives guarantees a partnership that
will make your company a successful
metal finishing facility. First, we will care-
fully analyze your needs and goals. Your
Engineered Abrasives equipment will be
the ideal solution, now and in the future.
While we build your shot peening or
blast finishing machine, we can process
your parts in our job shop so you don't
lose production time. Upon delivery of
your equipment, we will train your team
on your new machine. And, if you have a
high-volume run, count on us to help
you meet your deadlines at our job shop.
We are able to duplicate your production
capabilities and this tandem approach
assures high-quality and consistent 
production runs.

Our unique tandem approach ensures the
success of your in-house shot peening or
blast finishing operation.

Engineered Abrasives
Call or email us today for more information.

(708)389-9700 or (773)468-0440
Send email to Mike Wern at mwern@engineeredabrasives.com

Engineered Abrasives  11631 S. Austin Avenue  Alsip, Illinois 60803 USA
www.engineeredabrasives.com

ISO/TS16949  n ISO 14001  n Ford Q1 Certified Job Services
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SPORT (Shot Peening
Operative Resource
Team) is a Nordic 
association for advanc-
ing shot peening tech-
nology. SPORT creates a
forum for the exchange
of ideas and experiences
related to problems,
inventions, and 
nomenclature in the field of shot peening. Two criteria must be
met to be a member of SPORT: Members must be experienced
and have an in-depth knowledge in the field of shot peening and
they must be working in a Nordic country (Denmark, Finland,
Iceland, Norway and Sweden). The restriction to Nordic countries
keeps the travel and meeting costs at a reasonable level for all
members.

The mission of the group is to:
• influence customers' designs and specifications,
• address development concerns within the field,
• present a unified approach to suppliers,
• and coordinate development and testing in order to reduce

costs.

The areas of interest are:
• Media • Almen gages, strips and holders
• Almen strip simulation • Residual stress measurement
• Education • Certification
• Specifications • Future development
• Machines • Different shot peening methods 

SPORT holds two meetings a year with guest speakers from
suppliers, universities and institutes. Topics range from media to
residual stresses to the sharing of test results. Recent tests that
were shared with the group were the effect of dual shot peening
from Therese Brolund at Scania and a stress-relieving procedure
by Anna Medvedeva with Uddeholm Tooling AB. Swerea IVF, a
research institute based in Sweden, has recently joined SPORT
and will offer the ability for the group to coordinate and conduct
common tests. The promotion of commercial interests is not
allowed within the organization.

Current members come from a wide range of backgrounds
such as a shot peening machine operator, a research and devel-
opment staff member and a PhD student. Membership is limited
to 16 people and the roster includes 14 members at this time.
Please contact Dan Hoglund at Sandvik AB if you are working in
shot peening with a company or university in a Nordic company
and are interested in joining (dan.hoglund@sandvik.com). For
the rest of us, SPORT is a good example of how to pool resources
and knowledge for the advancement of shot peening. l

ure Story A Case of Shot Peening Fraud

SPORT has a 
Mission

Get up to 
speed on 

flapper peening
with flapper peening training from the experts

Flapper peening is one of the fastest-growing shot 
peening methods—it’s effective, economical and fast.

Electronics Inc. Education Division offers one-day on-site
training programs for companies and military bases that

want to expand their flapper peening skills.

Our flapper peening training will:
• Help you achieve a controllable process
• Increase your operators’ skill 
• Demonstrate how to achieve compliance to

specifications and standard practices
• Expand your use of this productive process

Our training program is beneficial to operators, 
supervisors, inspectors and application engineers.

Mechanics that are qualified under FAA rules to perform
inspections may receive credit for taking this class.

Ask us for more information.

1-800-832-5653 (U.S. and Canada) or 1-574-256-5001
or visit www.electronics-inc.com

Get flapper peening training from the company that
knows how to do it right. Jack Champaigne, President 
of Electronics Inc., is the Chairman of the Shot Peening
Sub-Committee of the Aerospace Metals Engineering
Committee of the Aerospace Materials Division of SAE.
His committee will be responsible for writing the new
flapper peening specification. EI provides flapper peening
training to aerospace companies and military bases
worldwide.

Flapper peening is ideal for repairing small and hard-to-reach areas. 
Flapper peening can be done in the field, making the time-consuming and 

expensive disassembly and transportation of components unnecessary.



1-800-832-5653 or 1-574-256-5001 
info@electronics-inc.com  www.electronics-inc.com  56790 Magnetic Drive, Mishawaka, Indiana 46545  

• Complies with AMS-S-13165 and other
industry-approved specifications that
require use of precision steel balls for
support

• Patented magnetic grip and end stops
(U.S. Patent No. 5,297,418)

• An easy-to-read display 

• .0001'' (.001 mm) resolution 

• SPC data port

• Convenient battery replacement

• Calibration blocks available individually
or as a kit  (U.S. Patent No. 5,780,714)

• Ergonomic design

• One-year warranty and continued
product support 

The World’s Finest 
Almen Gage meets:

SAE J442

AMS-S-13165

AMS 2430

AMS 2432

The World’s Finest Almen Gage

The Industry-Standard Tool for Measuring Intensity
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Strip Factors Influencing
Almen Arc Height

Academic Study by Dr. David Kirk

INTRODUCTION
Almen arc height is the deflection of the center
of an Almen strip. This deflection, when caused
by bombarding one face of the strip with high
velocity shot particles, is used as a measure of
the ‘intensity’ of the shot stream. Arc height,
being such an important factor, is covered by
several specifications, e.g., SAE J442 and J443. 

Shot-peened Almen strips, on release from
their fixture, adopt a curved shape, see fig.1.
Arc height increases with the degree of curva-
ture, 1/R. Shot peening produces a compres-
sively-stressed layer of depth, d. The stress in
this layer, acting over the strip's cross-section,
generates a force, F. This, in turn, imposes a
bending moment, M, on the strip. The strip's
resistance to the applied bending moment
depends on its elastic modulus, width and
thickness, t.

Fig.1. Curving of Almen strips 
induced by shot peening.

The strip factors that influence Almen arc
height fall into two groups:

STRIP BENDING RESISTANCE, E*I,
where E is elastic modulus and I is the ‘rigidity
factor’ (technically known as the “second
moment of area” of the strip) and 

INDUCED BENDING MOMENT, M.

The greater the strip’s bending resistance,
the lower will be the observed arc height. The
greater the induced bending moment the
greater will be the observed arc height. 

This article is an analysis of the several
strip factors that affect bending resistance and
induced bending moment. The reliability and

consistency of Almen strips requires that all of
the factors are controlled.

STRIP BENDING MODEL
Basic beam bending theory gives us a simple
relationship between the bending moment
applied to a beam and its consequent curva-
ture, 1/R :

1/R = M/(E*I) (1)
where R is radius of bending, E is elastic mod-
ulus, I is the ‘second moment of area’ and M is
applied bending moment.

Equation (1) indicates that curvature (and
therefore arc height) increases with increased
bending moment but is decreased by increases
in either elastic modulus or ‘second moment of
area’. Bending moment and elastic modulus
are familiar parameters. ‘Second moment of
area’ is less familiar. It is simply a quantitative
measure of the rigidity of a beam. Fortunately
Almen strips, because of their rectangular shape,
have a simple relationship between ‘second
moment of area’, I, and their dimensions:

I = w*t3/12 (2)
where w is strip width and t is the strip thickness.

The significance of equation (2) can be
appreciated by trying to bend a measuring rule.
In one direction the rule bends easily. Turn the
rule through 90˚ and it is virtually impossible to
achieve visible bending.

If we substitute the value of I given by
equation (2) into equation (1) we get:

1/R = 12M/(E*w*t3) (3)
Curvature is not arc height, so that a rela-

tionship between them is needed. Use of the
‘intersecting chord theorem’ gives that:

h = s2/(2R) (4)
where h is arc height and s is the distance
between the support balls of the Almen gage.

Substituting for R from equation (4) into
equation (3) gives:

h = 6s2*M/(E*w*t3) (5)
Equation (5) is a ‘definitive equation’ that

indicates the inter-relationship of all of the 
significant strip factors. s is a parameter set by
the Almen gage, M is a function of both shot
bombardment and strip deformation, E is a
strip function that curiously has attracted little

Dr. David Kirk is a
regular contributor
to The Shot Peener.
Since his retirement,
Dr. Kirk has been an
Honorary Research
Fellow at Coventry
University, U.K. and 
is now Visiting
Professor in
Materials, Faculty of
Engineering and
Computing at
Coventry University.
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attention, w the strip width is far less significant than is t
the strip thickness.

ALMEN STRIP BENDING RESISTANCE
The bending resistance of an Almen strip is directly
proportional to E*I, see equation (1). Both E and I are
properties that should remain virtually constant from strip
to strip – for a given grade of thickness N, A or C. In spite
of its fundamental importance the factor E*I is rarely 
monitored directly.

A simple modification to a digital Almen gage allows
it to be used to evaluate E*I. One such modification is
illustrated in fig.2 where 5·5mm diameter steel rods are
used to support a strip carrying a load, P. The rods prevent
contact of the loaded strip with the normal support balls –
obviating excessive wear. Deflections of up to 0.700mm
can be monitored - before bent strip touches support balls.
Rod separation is maximized to 71mm, using spacers at F,
in order to give greatest deflection sensitivity. The appro-
priate ‘bending of beams’ formula is that:

(6)

Fig.2. Modification of Almen gage for 
bending resistance measurements.

Substituting assumed values for s, E and I into 
equation (6) indicates that a load, P, in the range of 1–10N
(about 0.1 – 1kg) should be sufficient to give a reasonable
amount of N-strip deflection. The load, P, in fig.2 can be
applied by various means. This modification employed 
vertical steel bars, of different masses, with chisel ends
guided to the central loading line. A particular make of
Almen gage needs to be ‘propped up’ to ensure that the
strip is fairly horizontal in both directions. 

Equation (6) indicates that there should be a direct
correlation between deflection, h, and applied load, P. The
modified Almen gage was validated by applying a series of
loads to an A strip. Fig.3 shows the excellent linearity
between deflection and applied load. 

A number of tests can be carried out using the modi-
fied Almen gage. The most important commercial test is
that for consistency of strip bending resistance. Academic
tests include the comparison of bending resistance for the
different thicknesses of N, A and C strips and evaluation of
the elastic modulus.

Consistency Testing
As an example, a consistency test was carried out on a box
of 50 Almen N strips. The same 758g load (7.44N) was
applied centrally to each strip. Deflections were recorded
using a TSP-3 Almen gage modified as illustrated in fig.2.
The collected data is presented in bar chart format as fig.4. 

Fig.4 Bar chart showing frequency of deflections 
for 50 Almen N strips.

For fixed values of P and s equation (6) shows that
there is a direct connection between deflection, h, and
bending resistance, EI. The greater the variability of h the
greater is the variability of EI.

In this test the standard deviation for the 50 deflection
values was 0.0052mm, about a mean of 0.3633mm and the
range was 0.355 to 0.376mm. 

Effect of Almen Strip Thickness on Bending Resistance
The effect of strip thickness can easily be verified IF (it is a
big "IF") E, P and w are constant. Under those restrictions
equation (5) shows that the ratio of deflections h1/h2 for
Almen strips of thicknesses t1 and t2 will be given by:

h1/h2 = (t2/t1)3 (7)
For a fixed load of 758g the observed deflections for

single N and A strips were found to be 0.360 and 0.079mm
respectively. Measured thicknesses for the strips were
0.784 and 1.293mm respectively (based on the average of
10 differently located measurements per strip). h1/h2 is
therefore 4.56 and (t2/t1)3 is 4.49. The difference is 1.5%
which is greater than the level of experimental error.
Measurements showed that the two strips had precisely
the same width. Exactly the same load had been used, so
that the only remaining variability was of elastic modulus, E.

Effect of Elastic Modulus on Bending Resistance
Bending resistance is directly proportional to the elastic
modulus of the strip material. Almen strips are manufac-
tured from rolled SAE 1070 steel strip. The specified elastic
modulus is 201GPa which is 4.5% lower than the average
published value for ferritic steels of 210MPa. SAE 1070 can

Academic Study by Dr. David Kirk

Fig.3 Linear relationship between load and 
displacement for Almen A strip.

h =
P*s3

48E*I



Fall 2009 The Shot Peener 29

Automated
Peen Forming

Solutions

KSA Kugelstrahlzentrum Aachen GmbH  ·  Weststraße 22-24  ·  52074 Aachen  ·  Germany

www.ksa.de.com



30 The Shot Peener Fall 2009

be supplied either as cold-rolled or hot-rolled wide or 
narrow strip. Published test values for SAE 1070 range
from 190 to 219.4GPa.

It is not generally appreciated that the elastic modulus
of rolled steels is a vector quantity, i.e., it has both magni-
tude and direction. Rolled steels are anisotropic - because
of the grain preferred orientation that is induced. This
anisotropy increases with the amount of rolling and is
greater for wide strip than narrow strip. The frequency of
intermediate annealing affects the amount of preferred ori-
entation. Hot rolling with multiple passes produces a rela-
tively-negligible amount of preferred orientation. N and A
Almen strips are commonly manufactured by slitting and
guillotining wide cold-rolled strip prior to heat treatment.
Some C strips are manufactured from hot-rolled strip. 

Anisotropy of elastic modulus will directly affect bend-
ing resistance. A limited test was therefore carried out to
determine the elastic modulus of single, randomly-select-
ed, N, A and C strip specimens. The slope of a best-fitting
h/p straight line through the origin was used together with
equation (6) and careful measurements of strip widths and
thicknesses. Corresponding plots of deflection against load
are given in figs.3, 5 and 6. Calculated values for the strips
were:

N strip: E = 199.9GPa; A strip: E = 204.5GPa 
and C strip: E = 194.8GPa.

The three calculated values indicate that the elastic
modulus, and therefore bending resistance, can vary
significantly.

Fig.6 Displacement of C strip versus applied load.

INDUCED BENDING MOMENT
Shot peening of Almen strips produces a compressively
stressed surface layer. The stress in this layer multiplied by
the area over which it acts generates a force, F. This force,
in turn, induces a bending moment, M. The resulting
Almen arc height, h, is directly proportional to the magni-
tude of the bending moment, see equation (5). 

Model of Bending Moment Generation 
A simplified model of bending moment generation is shown
in fig.7. The bending moment is assumed to be generated
by a force, F, acting halfway down a compressed surface
layer of depth, d. This bending moment is then F(t – d)/2.
The force, F, is assumed to be the average stress in the
compressed layer, σσ, multiplied by the area over which it
acts (strip width, w, times depth, d). F = σσ*w*d so that the
bending moment, M, induced by peening is given by:

M = σσ*w*d*(t – d)/2 (8)
The width, w, of Almen strips is virtually constant so

that for a given thickness, t, of Almen strip there are only
two variables in equation (8). Fig.8 shows predicted varia-
tions of bending moment with layer depth and stress level
for an Almen A strip (width 18.95mm and thickness 1.295mm).
The bending moment reaches a maximum when the com-
pressed layer depth is half of the strip thickness. Thereafter
the bending moment falls until it reaches zero of the com-
pressed layer occupies the whole of the strip section. It will
be shown later that specified restrictions on peening inten-
sity mean that, in practice, the compressed layer would
have a maximum thickness of less than 0.2mm. The bend-
ing moment is directly proportional to the average level of
compressive stress, σσ.

Fig.7 Schematic representation of bending 
moment generation in an Almen strip.

Fig.8 Effects of depth and stress in compressed 
layer on bending moment.

Academic Study by Dr. David Kirk

Fig.5 Displacement of N strip versus applied load.
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Effect of Strip Material Properties on Induced
Bending Moment
The major property that might be expected to affect the
induced bending moment is hardness. On the one hand a
large hardness will lead to smaller indentations and there-
fore a smaller depth of compressed layer, d. On the other
hand a larger hardness would be expected to result in a
higher average level of compressive stress, σσ, in the 
compressed layer. We therefore have opposing outcomes. 

There is strong experimental evidence that the average
compressive stress, σσ, in a shot peened metal increases
with increased hardness of the metal. The precise nature
of this relationship has not yet been established for as-
clamped peened Almen strips. A complication is present
because Almen strips have a metastable tempered marten-
site structure. The greater the hardness the greater is the
scope for ‘peen tempering’ (tempering induced by plastic
deformation). 

The diameter of shot peening indentations varies
inversely with the fourth root of (Brinell) hardness. Depth
of compressed layer varies directly with diameter of inden-
tations. Hence it can be assumed that the thickness, d,
varies inversely with the fourth root of strip hardness. 

An empirical approach can be taken to combine the
two opposing factors introduced by a strip hardness
change. This approach has been used to produce fig.9. The
data points are those presented by Champaigne and Bailey
at ICSP9 – converted to percentage changes. The equation
of a best-fitting straight line for those points has been
added to the ‘fourth root of hardness’ equation to give the
line “Increase due to increased layer stress”. J442 specifies
an allowed hardness range of 44 to 50 HRc. The predicted
net change within that range would be 6.3%.

Fig.9 Combination of opposing hardness factors 
affecting arc height.

COMBINED EFFECTS OF BENDING RESISTANCE
AND BENDING MOMENT ON ARC HEIGHT
The arc height, h, for a peened strip can be predicted (in
mm units) by using equation (9):

h = 631*M/(E*I) (9)
The bending moment, M, induced by peening is affected

by the hardness, width and thickness of a strip - whereas
the resistance to the bending moment, E*I, is affected by the
strip’s width and thickness as well as by its elastic modulus. 

Equation (9) can be modified using the equations
derived for M and I to give:

h = 3786*σσ*d(t – d)/(E*t3) (10)

Equation (10) shows that the critical factors governing
arc height are hardness (affecting σσ and d), elastic modu-
lus and strip thickness. The equation can be used to
predict the effects of any of the several factors involved.
Assuming, for example, that σσ = 800MPa and E =
201GPa, equation (10) yields the curves shown in fig.10
for N, A and C strips (using average thicknesses). The
curves reveal, for example, the virtual linearity of arc
height versus layer thickness within the limits prescribed
by J443.

Fig.10 Predicted effects of strip and layer thicknesses on
resulting Almen arc height.

DISCUSSION
A prime consideration for Almen strip manufacturers is

that their strips' reaction to peening should be as consis-
tent as is economically possible. Peening induces a bend-
ing moment whose magnitude depends on the hardness
and thickness of a strip. The strip's resistance to this
induced bending moment depends upon its elastic modu-
lus, width and thickness. Measured arc heights, for a given
amount of peening depend on five factors: hardness, thick-
ness, elastic modulus length and width of a strip. The criti-
cal factors governing arc height are hardness, elastic mod-
ulus and thickness. Width and length control are needed in
order that the curved strips can be accurately located on a
gage relative to the support balls. 

Specifications prescribe the allowed ranges of hard-
ness, thickness, length and width for N, A and C strips.
Surprisingly there seems to be no restriction on elastic
modulus. The modification of a standard Almen gage
described in this article allows elastic modulus to be meas-
ured with reasonable accuracy.

The analysis predicts that an increase of hardness will
result in an increase in arc height – for a given peening
treatment. This effect arises because the increased com-
pressive stress level is more significant than the slightly
reduced layer thickness. There is, however, a strong case
for further experimental work to be carried out on the
effect of Almen strip hardness on arc height.

A simplified bending of beams approach has been
used for this article. A more rigorous approach would have
involved complex mathematical procedures. It is believed,
however, that this simplified approach is adequate for 
the intended purpose. Those strip variables that have a 
significant effect on arc height have been identified 
and highlighted. l

Academic Study by Dr. David KirkFeature Story A Case of Shot
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Back to Basics:
Cabinet Selection

Herb’s Solutions by Herb Tobben

Especially these days, companies carefully
evaluate each and every capital expenditure,
hopefully considering value and the long

lifecycle of this important industrial product.
Many of our cabinets, sold more than 30 years
ago, are still going strong and we attribute that
longevity to good decision-making on the front
end and, of course, to good, consistent mainte-
nance practices. But good maintenance is a
topic for another day. Blasting fits into a variety
of industrial processes, and its role varies from
customer to customer and application to
application. Some customers blast a few hours
a week; others three full shifts per day. Either
way, making the right decision is important. It
may not be obvious that buying a blast cabinet
can involve a complex decision-making process.

What are the basic decisions in selecting a
cabinet? They involve the anticipated use of the
cabinet, the parts to be blasted, the size of the
parts, the weight of the parts, how frequently
the cabinet will be used, the media to be used,
etc. You might think that the first consideration
is the size of the part and the cabinet to suit it,
but that’s not really the case. The primary 
consideration involves the application. It is the
application that impacts the size and character-
istics of the enclosure in several ways.

The Application
Suction blasting is best for light-duty cleaning,
deburring, or deflashing on thin or delicate
substrates and for smaller parts that will likely
be manually manipulated. Suction blasting
involves lower air/media delivery velocity,
which makes it suitable for light-duty blast
applications with glass beads, aluminum oxide,
and other media in finer to medium mesh
sizes.

Pressure blasting is best for larger parts or
for removing durable, tightly-adhering coatings
or heavy corrosion. Pressure is also needed for
blasting small, deep holes, often with a probe
or side-angle deflection tip. Surface preparation
applications, which call for deeper surface pro-
files for coating, bonding, or plating call for
pressure blasting. Pressure blasting is best for
these types of applications where the velocity
of suction blasting is insufficient.

Enclosure Size
Blast cabinets enclose the blasting environ-
ment to provide efficient blasting while main-
taining a clean surrounding work area.
Production rates are influenced by the size of
the nozzle or air jet, compressor output, type
and size of blast media, as well as angle and
distance of the nozzle from the blast surface.
Rules of thumb exist to guide enclosure sizing
based upon allocation of free space around the
part. That distance surrounding the part allows
the operator to have full view of the part and
be able to manipulate it as needed to blast and
blow off all necessary surfaces. The size of the
enclosure depends upon which mode of blast-
ing is chosen: suction or pressure.

How Suction and Pressure Impact
Enclosure Size
Once the application considerations are noted,
the enclosure size can be determined. 

In suction systems, a smaller enclosure
compared with the part size can be chosen
because the suction blast gun is held relatively
close to the part, usually 4 to 6 inches, due to
the low air/media velocity. With that distance
in mind, we normally suggest that it is most
efficient to have a clearance around the part of
about 16 inches. With small parts, suction
blasting is more forgiving when occasionally
blasting the gloved hand, though even suction
blasting will wear holes in the gloves over
time.

In pressure systems, the nozzle to surface
stand off distance must be greater, approxi-
mately 12 to 14 inches, to take advantage of
the larger blast pattern and increased power
generated by greater media velocity. Pressure
blast systems use larger hoses and deliver
more media, providing 300% to 400% higher
production rates compared with suction blast-
ing. We generally recommend a distance of 
30 inches around the part when choosing 
pressure-blast systems.

Other Considerations - Utilities
Suction systems operate using the induction
principle, the creation of a vacuum from the
movement of compressed air through an air jet
and nozzle that draws media through a hose
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Photo credit: Arizona Shot Peening Workshop. Mark Skalny, Photographer.

2009
U.S. Shot Peening 
& Blast Cleaning 
Workshop and Trade Show

Albuquerque, New Mexico
October 27-29
Certification Exams offered on October 30

A sampling of survey comments from our workshops:

“The workshop was a wonderful experience for myself
to spend time with people who are both passionate and
extremely knowledgeable with regards to this field.”

“This was a great workshop for a rookie like me. I am a
Maintenance Super and learning more about the process
makes me a better troubleshooter.”

“I learned more in 2 1⁄2 days at this Workshop than in
25 years of what I thought was right!”

“This was my first. I learned a lot and will definitely try
another Workshop and recommend to others!”

“Very nice workshop. I will recommend it to my
colleagues!”

“Great job—I appreciated the classes, the tours and the
food.”

“The most beneficial classes were ‘Coverage’, ‘Intensity’
and ‘Putting it all Together”.

“Very positive experience. I would definitely like to
return.”
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Herb’s Solutions by Herb Tobbeneature Story A Case of Shot

from a non-pressurized container. These systems are char-
acterized by two hoses connecting to a blast gun, one hose
delivers compressed air to the gun; the other transports
media from the receptacle. In the gun, the air and media
mix and together they exit the nozzle. In suction systems,
blast media travels at lower velocity, estimated at 136 mph
at 80psi. Along with lower velocity when compared with
pressure-blast systems, suction systems consume less
compressed air. For example, at 80 psi with a 3/8” nozzle
and 3/16” air jet, a suction system consumes 48 cubic feet
per minute of compressed air. 

Pressure systems utilize a pressure vessel to contain
the blast media. When the operator steps on the foot pedal,
compressed air enters the blast machine and blasting
begins. Theses systems are characterized by a single blast
hose with a pressure-blast nozzle as the air and media
delivery system. Pressure blasting velocity is averages 450
to 500 mph at 80psi, three to four times that of suction
blasting. With the increased velocity and production, the
volume of air increases. At 80 psi and a 3/8” nozzle, 
pressure systems consume 161 cubic feet of compressed
air per minute.

Pressure blasting is used for tough cleaning jobs and
paint stripping of tightly adhered coatings. Typically, pres-
sure blasting performs four times the work of suction
blasting in the same amount of time. But as illustrated in
the air consumption examples, pressure systems require a
larger compressor, consume more air, more media and
consequently require more maintenance.

Shot Peening to a Specification
The considerations for choosing suction or pressure 
systems in shot peening applications are entirely different.
Shot peening in certain industries, such as aviation, auto-
motive, power generation, and others often involves strict
adherence to written specifications to achieve exact, 
consistent, repeatable results. The size of the shot governs
which type of system can get the job done. When using up
to 230 mesh shot, suction systems will generally be accept-
able. When using larger shot sizes, pressure systems will
provide more consistent results. Pressure systems are
required in shot peening applications involving small holes
or restricted areas.

Try Before You Buy
We offer in-house sample processing as do our better 
distributors. Sample processing is the ideal way to deter-
mine which system will be right for your application. Your
local distributor can guide you through the decision-making
process, taking your application and any budget or location
constraints you may have into consideration. 

Think Long Term
It’s always best to try to anticipate your future; and while
that’s not always easy or even possible, it is one very
important consideration for any investment you make.
Rather than live with a hastily-chosen product, take the
time to work through the proper decision-making steps.
That will pay off for you and your company for a long time
to come. l

© 2009 Clemco Industries Corp.
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Industry News
Pirate Brand® Introduces the APVII Premium Metering
Valve

Indianapolis, Indiana, USA. The Pirate Brand APVII Metering Valve
is an Automatic Plunger Valve for use with your abrasive blasting
equipment. It has been designed with 22% fewer parts, and several
features that make it better performing, easier to use, and longer
lasting than similar models.

The APVII features a solid-machined tungsten carbide plunger
and sleeve for longer wear rates. The lower plunger seal design has
been improved over previous models for better sealing and longer
life. It features our quadruple urethane upper plunger seal arrange-
ment which solves the air and abrasive carry-over problem as well
as the plunger and sleeve jamming problem normally associated
with regulated low pressure blasting applications and/or the use of
steel abrasives. The APVII features a 1” NPT clean out port and a
hexagon cast into the cap for easy maintenance. The addition of an
anti-vibration disc solves the loose knob adjustment problem and
includes adjustment indicators for quick and precise adjustments.
The breathing hole has also been relocated and a filter has been
added to prevent foreign materials from entering the internal cham-
ber. The finish on the APVII is a super tough, powder-coated black
outer shell.

For more information on this product ask your distributor or
contact the Forecast Sales / Pirate Brand sales team at sales@fore-
castsalesinc.com. Pirate Brand Parts and Equipment are sold in
North America through distribution only and Direct outside of North
America. To access our distributor locator, or to see information on
becoming a Pirate Brand distributor, visit our website at www.fore-
castsalesinc.com.

DISA and Wheelabrator Announce New Name
Herlev, Denmark. The German regulatory agency has officially noti-
fied DISA/Wheelabrator Group that it has met all requirements for a
legal merger. The merged organisation, becomes the world's leading
provider of technology and services to improve metallic parts.

“This is a great day for the company,” said Robert E. Joyce Jr.
president and chief executive officer, “as we can now begin the
business of bringing the combined value of these two great 
companies to our customers.” Following an internal competition
within DISA and Wheelabrator, a new name was chosen for the 

parent organisation: Norican Group. The name Norican is derived
from Noricum, an ancient Celtic kingdom that existed in the
Austria/Bavaria area circa 15BC – 500AD. The region was famous
for its high quality Norican steel, which was widely used within the
Roman Empire.

The strength of Norican Group lies in its two industry leading
brands:

DISA – the brand for moulding technology, and Wheelabrator –
the brand for surface preparation technology. The company will 
continue to build, develop and promote these brands, and will use
Norican Group for its corporate functions.

Currently the offer includes all forms of parts formation (hori-
zontal, matchplate and vertical moulding) and surface preparation
technologies (airblast, wheelblast and mass finishing). The organiza-
tion represents over 200 years of expertise and experience, and
employs 2200 people over 5 continents, with major operations in
Canada, China, Czech Republic, Denmark, France, Germany, India,
Poland, Switzerland, UK and USA. Norican Group works with the 
industry’s leading representatives and business partners in serving
its customers throughout the world.

Mr. Joyce said, “The creation of Norican Group heralds the
start of a new, exciting global business. DISA and Wheelabrator
combined have the strength, innovation, products and force to
shape industry in the future, so we have incorporated “Shaping
industry” into the Group’s logos. The company’s newly merged
knowledge, experience, cultures and ideas will have a positive, influ-
ential effect on the industries that we touch, and I look forward to 
witnessing the great achievements that lie ahead for Norican
Group.”

Almen Strips Consistency Test Results Available from
Electronics Inc.

Mishawaka, Indiana.Saturation curves are only as dependable as
the strips used to perform the test. If your strips are not consistent
in hardness and thickness, your tests won’t be accurate. That’s why,
before we launched our Electronics Inc. brand of strips in 2007, we
began consistency testing on our Almen Strips to track their per-
formance and to document that our strips were manufactured under
conditions more stringent than SAE J442 specifications. Our tests
prove that EI strips are consistent in hardness and thickness from
lot to lot, from year to year. Email us at lori.bonk@electronics-
inc.com and we will send our our performance data in easy-to-read
histograms for Almen strips produced in 2007, 2008 and 2009.
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AUSTRALIA
Blastmaster
3 Bruce Avenue
Marleston, South Australia 5033
Telephone: 61 8 8292 2000
Email: sales@blastmaster.com.au  

BRAZIL
Febratec Ind. Com. Ltda
Estrada Geral Porto Grande, 111 Caixa Postal 86
89245-000-Porto Grande - Araquari-SC
Telephone: 55-47-2101-0250 
Email: jrmeduna@tecjato.com.br

CANADA
Manus Abrasive Systems
1040-78th Avenue
Edmonton, Alberta, Canada T6P 1L7
Telephone: 780-468-2588  
Email: tadmanj@manusabrasive.com 

Shockform Inc.
17 des Taels
Blainville, Quebec Canada J7C 5B6
Telephone 450-430-8000
Email: sylvain.forgues@shockform.com

Wickens Industrial Ltd.
8199 Esquesing Line
Milton, Ontario L9T 6E7 Canada
Telephone 1-905-875-2182
Email: info@wickens.com 

CHINA
Allen Industry & Technology Co., Ltd.
Room 1401, Zhongshen International Building
2068 Hongling Road, Shenzhen, China
Telephone: 86-755-25869507
No. 10 5-702 Zuojiazhuang West Street 
Chaoyang Dist.
Beijing, China
Telephone: 86-10-84519078
Email: yostyoung@sina.com 

Beijing International 
Aeronautical Materials Corp. 
Rm 511, No 36, Xidajie Haidian
Beijing 100080, China
Telephone: 86-10-6254-6272
Email: biam@biam.com.cn 

PakPal Surface Technology
Liguang Industrial Zone, Guanlan Town,
Bao'an District, Shenzhen City, Guangdong
Province, China 518110
Telephone: 86-755-29815654 
Email: info@pakpal.com.sg

CZECH REPUBLIC 
Krampe CZ spol. sr.o.
Blatneho 12
616 00 Brno, Czech Republic
Telephone: 420-5 4924 5064
Email: info@krampe.cz 

DENMARK
SONNIMAX A-S
Nyvang 3
DK-Middelfart, Denmark
Telephone: 45-6440-1122  
Email: sonnimax@sonnimax.com 

FRANCE
Sonats
2, Rue de la Fonderie - BP 40538
44475 CARQUEFOU CEDEX, France
Telephone: 33-251-700-494
Email: sonats@sonats.com 

GERMANY 
Krampe Strahltechnik GmbH & Co. KG
Pferdekamp 6 - 8
D-59075 Hamm, Germany
Telephone: 49-2381 977 977
Email: info@krampe.com 

sentenso GmbH
Klosterstrabe 13
45711 Datteln, Germany
Telephone: 49-2363 360 69 88
Email: info@sentenso.de

HONG KONG
Asia Standard (H.K.) Ltd.
Unit 9, 22/F., New Trend Center
704 Prince Edward Road East, Kowloon,
Hong Kong
Telephone: 852-2321-9178
Email: asiastd@netvigator.com 

INDIA
Mec Shot Blasting Equipments PVT. LTD.
E-279, M.I.A., Phase II, Basni P.O.
JODHPUR - 342 005 [Rajasthan] INDIA
Telephone: 91-291-2740609/2744068   
Email: mecshot@sancharnet.in 

IRELAND
Campbell Machinery Ltd.
Boghall Road, Units 26 and 27
Co. Wicklow, Ireland
Telephone: 353-1-2762506
Email: prc@campbellmachinery.ie

ISRAEL
TekTeam Ltd.
56 Haatzmaut St., P.O. Box 1062
Yehud, 56101 Israel
Telephone: 972-3-6323576
Email: Tekteam@inter.net.il 

ITALY
Serim s.r.l.
Via G. Agnesi, 61
20039 Varedo Mi Italy
Telephone: 39-0-362-581558  
Email: renzo.giacometti@tin.it 

JAPAN   
Toyo Seiko Co., Ltd.
3-195-1 Umaganji 
Yatomi-City Aichi 490-1412 Japan 
Telephone: 81-567-52-3451
Email: toyo@toyoseiko.co.jp 

KOREA
Alam Trading Company
824-19, Yeoksam-Dong
Kangnam-Ku
Seoul, Korea
Telephone: 82-2-565-1730 
Email: alamind@hanafos.com 

MEXICO
Equipos de Abrasion, S.A. de C.V.
Av. De Las Granjas No. 61 Desp. 3
Col. Jardin Azpeitia, Azcapotzalco
02530 Mexico, D.F.
Telephone: 52-55-5355-0947
Email: lavameta@prodigy.net.mx 

NEW ZEALAND
Syntech Distributors Ltd.
12A Saunders Place, P.O. Box 19-341
Avondale, Auckland, New Zealand
Telephone: 64-9-820-2121
Email: sales@syntechnz.com 

NORWAY
G & L Beijer AS
Lerpeveien 25 
N - 3036 Drammen, Norway
Telephone: 47-3282-9080
Email: info@beijertech.se

POLAND
El-Automatyka
Handlowa 3
Rzeszow 35-109, Poland
Telephone: 48-178622 539
Email: el@pro.onet.pl 

SINGAPORE
GT- Baiker Metal Finishing Pte Ltd
No. 10 Loyang Street
Singapore 508844
Telephone: 65-654-28993
Email: info@gt-ind.com.sg 

SPAIN
Materias Primas Abrasivas SL
Calle Energia, 2 Cornella
Barcelona, 08940 Spain
Telephone: 34933-778-255
Email: mpa@mpa.es 

SWEDEN
CBC Ytfinish Ab
Box 501
SE-442 15 Kungälv, Sweden
Telephone: 46-303-930-70
Email: Cbc.sweden@telia.com 

THAILAND AND VIETNAM  
Filtech Company Limited
11th floor Bangna-Thani Building
119/23 Moo 8
Bangna-Trad Rd. KM3
Bangna, Bangkok  10260 Thailand
Telephone: 66 2 3988169-70
Email: chartree@filtech.co.th

TURKEY
Millennium Industrial & Aerospace Supply
Ziyapasa Cad. Uzmez Sok. No:3
Eskisehir  26090, Turkey
Telephone: 90-222-221 3244
Email: info@milenyumhavacilik.com 

UNITED KINGDOM
Craftlast Ltd.
2, Smithfield Close, Maidenhead, Berks
SL6 3XE U.K.
Telephone: 44-0-1628-825363 
Email: sales@craftlast.co.uk

UNITED STATES
Electronics Inc.
56790 Magnetic Drive
Mishawaka, IN 46545 USA
Telephone: 574-256-5001  
Email: info@electronics-inc.com
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Feature Story A Case of Shot Peening Fraud

The TEC 4000 x-ray diffraction system non-
destructively measures stresses created 
by processes like welding, bending, heat 
treating, rolling, and shot peening. Residual 
stresses can either enhance or degrade 
component lifetime, performance, reliability. 
Depth profiling and retained austenite 
measurements also available. TEC systems 
measure on the shop floor or in the lab or field. 
TEC’s lab services meet A2LA/ISO 9001: 2000.

X-RAY DIFFRACTION SYSTEM
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Shock Peening of Engineering Ceramics Using 
Contact-Less Energy Beams 
Coventry, United Kingdom. Pratik P. Shukla, a research student 
at Coventry University, has completed a research project on laser
peening. The paper’s introduction are reprinted here; the paper in its
entirety is available at the online library at www.shotpeener.com
(paper number 2009023).

Research Background 
Laser Shot (Shock) Peening is a comparable process to the conven-
tional shot peening technique applied on various types of metal
surfaces. Commercial advantages offered by the laser systems such
as flexibility, deep penetration (precise control of the thermal 
input), shorter process times, high speeds, accuracy and aesthetics
are attractive in comparison with the conventional peening tech-
nique. Laser peening in the recent years has developed and proven
its success with steels, aluminium and titanium surfaces, although,
minimal research has been conducted on laser shock peening and 
conventional shot peening of engineering ceramics [2, 4, 5]. The aim
of this investigation is to begin the process of addressing the gap in
knowledge by applying industrial lasers to hot pressed silicon
nitride (HP Si3N4) in particular as a typical engineering ceramic.
This investigation is highlighted on the feasibility of shock peening
Si3N4 using contactless energy beams such as industrial lasers and
investigates a change in the significant mechanical property; frac-
ture toughness (K1c) of the Si3N4 ceramics. A 2 Kw pulsed Nd: YAG
laser is used assisted by an industrial robot to conduct experimen-
tation on the HP Si3N4 ceramics.

Introduction  
Applications of ceramics have been limited due to their crack sensi-
tivity and low fracture toughness (K1c), however, the use of ceram-
ics have advanced over the years. They are now considered as the
new age material used to manufacture components for the aero-
space, automotive and military sectors. Engineering ceramics offer
exceptional mechanical properties, which allows them to replace
the more conventional materials currently used for high demanding
applications. The mechanical property under investigation was frac-
ture toughness (K1c), since it is a very important property of any 
material and especially ceramics in particular due to their brittle
nature. Ceramics in comparison with metal/ alloys have a low K1c,
hence it would be an advantage if the K1c of ceramics could be
improved using a laser shock peening technique. This can open
avenues for ceramics to be applicable to high demanding applica-
tions where metals/ alloys fail due to their low thermal resistivity,
coefficient of friction, wear rate and hardness in comparison with
ceramics. In all cases a comparison was made with the characteris-
tics of the conventional shot peening process to assess the feasibili-
ty of surface treating engineering ceramics by the aid of energy
beams, to identify if a similar outcome is obtained to that of the
conventional mechanical technique [1].
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AMEC Shot Peening 
Committee Updates

The Parting Shot by Jack Champaigne

Changes to the SAE “J” Standard Practices
are again under way. Our last meeting on
May 12 in Troy, Michigan resulted in

changes to several documents. The word
“Determination” was added to SAE J2277 so
that it now reflects more accurately its
intension “Peening Coverage Determination.”
A nomograph was added to provide estimates
of number of passes required for 98% coverage
when the percentage of coverage of a single
pass is estimated. Several illustrations were
added to show the concept of percentage of
coverage and there is now more information
on how to document and verify coverage. 

SAE J2597, Computer Generated
Saturation Curves, will soon be published. This
document describes how computer algorithms
can be employed in spreadsheets to generate
the saturation curve and identify “Intensity”

(the arc height value (T1) and its corresponding
10% higher value at twice the T1 time). A table
of sample arc heights Vs exposure time values
is included to assist users wishing to develop
their own algorithms. The use of SAE J2597,
Computer Generated Saturation Curves, is 
recommended but not required for previously
approved technical plans.  

Some very important changes were made
to SAE J443. The use of computer generated
saturation curves (SAE J2597) is emphasized in
an effort to improve consistency of declaration
of intensity. Also, a new method of determining
intensity when a fixture has multiple holders is
introduced. This technique allows a great
reduction in time required to both determine
intensity and later to confirm that intensity is
still maintained. 

The graph depicting arc heights Vs expo-
sure time was redrawn and the terminology for
the intensity value was changed from “10% or
less” to “10%”. Allowing the “or less” provision
offered too much leniency in interpretation.
A second saturation curve was added to the
document to illustrate the interpretation of
saturation curves where the exposure time is
shown as number of passes or table rotations
etc. There are situations, such as use of very
small media, when the first strip presented to
the shot stream is, in essence, saturated.
Additional exposure to more table rotations or
passes reveals essentially the same value.
The method of interpreting this condition is
now explained in the document. 

The next meeting of the Surface
Enhancement Committee will be held on the
Monday before the annual EI Shot Peening
Workshop in Albuquerque, New Mexico on
October 26. Please contact me if you would like
to attend this meeting (9:00 AM to 5:00 PM on
Monday). Also, the next meeting of the AMEC
Shot Peening Committee will be January 26-27
at the Asilomar Conference Center in Pacific
Grove, California.  l

Nomograph added to SAE J2277

We note with sadness the passing of two
long-time friends and work associates:
Bob Ford with Abrasive Blast Systems
and Greg Rabel with Midwestern
Industries. Both will be deeply missed 
by friends, family and colleagues.
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Feature Story A Case of Shot Peening Fraud


