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OPENING ShOT

always Striving, always Growing
I havE ENjOyEd watching the evolution of The Shot Peener—from the
first publication (it was actually a two-page letter) in 1986 that was sent to
less than 100 people—to its newest magazine format that will have at least
6,500 readers. This will be the first issue that will be distributed in print and
electronic format. Students especially want a digital version and we trust that
the magazine will go viral through engineering programs
in universities around the world, as well as many other
online venues.
We hope you like the magazine's new look. The magazine's makeover even extended to me...I was told it was
time for a new photo. You'll discover that the magazine's changes aren't just cosmetic. The Shot Peener will
continue to provide solid information on the who, what,
when and where of the shot peening industry, but we're
expanding our mission to provide insights and inspiration within our small niche and in the larger world of
related manufacturing topics and technology.

An underlying theme in this issue is how to stay current jaCk ChaMPaIGNE
editor
and even benefit from the rapid changes that are being
forced on us through government regulations, new materials and innovation. Successful marketing strategies have come a long way from a two-page
typed newsletter on shot peening.
In one of those strange twists of fate, Dr. Kirk's article in this magazine has
more value than ever to me. I've been working with a company that has been
wrestling with distortion as a result of blast cleaning and here was the ideal
article to explain shape changes from shot peening.
"Component shape changes are always a consequence of shot peening. These
changes may be desirable, undesirable or so small that they can be ignored.
Desirable shape changes can be generalized as either 'peen-forming' or 'distortion rectification' whereas undesirable shape changes can be generalized as
'distortion'."
—Dr. David Kirk
The Shot Peener staff and I want you to benefit from the articles in the magazine, too. That's our purpose, that's why we're always striving to be better.
Here are my best wishes for your professional and personal growth and
success in 2012.

The ShoT PeeNer
• In publication since 1986
• Over 6,500 readers in 80 countries
Please email requests to:
shotpeener@shotpeener.com.
The Shot Peener
56790 Magnetic Drive
Mishawaka, Indiana, 46545 USA
Telephone: 1-574-256-5001
www.shotpeener.com
For a free subscription to The Shot Peener,
go to www.shotpeener.com/tspmagazine/
subscribe.php.
The editors and publisher of The Shot Peener
disclaim all warranties, express or implied,
with respect to advertising and editorial
content, and with respect to all errors,
or omissions made in connection with
advertising or editorial submitted for
publication.
Inclusion of editorial in The Shot Peener
does not indicate that The Shot Peener
management endorses, recommends
or approves of the use of any particular
commercial product or process or concurs
with the views expressed in articles
contributed by our readers.
Articles in The Shot Peener may not be
distributed, reprinted in other publications,
or used on the internet without the written
permission of The Shot Peener. All uses
must credit The Shot Peener.
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fuTurE TrENdS

unbearable
lightness?
To make cars frugal, they will have to become lighter—
and more expensive
WhEN IT COMES to motor vehicles there is widespread
belief—at least in America—that bigger is not only better, but
safer too. The assumption is that nothing beats having lots of
steel around you in a crash. And it is true, to some extent. All
things being equal, the driver of a large SUV (sports-utility
vehicle) is less likely to be killed than the driver of a small car
in a head-on collision between the two. The downside is that
SUV drivers are far more likely than car drivers to die in solitary
roll-over accidents induced by the vehicle’s own weight, its
high centre of gravity and its truck-like suspension. Collisions
with other SUVs can be deadlier still.
An excess of heavy metal imposes other penalties.
American motorists are as aware as any that weight is the
enemy of fuel economy. However, with pump prices low by
international standards, the trade-off between safety and
fuel consumption has understandably favoured the former.
Adding air-bags, anti-lock brakes, stability control and sideimpact beams has saved countless lives, but it has increased
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vehicle weights disproportionately. Cars and light trucks on
American roads today are 30% heavier than they were in the
mid-1980s.
Unfortunately, heavier vehicles need beefier engines to
lug their extra girth around. As a result, much of the past
quarter-century’s improvements in engine and vehicle design—
low-friction materials, turbo charging, direct injection, variable
valve-timing, cylinder deactivation, stop-start ignition,
dual-clutch transmissions, better aerodynamics and low
rolling-resistance tires—have been mopped up by increases
in vehicle weight.
It therefore comes as no surprise that the pronouncement
by the White House—that cars and trucks sold in America
from the 2016 model year onwards will have to achieve a
fleet-wide average of 35.5mpg (6.6 litres/100km)—should
have awoken fears about vehicles becoming smaller and less
safe in order to meet the latest fuel-sipping standards. The
new corporate-average fuel economy (CAFE) figure, originally

IPS....

Innovative Peening Systems
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Innovative Peening Systems
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770-246-9883

Our affordable CNC machines allows every shot peener to
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part processing speeds, accuracy of peening and consistent
quality of parts.
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scheduled for 2020 but brought four years forward by the Obama administration,
amounts to a 34% increase over today’s actual average of 26.4mpg.
How to achieve such a whopping increase in efficiency over so short a time? The
trouble is that most of the low-hanging fruit in combustion engineering have been
picked already. At best, the motor industry expects only a 15-20% further improvement can be squeezed from existing petrol engines and their transmissions. A new
generation of plug-in hybrids and pure electric vehicles will doubtless help achieve the
required goal. But even if their sales triple over the next five years, they will still account
for less than 10% of America’s fleet of new cars by 2016.
Though themselves not cheap, clean diesels, with their 35% greater efficiency,
would be a better bet—if only Americans could be persuaded to embrace them as
Europeans have. Although no longer justified, the diesel’s reputation for being slow,
smelly, noisy, unreliable and difficult to start in cold weather has lingered since the
1980s, when Detroit rushed out half-baked designs in response to the oil crisis. But
even if the demand for diesel cars were there, the fuel might not be—at least, not at a
price Americans would be willing to pay. As it is, there is already a global shortage of
diesel-making capacity. The catalytic crackers used in refineries throughout America
are optimised to produce as much petrol as possible. Switching them over to the hydrocracking processes used widely in Europe and Asia for diesel production would take
donkey’s years.
So it comes down to this: if half the increase in efficiency demanded by the new
CAFE requirements is to come from further improvements in the power-train, then
the other half will have to come from reductions in a vehicle’s weight. That prompts two
immediate questions: how much will such a weight reduction add to prices, and will
hard-won gains in vehicle safety be sacrificed in the process?
Given today’s materials and know-how, automotive engineers reckon a 10% reduction in vehicle weight yields a 6% improvement in efficiency. Meanwhile, trimming
the fat from a vehicle’s bodywork, components and accessories costs roughly $2 a
pound. Running the numbers for a typical car—say, a Toyota Camry weighing 3,260lb
(1,500kg) and averaging 26mpg—suggests it would need to shed a little under a third
of its weight, at a cost of roughly $2,000, to meet the 2016 standard. The Environment Protection Agency claims average prices on the forecourt will rise by only $1,300.
Someone, somewhere, seems to have got their sums wrong.
In the end, the additional price for “adding lightness”—to borrow
a phrase from the late Colin Chapman, the legendary founder of Lotus
Cars—comes down to the materials used and how they are formed.
To do the same job, HSLA (high-strength low-alloy) steels are up
to 30% lighter than traditional carbon steels. They are already used
in motor vehicles for components that have to withstand critical
loads. Unfortunately, because of their higher strength and toughness, HSLA steels need 30% more energy to form them into useful
shapes. Also, because their strength tends to be directional, they
can fail under sudden loads from unexpected quarters.
One of the ways that Chapman added lightness to his
cars, the use of composite materials such as carbon fibre and
glass-reinforced plastic, is not that practical either. Lotuses are
turned out in small numbers, but composites require too much
manual work for volume production. So the only sensible material
for reducing a conventional car’s weight while maintaining its strength is aluminium.
At present, aluminium accounts for 9% of a typical vehicle’s content—mostly in
the form of castings and forgings for engine blocks, transmission cases, wheels and
suspension parts. For the aluminium content to increase much further means using
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MarkETING INSIGhT

Alcoa is ramping
Up to Meet Demand
DES MOINES, Iowa (Associated
Press). Alcoa Inc. announced in
September 2011 that it will invest
$300 million to expand and add 150
jobs to its Davenport, Iowa plant.
Alcoa Vice President and General
Manager John Fox said demand for
aluminum products produced by
Alcoa is growing with the new automotive guidelines.
"It allows for a smaller power train,
better mileage and less CO2 output,"
Fox said. "It means our business is
growing quite well."
"All the major manufacturers
continue to express interest in
moving to aluminum, with that
movement that means we can bring
more people to work," Fox said.
The expansion will also help retain
200 jobs Fox said would otherwise
have been lost. He said with the
automakers required to increase
mileage by 2016, the
company needed to move
forward with the project
immediately. Fox added
that equipment has been
ordered and the expansion
of the plant is expected to be
completed by the end of 2013.

Materials Testing Services
When you use TEC’s accredited laboratory, you can be sure
that you will receive superior analysis and technical support.
We meet today’s strictest quality standards by maintaining A2LA
accreditation and ISO-9001 registration. Scheduled turnaround
of analysis results is always rapid, however, we can also adapt to
meet critical deadlines when you need immediate results.

Residual Stress
By managing residual stresses during the manufacturing process, you
and your customers can reduce failures caused by phenomenon such as
fatigue and stress corrosion cracking.

Retained Austenite
We calculate retained austenite using the four-peak method of measuring
two austenite and two martensite peaks - recommended by both ASTM
and SAE for obtaining accurate results.

In-House or Field Services
Utilizing the portability of our own X-Ray Diffraction System, TEC lab
personnel can perform measurements on parts ranging from a fraction of
an inch to several hundred feet with guaranteed rapid and precise results.

At TEC, our customers are our partners. Our expert staff is
dedicated to helping you meet your own quality control demands.
Contact us today for more information.

865.966.5856
www.TECstress.com
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9001

REGISTERED
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sheets and extrusions of the stuff for body panels
and subframes. That will require further advances
in laser welding and other bonding techniques to
make production costs competitive.
The handful of aluminium-bodied cars in
production have mostly been low-volume luxury
models, such as the Honda NSX, the Audi A8
and the Jaguar XJ. Their body weights have typically been 10% to 15% lower than those of their
steel equivalents. However, if all the parts made
of iron and steel in cars today were replaced with
aluminium, the vehicle would weigh 45% less.
And it would be stronger, too. Pound for pound,
aluminium is up to two-and-a-half times stronger
than conventional steel—and can absorb twice the
energy in a crash.
In short, making vehicles lighter does not
mean they have to be smaller or less safe. If
anything, cars with a high aluminium content
have tended to be bigger and stronger than their
steel-bodied predecessors. Replacing steel with
aluminium allows additional interior space to be
offered, along with larger crumple zones at the
front and rear for even better crash protection, all
without paying a heavy penalty in fuel consumption.
But there is a snag: cost. Aluminium is three
to four times more expensive than steel. On the
plus side, aluminium cars do not rust, and therefore last longer than conventional cars. And, at the
end of their lives, they have a much higher scrap
value. Add in the fuel saving, and the lifetime cost
of an aluminium car—from raw material and
manufacturing to daily use and final disposal—can
be comparable to that of a conventional car. And
the higher petrol prices go, of course, the sooner
an aluminium car becomes as cheap overall as a
conventional one.
The stumbling block in this analysis is that the
person who walks into a showroom to buy a brand
new aluminium car is unlikely to capture all those
lifetime benefits. Nor is the manufacturer—at
least, not immediately. So expect the initial sticker
prices to be at least $2,000 higher for enlightened
compact cars, and $4,500-6,000 more for trimmer
luxury cars and SUVs. The only consolation will
be not having to fill up the tank quite so often. l
© The Economist Newspaper Limited, London (April 9, 2010)
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Metal Improvement Company
responds to CAFe requirements
Engineers at General Motors are credited with developing shot peening
as a production process in the 1930s. Shot peening was initially applied
to valve springs, then to gears and connecting rods, then to many other
steel automotive components. Metal Improvement Company believes
that the automotive industry, like aerospace, will further evolve and
begin to incorporate higher-strength steels and aluminum to reduce
weight and subsequently improve fuel efficiencies. These metal alloys,
however, tend to be more brittle and vulnerable to fatigue cracking
and stress corrosion-related failures than conventional steel, and shot
peening will be called upon to provide protection.
An automobile has hundreds of components embedded into many
sub-systems. Most of these components have already been continually
optimized for decades, thus making it hard to find obvious and easily
obtainable solutions to the pending Corporate Average Fuel Economy
(CAFE) requirements. An indirect benefit of these improvements,
which isn't recognized in the CAFE requirements, is the ability of new
vehicles to last 150,000-300,000 miles, thereby reducing the need to
replace vehicles as frequently as in the past. Car
owners that keep their vehicles longer present
a significant reduction in energy usage due to
reduced new vehicle production.
While today's vehicles last longer, they have
gotten significantly heavier. Compact cars sold
in the U.S. today on average weigh 549 pounds
more than those sold in the States a decade ago
according to an edmunds.com analysis. The weight
gain is a major challenge in meeting CAFE
requirements.
Shot peening fits into the solution through its
ability to incrementally improve the power
density of metal components. For example, if
replacing a steel component with an aluminum
component yields a 30% weight savings, addi- "Throughout the
tional weight savings are possible with shot vehicle, it's the many
peening, depending on the failure mode and incremental savings,
application. Throughout the vehicle, it's the like those achieved
many incremental savings, like those achieved with shot peening,
with shot peening, that will gradually move that will gradually
our current vehicle fleet towards the new CAFE move our current
requirements.
vehicle fleet towards
Metal Improvement Company is already working the new CAFE
closely with its automotive customers to develop requirements."
—Jim Harrison
shot peening specification callouts that enable
the use of these materials to their best advan- Marketing Manager
Metal Improvement
tage.
Company
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james kernan Named
2011 Shot Peener of the year
jaMES kErNaN is an Aerospace Engineer employed by the
U.S. Army Aviation and Missile Research, Development and Engineering Center in Huntsville, Alabama. James is responsible for the
maintenance engineering of helicopter drive systems, including the
transmission, gearboxes and rotor head, and the repair and overhaul of drive system components. James utilizes the full spectrum of
repair development including failure analysis, root cause evaluation,
and design redevelopment.
James has a B.S. degree in Metallurgical and Materials Engineering
from the University of Texas at El Paso and has achieved Electronics
Inc. Education Division's Shot Peening Level III certification status.
He is a member of ASM International and the Minerals, Metals and
Materials Society.
James was instrumental in leading the Corpus Christi Army Depot
to Nadcap accreditation in 2007. James realized from this in-depth
audit that the shot peening specifications needed adjustments. He
became a member of both the SAE Surface Enhancement Committee
and the AMS Aerospace Metals and Engineering Committee
(AMEC) Surface Enhancement Subcommittee. He co-authored the
AMS 2590, Rotary Flap Peening of Metal Parts and AMS 2592 Flap
Assemblies, Rotary Flap Peening. These specifications are utilized for
minor repairs of previously shot-peened surfaces.
"I enjoy using shot peening to repair components. Through my
involvement with SAE, AMEC and my field experience, I can help
refine specifications that will further improve the repair processes,"
said James.
James is the sponsor of AMS 2430S, Shot Peening, Automatic and
is responsible for coordinating its revisions. "I enjoy being part of
the specification revision team and bringing together the committee
members' concerns to evolve a workable, auditable requirement into
the specification. I hope to see the AMS 2430 get AMS B Committee
approval soon with the AMS 2432, Shot Peening, Computer Monitored revision following thereafter," said James. l
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James Kernan with his Shot Peener of the Year
plaque. James was given the award by Jack Champaigne (right) at the U.S. Shot Peening workshop
in orlando.
"James was awarded the 2011 Shot Peener of the Year
from The Shot Peener magazine due to his extensive
efforts to revise SAE shot peening documents and
his dedication to improving shot peening practices
at Corpus Christi Army Depot and the U.S. Army
Aviation and Missile Research, Development and
Engineering Center."
We especially admire the tenacity and thoroughness James demonstrates while working on the "J"
and AMS documents."
—Jack Champaigne
editor, The Shot Peener
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OPINION PaGE

Dan Dickey | Innovative Peening Systems

PrECISION PEENING Or
SPray aNd Pray?
IN My fIfTEEN years as a shot peening machine manufacturer, I have seen machines with multiple nozzles installed
in facilities around the world. Many of these machines were
purchased with extra nozzles so they could peen a wide range
of parts. A few of these machine probably have operators that
are guilty of the "spray and pray" approach to shot peening:
Spray a lot of shot at the part and hope that it's peened to the
proper intensity.
In a typical multi-nozzle machine setup, the part moves
through the peening zone and is peened from many different
angles. There can be several problems with this approach,
including:
• Lack of intensity verification
• Inadequate intensity
• Wasted shot, energy consumption and operator time
• Unnecessary wear and tear on machine due to excessive
shot blast
• Troubleshooting difficulties
MulTIPlE NOzzlES = MulTIPlE INTENSITy
ISSuES
The angle of the nozzle is critical to the intensity value
and therefore it makes sense to provide a saturation curve
for every nozzle. If the movement of the nozzle is changed,
more intensity verification (and coverage inspection) are
required.* Establishing and maintaining proper intensity for
each nozzle in these cases is a great deal of work.
WaSTE, WaSTE, WaSTE
Consider the cost of operating an eight-nozzle machine.
One 3/8-inch nozzle at 60 pounds of air pressure requires
125 cfm of air. 125 cfm of air requires a 25 hp air compressor.
Now consider how much air it takes to run this eight-nozzle
machine: Over 1000 cfm and 200 hp! That's a lot of power
and set-up time.
If a smaller part is placed in the machine and the nozzles'
parameters weren't changed, some of the shot may not even
hit the part because they were pointed at a larger part. When
you add the expense of wasted shot to the additional wear on
*For an in-depth explanation of how the nozzle's angle affects intensity, see
Dr. David Kirk's article, "Variability of a Shot Stream's Measured Intensity," in the Summer 2012 issue of The Shot Peener.
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the equipment's cabinetry, the cost can be substantial over
the normal lifespan of a machine.
COMPOuNdEd TrOuBlE
Another problem with multiple nozzle machines is the
complexity of the shot delivery system. If the machine isn't
peening properly, where is the problem? In an eight-nozzle
machine, the problem could be in any one of the 32 valves
needed to run the system. Troubleshooting time needs to be
added to the machine's operating expense.
ThE SOluTION IS PrECISION PEENING
So what can be done? Let’s consider replacing all of this cost
in consumables, power and labor with an automated singlenozzle machine.
The initial cost of a robotic shot peen machine can be high
but it's generally a one-time cost. When compared to large air
compressor equipment and the continual labor costs associated with machine setup times, it can pay for itself very fast.
Plus, the price of electronics continues to go down, making
automation affordable even for small companies.
My approach is to take a single nozzle, automate the
movement of the nozzle with a coordinated axis movement
so the nozzle follows the contour of the area to be peened.
This approach allows the shot peening technician to hit only
the areas required. A part-motion recipe is developed and
saved for each part, thus eliminating costly setup time.
Only one saturation curve is needed for the single nozzle.
In an accurate motion program, all of the shot will strike the
part at the proper angle allowing for proper intensity and
coverage. Another benefit to automation is the ability to peen
at the highest specification level thus providing a more valuable service to customers.
When purchasing single-nozzle automated machinery,
consider how many axes are needed to move the nozzle and
part(s) to achieve the proper angle to peen all surfaces. The
controller is another key purchasing decision. Buying a
name brand is a wise choice. Custom PC-based programs
may be inexpensive but they can be hard to understand and
troubleshoot by anyone but the software developer—and a
small software developer may not be available when you need
them. The whole point of going to a single nozzle system is to
obtain a precise, yet simplified, peening process. l
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The Shot Peening World

Coverage determination on hSla 4340 Steel
how can I determine the coverage on hSla 4340M
steel? Is there a coefficient to relate the coverage
of the almen strip to the coverage of hSla 4340M
steel?
My name is Willem Hamer and I just started as an engineer
at KLM Royal Dutch Airlines. I am doing an experimental
research on how the different processing steps of HSLA
4340M steel are affecting the Barkhausen Noise Analysis.
One of the processing steps is shot peening, which I am doing
together with Marcel van Wonderen. During the first set of
shot peen experiments I encountered that it is very hard to
determine the coverage on HSLA 4340M steel. I tried to get
an indication of the coverage by eye and by microscope, but
both did not really work.
Could someone give me some advice about how I can
determine the coverage on HSLA steel or how I can relate
the Almen strip coverage with the coverage of HSLA steel?
Or is it common to use the coverage of the Almen strips as
indication for HSLA 4340M steel (which in theory is not very
accurate due to the different sizes of indent area)?
Stemo Jayson • Hi Willem. Without going down the theoretical/
academic road—when peening to the standard aerospace
shot peening standard of AMS 2430, one can evaluate coverage
primarily by the 10x method or by Peenscan.
The 10x method consist of looking at the dimpling
under 10 times magnification. Once the surface is completely
dimpled, the part has complete (100%) coverage.
The other method, using Peenscan, consists of placing a
florescent die onto the part. Once the Peenscan is dry, it will
be peened away. If it is completely gone, one would have 100%
coverage. This is verified by looking at the part under a black
light.
Walter Beach • This is a known problem throughout the peening
industry so don’t feel bad. We are working to address this in
AMS 2430 and SAE J2277.
You will at a minimum have to use magnification higher
than 10x, I would suggest 30x.
Tracer dye is a good tool of seeing if you are peening the
entire part but there really is no substitute for visual inspection. On a hard material a somewhat larger diameter of tracer
is removed then the diameter of the peening media itself.
Because of this, complete removal of the tracer does not mean
you have full coverage. I would suggest you establish your
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saturation curve(s) then examine the test strips for coverage
at the saturation point, generally they will not quite be 100%
covered at this point nor should they be. Now walk up your
peening time to establish 100% on the test strips. Once done,
then peen the part to double that time and inspect at 30x for
full coverage you should be there or at least very close.
Jack Champaigne • Peening tracer is a good tool for targeting
but you must be very careful if you rely upon it for degree of
coverage. In our classes we teach the rule that if the tracer
is gone the you must have a dent (needs to be verified) and
also if you have a dent then the tracer must be gone. Peening
tracer has a laquer type of composition which hardens on
the surface upon drying. You fracture this laquer and it gets
removed from the surface. A large amount of broken media in
the machine can result in scratching the surface and removing
tracer but not leaving the dents you expected to get.
You should consider making some test coupons of same
material as your target and then submit them to your blast
stream to ascertain proper blast exposure time. If you have
a test fixture fitted with Almen blocks then you might make
your test coupons the same size as standard Almen strips
and attach them to your fixture. This is nice since you can
learn the coverage performance at various locations on your
fixture. You might discover that the time required to get the
slowest developing strip covered that the earliest strip receives
very high coverage, perhaps 200% or even higher. This may,
or many not, be detrimental depending upon the characteristics of your target material.
erland Nordin • You might measure the surface with a
confocal microscope which will get you a 3D image of the
surface and where the height deflection is magnified so the
topography is more easy to see. You can't measure the whole
surface though. It must be samples at chosen points.
"The discussion at The Shot Peening World is very interesting and as a new graduate, LinkedIn and the discussion
groups are a perfect way to learn about this process and
meet new people who are passionate about their profession."
Willem Hamer
Engineer, Royal Dutch Airlines KLM

Prepared for
performance

High precision peening solutions
Whether you are peening
large areas with centrifugal
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automated airblast nozzles,
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TEChNOlOGy TOOlS
Kathy Levy | InfoProse

aPPS fOr GEar MakErS
IndianaGear provides a wide range of open gearing
capabilities, from mining gearing to production runs of CBNground transmission gears. The company recently added a
33,000 sq. ft. precision grinding center with the capacity to grind
external and internal gears with diameters up to 4,000 mm and
face-width gears up to 1,750 mm. IndianaGear also has an
in-house shot peening process that was initially developed to
eliminate shipping costs to an outside job shop, but their shot
peening services are now perceived as an attractive benefit by
customers.
Not content to grow only in physical size, IndianaGear is
meshing gear manufacturing with wireless technology. Joel
Neidig, Engineer with ITAMCO, the parent company of
IndianaGear, has developed Smartphone calculator and
conversion apps for gear makers. According to Mr. Neidig, he
developed the apps as another way for manufacturers to use
technology to be more efficient.
The Smartphone apps are also a smart marketing tool
for the company. Despite their development costs, ITAMCO
makes the apps available at no charge. "We've had over 30,000
downloads of our Apps in 88 countries since their release
dates throughout 2010 and 2011. That's an average of 100
downloads a day," said Mr. Neidig. "Reaching customers and
suppliers on a global scale has been a significant benefit. The
availability of the apps in iTunes and Android Market has
enabled us to reach potential customers that we might not
have reached otherwise."
The following is a brief description of the apps. Again,
they are free and are available for download from iTunes and
Android Market. Compatibility:
• iPhone, iPod touch, and iPad—requires iOS 3.0 or later
• Android 1.6 and up
hardness Converter
Hardness Converter is a simple app for converting between
popular scales used to measure the hardness of non-austenitic steels. It is in conformance to ASTM E140-07. Converts
between popular Rockwell, Vickers and Knoop hardness
scales. Available scales:
• HRC (Rockwell C Hardness Number 150 kgf)
• HV (Vickers Hardness Number)
• HBS (10-mm Standard Ball, 3000-kgf)
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• HBW (10-mm Carbide Ball, 3000-kgf)
• HK (Knoop Hardness, Number 500-gf
and Over)
• HRA (A Scale, 60-kgf)
• HRD (D Scale, 100-kgf)
• HR 15-N (15-N Scale, 15-kgf)
• HR 30-N (30-N Scale, 30-kgf)
• HR 45-N (45-N Scale, 45-kgf)
• Scleroscope Hardness Number
• Brinell, Knoop, Vickers
GearWare
GearWare converts gear pitch sizes.
It uses basic formulas to convert diametral,
circular, and module pitches. It is intended for
approximate calculations and should be used
for reference only.
feed rate Calculator
Feed Rate Calculator is a simple
app for calculating feed rates and
speeds for machinists. Intended
for reference use only. Features:
• SFM (Surface Feet per Minute)
• RPM (Revolutions per Minute)
• IPM (Inches Per Minute)
• FPT (Feed Per Tooth)
• FPR or IPR (Feed Per Revolution or
Inches Per Revolution)
Coming soon for Android
MTConnect*
This application is the first MTConnect client app
for the iPhone, iPod Touch, iPad and Android. It lets
users view machine tools and controls on handheld
devices. It's great for machine operators, maintenance
technicians, engineers, programmers, or plant managers.
It provides quick and easy access to the MTConnect
Agent over both mobile phone and WiFi networks.
You can add, delete, and monitor as many machines
and controls as desired with MTConnect. Just select

Premier Shot
A cut above

The advantages of Premier Cut Wire Shot
● Highest Durability - Due to its wrought internal structure with almost no internal defects
(cracks, porosity, shrinkage, etc.) the durability of Premier Cut Wire Shot can be many
times that of other commonly used peening media.
● Improved Consistency - Highest consistency from particle to particle in size, shape,
hardness and density compared to commonly used metallic media.
● 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.
● Lower Dust Generation - Highest durability equals lowest dust levels.
● Lower Surface Contamination - Cut Wire Shot doesn’t have an Iron Oxide coating or leave
Iron Oxide residue - parts are cleaner and brighter.
● Improved Part Life - Parts exhibit higher and more consistent life than those peened with
equivalent size and hardness cast steel shot.
● 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.

As-cut

Normal Conditioning

Special Conditioning

(330) 405-0583
www.premiershot.com

Premier Shot proudly manufactures shot to meet today's high quality
shot peening standards and is used in automotive, medical
and aerospace applications worldwide.
WinterOhio
2012 44087
| The Shot Peener
Premier Shot Company: 1666 Enterprise Parkway, Twinsburg,
Spring 2006
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the desired device after entering the http://DNS or ip address and touch the "Current"
button in the top right hand side of the screen and view in real time your machine or
control. Host connection must be MTConnect compatible (requires MTConnect Agent
and, if needed, MTConnect Adapter).
Metal Weight Calculator
Metal Weight Calculator is a simple app for calculating weights of different types of metals
in various shapes. Intended for reference use only. Materials featured: Steel, aluminum,
cast iron, nickel, copper, and more. Shapes featured: Round, sheet, tube, rectangle, and
more.
Thermal Expansion Calculator
Thermal Expansion Calculator is a simple app for calculating changes in dimensions
or the thermal expansion coefficient of a substance related to its thermodynamic property when heated and expanding or contracting when cooled. Features over 100 different
types of materials including iron, nickel, silver, gold, copper, and more.

* What is
MTConnect?
MTConnect is a set
of open, royalty-free
standards intended to foster
greater interoperability
between controls, devices
and software applications by
publishing data over networks
using the Internet Protocol.

Coming soon for Android

SCrEEN ShOTS

Working
harder with your
Smartphone?

Uh, not really.
While manufacturing apps,
hardness Converter

GearWare

Feed rate Calculator

like those from ITAMCO,
are quickly becoming
trusted resources on the
plant floor, games continue
to be the most popular app
category. And, according
to Nielsen research, 93
percent of app downloaders
— those who have downloaded an app within the
past 30 days — are willing
to pay for the games they
play. In contrast, only 76

MTConnect

Metal Weight Calculator

Thermal expansion
Calculator

percent of downloaders
are willing to pay for news
apps.
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www.magnavalve.com 1-800-832-5653 or 1-574-256-5001

Flows 0-3,000 lbs/min

The most powerful wheel blast
machine media valve on the market

MagnaValve™

WM 3000-24

Introducing the
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Engineered Abrasives

ISO/TS16949
ISO 14001
FORD Q1
Certified
Job Services

Manufacturers of the Finest Blast Finishing and Shot Peening Systems

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

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

Patented 72’’ Index Unit with Shot Flow Controls, Sweco, Bucket Elevator, 8 Nozzles and 16 Spindles
Designed
for High-Volume Shot Peening
The Shot Peener | Winter 2012
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Blast Finishing and
Shot Peening Machines

Job Shop Services

In-House Shot Peening
Support

Engineered Abrasives manufactures
custom and turnkey equipment for highvolume applications. Our machines are
used around the world in the most
demanding shot peening and blast finishing 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.

Shot Peening and Blast Cleaning
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, 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.

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 carefully 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.

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.

Fine Steel® Peening
Engineered Abrasives developed Fine Steel®
peening for General Motors. The process is
ideal for components like gears that benefit
from its high KSI on the tooth surface and its
elimination of gear tooth pitting.

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.

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

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



ISO 14001



Ford Q1 Certified Job Services
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Prof. Dr. David Kirk | Coventry University, U.K.

COMPONENT ShaPE ChaNGES
CauSEd By ShOT PEENING
INTroDUCTIoN
Shot peening is a cold-working process that has the potential to effect useful shape changes. Every cold-working
process injects a residual stress system on shaping a metallic
component. As a consequence the shape change has two
contributions – a plastic contribution and an elastic contribution. This is different from hot-working processes where
residual stresses are eliminated by self-annealing so that there
is only a plastic contribution. The elastic shape change contribution due to cold-working is a consequence of the residual
stress system that is imposed on the component.
Fig.1 illustrates the two contributions that would be
involved in any cold-working process that converted a flat
strip into a curved strip. The plastic contribution, hp, adds to
the elastic (residual stress) contribution, he, to generate the
total deflection, h. Hence, hp + he = h.

Analysis of shape changes induced by peening is complicated as it involves simultaneous use of both plasticity and
elasticity theories. A simplified approach is used in this article
by invoking the two theories separately.
Component shape changes are always a consequence of
shot peening. These changes may be desirable, undesirable or
so small that they can be ignored. Desirable shape changes
can be generalized as either “peen-forming” or “distortion
rectification” whereas undesirable shape changes can be
generalized as “distortion”.
The component shape change most familiar to shot
peeners is that of an Almen strip. One major face of the strip is
peened, which changes its shape from a flat (almost) rectangular shape to a doubly-curved shape. This is a desirable shape
change since the induced deviation from flatness, arc height,
is a required parameter. The shape change is well-known to
have the form of two curves at right angles to one another.
Plasticity theory predicts this shape change. Elasticity theory
involving bending of beams gives useful predictions of the
magnitudes of induced bending. This treats the shape changes
as if they were caused by an ‘Equivalent Bending Moment’. In
effect:
Shot peening induces bending that is the same as would
result from applying an external bending moment. This
external bending moment is therefore equivalent to the
bending moment induced by peening.

Fig.1. Addition of plastic and elastic contributions,
hp and he, to bending of strip.
The elastic contribution is not permanent because it can be
eliminated, almost, by stress-relieving treatments. A familiar
example is that of peened Almen strips, which reduce their
deflections when stress-relieved, leaving only the plastic
contribution.
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Fig.2. Shot peening shape change parameters.

I N T RO D UCING THE NEXT G E N E RAT I O N O F ALM E N ST RI P S
Electronics Inc. Almen Strips
• Proven in the field
• Consistent quality
• Repeatable performance
• Trusted worldwide
Electronics Inc. manufactures
and maintains the world’s largest
Almen strip inventory 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 readyto-use and pre-qualified.
Saturation curves are only as
dependable as the strips used to
perform the test. If your strips aren’t
consistent in hardness and thickness, your tests won’t be accurate.
Call or email us for our Almen strip
consistency performance data—our
strips are consistent in hardness and
thickness from lot to lot, from year
to year.

The New Numbered Almen Strips
with Coverage Check Finish
NUMBERING SYSTEM
• Provides a tracking method for meeting specifications and first-in, first-out,
ISO and Nadcap requirements
• Allows lot-to-lot comparison for process consistency
• Part of Electronics Inc.’s comprehensive traceability and audit program
• Denotes genuine EI product
COVERAGE CHECK FINISH (U.S. Patent No. 6,568,239)
• Lapses in coverage are easy to check visually
• Contributes to a proper flapper peening technique
• Enhances capabilities of coverage checker tools

The Almen Strip Experts Since 1987
1-800-832-5653 or 1-574-256-5001 | www.electronics-inc.com
56790 Magnetic Drive, Mishawaka, Indiana 46545 USA
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Fig. 2 illustrates the essential peening parameters that are
involved in shape changes. The example shown is that of a
peened Almen strip where d is the depth of plastic deformation, t is the strip thickness, F is the bending force generated
by the peening, and M is the ‘equivalent bending moment’
that causes the strip to become curved to a radius, r. The
greater the bending the smaller is the radius of bending.
Curvature is the reciprocal of the radius of bending.
Hence curvature increases with the amount of bending
because the radius is decreasing. Equation (1) is the fundamental relationship that tells us how bending is induced by
the application of a bending moment.
r = e.I/M

(1)

where e is the elastic modulus and I is the
rigidity factor for the component
(properly called the “second moment of area”).
This article aims to show how the fundamental equation (1) can be used to estimate the shape changes that can
be induced by shot peening of components. It does not aim to
be either detailed or comprehensive but merely to serve as an
introduction to the subject for non-specialists.
INDUCeD eQUIVALeNT BeNDING MoMeNTS AND
rIGIDITY FACTorS
A qualitative feel for bending moments and rigidity factors
can be obtained by trying to bend a measuring ruler. Gripped
at its ends the ruler is easy to bend – in its ‘thin’ direction.
Gripped with both thumbs touching in the middle of the
ruler and it is very difficult to bend. Turn the ruler through
90˚ and it is very difficult to bend (in its now ‘thick’ direction)
even when gripped at its ends. These simple tests illustrate
that (a) bending moment is force times distance and (b) that
thickness has a much greater effect on rigidity than has width.
The rigidity factor, I, for a rectangular section is given by
equation (2):
(2)
I = w.t3/12
where w is width and t is thickness.
Shot peening induces a bending moment that is resisted
by the rigidity of the component.
ShAPe ChANGe oF ALMeN STrIPS CAUSeD BY
PeeNING
origin of shape change
The plastic deformation stress requirements for ordinary
peening have been described in a previous article (TSP Spring
2006). Fig.3 shows the state of stressing for a very tiny unit
cube of material being impacted by a shot particle. The particle
imposes a compressive principal stress, -s, in the z-direction
and outward material flow is resisted by two identical principal stresses, -r, acting in the x- and y-directions. The Tresca
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Fig.3. Principal stresses
acting on a unit cube
of material during shot
particle impact.
yield criterion states that yielding will occur if the difference
between the largest and smallest principal stresses equals the
tensile yield strength, Y. Applying this criterion shows that
yielding is equally likely in both x- and y-directions, when Y
= -r - (-s) or:
Y=s–r
(3)
-r is the largest principal stress because it is less negative
than is –s (being a smaller ‘bank overdraft’ by analogy). The
fact that plastic flow is equally-likely in both x- and y-directions means that duplex curvature of an Almen strip must
occur.
Magnitude of Shape Change
The shape change of peened Almen strips is usually quantified
by the measured ‘arc height’. This deflection of Almen strips is
the shape change most familiar to shot peeners. Almen strips
have a rectangular section of width, w, equaling 19mm but
having approximate thicknesses, t, of 0.8, 1.3 and 2.4mm for
N, A and C strips respectively. These values readily give us
rigidity factors when fed into equation (2). The calculated
rigidity factors together with an assumed elastic modulus of
210GPa can then be fed into equation (1). That gives us the
relationship between any given radius of bending and the
required equivalent bending moment. Radius of bending,
however, is not deflection. The next step, therefore, is to
convert deflection (arc height) into radius of bending.
Assuming that the radius of bending is constant along a
simply-loaded strip we have the relationship given as equation (4):
h = l2/8r
(4)
where h is arc height, l is length of Almen strip (76mm)
and r is the radius of bending.
A complication is that the arc height, h, for Almen strips
is made up from longitudinal and transverse contributions,
h1 and h2 respectively, see fig.4.
Since the length of an Almen strip is precisely four
times its width, equation (4) predicts that h1 should
be sixteen times h2.

JMT - Multi-Tumbler Machine
4Batch sizes from 3 to 35
cubic feet
4No machine pinch points to
trap or damage small parts
4Easily automated into process
lines
4Highly successful applications
include shot peening springs,
fasteners, and chain components

Send us your challenge...
Rosler can find a better way.
Rosler Metal Finishing USA, LLC is the leader in mass finishing, shot
blasting, automated processes and media - made in the USA.

Visit www.rosler.us or call 269-441-3000.

JVS - Vertical Structure Monorail System
4Customizable vertical structure
includes up to 12 turbines for
consistent, even coverage

4Cleans all surfaces in one
pass through 36”x84”
cleaning envelope

4Optional fittings include PLC
controlled VFD, magna-valves
and rust inhibitor applications

4Monorail fitted with up to 37
fixtures accommodating 2-8
parts each

RMBD - Tumble Belt Machines
4Unequaled flow through
tumbling action
4Many machine configurations to suit varied intensity
and coverage requirements
4Ideal for shot peening
connecting rods, gears and
other components where high
volumes and gentle processing are required.

Visit www.rosler.us or call 269-441-3000.
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Fig.4. Doubly-curved peen formed Almen strip.
This is an important relationship, as actual measurements will indicate any anisotropy of induced curvature. If
the induced curvature is isotropic (same in all directions)
then:
h1 = l2/7·53r
(5)
Actual measurements by the author indicate that induced
curvature of standard-peened Almen strips is substantially
anisotropic (h1 being normally only ten times h2). Two
explanations are (1) the steel itself is anisotropic and (2) that
the standard test involves pre-straining of the Almen strip
while it is still held in place by the four screws/bolts.
required Bending Moments for Almen Strips
Equations (1), (2) and (4) can be combined as rows on an Excel
spreadsheet to allow easy estimation of any one unknown
factor. Assume, for example, that the one unknown factor is
the equivalent bending moment, M, induced by peening an
Almen strip (h, w, t and e being known). An appropriate Excel
spreadsheet is shown as Table 1. The arc height of 0·5mm was
chosen because it is close to the maximum peening intensity
that would normally be applied to components.

Fig.5. Bending moments required to induce
deflections in Almen strips.
The resulting force is equivalent to an average stress, σ, in the
peen-deformed surface layer multiplied by the cross-sectional
area of the deformed layer. The distance is that from the force
to the so-called “neutral axis” of the strip. These requirements
are illustrated in the example shown in fig.6.

Table 1 Bending moments required to give specified
arc heights to Almen strips.
Strip
Type

E=
GPa

w - mm

t - mm

l - mm

h - mm

M-N
mm

N

210

19

0.8

76

0 •5

119

A

210

19

1.3

76

0 •5

506

C

210

19

2.4

76

0 •5

3183

It follows that:
Almen arc height is a direct measure of the induced
equivalent bending moment.
Re-arranging equations (1), (2) and (4) gives that:
M = 2*e*w*t3.h/(3*l2)

(6)

Equation (6) is a simple linear equation between M and
h and is plotted in fig.5 for the three standard Almen strip
thicknesses.
origin of Bending Moments
Bending moments are the result of force acting through a
distance. It is well-known that peening induces a compressive
stress and plastic stretching in the deformed surface layer.
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Fig.6. Example of bending moment origin in an Almen N strip.
Take as an example t = 0·80mm, d = 0·05mm σ =
300Nmm-2. The force, F, is then given by F = 300Nmm-2
x 0·05mm x 19mm (width of strip) so that F = 285N. This
generates a bending moment given by M = 285N x 0·375mm,
so that M = 107Nmm.
Uniformity of Bending Moment acting on peened Almen
strips
It has been assumed so far that the bending moment generated by peening is uniform, i.e., does not vary either along
or across the strip. If that is correct, beam bending theory
predicts that a peened strip should take on a parabolic shape
rather than a circular one. Actual measurements show that
this is indeed the case. One example is shown as fig.7 for
which measurements were made along the major axis of a
heavily-peened Almen N strip. Data points obtained using a

FlapSpeed® Controller for Rotary Flapper Peening
US Patent 7,954,348

Pneumatic Model

Electric Model

Watch FlapSpeed®
Controller Video

+ Improved repair quality and traceability
+ Increased productivity for faster turn-around
Find the FlapSpeed® Controller and all your flapper
peening needs at Shockform.com or call (450) 430-8000
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computer-controlled X-Y-Z coordinate measuring system are
shown together with a fitted parabola. The observed uniformity of bending moment is the same as that for the classic
example of uniform loading described in beam-bending textbooks.

PeeN ForMING oF SheeT MeTALS
Peen forming of sheet metals is well-established as a metalworking procedure. The curvature that can be induced
depends primarily on the thickness and elastic modulus of the
metal together with the magnitude of the induced equivalent
bending moment. Most peen forming operations are carried
out using ‘shot’ but a few are carried out using ‘balls’. A rough
distinction is that ‘shot’ diameters are an order of magnitude
less than the sheet thickness whereas ‘ball’ diameters are of
the same order of magnitude.
During peen forming plastic deformation must, of necessity, take place.
relationship between thickness, elastic modulus and
induced equivalent bending moment
Equation (1) can be re-written as:
1/r = M/e.I

Fig.7. Parabolic shape of a peened Almen N strip.
Variability of elastic Modulus
The bulk elastic modulus, E, varies with the thermo-mechanical
history of the rolled steel strip. Equation (6) when re-arranged
shows that an observed arc height, h, is an inverse function of
the elastic modulus:
h = 3*l2*M/(2*e*w*t3)
(7)
This effect is illustrated by fig.8 which shows how
measured arc heights vary with elastic modulus. It follows
that strip manufacturers must be careful to ensure that the
elastic modulus is maintained within fairly narrow limits.

Fig.8. Variability of measured arc height
with elastic modulus of Almen strip.
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(8)

The bending moment, M, in the numerator is approximately proportional to the sheet’s thickness, t, whereas the
rigidity factor, I, in the denominator is proportional to t3.
Hence the curvature that can be produced is inversely proportional to the square of the sheet’s thickness (one power of t
cancelling). For example, the curvature that can be produced
in 10mm thick sheet is only about one-hundredth of that
which can be produced in 1mm thick sheet of the same material on applying the same bending moment. Equation (8)
shows that the curvature increases linearly with increase of
applied bending moment and decrease of elastic modulus.
Magnitude of induced equivalent bending moment
A required curvature can only be achieved by the application of the corresponding bending moment, as predicted by
equation (8). Values of M for Almen strip steel are readily
available. For other materials possible curvatures have to be
determined experimentally. A convenient technique is to use
samples cut to the 19mm by 76mm Almen strip dimensions.
These can then be peened using peening intensity fixtures.
effect of pre-stressing
In the absence of pre-stressing peen formed sheet will deform
equally in two directions. This is not usually desirable. Unidirectional pre-stressing, however, has a profound effect on the
principal stress system that is causing plastic deformation
during impact of shot particles. This pre-stressing, which can
be either tensile or compressive, adds an extra component to
the state of stress.
Fig.9 corresponds to where a surface tensile pre-stress,
+p, has been applied due to an external bending effect. The
largest principal stress is now (+ p – r) and the smallest is
still – s. Applying the Tresca yield criterion gives that Y = (+

Are You Prepared for
a NADCAP Audit?

Empire robotic blast systems
ensure your parts are processed
in compliance with the strictest
quality standards.

Empire Has It All!
Automated Blast Systems
Blast Cabinets
Blast Rooms
Portable Blasters

2101 W. Cabot Boulevard, Langhorne, PA 19047, USA • 215.752.8800 • Fax 215.752.9373
Airblast@empire-airblast.com • www.empire-airblast.com

Automated
Peen Forming
Solutions

www.ksa.de.com
KSA Kugelstrahlzentrum Aachen GmbH · Weststraße 22-24 · 52074 Aachen · Germany

KSA_Anz_Shot Peener.indd 1

12.08.2008 12:26:02 Uhr
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p - r) – (-s) so that yielding in the x-direction is given by:
Y=s+p–r
(9)

that yielding in the y-direction is now given by:
Y=s–r

Comparing equations (3) and (9) shows that the absolute
magnitude of the required compressive stress, s, has been
reduced by p. For example, a pre-stress of 200MPa would
reduce the required value of s by 200MPa (assuming that r
remains constant). Reducing the level of stress that must be
imparted by the shot particle means that deformation will
extend deeper below the component’s surface. Pre-stressing
therefore strongly encourages yielding in the x- and z-directions and also promotes a greater bending moment. Yielding
in the y-direction, on the other hand, is discouraged. That is
helped by ‘Poisson contraction’.
Fig.10 corresponds to where a compressive pre-stress
of magnitude -p has been applied as an external effect. The
largest principal stress is now – r and the smallest is still – s.
Applying the Tresca yield criterion gives that Y = - r – (-s) so

Equation (10) is identical to equation (3). This then
predicts that compressive pre-stressing will not reduce the
impact stress required to cause yielding and therefore deeper
deformation will not occur. The resistance to flow in the
long direction has, however, been greatly increased - by p.
Conversely, flow in the cross direction will be encouraged –
by the Poisson effect. Note that the bending in the x-direction
will be removed when the external applied bending moment,
M, is removed.

(10)

Distortion rectification
Distortion rectification is a specialized technique that is
generally carried out on an empirical basis. Some distorted
components can have the distortion rectified to a degree that
may only require minor machine finishing. This is achieved
by peening appropriate areas of the component with sufficient
intensity. Basic considerations are the bending moment that
is imparted, the rectification needed and the rigidity of the
component.
The following is a simple example which illustrates some
of the basic considerations. A 1m long plate is found to be
distorted as shown in fig.11. It is known that peening a 10cm
section, AB, would induce a bending of that section to a
radius, R, equal to 1m. If we equally peen the underside of
the plate between C and D then the plate will bend upwards
by the same amount. Estimation of the straightening that
would be achieved involves some geometry. The angle COD
is given by CD/R or 10cm/100cm so that COD = 0·1 radians.
Multiplying radians by 180/À converts them to degrees. Hence
the angle COD = 6˚. The angle BEF also happens to be 6˚
(for this example), so that the required rectification would be
achieved.

Fig.9. Principal stresses during tensile peen forming.

Fig.11. Schematic representation of
plate distortion and rectification.

Fig.10. Principal stresses during compressive peen forming.
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DISCUSSIoN
Shape changes are an inevitable consequence of shot
peening. The magnitude of these changes can be estimated
from knowledge of the imposed bending moment. Analysis
of shape change should, however, involve plasticity principles as well as elasticity principles. This was recognized as
early as 1865 when Tresca introduced his yield criterion. A
deliberately simplified application of plasticity and elasticity
principles has been used in this article – in order to reach a
larger proportion of shotpeeners.
Almen strips are held down only along their longer
edges. As peening progresses a transverse tensile pre-stressing
is therefore generated. This transverse tensile pre-stressing
will encourage transverse plastic flow. That is a reasonable
explanation of the fact that the transverse contribution to arc
height is observed to be greater than would be expected from
isotropic flow.
Shape changes induced by shot peening can be partially
recovered by stress-relieving. If this is undesirable then one
solution is to induce excessive shape change and then temper
it back to the required shape change. l
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Mastering Shot Peening

Why EI training?

2012
Workshops

Tokyo, Japan
February 28

Shenzhen, China
July 11-13

Guanajuato, Mexico
March 27-28

Singapore
July 24-25

Edmonton, Canada
April 11-12

Germany
September

An EI workshop testimonial:

I had the opportunity to attend the Shot
Peening and Blast Cleaning Workshop
sponsored by Electronics, Inc. in October
2010 and was impressed by the quality
• Achieve certification and gain
of training, availability of workshop
recognition
presenters and supporting literature.
• Attain job confidence
Workshop sessions were designed for
appropriate course material and
• Network with industry peers
sufficient time was allocated for
• Meet industry experts
attendee feedback and questions.
The break-out sessions reinforced
• Obtain FAA accreditation
the critical concepts presented in the
• See the latest equipment and products shot peen workshop and enabled
advanced knowledge, techniques and
• Learn in an enjoyable and productive
applications. The on-going emphasis on
format
quality, consistency and accountability
• Electronics Inc. pioneered shot peening in all processes was welcomed as was
training in 1991 and remains at the
the input from Nadcap representatives.
forefront of quality shot peening
Vendor displays proved helpful
and ensured up-to-date knowledge of
training
the industry, advancements, products
• EI covers all aspects of shot peening
and services available.
and blast cleaning including theory,
This was a highly professional,
techniques, applications and equipment quality workshop. Accommodations,
support staff, luncheons, etc., were
• EI offers certification exams in shot
excellent. Our organization has utilized
peening and flapper peening
other workshops in the past and would
• EI was the first FAA-approved source
certainly recommend Electronics, Inc.’s
for shot peening training
workshop training.
—Quality Manager
• EI’s workshops are reasonably priced
Shot
Peening Facility
and are a tremendous value

• Improve processes and procedures

Chicago, USA
October 9-11

1-800-832-5653 or 1-574-256-5001
www.electronics-inc.com

Our courses are accredited by the FAA. If you're a FAA mechanic, call to learn how you can receive credit for taking our workshop courses.
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PrI INduSTry POll

The Impact of the Economic Crisis on the Aerospace Industry
The worst is yet to come
2010

2011

The economy is hurting our business
2009

2011

91%
80%

79%
64%

IN OCTOBEr 2011, a PRI web poll asked "Do you think
the worst of the economic crisis is over?" Of the 348 respondents, 79% feel that the worst is not over. This is up from 2010
where 64% thought they had not seen an end to the decline.
However, even though survey participants are expecting the
crisis to worsen, another PRI poll indicated that business is
being affected less by the economic problems than before.
In July 2011, PRI asked "Is the economy affecting your
business?" Eighty percent of the 121 respondents confirmed
that it was affecting their business. This number is down from
two years prior where, in July 2009, 91% of the 238 respondents
felt that their business was being affected by the economy.

frEE ing
Shipp
Global osts
C
ator
Calcul ingcosts.com
ipp
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w w w.g
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Purchasi
Ideal for Suppliers
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This suggests that while people do not believe the worst is over,
there is less concern about the impact of the economic crisis on
the aerospace industry.
About PRI
PRI is a not-for-profit organization created in 1990 by SAE Inc.
It exists to advance the interests of the mobility and related industries through development of performance standards and
administration of quality assurance, accreditation, and certification programs as well as related activities for the benefit of
industry, government, and the general public. Learn more at
www.pri-network.org.
ThIS CalCulaTOr PrOvIdES shippers and other
users with a planning tool for trading merchandise
in any part of the world. The calculation is based on
a weight average of a group of rates on a given route
which makes it a unique marketing and planning tool for
obtaining shipping time and generic shipping costs from
port-to-port.
You will need to register an email address for unlimited
use of this free service.

www.globalshippingcosts.com

ISO 9001: 2000 Certiﬁed

A CUT ABOVE THE REST
Number one in cut wire shot
since ﬁrst pioneering the
process nearly 60 years ago.
Product quality, consistency
and durability combined with
knowledge, customer service
and delivery still make us
number one today.

Precision shot peen masks and fixtures
for the aerospace and commercial sectors
Timely quoting • Competitive lead times
An ISO 9001:2000 Certified Company
Quality Engineering Inc.
Tel: 203-269-5054 Fax: 203-269-9277 Web: www.qes1.com
122 North Plains Industrial Road, Wallingford, CT 06492
For Quotations: qesadmin@qes1.com

SAE J441 | AMS-S-13165 | AMS 2431 | VDF1-8001 | BAC-5730 | MIL-S-851D

STAINLESS STEEL | ZINC | CARBON STEEL | ALUMINUM | COPPER

PELLETS_QTR_PAGE.indd 1

5/7/06 4:24:26 PM

The Original CLELAND
SHOT CLEANING SPIRAL SEPARATOR

Spiral
Separators

The Cleland Spiral Separator
is the most successful method
of separating round product
from cracked, broken, or nonround materials. The Cleland
Spiral Separator is available
with a self-cleaning hopper to
ensure total emptying of the
top hopper bin.

“Cleland Spirals Work Around the World”

Phone/Fax: (763)571-4606
Cleland Manufacturing Company
2125 Argonne Drive
Minneapolis, Minnesota 55421 USA

Take Control of Your Media
WITH PROFILE SPIRAL SEPARATORS
REMOVE broken media, leaving
predominately round media for a
controlled, effective shot peening process
SEPARATE round from non-round
metal abrasives, metal shot, ceramic
beads, glass beads and more
SAVE money on media—recycle it for a
cost savings
PROTECT expensive parts from damage
by broken media
LIMIT wear to machine parts from
broken media
EXCEED SAE AMS 2430 requirements
Call 1-763-428-5858 today and ask for
Steve DeJong

1-763-428-5858 www.profile-ind.com | info@profile.com
13251 George Weber Drive, Rogers, Minnesota USA 55374

Winter 2012 | The Shot Peener

37

uPCOMING CONfErENCE: ICrS 9

ThE 9Th INTErNaTIONal
CONfErENCE ON rESIdual STrESS
October 7-9, 2012
Congress-Centre, Garmisch-Partenkirchen, Germany
ThE 9Th INTErNaTIONal CONfErENCE on
Residual Stresses is intended as a continuation of the successful
series initiated in Garmisch-Partenkirchen (Germany, 1986)
and continued in Nancy (France, 1988), Tokushima (Japan, 1991),
Baltimore (USA, 1994), Linkoping (Sweden, 1997), Oxford (UK,
2000), Xi’an (China, 2004) and Denver (USA, 2008).
The conference provides a forum for scientists, students,
and engineers interested in the prediction, evaluation,
control, and application of residual stresses. The aim of this
conference is to give equal emphasis to the measurement,
modelling, and utilization of residual stress/strain data.
Both the scientific and engineering aspects of these topics,
such as the influence of residual stress fields on distortion,
damage initiation, propagation, component lifetimes, and
failure, will be addressed. Emphasis will be laid on method
development and current hot topics of great interest, as, for
example, stresses in nanosized systems, stress analysis using
synchrotron radiation, etc.
CONfErENCE lOCaTION
The conference will be held October 7-9 2012 in the Congress
Centre in Garmisch-Partenkirchen (Germany). GarmischPartenkirchen is located in the Bavarian Alps at the foot of
the mountain 'Zugspitze', the highest mountain in Germany
(2,962 m/9,724 ft).
Garmisch-Partenkirchen can be reached by car or by
train. From Munich Hauptbahnhof, the train ride takes
about 1½ hours. Munich International Airport provides
connections to many destinations in Europe and abroad.
Accommodation in Garmisch-Partenkirchen can be
booked in many different guest houses and hotels. A wide
range of accommodation standards and prices, ranging from
bed & breakfast-type accommodation to five-star hotels is
available. Further information can be found soon on the web
pages (keep an eye on www.mf.mpg.de/icrs9).
Call fOr CONTrIBuTIONS
Participants are invited to submit an abstract of their contribution using the format described in the Instruction for
Authors section of the website. The abstracts will be collected
in a booklet available at the conference. Contributions can be
presented as posters or oral communications, on the basis of
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author’s request and evaluation by the scientific committee.
It is planned to publish papers of all accepted contributions
in the form of Conference Proceedings. Manuscripts should
be submitted at the Conference.
SuPPOrT
A number of grants for colleagues from less-favoured countries
will be made available. To be eligible, candidates should
provide a brief curriculum vitae and the abstract of their
intended contribution. Support can be partial or total,
depending on fund availability.
dEadlINES aNd IMPOrTaNT daTES
Abstract submission: 29th February 2012
Acceptance notification: 31st March 2012
Registration deadline (early registration fee): 15th April 2012
Registration deadline (full fee): 1st July 2012
fEES
The conference fee including lunches and dinners as given in
the schedule below as well as coffee breaks, abstract booklet
and conference proceedings will be in the order of 550 € (early
registration) for regular participants and about 300 € (early
registration) for students. After the deadline for early registration, the fees will increase by about 100 € with respect to

The Congress Centre in Garmisch-Partenkirchen, Germany
Photo used with permission: Markt Garmisch-Partenkirchen

The World’s Finest Almen Gage
The World’s Finest
Almen Gage meets:
SAE J442
AMS 2430
AMS 2432
and many more gage
requirements for the
aerospace industry

The Industry-Standard Tool for Measuring Intensity
• Patented magnetic grip and end stops
(U.S. Patent No. 5,297,418)

• Convenient battery replacement

• An easy-to-read display

• Calibration services or block kit available
(U.S. Patent No. 5,780,714)

• .0001'' (.001 mm) resolution

• Ergonomic design

• SPC data port

• One-year warranty

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

Cont.

the early registration fee. The exact fees depend upon sponsoring and fund availability and will be announced on the
web pages as soon as possible (keep an eye on www.mf.mpg.
de/icrs9). Please note that all conference fees do not include
7% VAT. The ICRS9 Conference is sponsored by the Max
Planck Institute for Metals Research.

Get up to
speed on
flapper peening
with flapper peening training from the experts

PrElIMINary rEGISTraTION
Prospective participants are requested to express their
interest in participation by sending an email to icrs9@
mf.mpg.de containing the following in-formation: Name,
affiliation and field of interest (e.g. residual stresses in coatings, diffraction measurement of stresses etc) at any time.
You will then be added to a mailing list and receive further
circulars and updates by email.
CONTaCT aNd furThEr INfOrMaTION
Prof. Dr. Ir. Eric J. Mittemeijer
Phone: +49 (0)711 689-3310 Fax: +49 (0)711 689-3312
Prof. Dr.-Ing. habil. Berthold Scholtes
Phone: +49 (0)561 804 3660 / 3661
Fax: +49 (0)561 804 3662 Mail: icrs9@mf.mpg.de

Flapper peening is ideal for peening small areas on new or
repaired parts. Flapper peening can also be done in the field,
making the time-consuming and expensive disassembly and
transportation of components unnecessary.

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, including
the new AMS 2590
• Expand your use of this productive process
Our training program is beneficial to operators,
supervisors, inspectors and application engineers.
FAA mechanics are eligible for training credit.
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. Dave Barkley is the Director for
the EI Education Division and one of EI’s flapper peening
instructors. He’s an experienced trainer—Mr. Barkley
was an adjunct professor in the Electrical Engineering
Technology and Mechanical Engineering Technology
departments at Purdue University School of Technology.
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Chicago
2012

Shot Peening &
Blast Cleaning
Workshop
October 9 -11
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rÖSlEr ExPaNdS faCIlITIES IN u.S. aNd GErMaNy
rÖSlEr METal fINIShING uSa has opened a
300,000 sq. ft. campus in Battle Creek, Michigan. The new
facility includes Rösler’s 15,000 sq. ft. process and test lab,
production facilities for both ceramic and plastic media, stateof-the-art finishing equipment, assembly and administrative
offices. Remarking on the expansion, Harold Wagenknecht,
President of Rösler Metal Finishing USA, LLC, said, “The
advantages of a centralized facility with streamlined functions
in production, sales, inside sales, marketing and purchasing,
as well as our aggressive commitment to our customers, propelled our decision to invest and expand at this critical time.”
The family-owned company with 1300 employees worldwide opened their U.S. headquarters in 1999 and has continued
to expand, serving customers in virtually every industry,
including automotive, aerospace, medical, machining, steel
fabrication and green energy.
expansion in Germany
Two building extensions and additional parking space for
240 cars are underway in Untermerzbach, Rösler's company
headquarters in Germany. This latest expansion project represents an additional investment of 3 million euros into this
manufacturing location. In the past four years, the company
completed four building additions for the integration of the
in-house steel fabrication operation, expansion of the overall
production volume and warehouse space, and additional
floors to the administrative building.
The most recent investment became necessary to overcome
capacity bottlenecks due to increased market demand for
the company’s products and to further expand the in-house
manufacturing depth. When the new 3,500 m² facility is
completed in summer 2012, it will house the complete laser
cutting operation. In 2011, Rösler added 60 new employees to
its existing staff to assist with the increasing sales volume.
Backed by a global network of locations providing worldwide support and over 60 years of experience, Rösler is the
only finishing company offering both mass finishing and shot
blasting equipment, as well as the consumables and media for
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the total process solutions from a single supplier. Dedicated
to “finding a better way,” Rösler’s highly trained employees
first evaluate what the end result should be and choose from
the most extensive product range in the industry to select the
right process for each customer’s specific needs. l

U.S. STEEL CONVERTING VEHICLES
TO RUN ON NATURAL GAS
The U.S. Steel Co. is converting its vehicles to run on natural
gas, according to a recent article by the Associated Press.
U.S. Steel has installed a natural gas filling station and
converted five vehicles at its Mon Valley Works in Irvin,
Pennsylvania, including a pick-up truck, a SUV, minivans
and a piece of heavy equipment used for moving coiled steel.
U.S. Steel is also using six natural gas vehicles and a filling
station at its facility in Gary, Indiana.
The steel maker saves 61 cents for every mile driven
using natural gas instead of gasoline or diesel fuel, according
to U.S. Steel CEO John P. Surma. Surma said that the cost
savings are realized through lower fuel costs for natural gas
(about 75¢ per gallon) and reduced maintenace costs. Surma
also said that natural gas vehicles produce fewer
pollutants than vehicles using petroleum-based fuels.
Mon Valley Works General
Manager, Scott Buckiso, said that the
steel maker hopes to add more new
natural gas vehicles as old vehicles need
to be replaced since the cost of
converting a gas engine to
natural gas is around $12,000 $15,000 per vehicle. Dodge is expected
to produce a pick-up truck, and Ford and
General Motors are also supposed to
have production of such vehicles
in the pipeline. l

four LEADERS ,
one SOLUTION .
Since 1904, Pangborn has been providing wheel and air blast solutions to
surface preparation professionals worldwide. Look to us for equipment, rebuilds,
upgrades, parts, maintenance and inspection services, readily available and
matched to your application. Today, as part of the Pangborn Group—four of the
world’s best known brands within one global organization—Pangborn offers an
even broader portfolio of innovative products and services. Greater design and
engineering expertise. Unmatched customer service. Global coverage.
It’s no wonder the world’s leading companies rely on Pangborn for their
surface preparation needs.
Find out more—visit www.pangborn.com.

Pangborn Corporation
4630 Coates Drive
Fairburn, GA 30213-2975
United States
Phone (404) 665-5700
Toll Free (800) 638-3000
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