
Fall 2012
Volume 26, Issue 4  |  ISSN 1069-2010

Shot PeenerThe

Sharing Information and Expanding Global Markets for Shot Peening and Blast Cleaning Industries

Plus:

Human Factors in Non-Destructive Testing

U.S. Drought Brings Flood of Business

Shot Peening Research at Army Research Lab

Shooting at Ceramics

Dual Function Cabinet 
Meets Multiple Customer Needs



2   The Shot Peener   |  Fall 2012 

http://www.toyoseiko.co.jp/english/product/product08.html


CONTENT

   Fall 2012   |   The Shot Peener   3

ARMy RESEARCH LAB USES xRD TO 
EvALUATE SHOT-PEENED AEROSPACE 
MATERIALS
Shot peening and x-ray diffraction prove to be useful tools 
to the budget-trimming U.S. military.

36 
SHOOTING AT CERAMICS
Producing thin ceramic components has been a laborious 
and expensive process, as parts often get distorted during 
manufacture and have to be discarded as waste. Researchers at 
the Fraunhofer Institute for Mechanics of Materials IWM are 
now able to reshape the surfaces of malformed components 
with shot peening.

42

THE SHOT PEENER
Sharing Information and Expanding Global Markets for Shot Peening and Blast Cleaning Industries

12 HUMAN 
FACTORS IN 
NON-DESTRUCTIvE 
TESTING
Richard Gasset with Lisi 
Aerospace outlines the 
human factors that influence 
work quality, whether you 
work for a NDT or shot 
peening facility.

16 U.S. DROUGHT BRINGS FLOOD 
OF BUSINESS
The sale of spiral separators to the agriculture market has 
increased significantly for Profile Industries this year. 

ON-SITE OR wORkSHOP?
Dave Barkley with the Electronics Inc. Education Division 
helps organizations pick the best training solution for their 
employees.

20
SATISFACTORy PEENING INTENSITy CURvES
Dr. Kirk explores the computer techniques that can help 
determine if a satisfactory peening intensity curve has been 
generated.

24 

6 EMPIRE ABRASIvE EqUIPMENT MEETS 
REqUEST FOR FLExIBILITy
Empire’s customer wanted to use pressure and suction 
blasting for research and development in addition to the 
production of prototype and finished products. “Typically 
this flexibility would require two to four pieces of equipment,” 
reported one of the firm’s lead engineers. “Empire met our 
needs with one system.”  



OPENING SHOT
Jack Champaigne  |  Editor  |  The Shot Peener

4   The Shot Peener   |  Fall 2012 

The ShoT Peener
• In publication since 1986
•  Over 6,500 readers in 80 countries

The Shot Peener
56790 Magnetic Drive 
Mishawaka, Indiana, 46545 USA  
Telephone: 1-574-256-5001 
www.theshotpeenermagazine.com
For a free subscription to The Shot Peener, 
go to www.theshotpeenermagazine.com/
free-subscription

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. 

JACk CHAMPAIGNE

Campaigning
CANDIDATES FOR POLITICAL OFFICE in the USA will often visit their 
constituents while campaigning. Jackie Walorkski and her team visited Electronics 
Inc. this summer. Ms. Walorski has served as an Indiana State Representative and is 
running for Congress in the fall 2012 election. Our visi-
tors were impressed that over 50% of our products are 
shipped outside of North America. It’s important to EI 
to have legislators that understand U.S. domestic and 
foreign trade policy and are willing to support efforts to 
improve international trade. We were able to share many 
ideas and concerns with Ms. Walorski.

Campaigning for Shot Peening
SAE is considering a new committee for Lightweight 
Materials for Automotive Applications. When I heard  
about their mission to review new lighter and stronger 
materials, I campaigned for a sub-committee to consider 
the fatigue life properties of these new materials. The 
most important feature of any component is its surface. The condition of its surface 
will virtually always determine its fatigue load carrying capability and fatigue life-
time.  As Chairman of the Surface Enhancement Committee, I suspect that I will also 
be on this new committee. I look forward to sharing shot peening’s benefits to the 
fatigue life of lightweight materials with my fellow committee members. While Ms. 
Walorski would like to make a difference in Washington, D.C., I’d be happy to be part 
of a group that makes a difference in Detroit. I’ll keep you posted on the developments 
through The Shot Peener magazine.

Jackie Walorski, a candidate for the U.S. Congress, and Jack Champaigne 
tour the Electronics Inc. facility.

mailto:jack.champaigne%40electronics-inc.com?subject=The%20Shot%20Peener%20magazine
http://www.theshotpeenermagazine.com
http://www.theshotpeenermagazine.com/free-subscription
http://www.theshotpeenermagazine.com/free-subscription
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4Customizable vertical structure 
   includes up to 12 turbines for 
   consistent, even coverage

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

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

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

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.

JVS - Vertical Structure Monorail System

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

JMT - Multi-Tumbler Machine

RMBD - Tumble Belt Machines

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 compon-
   ents

4Unequaled flow through 
   tumbling  action

4Many machine configura-
   tions to suit varied intensity 
   and coverage requirements

4Ideal for shot peening 
   connecting rods, gears and    
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   volumes and gentle proces-
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Visit www.rosler.us or call 269-441-3000.

http://www.rosler.us
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Dual Function Cabinet Meets 
Multiple Customer Needs

SPECIFICATIONS REqUIRING PRESSURE and 
suction blast capabilities within the same cabinet system are 
rare, to say the least, for simple reasons. Pressure systems work 
faster than suction systems, consume less energy, operate over 
a wider pressure range, provide more control at both high and 
low pressures, and tackle jobs suction systems can’t handle. 
So once the higher initial cost for a pressure system has been 
paid, switching to suction normally represents a step back-
ward — unless the system is destined for R&D as well as future 
production. (See “Roles of Suction and Pressure” on page 10.)
 Such was the case with a company involved in the devel-
opment of various products, some used in air-blast equipment 
and others requiring shot peening and/or blast finishing. The 
firm wanted to use pressure and suction blasting for research 
and development in addition to production of prototype and 
finished products. Consequently, the company’s specification 
required equipment that provided room to explore, produce 
and accept modifications at the same time.
 “Typically this flexibility would require two to four 
pieces of equipment,” reported one of the firm’s lead engi-
neers. “Empire met our needs with one system.”  
 Concerning modifications, the firm wanted to minimize 
hardware by enabling the system’s pressure vessel, normally a 
component in the pressure chain only, to operate as a storage 
hopper for media supplied to the suction system as well. In 
addition, the customer wanted a MagnaValve® beneath the 
pressure vessel/media hopper. (See Figure 1.) “Empire is one 
of the few cabinet makers that extends the legs on the media 
hopper so that we will have plenty of access to the valve,” said 
the engineer. “We’re currently running ferrous shot but if we 
switch to non-ferrous media, we can easily change the valve,” 
he added. Given the modular design of our Pro-Finish® cabi-
nets and our ability to adapt standard equipment, giving the 
customer this level of versatility presented no problem. 
 In fact, we operate an entire division devoted to modi-
fying our extensive line of cabinets — over 100 standard 
configurations are available in our Pro-Finish® line alone 
— to meet specialized finishing needs with a minimum of 
custom engineering and its associated high cost. Drawing on 
our expertise in automated air blasting, in-house fabricating 
skills, and an array of standard factory options, we have devel-
oped hundreds of cost-effective equipment solutions ranging 

from straightforward, such as connecting two blast cabinets 
with an expander to contain long work pieces, to sophisti-
cated, such as partial automation involving programmable 
controls. 
 In the case of the firm needing a single blast system for 
production plus R&D, the availability of items as standard 
factory options as opposed to custom equipment played an 
important role in their buying decision. For example, the 480 
volt, 60 hertz, three-phase electrical package required by the 
customer is just one of five optional electrical packages offered 
with our Pro-Finish® cabinets. Likewise, the inside rubber 
curtains specified are a standard factory option, available in 
white or black, sized to fit the cabinet ordered, and include 
rubber coated mounting knobs. 
(See Figure 2.) Sound attenu-
ators ordered for the system’s 
fan motor outlet and blast 
cabinet inlet are, again, stan-
dard factory options.
 For production purposes, 
the customer wanted to add 
equipment designed to reduce 
labor requirements and enhance 
quality. From our list of standard 

Figure 1. Extended legs supporting the system’s 3.5 cubic foot 
pressure vessel provided sufficient clearance for 
mounting of a MagnaValve® media flow valve. 

Figure 2. Rubber curtains 
extend cabinet life by 

protecting interior walls 
from blast media.

http://www.empire-airblast.com
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factory options, the firm selected a fixed nozzle holder for the 
pressure-blast nozzle, a fixed gun holder for the suction-blast 
gun, a 24" diameter stationary turntable with a perforated top 
and variable speed control from 3 to 12 revolutions per minute, 
and an electric timer to control blast cycle duration.
 The system’s control package (See Figure 3), mounted on 
the left front of the blast cabinet next to the viewing window, 
includes on and off buttons for lights and blast, start and stop 
buttons for timed blast cycles, selector switches for auto-
matic or manual blasting in either the pressure or suction 
mode, and controls for turntable rotation speed and blast 
cycle duration as well as MagnaValve media flow controls 
and a flow monitor installed by the customer. “Our produc-
tion and R&D work require precise control of the media flow 
rate and repeatability of the process.” said the engineer. “The 
MagnaValve and the system’s control package give us both.” All 
controls are electric to simplify data logging.

 The automatic blast feature, which teams part movement 
via the powered turntable with timed blast cycles, not only 
eliminates the complication of operator involvement when 
evaluating results related to the adjustment of various blast 
parameters, it also contributes to repeatable production.
 Because the system uses a wide range of relatively fine 
media consisting of beads and grit, our cyclonic reclaimer 
equipped with a magnetic separator and tuning band has the 
flexibility to recycle them all. Before flowing ferrous media, 
such as steel shot and grit, the magnetic separator is easily 
removed. When flowing non-ferrous media such as glass and 
ceramic bead, plastics and aluminum oxide, the separator 
plays an important role in extracting ferrous debris carried 
over from blasted surfaces. By adjusting the tuning band on 
the reclaimer, the amount of air introduced into the system 
can be controlled to assure precise separation of functional 
media from dust and other unwanted debris. (See Figure 4.)
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 As another goal, the customer wanted to maximize the 
length of production cycles by increasing the volume of the 
system’s pressure vessel and decreasing maintenance on the 
dust collector. In response, we substituted an optional three-
and one-half cubic foot pressure vessel — with optional sight 
glasses for easy level checks—for our standard one cubic foot 
vessel, and supplied our 600 CFM cartridge dust collector 
rather than a bag-type collector with equal capacity.
 The cartridge collector handles cycle times of almost 
any length because the air-blast system can continue working 
while dust is removed from filtration surfaces. A minihelic 
gauge tells the operator when to initiate reverse jet pulsing, a 
standard feature that purges dust with the push of a button. 
(Optional photohelic upgrades move dust from filtration 
surfaces to a collection drum automatically.) And when 
cartridge filters wear out, they are easy to replace.
 A recap of the customer’s specification for a single 
cabinet system with pressure and suction blast, easy access 
to the media valve, manual and automated operation, media 
flow rate control and repeatability, broad media reclamation 
capability, and extended processing cycles boils down to a 
central requirement: flexibility. Happily, our Cabinet Division 
was limber enough to deliver. l

   

Figure 3. A selector dial for “PRESS” or “SUCT” on the 
system’s control panel permits the operator to select 

pressure or suction blasting.

Figure 4. Reclaimer Operating Principles



The cyclonic reclaimer diagrammed above includes a movable 
band (not shown) that can be positioned over the tuning ports 
to recycle a wide range of abrasives. 
 As spent media, dust and debris are pulled by air flow to the 
reclaimer inlet, incoming air and media spiral in a downward 
vortex, throwing larger particles against the outer reclaimer 
wall. An air stream coming through the tuning ports forms an 
upward counter vortex through the center tube, which carries 
out dust while heavier particles drop into the storage hopper 
below for reuse. A screen catches any oversized debris.
 Dust and undersized debris are drawn from the reclaimer 
into the bottom of the dust collector. Sudden expansion forces 
heavier dust particles to the bottom. Remaining fine dust is 
pulled to the surface of the dust filters. 
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Materials Testing Services

www.TECstress.com
865.966.5856

Materials Testing Division • 10737 Lexington Drive • Knoxville, TN 37932 USA

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.

ISO
REGISTERED

9001

http://www.tecstress.com
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Role of Suction and Pressure
In air-blasting equipment, one of two basic approaches — 
commonly referred to as suction and pressure (See Figure 
1) — “pull” or “push” abrasives (known as media) to desired 
working speeds. Suction systems rely on compressed air 
from a supply line to create a venturi effect within a blast 
gun that draws abrasives through a feed line from a storage 
hopper operating at atmospheric pressure. When triggered, 
the blast gun releases compressed air and media to the work 
surface. The advantages of suction systems include lower 
capital costs and simplified piping, particularly in applica-
tions requiring continuous operation and/or multiple blast 
outlets. (See Figure 2, 3 and 4.)
 In the case of pressure systems, the media-storage 
vessel operates at the same higher-than-atmospheric pres-
sure as the air supply line (normally between 10 and 120 psi
above atmosphere). When actuated, the system releases 
abrasives from the storage vessel into a blast hose where 
the difference between system pressure and atmospheric 
pressure (sometimes more than 100 psi) drives the abra-
sive particles during their entire trip to a tapered blast 
nozzle that adds more speed. This continuous “push” pays 
significant dividends in terms of energy use. On some jobs, 
pressure systems reduce compressed-air consumption by 
75 percent. Moreover, pressure systems control abrasive 
flow with greater precision at both low and high operating 
pressures. As a result, they can deploy a broader range of 
media than suction systems and perform a much wider 
variety of tasks.

OPERATING PRINCIPLES

Compressed air

Compressed air

Blast media

Blast media

Negative pressure

Air flow

SUCTION SYSTEMS

PRESSURE SYSTEMS

Figure 1.
Operating 
Principles

Figure 2. Besides 
simplifying piping to 
multiple blast outlets, 
suction systems make 
possible innovations 
like the rotary blast 
head. Equipped with 
six blast guns, the head 
shown spins to provide 
even coverage on broad 
work surfaces.

Figure 3. Supplying six blast guns is relatively straight
forward as demonstrated by the single air manifold and

media hopper, each with six hose outlets.

Figure 4. 
As shown by a 
pressure setup 
with just two 
outlets, supplying 
pressure nozzles 
requires more 
hardware.
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Human Factors in 
Non-Destructive Testing

THE RELIABILITy OF NON-DESTRUCTIvE 
TESTING (NDT) can be significantly influenced by the 
environment in which components are processed and 
inspected. Consideration of human factors is an area that is 
all too frequently overlooked. Human factors are typically 
dependent on a large number of influences, and the following 
may be areas in which you and your company may want to 
pay special attention when considering the NDT process 
within your company.
 At a recent NDT Task Group meeting, the topic of human 
factors came up, and it took me back to my previous posi-
tion as an FAA Repairman. Part of my responsibility was to 
help develop a Training Manual as a companion to our Repair 
Station and Quality Control Manual. Handbook Bulletin for 
Airworthiness Order 8300.10 then required human factors to 
be included in the training program. Numerous FAA documents 
had suggested elements on human factors but none that 
would apply to our small compressor blade repair facility.
 Luck struck when our local Flight Standards District 
Office (FSDO) was having a two-day Aviation Safety Program 
Workshop and one of the topics was human factors. The 
facilitator defined human factors as “The discipline of opti-
mizing the relationship between people and their activities by 
the systematic application of the human sciences, integrated 
within the framework of system engineering.” He also defined
human error as “Where there is general agreement that a 
person should have done something other than what they 
did.”
 Most important to our facility were the twelve human 
factors (the Dirty Dozen1) that can cause human error:
• Lack of Communication • Lack of Resources
• Complacency • Pressure
• Lack of Knowledge • Lack of Assertiveness
• Distraction • Stress
• Lack of Teamwork • Lack of Awareness
• Fatigue • Norms

The following is a synopsis of each of the human factors 
described in the presentation. 

Lack of Communication is possibly the most important 
human factor issue that has played a role in aviation accidents. 
Either someone was assuming that someone else had done 
his/her job, or was not given proper instructions. Employees 
need to communicate before, during and at the end of each 
task and detailed information must be passed along at shift 
change. 

Complacency is lack of sufficient stress. We all know that 
too much stress can cause confusion and fixation. However, 
too little stress can cause a person to be bored and compla-
cent. When a person becomes complacent, not only does 
their stress level for the task decrease, but their performance 
decreases also. Error or complacency can be lessened by 
always following written instructions, procedures or specifi-
cations. Do not attempt to do work from memory, and never 
sign off on work if you are not totally sure that you have 
completed the task.

Lack of Knowledge. Aircraft systems are so complex and 
integrated today that it is next to impossible to perform the 
necessary tasks without substantial technical training and 
reference sources.

It has been suggested that if we make the effort to study 
one hour a day for a year on the subject of our profession, 

we will be among the top 15% of knowledgeable 
persons within our profession. 

Make a daily commitment to spend a small part of everyday 
reading on subjects that affect you in your daily job to avoid 
falling victim to the lack of knowledge human factor.

Distraction. Psychologists have identified distraction as 
the number one cause of forgetting. We humans are always 
thinking ahead, both consciously and subconsciously. If we 
are distracted to the point of interruption during a task or 
procedure, when we return to the job, we often think we are 
further along than we actually are. Errors from distraction 
can be lessened by always finishing a task or marking the 
incomplete work, double inspect by another or self, and when 
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Richard Gasset is a Nadcap U.S.-based supplier voting member and a NDT III with Lisi Aerospace, a manufacturer and supplier of 
aeronautical fasteners, racing fasteners, and assembly and installation tools, headquartered in Paris. While Mr. Gasset’s 

article pertains to non-destructive testing facilities, the human factor is also crucial in MRO facilities.

http://www.lisi-aerospace.com/uk/profil.php
http://www.pri-network.org
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you return to the job always go three steps back and use a 
detailed check sheet.

Lack of Teamwork. Teamwork does not just happen by 
mistake; a lot of constructive communication needs to take 
place by all departments involved in order to produce team-
work. When there is trust and good communication among 
employees, teamwork develops. A good team member wants 
everyone to succeed; we can start out by praising the people 
we work with.

Fatigue is the body’s normal reaction to physical or mental 
stresses of prolonged duration. Acute and operational fatigue 
is caused by hard work and long hours. Chronic fatigue, 
however, may be something that requires medical attention. 
Symptoms of fatigue can be reduced attention, diminished 
memory, withdrawn mood, and low situational awareness.
 The three most important ways of dealing with fatigue 
are regular sleep, a well-balanced diet and a regular exercise 
program.

Editor’s Note: According to Dr. Mark Rosekind, National 
Transportation Safety Board Member, 70 to 80 percent of all 
accidents are “because of human error.” In a MRO facility, 

maintenance errors are foremost a safety issue, but it can be 
a financial issue, too. Consider for example, that engine     

problems yield at least half the flight cancellations, which cost 
an average $66,000 each in the U.S., according to Boeing.

—David Jensen
“An Awakening to MX Personal Fatigue” 

Aviation Maintenance magazine, June/July 2012

Lack of Resources. A list of important resources would be 
money, people, time, tools and data/knowledge to name 
a few. Making sure that we have correct tools for the job is 
just as important as having the proper parts. Technical data 
is another critical resource which can lead to problems. If we 
cannot find the data, we need to ask a supervisor or technical 
representative. When we have the proper resources for the 
task at hand there is a greater chance that we will do a better 
and more efficient job.

Pressure can affect our judgment during critical moments at 
work. Pressure to complete the job is part of the stress that 
motivates us to do the job. Positive stress is the extra stim-
ulation that helps us to perform at our best. Negative stress 
occurs when pressures layer one on top of the other and 
become uncomfortable. A few ways to reduce pressure is to 
put everything into perspective, be sure the pressure is not 
self-induced, communicate your concerns to someone in a 
position to make a difference or ask for extra help.

Lack of Assertiveness. Assertiveness can be defined as 
standing up for rights and expressing feelings in an honest, 
open, appropriate and direct way which will not violate 

another person’s rights. Assertiveness takes the view that all 
individuals can pursue their own goals, protect their own 
rights and achieve results without violating the rights of 
others. Assertiveness can be said to be the middle ground 
between aggressiveness and passiveness. One way to practice 
assertiveness is to refuse to compromise your standards and 
do what is right, even when no one supports you.

Stress. It’s a blessing and a curse: a blessing in that it moti-
vates us to perform and a curse in that it can adversely affect 
your health, both mental and physical. Stress can be created 
from many different sources, some can be family changes, 
work, or personal or financial issues. Knowing the early 
warning signs can give us a chance to use stress reduction or 
coping techniques. Some early signs are disruptions in eating 
patterns and sleep habits, errors in judgment occurring more 
frequently, poor concentration and memory loss become 
noticeable, personality changes and stomach distress. Tech-
niques for reducing stress work differently in different people. 
Some examples are to go with change rather than against it. 
If job factors are creating stress, talk with your supervisor or 
someone in your organization in a position to make a differ-
ence, establish a balance between work, family and recreation, 
smile more, and laugh. Laughter is a proven stress-coping 
mechanism.

Lack of Awareness, or reduced situational awareness, can be 
an indication that one or more of the other human factors are 
in action, such as fatigue or distraction or lack of commu-
nication. To maintain our awareness level throughout our 
careers and in our day-to-day job we can rely on our experi-
ence and training. Experience creates a mental file of how one 
interprets and responds to conditions and events. Use your 
experience to maintain a constant state of awareness.

Norms. A norm in the context of the Dirty Dozen1 means 
that our group has a better way to do the job than the written 
instruction, procedure or specification. It could be considered 
“Tribal Memory,” which are unwritten rules enforced by the 
group, peer pressure or habit. Always work as per the instruc-
tions or have the instructions changed. At least if things go 
badly, we can say we were following the published procedure. 
“It’s not my fault” is a nice position to hold.
 Human factors should be considered in the design and 
operation of any NDT facility. The consideration of human 
factors will often lead to an efficient and effective NDT 
process. l
1  Due to a spate of maintenance-related aviation incidents and 

accidents in the late 1980s and early 1990s, Transport Canada, 
together with the aviation industry, identified 12 human factors 
and christened them the “dirty dozen.” These human factors 
could degrade people’s ability to perform effectively and lead to 
maintenance errors. (http://aviationknowledge.wikidot.com/
aviation:dirty-dozen)
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U.S. Drought Brings 
Flood of Business

IN A DROUGHT, perfectly round soybeans are as 
valuable as raindrops. That’s one reason why sales of Profile 
Industries’ spiral separators to the agriculture market have 
sprouted this summer. “A 300 percent increase in sales this 
year would be a conservative estimate,” says Steve DeJong, 
Vice President of Sales and Engineering with Profile Industries. 
His separators are being snapped up by international seed 
companies such as Monsanto, Pioneer, Cargill and Syngenta. 
 The U.S. drought and the resulting losses in corn and 
soybeans, the nation’s two biggest crops, will have a signifi-
cant impact on seed prices. Soybeans for food consumption 
are normally around $10 per bushel. Projected prices for 
this year are $15 to $17 per bushel. Soybeans grown for 
replanting will have similar price increases. 

THE NEED TO CAPTURE EvERy SEED
Spiral separators separate damaged, 
flat or wrinked seed from the desired 
round-shaped healthy seed. They also 
divide round seed, such as mustard, 
rape, soybeans and peas, from flat seeds 
and debris. Spiral separation is a straight-
forward process that is dependent on 
the laws of physics and a precisely 
designed piece of equipment. The 
seed material is discharged onto a 
banked metal  flight, which is spirally 
wound around a central shaft. As 
the material flows down the banked 
surface, its speed increases, and 
centrifugal force carries it toward the 
outer edge of the flight. Round mate-
rials achieve a velocity sufficient to 
carry them over the outer edge of the 
flighting. Non-rounds and less dense 
material are unable to reach the edge. 
They continue to travel downward, 
and ultimately exit separately at the 
bottom.
 While a few desireable seeds will 
end up in the reject bin with any seed 
separator, Profile’s spiral separators 
capture more good seed than the older-
technology gravity separators. Up to 5% 

percent of the material in the reject bin of a gravity separator 
will be good seed. Run the same amount of seed through a 
Profile rotary spiral separator and only .0025% of the mate-
rial in the reject bin will be good seed. Throwing away good 
seed is throwing away money and no one can afford to do 
that, especially this year. The higher yields quickly pay for 
the investment in new equipment. Mr. DeJong estimates 
that his machines pay for themselves within six months.

MORE CONTROL EqUALS BETTER yIELDS
Profile recently introduced a motorized rotary spiral sepa-
rator with a PLC/HMI controller. Machine operators can 
now quickly and easily adjust motor speed—and thereby 
the rotation speed of the spiral core—based on differences 
in the size, weight and shape of the seed material. Since the 
speed of the material as it moves through the separator is 
one of most important variables when separating good from 
undesirable material, the new motorized machines produce 
higher yields of good product. Most of Profile’s sales to seed 
companies are of the new rotary spiral separator.
 Profile is growing their sales to the glass bead market, 
too, thanks to their new generation of separators. A leading 
producer of glass beads uses Profile’s separators to capture up 
to 80% more good glass bead than they captured with their 
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Damaged seeds, like these soybeans, can’t achieve enough 
speed to escape from the inner flight of a separator 

and they exit the bottom of the machine.

Profile’s products for the industrial and agriculture market are 
the same. The differences between surface finishing media and 
seeds are easily accomodated by a variety of metal flight sizes 
and the number of spirals in a separator.

mailto:steve%40profile-ind.com?subject=Article%20in%20Shot%20Peener%20magazine
mailto:steve%40profile-ind.com?subject=Article%20in%20Shot%20Peener%20magazine
http://www.profile-ind.com
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Innovative Peening Systems 
IPS....

Fanuc CNC Controlled 

S Series
Five Axis CNC 

Computer Controlled 
Shot Peening Machine 

Part Capacity  
24” dia x 36” high 

L Series
Six Axis CNC 
Computer Controlled 
Shot Peening Machine 

Part Capacity  
48” dia x 48” high 

Rotary Lance 

CNC is no longer exclusive to the Fortune 500
Our affordable CNC machines allows every shot peener to 
eliminate manual nozzle setups.   CNC offers exceptional 
part processing speeds,  accuracy of peening and consistent 
quality of parts.  

Innovative Peening Systems 
2825 Simpson Circle 
Norcross, GA  30071 

770-246-9883 

http://www.ipeenglobal.com
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older separators. “The metal 
finishing industry is slower to 
appreciate rotary spiral separa-
tors than the farming industry 
but some sectors, like glass bead 
manufacturers, are definitely 
catching on,” said Mr. DeJong.
 Profile’s products for indus-
trial and agriculture markets are 
similar. The differences between 
surface finishing media and 
seeds are easily accomodated by 
a variety of metal flight sizes 
and the number of spirals in a 
separator. There are more simi-
larities than differences between 
seed and media: Seed in a spiral 
separator is as noisy as metal 
shot. An estimated 50 percent of 
Profile’s agriculture market sales 
have been of their enclosed spiral 
separator that reduces noise and 
dust.

PLANNING FOR 
FUTURE GROwTH
The drought isn’t the only 
contributing factor to Profile’s 
success in the agriculture 
market. Mr. DeJong has aggres-
sively marketed their products to global seed companies at 
agriculture trade shows in the past year, spreading aware-
ness of the benefits of reduced waste, increased productivity 
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The machine operator 
can adjust the variable 

separation speed of Profile’s 
enclosed Rotary Spiral sepa-
rator. It’s used in industrial 
and agriculture applications 

where more control and 
noise reduction are required.

Visit the new Shot Peener magazine website 

 Download the latest issue
 Get advertising rates
 Request a free subscription
 Read past issues

www.theshotpeenermagazine.com

and higher profits of their rotary spiral separators. “There 
is a natural migration from the old technology in static and 
spiral separators to rotary spiral separators,” said Mr. DeJong. 
“I wanted to make sure we had top-of-the-mind awareness 
when buyers were ready to make the change. I think the 
drought speeded up the buying process.”
 “It wasn’t in our business plan to prosper due to the hard-
ship of others so I like knowing that seed companies are using 
our products to capture more seeds for food now and for 
planting in the spring of 2013,” added Mr. DeJong.  l

Soybeans Make the World Go ‘Round
Round soybeans are better in agriculture, just like round 
media is better in shot peening applications. An oval 
soybean has the same properties has a round bean, but 
the market—especially the food market—prefers a round 
bean. China drives this preference and even though most 
of their soybeans go into tofu where the shape of the 
soybean is irrelevant, the Chinese buyers prefer round 
beans, according to Steve DeJong with Profile Industries.

http://www.theshotpeenermagazine.com
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Premier ShotPremier Shot
A cut above

The advantages of Premier Cut Wire ShotThe 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.

(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.
Premier Shot Company: 1666 Enterprise Parkway, Twinsburg, Ohio 44087

Special ConditioningNormal ConditioningAs-cut

http://www.premiershot.com
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TRAINING REvIEw
Dave Barkley  |  Director  |  Electronics Inc. Education Division

On-Site or workshop?
I’M OFTEN ASkED to help people evaluate which training program is better for their organization: On-site 
training or a workshop. Each training format has its own benefits and the determining factors are usually the company’s 
proximity to an upcoming workshop, the number of students, and whether or not they have special training needs. 
This article will point out the differences between the two types of training; however, our staff is always happy to help 
you determine the best option for you and your company.

BENEFITS OF AN EI wORkSHOP

•   Training topics cover every aspect of quality shot peening 
and blast cleaning processes for beginning, intermediate 
and advanced students

•  Students have the opportunity to meet their peers from 
other companies and countries

•  Instructors are industry experts that are chosen for their 
experience, professionalism, expertise and presentation skills

•  Most workshops have trade shows with the latest products 
and services from world-class vendors

•  Workshops are located in vacation spots and include social 
events and tours of local shot peening facilities and other 
points of interest, when possible

•  Attendees are eligible for the Shot Peening and Flapper 
Peening Certification Exam Programs

•  Workshop training is usually more cost-effective than 
on-site training for groups smaller than five

BENEFITS OF EI ON-SITE TRAINING

•  Training can be customized to meet a facility’s unique 
needs

• Employees can be trained on their in-house equipment

•  On-site training includes a facility and equipment review to 
evaluate your organization’s ability to accomplish specific 
procedures or meet specifications

•  Instructors are experienced trainers chosen for their  
expertise in your industry and applications

•  No travel time — on-site training is an efficient use of your 
employees’ time

• Training can be done at any time of the year

•  Attendees are eligible for the Shot Peening and Flapper 
Peening Certification Exam Programs

• Very cost-effective for five or more employees

1 Shot peening training builds real-life skills. Students gain a deeper understanding and 
appreciation for the process as well as practical knowledge on how to monitor and control 
every step of the process (media, equipment, intensity, coverage) on the shop floor.  The 
hands-on training segments and exams are effective ways to deliver knowledge that stays 
with the student once they are back in their own work environments.

2 You say, “Would if I train them and they leave?” We say, “Would if you don’t train them 
and they stay?” If your work environment fosters growth, you are more likely to recruit and 
retain good employees. And training can improve attitudes. Our training events are upbeat 
and engaging. Students enjoy meeting peers from other companies and talking about their 
jobs (this is a great learning opportunity, too). They meet with instructors and trade show 
vendors and ask questions pertinent to their responsibilities. They come away with a new 
sense of pride and enthusiasm for their work. As far as the second point, you already know 
how undeveloped skills and lack of knowledge undermine the integrity of your shot peening 
program.

3 Buy-in comes from the top in your organization. We offer a group discount to encourage 
managers and foremen to attend the training programs with their crew. Quality shot peening 
is a team effort and there is no better way show your commitment to success than to participate 
with your team. Sharing in the program also enables you to more effectively integrate what 
your staff has learned into their workflow.

For 
Managers 
Only: 
Three reasons 
to Invest in
Shot Peening 
Training 

mailto:dave.barkley%40electronics-inc.com?subject=Article%20in%20Shot%20Peener%20magazine
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The FlapSpeed     Controller with USB Data Recording
Control Rotational Speed

Find the FlapSpeed™ Controller and  all your flapper 
peening needs at Shockform.com or call (450) 430-8000       

Measure                                       
Time 

Input Almen 
Intensity 

™

Record Process
Parameters

Measure 
RPM

It’s like having a full team working with you!
The newest FlapSpeed™ Controller for flapper peening offers:

•The continuous monitoring and adjustment of the flap 
  rotation speed to ensure repeatable and reliable peening.
•The recording of process parameters in real time including 
  date, time, job description, user ID, selected intensity, 
  selected RPM and actual RPM.  
•The transfer of reports to a PC using the included 2Gb USB 
  memory key. 
•The possibility to input personal “Intensity vs. RPM” curves 
  for up to 5 operators.
•A user-friendly touch screen interface.
•A stopwatch and countdown timer.
•A more robust design.
•Available for electric or pneumatic flapper peening.

The FlapSpeed™ Controller with USB Data Recording
Better Repeatability, More Productivity

http://www.shockform.com
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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

http://www.engineeredabrasives.com
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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

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.

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.

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  ■  ISO 14001  ■  Ford Q1 Certified Job Services 

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.

http://www.engineeredabrasives.com
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INTRODUCTION
Obtaining satisfactory peening intensity curves is a basic 
priority. Such curves will:
1 Allow acceptable derivation of the peening intensity,

2  Help in determining the time required to achieve       
specified coverage levels and

3  Indicate the stability of the arc height measurements as         
a function of time.

Achieving these objectives is assisted by knowing the factors 
that constitute a satisfactory peening intensity curve. The 
first objective is very well-documented but the other two are 
often either overlooked or ignored.  As an extreme example 
consider the situation shown in fig.1. This would be univer-
sally classed as being an unsatisfactory peening intensity 
curve. The data set indicated is not impossible. It could have 
involved a “pre-bow” of 25μm for a measured unpeened strip 
together with four strips peened using a rapidly-falling air-
blast pressure.
 A “best-fitting” curve is shown in fig.1. This was obtained 
by using a curve-finder program – which revealed a type 
of “rational function” as having the “best fit”. This curve is, 
however, inappropriate as it does not remotely resemble the 
shape that a peening intensity curve should have if the shot 
stream is reasonably stable. Attempts to fit this data set to a 
more familiarly-shaped curve do, however, generally fail. 

It is clear that:

Data should be fitted to a suitable type of curve – 
rather than the other way round. 

1  SATISFACTORY DERIVATION OF THE PEENING 
INTENSITY
Several factors affect whether or not a given peening curve 
can be classed as “satisfactory” in terms of peening intensity 
derivation. These include pre-bow, curve shape and choice of 
curve-fitting program

Pre-Bow
Every Almen strip deviates from flatness to some extent. 
The most significant deviation is called “pre-bow” which 
can be measured before any peening is applied. Few, if any, 
shot peeners would include such measurements on a graph. 
This does, however, lead to a situation where we can have two 
different saturation curves produced using the same peened 
strips. One curve represents “Measured arc heights versus 
peening time” and the other “Change in arc height versus 
peening time”. The difference is illustrated in fig.2. 
 The pre-bow of 0.001”, used for fig.2, is a pure assump-
tion. It is used to illustrate and quantify the effect of a constant 
pre-bow (if it had been present). The upper curve has the 
added assumption that the unpeened specimen’s measured 
arc height has been plotted as being zero (even though it 
would have been measured as +0.001”). Using Solver EXP2P, 

Satisfactory Peening Intensity Curves

Fig.1 Unsatisfactory Peening Intensity Curve 
indicating an unstable shot stream. Fig.2 SAE Data set No.2, ignoring and allowing for an 

assumed constant pre-bow of 0.001”.

mailto:dr.d.kirk%40btinternet.com?subject=Satisfactory%20Peening%20Intensity%20Curves%20article
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 More efficient parts processing?
 Procisely!®   PRIMS Pro® gives engineers
and operators the most advanced and flexible
process controller ever.  PRIMS Pro® is Windows-based and procisely

customized for your shot peening operations. 

Part & program manager
•  Queue parts before processing, or while others process

• Search by easily sorting through large quantities of parts

•  Select and define multiple motion control or surface functions

• Modify or review part programs

Preventive maintenance
•  Auto-sort based on next item required

•    All-in-one maintenance scheduler, historian, and advisor

Multi-level security system
• Customize permission levels by user log-in

•  Control modifications to process parameters and part data

• Limit who can reset PM items or run alarms

PRIMS Pro automates process control, monitoring, and data-logging for key parameters.

It’s the ideal monitoring software for production, overhaul and repair, and R&D.

Learn more at:

progressivesurface.com

PS-full pg PRIMS Pro ad-ShotPeener.indd   1 3/23/12   8:55 AM

http://www.progressivesurface.com


ACADEMIC STUDy Continued

the upper curve has a derived peening intensity of 3.94 occur-
ring at T = 5.48. This compares with the lower curve’s derived 
values of 3.09 at T = 7.19. Effects of pre-bow can therefore 
be quantified by using an appropriate peening intensity 
curve analysis program. J442 specifies a maximum pre-bow 
of 0.001” for N and A strips and 0.0015” for C strips. This 
example therefore shows the effect of having a maximum 
pre-bow. Some specifications, such as the current version of 
J443, require that any pre-bow be allowed for.
 It is generally accepted that every peening intensity curve 
will pass through the origin (0, 0) of the graph. This general 
assumption of passing through the origin is useful - it adds an 
extra point to the number of points that can be employed for 
estimating the curve’s equation.  
 In practice several strategies are available when faced 
with the problem of pre-bow:
1 Ignore any pre-bow completely and assume it to be zero.

2  Measure every Almen strip before peening and deduct any 
detectable pre-bow from subsequent measured arc heights.

3  Use Almen strips for which the pre-bow has been measured 
and indicated by the manufacturer – again deducting pre- 
bow from subsequent measured arc heights.

4  Use high-quality Almen strips for which the manufacturer 
guarantees that the pre-bow will be so small as to be insig-
nificant – therefore assuming it to be zero.

The choice of strategy will depend, to some extent, on the 
rigors of the peening job involved (low-spec or high-spec) 
and the attitude adopted by the shot peener.  

Satisfactory Shape of Fitted Peening Intensity Curve
Every curve has a corresponding equation that defines its 
shape. A satisfactory shape (and hence equation) of a peening 
intensity curve should meet the following criteria:
C1 The curve will pass through the origin of the graph (0,0).

C2  An initial rapid, almost linear, increase in arc height will be 
followed by a continuous reduction in the rate of increase.

C3  The rate of arc height increase becomes small after consid-
erable peening.

C4  The curve should be capable of yielding the peening inten-
sity values for the sets of data included in J2597 (derived 
to within the limits prescribed). 

A pivotal problem is to decide on an acceptable equation that 
will represent a satisfactory shape. One approach, used by 
the French Standards Committee, is to name a single, two-
parameter, equation that must be used when working to their 
specifications. The SAE Sub-Committee on computerized 
curve fitting has adopted a different approach. This is that any 
fitting-equation is acceptable provided that it yields derived 
peening intensity values that lie within prescribed limits of 
± 0·001” when applied to its reference data sets, see Table 1. 

Table 1 
SAE J2597 Data Sets for Peening Intensity Curve Verification
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THE NEXT GENERATION OF ALMEN STRIPS

Electronics Inc. Almen Strips

p Proven in the field 

p Consistent quality

p Repeatable performance 

p 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 ready-
to-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 thick-
ness, 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 EI 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

http://www.electronics-inc.com/almen_certified_strips.html
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ACADEMIC STUDy Continued

The target intensity values in Table 1 were themselves 
obtained as the averages of four different programs (A to D of 
Table 2). Table 2 is a compilation of the SAE results together 
with results obtained using the Solver Suite Programs EXP2P, 
2PF and a commercial program shown as “COM 1”. All seven 
programs satisfied the SAE peening intensity criterion for 
every one of the ten data sets. Seven is just large enough a 
number to afford statistically-significant standard deviation 
values – shown as STDEV in Table 2. 
 The values shown in Table 2 are very encouraging with 
respect to derivation of peening intensity, generally showing 
very close agreement for the different programs. The average 
percentage standard deviation is only 1.78 (“% Dev” being 
100*STDEV/Average). It should be noted, however, that all of 
the ten SAE data sets represent ‘good data’.

2 INDICATION OF PEENING INTENSITY TIMES
Another important question is “Do different programs yield 
the same peening intensity times when fed with the same data 
set?” The answer is “No – the differences are not large but 
they are significant”.
 The time, T, at which any given peening intensity value 
occurs is an indication of the rate of coverage that could be 
achieved using the corresponding shot stream. It is, therefore, 
of some interest to examine the effect of different programs 
on derived T values. Table 3 on page 30 gives these times for 
the seven programs shown in Table 2 applied to the ten SAE 
data sets. It is apparent that there is a much greater fluctua-
tion of intensity times than for the intensity arc heights shown 
in Table 2. The average percentage standard deviation value 
again quantifies this difference – 11.27% for T compared with 
only 1.78% for arc height, H, at T. It can be concluded that 
different programs predict peening intensity times that can 
be significantly different from one another. 

These data sets correspond to a wide range of peening condi-
tions. The derived intensity values are the averages of values 
produced using four different curve-fitting procedures. 
 Training in the use and selection of a satisfactory equa-
tion is provided by the Solver suite of Excel programs available 
through Electronics Incorporated at www.shotpeener.com/
learning/solver.php. This offers a range of equations where 
user choice is available. A general guide is that:
1  A two-parameter equation should always be used when the 

data set contains only four points (excluding 0,0).

2  A three-parameter equation offers a better approach to the 
true shape of a perfect saturation curve but should normally 
only be used for data sets containing six or more points 
representing a reasonably stable shot stream. It can also be 
used for data sets containing five points but with an added 
proviso. This is that the five-point data set should represent 
a stable shot stream and therefore be a reasonably good fit 
to the curve.

Choice of Program for Deriving Peening Intensity Values
Users normally have a variety of programs to choose from, 
unless working to the French specification. There are a few 
companies that have their own in-house programs whose use 
is, presumably, prescribed. Alternatively there are either free 
programs, such as the Solver Suite, or commercial programs. 
The Solver Suite has always been intended to be educational – 
giving users an insight into how curve-fitting is carried out 
and subsequently analyzed to yield Peening Intensity and T 
values. It has, however, found extensive commercial application. 

An important question is “Do different programs yield 
different peening intensity values when fed with the same 

data set?” The answer is “Yes – but the differences 
are so small as to be insignificant”.

Table 2 
Summary of Peening Intensities derived by applying different programs to SAE Data Sets

www.shotpeener.com/learning/solver.php
www.shotpeener.com/learning/solver.php
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MagnaValve®

  

COLORS

BLACK PANTONE 130

WM 3000-24 
The most powerful wheel blast machine 
media valve on the market 

p Flow rate up to 3,000 lb/min (1,361 kg/min) for steel shot

p Flow control for wheels up to 125 Hp

p Remote valve driver for high-temperature environments

p No moving parts for maintenance-free operation

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

AC-24
Controller

Regulated Media Flow

Control Signal

Desired 
Motor Current

Motor Current 
Ammeter Media Accelerated

Media 
Hopper

MagnaValve

Wheel














The WM 3000-24  and Electronics Inc. 
AC-24 Controller provide motor 

amperage control

Closed  loop system

ideal for foundries and other high-volume applications

http://www.electronics-inc.com/wm3000.html
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ACADEMIC STUDy Continued

points yields a = 4.38 and b = 0.42. 2PF yields a = 4.86 and b 
= 1.57. Substituting these values predicts that for EXP2P: H = 
3.94 at T = 5.48 and for 2PF: H = 3.98 at T = 7.05.  The differ-
ence in peening intensity predictions (0.04 thousandths of an 
inch) is tiny when compared with the difference in T-value 
predictions (1.57).

Special Cases
The current version of J443 allows for “Special Cases”. These 
are declared to be those when a single pass imposes such 
intensive coverage that it exceeds a corresponding T value. 
Fig.4 shows the idealized graph and ‘virtual’ data points that 
demonstrate a “Type II Saturation Curve”. This is unsatisfac-
tory insofar as the ‘unique point’ at one pass depends on the 
particular data and the time, T, is vague. 

Fig.4 Type II Saturation Curve for Special Cases

 A conventional shape of saturation curve could, however, 
be generated for Special Case situations. This would necessitate 
modification of the J442 strip holder requirements. Possible 
modifications range from simple to complex. One simple 
modification would involve a set of hardened steel masks with 
holes drilled to different area percentages. Different masks 
would expose the strip to different percentages of the shot 

It may be hypothesized that all of the seven programs indi-
cated in Tables 2 and 3 involve two-parameter equations that 
are exponential to some maximum value. EXP2P and 2PF 
programs have equations showing the variation of arc height, 
h, with peening time, t:
 EXP2PF  h = a[1 – exp(- b*t)]

 2PF  h = a[t/(1-b*t)].

These equations both have “a” outside a bracket. The bracket 
contains the second parameter “b” as a function of the peening 
time “t”. The unique peening intensity arc height, H, and time, 
T, are derived from the two equations as follows:

 EXP2P  H = 9*a/10 @ T = 2.303/b

 2PF  H = 9*a/11 @ T = 4.5*b

Applying the equations to the SAE Data Set No.2 gives the 
results illustrated in fig.3. Fitting EXP2P to the four data 

Table 3 
Summary of Peening Intensity times, T, derived by applying different programs to SAE Data Sets

Fig.3 Two different programs applied to SAE Data Set No.2
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ACADEMIC STUDy Continued

stream. A complex modification would involve a motorized 
strip holder with variable movement speeds triggered by an 
incoming shot stream. The movement speeds, in the opposite 
direction to that of the shot stream, could be percentages 
of the shot stream travel speed. This would reduce the 
exposure time to fractions of the stream speed. With either 
modification a given strip’s exposure could be reduced by 
controlled amounts. 

3  STABILITY OF THE ARC HEIGHT MEASUREMENTS 
AS A FUNCTION OF TIME
The stability of arc height measurements can be quantified 
using a “Goodness of Fit” analysis. “Goodness of fit” is simply 
a measure of how closely data points are to a given fitted 
equation. If every data point lies exactly on the curve then 
we have a perfect fit. In practice there are always some devia-
tions from the curve. These deviations are termed “residuals” 
and are the numerical difference between the data point value 
and the corresponding curve value. If, for example, the arc 
height measurement is 10.8 and the corresponding value on 
the fitted curve is 10.881 then the “residual” is 0.081. Table 
4 is an extract from the worksheet of Solver Suite Program 
2PF applied to SAE Data Set No.8. The data point values in 
the “Corrected“ column have been highlighted to show the 
distribution of positive and negative residuals.

Table 4 
Extract showing distribution of Residuals 

arising from curve fitting 2PF

 The commonest parameter used for estimating all data 
point/curve deviation situations is called “R-Square”. This 
very powerful parameter is defined as:
  R-Square = 1 – SSE/SST

 where SSE is the Sum of Squares due to Error

     and SST is the Sum of Squares Total

SSE appears as “SUM” in all of the Solver Suite of programs. 
It is simply the sum of the squares of the residuals’ values. For 
the example shown in Table 4 “SUM” = 0.04912. SST is again 
a sum of squared values. Each value is that of the difference 

between the measured value and the average of the measured 
values. For example the average of the six corrected values 
in Table 4 is 10.02 so that the first squared value is (8.1 – 
10.02)2. Adding up the six squared values gives SST = 6.1884. 
R-Square is therefore given by:

1 – 0.04912/6.1884 so that R-Square = 0.9921. 

0.9921 is more than 99% of the possible maximum value for 
R-Square (which is 1.0000). Hence we can say, quantitatively 
and objectively, that the ‘Goodness of Fit’ is 0.9921.

 The requisite calculations for SST and R-Square were 
made automatically - using a simple modification to the corre-
sponding Solver Suite program – illustrated by the pasted 
extract shown as Table 5. Calculated values of R-Square can 
also be compared automatically with a fixed minimum allow-
able value. If the set minimum value is not achieved then a 
“Warning” can be flagged-up automatically. 

Table 5 
R-Square calculation using the same Data Set as for Table 4

CONCLUSIONS
The production of computer-generated peening intensity 
curves is rapidly becoming standard practice. Increasing 
awareness of computer techniques will encourage a more 
detailed knowledge and understanding of the possibilities 
that computer programs can offer. That is certainly true 
when it comes to deciding whether or not a satisfactory 
peening intensity curve has been generated for a particular 
data set. Some of the factors that define ‘satisfactory’ have 
been discussed in this article. With a satisfactory peening 
intensity curve the three main uses (acceptable intensity 
derivation, help in determining time required to achieve 
specified coverage levels and indication of stability of arc 
height measurements) can be employed.
 Visual examination for factors such as goodness of fit can 
be employed but that is a very subjective process. Objective 
quantification, based on computerized curve analysis, is a 
characteristic feature of the factors discussed in this article.  l



   Fall 2012   |   The Shot Peener   33

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

Intelligent Blast Systems
by EMPIREThe new RBT36-F 

air-blast & 
peening cell is 
compact by 
design but big on 
capability with 
seven-axis control.
 Smartly priced 
under $100K.

Empire Has It All!
Automated Systems

Blast Rooms
Blast Cabinets

Portable Blasters

CONTROL
by 

MagnaValve

http://www.empire-airblast.com
http://www.equiposdeabrasion.com.mx


34   The Shot Peener   |  Fall 2012

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

    

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

• Ergonomic design

•  One-year warranty

The World’s Finest 
Almen Gage meets: 

SAE J442

AMS 2430

AMS 2432
and many more gage
requirements for the 
aerospace industry

The World’s Finest Almen Gage

The Industry-Standard Tool for Measuring Intensity

http://www.electronics-inc.com/almen_gages.html


   Fall 2012   |   The Shot Peener   35

Automated
Peen Forming

Solutions

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

www.ksa.de.com

KSA_Anz_Shot Peener.indd   1 12.08.2008   12:26:02 Uhr

http://www.ksa.de.com
http://www.malyn.com


36   The Shot Peener   |  Fall 2012

SHOT PEENING RESEARCH

Army Research Lab Uses 
xRD to Evaluate Shot-Peened 

Aerospace Materials
THE U.S. MILITARy is in fat-trimming mode and is 
cutting aerospace budgets through aircraft sustainment and 
the implementation of lighter, stronger aerospace materials 
that will reduce aircraft weight without sacrificing strength. 
Since shot peening is a useful tool for accomplishing both of 
these goals, the ability to evaluate shot peening’s results is just 
as important.
 The Army Research Lab (ARL) in the Aberdeen Proving 
Ground in Maryland was commissioned by the U.S. Army 
Aviation and Missile Research Development and Engineering 
Command to evaluate variations of shot peening intensity on 
several aerospace materials with x-ray diffraction (XRD).
 The results were published in a paper titled, “Using XRD 
Elastic and Plastic Strain Data to Evaluate the Effectiveness of 
Different Cold-Working Techniques in Aerospace Materials.” 
The paper was written by Beth S. Matlock with TEC, and 
Daniel Snoha and Scott Grendahl, both with the U.S. Army 
Research Laboratory. The following is a synopsis of the paper; 
the paper in its entirety is available at www.shotpeener.com/
library. (The paper also reviews a cold-worked hole study 
from the U.S. Air Force.)
 Shot peening is a widely used surface treatment in OEM 
and MRO facilities because it imparts compressive residual 
stresses that enhance fatigue life. These residual stresses are 
elastic and develop or change as a result of the plastic flow of 
a material. XRD is an excellent tool for measuring elastic and 
plastic strains in shot-peened materials. It is a direct method 
for measuring elastic strains and plastic strain can be deter-
mined by measuring the diffraction peak width at half the 
maximum intensity (FWHM). See Figure 1.

Procedure
Titanium 6Al-4V (Ti-6-4), 4340 and 9310 steels and 7075-
T73 aluminum were chosen for this study. An Almen strip 
intensity study of variations in impingement angle, air pres-
sure, media flow rate and stand off/nozzle distance was used 
to establish desired shot peening parameters for the disks and 
fatigue specimens used in this study. The ARL staff used  TEC 
1610 and 4000 systems for the x-ray diffraction work.

Results
The residual stress (RS) and full width-half maximum 
(FWHM) data are shown in Figures 2-6. This data represents 
the average of six separate measurements. V1 and V2 are 
different vendors while 4A - 12A and 3N - 14N represent A- 
and N-scale shot peening intensities, respectively.
 The 4340 steel surface residual stresses ranged from 
488.2 MPa (-70.8 ksi) for V2-12A to -593.0 MPa (-86.0 ksi) for 
V1-4A.  For these samples, the maximum compressive stress 
occurred at the 0.025 mm (0.001˝) and 0.051 mm (0.002˝) 
depths and ranged from -576.4 MPa (-84.6 ksi) to -610.2 MPa 
(-88.5 ksi) for the V2-12A and V2-8A intensities.

Elastic Strain
A form of strain in which the distorted body returns to 
its original shape and size when the deforming force is 
removed.

Plastic Strain
Strain in which the distorted body does not return to its 
original size and shape after the deforming force has been 
removed.

Figure 1. FWHM is the width of the diffraction peak, in 
radians, at a height half-way between background and the peak 
maximum.

Peak width-Full width at Half Maximum 
(FwHM)
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SHOT PEENING RESEARCH Continued

 The depth of compression from maximum to minimum 
for the different shot peening conditions was V2-12A, V1-8A, 
V2-8A, V2-4A, and V1-4A.
 The diffraction peak widths (FWHM) ranged from 2.84° to 
3.17°. For all cases, the maximum FWHM was at the surface. 
The largest to smallest FWHM values for the different shot 
peening intensities were V2-12A, V1 and V2-8A, V2-4A, and 
V1-4A. See Figure 2.

Figure 2.  Residual Stress and Peak Width Profile 
for 4340 Steel

Trends for the 9310 steel followed the pattern for the 4340 
steel; however, the compressive stresses were higher. The 
depth of compression from maximum to minimum was 
V2-12A, V1-8A, V2-8A, V2-4A and V1-8A.  The maximum 
to minimum FWHM order was V2-12A, V2-8A, V1-8A, 
V2-4A, and V1-4A.  Allowing for slight differences in vendor 
processing, the trend still followed the maximum to minimum 
shot peening intensities. See Figure 3.

Figure 3.  Residual Stress and Peak Width Profile 
for 9310 Steel

The Ti 6-4 samples were shot peened to both A- and N-scale 
intensities. The A-scale intensities resulted in deeper levels 
of compression with the maximum to minimum depth of 
compression order being V1-11.5A, V2-14A, V1-8A, and 
V1-4A. For these samples, the FWHM order was V2-14A, 

V1-11.5A and V1-8A, and V1-4A.  There was a slight varia-
tion in depth of compression and FWHM trends that again 
can be attributed to vendor shot peen processing differences. 
See Figure 4.

For the Ti 6-4 N-scale intensities data, the compressive 
stresses approached neutral between 0.025 mm (0.001˝) and 
0.051 mm (0.002˝) for the lower intensity shot peening and 
prior to the 0.127 mm (0.005˝) depth for the higher intensity.  
The maximum to minimum compression level was V1-14N, 
V1-11N, V1-5N, and V1-3N.  The FWHM data exhibited the 
same trend as the stress data. See Figure 5.

Figure 5.  Residual Stress and Peak Width Profile 
for Ti-6-4, N-Scale

The 7075-T73 aluminum samples remained in compression 
to 0.254 mm (0.010˝).  At that depth, the residual stresses for 
the 10A, 12A, and 14A intensities ranged from -218.6 MPa 
(-31.7 ksi) to -295.8 (-42.9 ksi).  The order of maximum 
to minimum compressive stresses was V1-14A, V1-12A, 
V2-10A, V2-12A, V1-10A, and V1-4A.  Here the surface 
FWHM was V1-14A, V1-12A, V1-10A, V2-12A and V2-10A, 
and V1-4A. Since there was no significant difference in the 
subsurface stresses for V1-12A, V2-10A and V2-12A, the 
trend of larger surface FWHM for more compressive depth 
holds. See Figure 6 on page 40.
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Figure 6.  Residual Stress and Peak Width Profile 
for 7075-T73 Al

Although it is outside the scope of this paper, it is interesting to 
note that the best fatigue response in most cases did not come 
from the samples with the highest intensity shot peening. In 
many cases, the best fatigue performance was associated with 
the minimum intensity shot peening.

Discussion
X-ray diffraction can non-destructively measure surface 
stresses. This technique, however, effectively measures stresses in 
the top few atomic layers of a material.  Residual stresses, by 
definition, are calculated from the elastic strains measured.  

The diffraction peak width indicates the amount of plastic 
strain in the part. Coupling surface residual stresses and 
diffraction peak width can provide information about the 
effective layer of compressive stresses.
 The shot peening study showed that deeper compressive 
stresses were regularly associated with the higher intensity 
shot peening. The exceptions were on the Ti 6-4 A-scale inten-
sity samples and the 7075-T73 aluminum samples.  For the Ti 
6-4 samples, the V1-11.5A shot peening intensity produced 
a slightly greater residual compressive stress with depth than 
the V2-14A intensity. And for the 7075-T73 aluminum, 
the compressive stress in the V2-12A intensity sample was 
similar but not greater than the V2-10A sample. Although 
the number of samples tested was small, vendor shot peen 
processing differences may be the reason these particular 
samples did not follow the general trend.

Conclusion
Shot peening a sample imparts compressive stresses in the 
sample. These plastic deformation processes increase the 
diffraction peak width relative to the amount of the plastic 
deformation. The XRD technique non-destructively measures 
elastic (residual stress) and plastic (diffraction peak width) 
strains at the surface of a sample.  When the level of residual 
stress is compared to the peak width, the depth of compres-
sive stresses can be qualified. l

The 7075-T73 aluminum samples remained in compression to 0.254 mm (0.010").  At that depth, 
the residual stresses for the 10A, 12A, and 14A intensities ranged from -218.6 MPa (-31.7 ksi) to 
-295.8 (-42.9 ksi).  The order of maximum to minimum compressive stresses was V1-14A, 
V1-12A, V2-10A, V2-12A, V1-10A, and V1-4A.  Here the surface FWHM was V1-14A, 
V1-12A, V1-10A, V2-12A and V2-10A, and V1-4A.  Since there was no significant difference in 
the subsurface stresses for V1-12A, V2-10A and V2-12A, the trend of larger surface FWHM for 
more compressive depth holds.

Figure 5.  Residual Stress and Peak Width Profile for 7075-T73 Al

Although it is outside the scope of this paper, it is interesting to note that the best fatigue 
response in most cases did not come from the samples with the highest intensity shot peening.  In 
many cases, the best fatigue performance was associated with the minimum intensity shot 
peening.

B.  Cold-Worked Holes Study
The residual stresses and peak width data are shown in Fig. 6-9 and summarized in Table 1.  
Initial review of the data indicated that four groups of five samples were a logical ordering.  As a 
blind study, there was no indication that the samples were processed in groups of five or if the 
samples each represented a different level of coldworking.  Once the four groups were 
established, an attempt was made to order the samples within the group.  The samples were 
ranked according to the level of compression at the hole and away from the hole relative to the 
diffraction peak width.

The ordering of the samples from least to most cold working is as follows:
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RESEARCH REPORT
Fraunhofer Institute for Mechanics of Materials IWM

Shooting at Ceramics
IN CORROSIvE, high-temperature environments, metals 
quickly lose their elasticity. Beyond certain temperatures the 
material fails and its properties are compromised; metallic 
springs stop working if heated above 500 degrees Celsius, 
for example. But what to do if these are exactly the condi-
tions a production process requires? One way of avoiding 
the problem has been to make components out of ceramic, 
a material that is lightweight, rigid, corrosion-resistant and 
able to withstand high temperatures. Yet this only offers a 
partial solution, as producing thin ceramics for parts such 
as leaf springs, lightweight mirrors for optical and extrater-
restrial use, or membranes for sensors and fuel cells, is both 
time-consuming and expensive. This is because ceramics can 
only be machined using costly diamond tools, and the process 
itself creates tensions within the surface of the material which 
cause the finished part to distort as soon as it is removed from 
the machine. Reshaping the components after manufacture 
has never been a viable option before as the material is too 
brittle, and so the large amounts of waste that are generated 
push the costs up.

Precisely Calculated Paths Guide the Way
Researchers at the Fraunhofer Institutes for Mechanics of 
Materials IWM in Freiburg and for Production Systems and 
Design Technology IPK in Berlin have now found a way 
to straighten out distorted ceramics using shot peening, a 
process by which small pellets, known as shot, are fired at the 
surface of a component with a blasting gun. The shot strikes 
the surface and alters the shape of the thin, outermost layer 
of material. By moving the gun over the ceramic part along 
a precisely calculated path, scientists are able to counteract 
any undesired warping or create lightly curved mirrors out 
of thin, even ceramic plates. “Shot peening is common prac-
tice for working metals,” says Dr. Wulf Pfeiffer, who manages 
this business unit at the IWM, “but the technique has never 
been used on ceramics because they are so brittle – they 
could shatter, like a china plate being hit with a hammer. 
This meant that we had to adapt the method to the material 
with great precision.” The researchers began by analyzing 
which size of shot would be suitable for use on ceramics, as 
the surface could be destroyed by pellets that were too big. 
Cemented carbide balls in the range of 90 µm up to 700 µm 
were chosen. Pellet speed is another critical factor: hitting the 
material too fast causes damage; too slow and the shape of the 
surface is not altered enough. They also discovered that it is 
important not to bombard the same spot too often with too 
much shot. Before producing a new component, the scientists 
first conduct experimental analysis to determine what can 

be expected of the particular ceramic involved. They fire a 
beam of shot at it and then measure the resultant stresses to 
see what sort of deformation is possible and how the beam 
should be directed.

The experts have already produced various prototypes, 
including a ceramic leaf spring and a concave mirror. For 
manufacturing simple components, the technique is now 
advanced enough to be used in series production. The IWM 
scientists have recently gone one step further and are devel-
oping a computer simulation that will allow components to 
be worked in multiple axes. Meanwhile their colleagues at the 
IPK are working on automating the process using a robot.  l

Shot is fired from a blasting gun at a ceramic leaf spring to 
correct its shape or cause specific warping as desired. 

(© Fraunhofer IWM, Felicitas Gemetz) 

Editor’s Note: 

Dr. Wulf Pfeiffer will present his paper, “Shaping of Ceramics 
Using Residual Stresses,” at the 9th International Conference on 
Residual Stresses (ICRS9) in October 2012. He wrote the paper in 
conjunction with Heiko Höpfel, a fellow researcher at Fraunhofer 
Institute for Mechanics of Materials IWM. Here is an excerpt 
from the paper’s abstract: 

       This paper describes the first successful experiments aimed at 
shaping ceramic specimens using shot peening. Strips of different 
thicknesses, made of silicon nitride ceramic, were shot-peened 
using different shot sizes, peening pressures and coverage. The 
residual stress-depth distributions were determined using X-ray 
diffraction. Based on the experimentally-determined stress states, 
the curvatures of the strips were determined analytically and 
using Finite Element calculations (FEM).

You may contact Dr. Pfeiffer at wulf.pfeiffer@iwm.fraunhofer.de.

http://www.iwm.fraunhofer.de
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