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at ways to improve their operations. For example, instead of waiting 
for things to get better, Gear Motions turned to lean manufacturing 
principles to fi nd ways of making things better on their own. One 
team at Gear Motions reduced customer lead time by 33 percent and 
setup times by as much as 30 minutes, according to the Gear Motions 
website. Another Gear Motions team was able to cut inventory in 
half.
 Similarly, Micron Manufacturing of Grand Rapids, MI, won a 
2008 Shingo Silver Medallion for Operational Excellence, based 
largely on its efforts begun during the last manufacturing slump. By 
implementing lean practices, Micron reduced lead time from 49 days 
to 12. It reduced setup times by as much as 37 percent. According to 
a recent article in Cutting Tool Engineering, Micron’s Acme-Gridley 
department went from doing 96 setups in 3,100 hours to 285 setups 
in just over 1,000 hours. 
 Whether your company is thriving or preparing for the worst (or 
both), now is the right time to implement the ideas that can make you 
faster, more productive and more effi cient. You’re probably looking 
for ways to cut costs, save money and get more out of what you’ve 
got. That’s lean manufacturing. You can’t just do less of everything 
to effectively downsize; you need to do things differently: better and 
more effi ciently. If you haven’t begun lean initiatives, now is the 
time to start. If you have begun, now might be the time to reevaluate 
your goals and set the bar higher. Include lean thinking in your 
maintenance operations, your engineering department and the front 
offi ce, not just your manufacturing. If you are experiencing down 
time, don’t lay off workers. Teach them how to be more productive.
 You can start by reading our article on the theory of constraints 
(p. 33), a tool that can help companies focus their efforts with 
lean manufacturing, six sigma and other continuous improvement 
methods.
 Most companies found after the last downturn (2000-2001) that 
the people they let go had the skills and knowledge they needed 
most—and were unable to replace—when business came back. 
Redirect your people now so they can learn these methods. Gear 
Motions and Micron Manufacturing have shown that enormous 
improvements can be made if the bar you set is high enough, no 
matter if your company is prospering or struggling. Machine time is 
machine time, no matter where you are in the world. Being better, 
faster and more productive, while still retaining your quality, will 
make you a world-class competitor.
 Now is the best time to think and act lean. When the economy 
improves, you’ll grow faster than your competitors, you’ll enjoy 
better profi t margins, and you’ll never look back.

Michael Goldstein,
Publisher & Editor-in-Chief

 Over the last couple of issues, we’ve happily presented you with 
tales of quite a few gear manufacturing companies that are thriving 
in these diffi cult times. Even though most industries are taking their 
lumps, these manufacturers have positioned themselves to be in the 
right place, with the right products, at the right time. 
 Many gear manufacturers we’ve spoken to have told us that 2008 
was a very good year. “Great” was how Michael McKernin of Circle 
Gear described 2008 just a few months ago. “2008 is a good year,” 
said Bipin Doshi of Schafer Gear. “My prediction is that 2008 will 
be our best year since 2001,” said Joe Arvin of Arrow Gear in the 
November/December issue. Many gear manufacturers even predicted 
signifi cant growth in 2009. 
 In our “Big Gears” issue from January/February 2009, we 
focused on a number of gear manufacturers who were extremely 
well positioned in 2008 and whose fortunes don’t seem signifi cantly 
diminished, even with all the bad economic news we’ve heard lately. 
Those manufacturing gears for wind turbines, oilfi eld operations 
and the mining industries seem to be not just holding their own, but 
thriving. “We’ve seen nothing but increased growth and increased 
demand for more and more gears for the wind industry,” said Lou 
Ertel of Overton Chicago Gear. “I think it’s about as strong as I’ve 
ever seen it,” said John Schnarr of HMC. Meanwhile Nick Sudzum 
of B&R Gear described his company as having an 18-month backlog, 
and Jim Mantei of Vancouver Gear Works said, “We’ve never been 
as good as we are right now.”
 I have no doubt that much of the information we’ve presented 
over the past few months still holds true. There are many gear 
manufacturers whose business is strong and who expect it to continue 
to be strong throughout the economic crisis.
 Now for the bad news.
 On the one hand, we have companies making highly specialized 
gears, especially large gears, whose markets and demand seem to 
be growing. On the other hand, we have companies making gears  
for automobiles, construction equipment and other products whose 
demand is greatly diminished by the current economic climate. In 
February, Magna Powertrain announced it would be closing the New 
Process Gear plant in Syracuse, NY. Although there’s still a chance 
that plant will stay open, that’s 1,400 gear industry employees 
potentially out of work. American Axle CEO Richard Dauch called 
2008 “brutally diffi cult.” American Axle lost $1.2 billion last 
year. We’ve heard rumors of temporary closings, layoffs and even 
shutdowns at companies both large and small. Virtually every big 
company that mass-produces gears has had some kind of negative 
announcement over the past couple of months: GM, Caterpillar, 
John Deere, Eaton and the list goes on. We’ve also heard about 
layoffs, bankruptcies and plant closures at a number of much smaller 
companies—gear job shops and machine shops like the ones where 
many of you work.many of you work.
 In the early part of this decade, the gear industry went through a  In the early part of this decade, the gear industry went through a 
similar downturn. Many manufacturers used that slow time to look similar downturn. Many manufacturers used that slow time to look 

009

Tale of Two Gear Industries
     “It was the best of times, it was the worst of times…” 
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This is no time to slow down.
We are already a world leader in 
machine tools — now we’re shifting 
into a new gear. Grounded in over 
74 years of history, yet building on 
our tradition of entirely new thought, 
Mitsubishi Heavy Industries America 
is leveraging our global network to 
bring advances never before seen in 
the gear market. Advances like new 
machines that benefit our customers 
financially by reducing waste and 
energy consumption. Machines 
that ease environmental impact by 
operating coolant-free. We’re delivering 
even greater accuracy, productivity, 
and reliability. In these exciting times, 
we continue to focus on our customers. 
With machines that share a common 
user interface, we help customers 
flatten the learning curve and reduce 
setup and down times. By sharing 
new concepts with our customers 
and suppliers, we both create and 
support the next big idea. And with 
gear hobbing, shaping, shaving and 
grinding machines to suit your unique 
needs, we will help you find your new 
gear, too. mitsubishigearcenter.com

Machine Tool Division • Gear Technology Center
46992 Liberty Drive • Wixom, MI 48393

248.669.6136

Shifting into
a new gear
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Ok—you make big gears and 
you’ve gone out and purchased, say, 
a spiffy Höfl er Rapid 900 or 1500, or 
maybe a Gleason 1600. Nice move. 
But some owners of such machines are 
fi nding them to be almost too much of 
a good thing. The problem, they say, is 
that while their new machine is state-
of-the-art, they are fi nding that their 
workholding tooling is so last-century, 
particularly for large-gear production. 
It is somewhat like buying a complex 
machine and not having anyone on the 
fl oor capable of running it. Capacity is 
key today, and the best way to ensure 
that you are squeezing every dime out 
of that new machine is to complement it 
with innovative workholding.

And that is exactly what Milwaukee-
based Rexnord did.

“The big thing was that we purchased 
a Höfl er rapid 900 and we realized we 
bought the latest and greatest technology 
to grind the part, yet we were putting 
1920-vintage tooling on here,” says 
Marty Kuklinski, senior manufacturing 
engineer, Rexnord geared products 
division. “What we did in the past when 
we’d fi nish grinding the gear teeth 
geometry, we sat them on a thrust plate 
or thrust ring. We would have hundreds 
of these different plates because the OD 
of the plates would have to be less than 
the root diameter of the part that we’re 
fi nishing.

“We approached Drewco and said 
‘Setup is killing us, because every time 
we go from one part to another we 
have to take this plate off, put another 
plate on; we’ve got to bolt the plates in 
place, which is standard throughout the 

Cutting-Edge Grinders 
are Great—

BUT HOW’S YOUR WORKHOLDING?
Jack McGuinn, Senior Editor

Top: Drewco’s workholding system in action. Bottom: The part is held in place by the 
activation of three pedestals (Courtesy of Rexnord).
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industry.”
Drewco, of Franksville, WI, had the 

answer.
“They asked us if we had an idea for 

shortening their setup time, so they gave 
us a family of 30 different gears—bore 
ranges of 3 to 12 inches—and we came 
up with a center pedestal setup. Because 

of the large range we came up with three 
different series of mandrills or extending 
collets,” says Jeff Moczynski, Drewco 
engineer/engineering manager. “They 
initially wanted a big ring that the gear 
would rest on way out towards the root 
diameter of the gear. Some of these 
gears were six feet across and larger—

for all these gears you’d have to have a 
bicycle rack for storing all those plates. 
I suggested that we use these pedestals 
that would be precision-ground and 
move them in and out on the keyways of 
the table. They weren’t real comfortable 
with it at fi rst, and the other thing they 
were concerned about was that with the 
weight of these gears, would our collet 
be able to center the gear to overcome 
the weight of it—one gear was 1,700 
lbs. But manually, with just a wrench 
and a fl ange nut, we were able to turn 
the gears within a half-thousandth every 
time.”

Moczynski goes on to explain that 
“The activation of the collet was done by 
means of a custom-built hydraulic nut. 
This was done for two reasons—one, it 
provided direct axial force to expand the 
collet as opposed to the rotating/axial 
force a standard nut would provide; 
two, due to the depth or hub width on 
some of the larger gears, the activating 
nut was deep inside the bore, thus not 
allowing the use of a standard wrench. 
Operators activate the nut by use of a T-
handle allen wrench—no big wrenches 
or extensions required.”  

Rexnord was thrilled with the 
results—and the system’s simplicity.

“These uprights (pedestals) are in 
key slots, and what they did was make 
little spacer blocks for us that located off 
of a central pilot,” says Kuklinski. “And 
we just put these blocks in and slide 
these three uprights in place, and that 
positions the part like the thrust plate 
would under the root diameter. So now 
we’re not changing any of these plates. 
We have these uprights on a fi xture and, 
based on the root diameter, they gave us 
gage blocks and we just set them in, and 
we bump up those three uprights, bolt 
them down and we’re ready to go.

“So, we’ve cut our setup time by 50 
percent, if not more.”

Drewco has been equally effective 
with other gear makers as well, 
Milwaukee Gear among them. 
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“We were using a lot of traditional 
manual tooling—solid bushings, clamp 
plates—and now we use a set of six 
pedestals with the expanding mandrill 
from Drewco,” says Mike Pascavis, 
gear supervisor. “You put the part on, 
clamp it up, and it holds the part very 
well. It works very well on our Höfl er 
Rapid 1500 and Gleason 1600. If you 
make a signifi cant investment in a gear 
grinding machine or hobber, why limit 
yourself with your table tooling? You 
can cut down your cycle and setup time 
by investing in effi cient tooling. Our old 
way was labor-intensive; now we’ll do 
a 50-piece run and guys are taking only 
10 to 15 minutes for setup. The savings 
start adding up.”

Drewco’s Moczynski explains that 
both customers were given a setup 
sheet for each part, so they knew what 
mandrill was needed with which collet. 
He also points out a residual benefi t in 
that the work area is much less cluttered, 
especially in the number of storage 
racks. And speaking of capacity, the 
new workholding system is keeping 
the pedal to the metal on those new 
machines.

“These new grinders and hobbers—
they have much higher capacity. So with 
our short setup times, in conjunction 
with better grinding equipment—they 
(Rexnord) gave us a whole raft of 
parts and they ran this machine ‘out 
of business,’ ” says Moczynski. “They 
actually started using the older hobs 
and grinders, and we put them out of 
business as well.” 

Rexnord’s Kuklinski certainly 
concurs.

 “It gives us a lot more fl exibility to 
go from Part A to Part Z because with 
the old system we had we would load 
the work up so we’re not changing all 
those thrust plates—we’d try to almost 
batch the work through,” he says. “Now 
you can run one part at a time regardless 
of what the next part is. The setup time 
is so short that we can jump from one 

Modultherm 
EXPANDS CAPACITY

size to another and—presto—the setup 
is changed and we’re ready to go.”

Prior to taking shipment of the 
Höfl er, Kuklinski explains, the machine 
builder provided cycle times based on 
some test parts that Rexnord sent them. 
And then a light bulb went off.

“Based on (the test cycle times) 
and based on the machine that we were 
taking work off of, we saw a percentage 
increase (in productivity). But then 
we started looking a bit further when 
the machine was in transit and we 
said ‘We’re going to make it up in the 
grinding time, but we’re still going to 
lose out in setup.’ So we fi gured at that 
time that we better take a hard look at 
our tooling and say—‘Wait a minute, 
we need to take another step here and 
move into the 21st century.’”

For more information:
Drewco 
3745 Nicholson Rd.
Franksville, WI  53126
Phone:  (262) 886-5050
Fax:  (262) 886-5872
jeffm@drewco.com
www.drewco.com

Mike Pascavis
Milwaukee Gear
5150 N. Port Washington Road
Milwaukee, WI 53217
Phone: (414) 962-0737
Fax: (414) 962-2774
mpascavis@milwgear.com
www.milwaukeegear.com

Marty Kuklinski
Rexnord Geared Products
3001 W. Canal Street
Milwaukee, WI 53208
Phone: (414) 397-4604
Fax: (414) 937-9012
marty.kuklinski@rexnord.com
www.Rexnord.com

ALD and ALD-Holcroft Vacuum 
Technologies introduced a larger size of 
the ModulTherm vacuum heat treating 
system. The ModulTherm can now 
process load sizes of 36" x 36" x 72" with 
weights up to 7,000 lbs. Previously, the 
ModulTherm could only accommodate 
load sizes of 24" x 30" x 40" and 2,200 
lbs.

“We’ve found justifi cation for 
this size system based heavily in the 
wind power generation, bearing and 
construction equipment markets,” says 
Klaus Loeser, vice president of new 
technologies at ALD-Holcroft Vacuum 
Technologies. “Too many opportunities 
have had to settle for atmosphere 
processing but could truly benefi t from 
the attributes of vacuum. Now that 
possibility is realized.”

The larger version system is avail-
able with high-pressure gas quenching, 
oil quenching, intensive quenching and 
interfaces to press quenching.

“Our ModulTherm concept has now 
taken another ‘growth step’ in maturing 
as the industry standard for high 
production vacuum thermal processing. 
Now more than ever, the versatile 
nature of the ModulTherm is needed,” 
says Bill Gornicki, vice president of 
sales and marketing for ALD-Holcroft. 
“As load sizes and part sizes increase, 
choices in quenching become an 
absolute necessity. In conjunction with 
last year’s introduction of fi ve separate 
quenching options, the ModulTherm is 
uniquely positioned as the standard for 
automated large load processing. High 
volume production of large components 
can now benefi t from the signifi cant 
value of low pressure carburizing.”

For more information:
ALD-Holcroft Vacuum Technologies 
49630 Pontiac Trail
Wixom, MI 48393-2009
Phone: (248) 668-4130
Fax: (248) 624-3710
sales@ald-holcroft.com
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The KoolRite 2365 semi-synthetic 
cutting fl uid from JTM Products, 
Inc. was designed for high-pressure 
applications that typically have foam 
control problems. The coolant is made 

Low-Foaming 
Cutting Fluid 
RESISTS BACTERIAL, 
FUNGAL GROWTH

Mitsubishi Heavy Industries, Ltd. 
has developed a thin-fi lm coating 
for applying to precision cutting tool 
surfaces to extend tool life at more 
than 200 meters per minute without 
using cutting oil. MHI is featuring the 
coating on the Super Dry III hob, which 
was released at the Japan International 

Coating 
Technology 
EXTENDS TOOL LIFE 
WITHOUT OIL

Machine Tool Fair.
The Super Dry III hob plays off the 

success of the Super Dry II hob, but it 
offers an 80–100 percent longer tool 
life. In order to prolong tool life in high-
speed dry cutting applications, MHI 
focused on improving the anti-oxidation 
and wear resistance capabilities of the 
coating at high temperatures. The Super 
Dry III’s oxidation temperature is 1,300 
degrees Celsius, which is 100 degrees 
higher than the Super Dry II. During 
testing, the Super Dry III demonstrated 
40 percent less tool fl ank wear and 80 
percent longer tool life at 250 m/min 
and double the tool life at 300 m/min.

For more information:
Mitsubishi Heavy Industries America
46992 Liberty Drive
Wixom, MI 48393
Phone: (248) 669-6136
www.mitsubishigearcenter.com
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with mineral oil and extreme pressure 
additives for use on cast iron, all 
steels and non-ferrous metals except 
magnesium. 

Performance on aluminum materials 
has exhibited the most signifi cant 
performance improvements, and the 
coolant performs without staining 
non-ferrous metals while protecting 
ferrous metals from corrosion. It does 
not remove paint or damage machines 
or seals. Using the JTM BioArmor 
technology, the Koolrite 2365 resists 
bacterial and fungal growth resulting in 
long sump life and avoiding unpleasant 
aromas that often result from such 
fl uids. 

For more information:
JTM Products 
31025 Carter Street
Solon, OH 44139
Phone: (800) 229-6744
Fax: (440) 287-3095
sales@koolrite.net
www.koolrite.net

Electrically-
Heated 
Quench Tank
CURES PRODUCTS 
POST HEAT-TREAT

The Number 974 insulated quench 
tank from the Grieve Corporation is 
electrically-heated to 200 degrees 
for heating mineral oil to cure metal 
products after heat treating. The 
dimensions of the tank are 22" x 22" x 
26" with one-inch insulated walls and an 
insulated, removable cover that hangs 

off the front of the tank. The unit is 
heated by 6.4 kw Incoloy-sheathed 
tubular immersion heaters, and a 1/3 
hp motorized agitator is responsible for 
fl uid motion in the tank. 

The Number 974 has digital temp-
erature controllers, manual reset excess 

Fässler

Why Grind and Groan? Just...

Fässler Corporation
131 W. Layton Avenue, Suite 308, Milwaukee, WI 53207

Phone +1 (414) 769-0072    Fax +1 (414) 769-8610    Email usa@faessler-ag.ch
www.faessler-ag.ch

Customized Solutions 
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support holds the basket above the 
quench oil for quick draining. 

For more information:
The Grieve Corporation
500 Hart Road
Round Lake, IL 60073-2835
Phone: (847) 546-8225

BIG Kaiser’s Slender Drive Angle 
Head features a reduced body that is 
capable of 90-degree cutting operations 
inside small bores. The latest product 
in BIG Kaiser’s Profi t Maker series 
is offered in CAT40/50 and BT40/50 
tapers standard with a dual contact 
interface. The angle heads change cutter 
angles without altering the workpiece 
position.

There are three small diameter and 
three large diameter output attachments, 
six total, of varying lengths. The smaller 
diameter outputs access bores starting at 
1.181" in diameter and the larger outputs 
handle bores up to 1.575". Each output 
comes with an attachment capable of 
cutting a tool centerline up to 4.921". 

Slender Drive 
Angle Head

MACHINES BORES 
MORE FLEXIBLY

temperature controllers with separate 
contactors and a fused disconnect 
switch. The tank has a type 316 stainless 
steel interior and exterior with a brushed 
fi nish. The Grieve quench tank includes 
a stainless steel workload basket with 
a removable handle that sits on top of 
the unit during quenching, and a basket 

Fax: (847) 546-9210
www.grievecorp.com
sales@grievecorp.com



 P R O D U C T   N E W S                               P R O D U C T   N E W S

www.geartechnology.com     March/April  2009     GEARTECHNOLOGY 00

 P R O D U C T   N E W S                               P R O D U C T   N E W S

017

The Slender Drive’s maximum speed is 
2,000 rpm, and it is designed for drilling 
and light milling operations. 

For more information:
BIG Kaiser
641 Fargo Avenue
Elk Grove Village, IL 60007
Phone: (847) 228-7660
Fax: (847) 228-0881
bigkaiser@bigkaiser.com
www.bigkaiser.com

The CoroMill 360 from Sandvik 
Coromant is a 60-degree face mill 
constructed with through-hardened steel 
for strength in demanding applications. 
The cutter inserts are wedge clamped 
with a quick release for cutting to 
depths of .709" or 18 mm with high 
feed per tooth. They are housed in 
an exchangeable cassette system 
with precise location to ensure cutter 
accuracy. The inserts have four edges 
with wide parallel land and strong edge 
geometry for high surface fi nish quality, 
giving a light-cutting performance.

The CoroMill 360 inserts are 

Face Mill 

WITHSTANDS
HEAVY-DUTY 
OPERATIONS

available in 19 mm and 28 mm, and 
both sizes use the same cutter body 
to minimize tool inventory. They can 
be easily removed by turning a wedge 
screw. They come in diameters from 
160–500 mm in close and extra close 
pitch design as well as Arbor and CIS 
Arbor shank styles. 

Rugged, Reliable, Repeatable
...For 75 Years!

•  Applicable to Spur 
 and Helical Gears!

•  Gage the Part 
 at the Machine!

Pitch
Diameter

Major
Diameter

Minor 
Diameter

Internal or External  Spline
Measurement Made Easy!

Still using micrometers 
and pins method?

Comtor Spline Gages make 
pitch diameter measurement 
quick, easy and accurate!

For all your gaging needs,
Comtorgage it! 

®

COMTOR SPLINE GAGES

Comtorgage Corporation
(Since 1928)

Ph: (401) 765-0900   Fax: (401) 765-2846
www.comtorgage.com

Analog Dial or 
Digital Readout

For more information:
Sandvik Coromant Company
1702 Nevins Road
Fair Lawn, NJ 07410
Phone: (201) 794-5223
Fax: (201) 94-5217
www.coromant.sandvik.com/us
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End-of-Line 
Crankshaft 
Gage 

Adcole Corporation introduced 
the Model 1300 high-speed crankshaft 
gage, which allows the horizontal axis 
to help automatic loading with cycle 
times under a minute and sub-micron 
accuracy for three-micron roundness 
tolerances. The gage provides QS 9000 
and Q1 quality verifi cations and allows 
statistical production control of journal 
grinders for diameter, roundness, 
third harmonic analysis, cylindricity, 
straightness, stroke and index. The 
gage provides 100 percent inspection of 
critical tolerances. 

The model 1300 high-speed 
crankshaft gage is designed to operate 
two to three shifts a day; it has a granite 
surface and uses touch-screen control 
technology and optical linear scales. 

For more information:
Adcole Corporation
669 Forest St.
Marlborough, MA 01752-3067 
Phone: (508) 485-9100
Fax: (508) 481-6142
www.adcole.com

Cutter Inserts 
GENERATE LOW 
PRESSURE, STRESS

The X700 milling cutter inserts from 
ATI Stellram are coated with TiAlN by 
PVD for use in milling stainless steel and 
titanium alloys while operating at low 
pressure and stress during machining. 
As the latest addition to the X-Grade 
Technology series of inserts, the X700 
is suited for high cutting speed and low 
cutting feed. 

The inserts resist thermal cracking 
and propagation, and they allow metal 
removal rates three times higher and 
longer tool life than traditional cutting 

INSPECTS 
ALL CRITICAL 
TOLERANCES
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Hennig, Inc.’s mobile chip conveyor 
enables shops with auger chip processing 
machine tools to use large chip bins or 55 
gallon drums instead of small chip cans. 
The unit helps with higher production 
auger fed chip loads because it can be 
rolled around the shop. A variable speed 
drive provides added effi ciency to the 
standard 110 volt current used. The 
receiving chip chute can be adjusted 
and positioned for front, side or rear 
discharge.

tools. The X700 Grade inserts are 
available in square, round and octagonal 
styles.

For more information:
ATI Stellram Engineered Products
1 Teledyne Place
Lavergne, TX 37086
Phone: (800) 232-1200
Fax: (800) 223-2219

Mobile Chip 
Conveyor

ELIMINATES SMALL 
CHIP CAN USE

For more information:
Hennig, Inc.
2500 Latham St.
Rockford, IL 61103
Phone: (815) 316-5277 or (888) 436-
6446
Fax: (815) 962-6483
www.hennigworldwide.com
info@hennig-inc.com

A QS 9000 / ISO 9002 Company

ON L I N E    
Visit

www.geartechnology.com

for the latest 
Product News
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© 2 0 0 6 ,  P r e s r i t e  C o r p o r a t i o n

PRESRITE NEAR-NET GEARS GIVE YOU THE 
STRENGTH OF A FORGING WITH 
LITTLE OR NO MACHINING.

We’re as NEAR as the NET! Visit our Web site at www.presrite.com.

I S O  9 0 0 1 : 2 0 0 0    T S  1 6 9 4 9 : 2 0 0 2
Presrite Corporation
3665 E. 78th St. • Cleveland, OH 44105
Presrite Corporation
3665 E. 78th St. • Cleveland, OH 44105
Presrite Corporation

Phone: (216) 441-5990   
Fax: (216) 441-2644

Are you interested in reducing your gear costs while increasing 
their quality? Presrite hot-forges intricate gears to net and near-net 
shapes, so little or no hobbing is required.
We’ve invested millions to save you money and 
improve the performance of the gears you buy. 
Our dedicated gear-forging facility is equipped 
with a state-of-the-art gear lab, high-capacity 
presses, and the latest in sophisticated machinery.
See why customers from a wide range of industries and countries 
come to Presrite for forged gears. Contact us now for more 
information or a quote.

Weight Savings – As a blank, this large spur 
gear weighed 55 lbs. As a forged tooth gear with 
1 millimeter of stock on the tooth profile for 
hobbing, it weighs just 37 lbs.

TAKE A BITE OUT OF YOUR GEAR COSTSTAKE A BIA BIA TE OUE OUT OF Y OF YT OF YT OOUR GEAR CUR GEAR C
WITH TEETH LIKE THESE.

The 462-page Gleason Gear 
Encyclopedia is a comprehensive resource 
of technical terms applied to the gear 
engineering and manufacturing industry. 
Published by Gleason Corporation and 
written by Dr. Hermann J. Stadtfeld, vice 
president of research and development, 
the book is divided in two major sections, 
English/German and German/English. 

Stadtfeld spent fi ve years researching 
this project with the collaboration of four 
colleagues.

The encyclopedia includes proper 
technological terms, formulas, defi nitions 
and appropriate translation in both 
languages. Terms are complemented 
by corresponding color illustrations, 
diagrams, formulas and photographs. 
Two smaller volumes are also available 
that include conversion tables and factors 
and a Gleason technical poster gallery. 

“The (Gleason) Gear Encyclopedia is 
a logical progression of one of my earlier 
works, the Gleason Gear Dictionary,” 
Stadtfeld says. “This time, I wanted to 
provide the industry with a much more 
comprehensive and easy-to-use reference 
book that will be benefi cial not only to 
gear engineers, but to the gear industry as 
a whole.”

Stadtfeld has authored several other 
gear industry publications, including 
Handbook of Bevel Gears (1993), Bevel 
Gear Technology (1994), the Gleason 
Gear Dictionary (1994) and Advanced 
Bevel Gear Technology (2000). 

For more information:
Gleason Corporation
1000 University Avenue
P.O. Box 22970
Rochester, NY 14692-2970
Phone: (586) 473-1000
sales@gleason.com
www.gleason.com

Gleason 
Publishes 
BILINGUAL GEAR 
ENCYCLOPEDIA
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What makes a gear green? How can 
energy effi ciency lead to more profi table 
cutting tools? Why is sustainability the 
word of the day? These are questions 
that have recently been discussed in 
manufacturing boardrooms across 
the country. While green technology 
has been utilized to some degree by 
manufacturers for decades, corporate 
leaders are realizing its full potential in 

Gleason Cutting Tools installed a centralized chiling system to conserve energy and reduce shop floor costs (Courtesy of Gleason).

 The 
Changing Industrial Landscape
COMPANIES WEIGH IN ON GREEN TECHNOLOGY AND 

SUSTAINABILITY EFFORTS

Matthew Jaster, Associate Editor

2009. It’s no longer a question of why 
such programs should be implemented, 
but how companies can most effectively 
practice what they preach.

In a manufacturing industry that 
deals with heat treating, lubrication 
and a plethora of waste materials, it’s 
diffi cult not to be skeptical when higher-
ups preach environmental awareness. 
However, even the most industrious 

tree hugger can’t fault a company 
for doing everything it can to reduce 
its environmental impact. In today’s 
economy, even the smallest contribution 
has remarkable results.

Facility, safety, human resource and 
operations personnel have added “green 
guru” to their growing list of day-to-
day responsibilities. It’s simply a sign 
of the times. Understanding the need 
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for sustainability and energy effi ciency 
has allowed these initiatives to get the 
boardroom face time they justifi ably 
deserve.

Lean, Green and 
Remarkably Clean at Gleason
Sustainability has always been a 

part of Gleason’s worldwide business 
philosophy. Each plant has an individual 
representative on its global sustainability 
team that monitors and communicates 
environmental issues. This team is made 
up of facility managers, environmental 
engineers, IT managers, supply chain 
directors, development engineers and 
controllers.  The global team receives 
its strategic direction from a committee 
made up of Gleason senior staff 
members and the team regularly reports 
plans to the entire global staff.

Tom Sawyer, facility manager at 
Gleason Cutting Tools, is the designated 
representative at the plant in Loves 
Park, IL.

“Green manufacturing has different 
phases throughout a product’s life cycle, 
and it takes a holistic approach,” Sawyer 
says. “Products are evaluated not only 
for effi ciency but the multiple reuses of 
the product. We then consider the types 
of materials and chemicals used in the 
manufacturing process and what impact 
they might have on the environment.”

The non-direct aspects—building 
and grounds, lights, heat, air 
conditioning, air quality, housekeeping, 
transportation and packaging—are then 
evaluated by using the 3 Rs (reduce, 

reuse, recycle), according to Sawyer.
“When the product reaches its end 

life, we ask how we can recycle it at its 
highest potential,” Sawyer says.

Environmentally sound manu-
facturing starts in the break room at 
Gleason, where an in-depth bulletin 
board focuses on issues regarding 
sustainability and ISO 14001, an 
environmental standard that is requested 
by many of Gleason’s customers.

“ISO 14001 is recognized 
globally and audited by a third party 
registrar, showing our commitment to 
prevent pollution through continual 
improvement,” Sawyer says.

The objective of the bulletin board 
is to keep the staff of the entire plant 

Ronson Gears has focused for many years on technology and has now also turned its attention to sustainability (Courtesy Ronson Gears).

Forest City Gear created a green plant area in the middle of the shop to promote green manufac-
turing (Courtesy Forest City Gear).

continued

updated on the sustainability goals of 
the organization.  

“Our commitment to green tech-
nology was fi rst demonstrated in 2001 
when our fi rst facility was registered to 
the ISO 14001 standard,” Sawyer says. 
“Today, we have programs in place that 
address operational procedures, green 
manufacturing, green building design, 
lean manufacturing, and recycling. We 
work with our vendors and suppliers 
daily to fi nd new ways to reduce, reuse 
and recycle.”

In addition to ISO 14001, Gleason 
is involved in green heat treating as 
well as new machine technology that 
produces products with less energy 
and waste. The company also follows 
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Forest City Gear installed a Big Ass fan on the shop floor to assist with cooling (Courtesy FCG).Big Ass fan on the shop floor to assist with cooling (Courtesy FCG).Big Ass

LEED (Leadership in Energy and 
Environmental Design) practices, a 
whole building and site approach to 
sustainability. 

Active recycling programs include 
scrap metal, cardboard/paper, inks, 
cathode ray tubes, e-waste (cell 
phones, printers, monitors, etc.), oil 
reconditioning, coolant waste water, 
light bulbs/lamps, batteries and ballasts, 
waste oil, solvents, rags, absorbent quill 
pads, hand towels, packaging reuse 
program/recyclable packaging material, 
sand media reclaiming for heat treating, 
refrigerant reclaiming and aluminum 
can collection.

In the case of the Gleason plant 
in Illinois, one can merely take a 
stroll through the plant’s heat treating 
department to see how far the company 
has come. The heat treating today is a 
far cry from the methods utilized in the 

and quality.” 
Ronson Gears: Sustainability 

at Square One 
Ronson Gears began in Melbourne, 

Australia as a small workshop that 
in 1954 included a lathe and a gear 
hobbing machine. Through the years, 
the company dedicated itself to learning 
the latest developments and trends in 
gear manufacturing and has earned an 
impressive reputation as a leading gear 
manufacturer in Australia with global 
ties to the gear community.

Gordon New, managing director at 
Ronson, has recently championed the 
green technology movement by simply 
reducing as much waste as possible that 
affects the environment.

“If a company is known to be green, 
then it may be favored with orders 
ahead of competitors that are not,” 
New says. “Customers may be charged 
less due to their supplier’s reduced 
operating costs.”

Ronson is in the early stages of 
green manufacturing initiatives but is 
focused on several key areas moving 
forward. 

“Initiatives are in place including 
recycling cutting oil, scrap metal and 
paper. Skylights mean less reliance 
on artifi cial lighting, thereby reducing 
our carbon footprint,” New says. “The 
heat generated from our shop fl oor is 
being retained within the factory area 
to reduce reliance on artifi cial heating 
in winter.”

In the near future, the company plans 
to reduce the need for air conditioners 
in the summer by installing external 
sun blinds. It also plans to install water 
tanks to collect rainwater from the 
factory roof to be used for fl ushing 
toilets. The continuation of lean 
initiatives will reduce process times, 
thus saving more energy.

Ronson has dedicated many years 
to the most advanced technology 
and equipment in the gear industry. 
This, alone, leads to a huge energy 
savings and a commitment toward 
sustainability.

“A staff can really achieve job 
security by being involved with a 
company that follows these directives,” 

past. Clean fl oors, oil-free machines 
and various lean principles solidify 
Gleason’s stance on green manu-
facturing.  

“With the growth of alternative 
energy and environmental awareness, 
it is in our best interest to show our 
commitment to green technology and 
environmental sustainability as it makes 
eco-business sense,” Sawyer says. 

In the near future, the company plans 
to create a larger role for sustainability 
and energy effi ciency on its website 
as well as establish a broader green 
strategy within the organization.

“Creating a ‘green brand’ is a new 
marketing effort that is currently the 
focus of senior management,” Sawyer 
says. “As it stands now, each plant 
shares its best practices and ties all the 
resources of Gleason together, from 
design and purchasing to manufacturing 

KAPP Technologies is headquartered in Boulder, CO, an eco-friendly city with several green initia-
tives (Courtesy KAPP Technologies).
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When it comes to workholding solutions for gear machining, N.A. Woodworth 
provides a wealth of technical knowledge, expertise and engineering assistance 

that sets us apart. Our various designs include our Universal Gear (UG) and our 
newly developed Pitch Line (PLD) diaphragm chucks. We have the product to fi t 

your process. All built with exacting standards to provide the best workholding 
solutions for gear machining. Give us a call.

1391 Wheaton • Suite 700 • Troy, Michigan 48083
800-544-3823 • Fax: 248-743-4401

an ISO9001: 2000 Registered Company

When it comes to workholding solutions for gear machining, N.A. Woodworth 
provides a wealth of technical knowledge, expertise and engineering assistance 

that sets us apart. Our various designs include our Universal Gear (UG) and our 
newly developed Pitch Line (PLD) diaphragm chucks. We have the product to fi t 

your process. All built with exacting standards to provide the best workholding 
solutions for gear machining. Give us a call.

1391 Wheaton • Suite 700 • Troy, Michigan 48083
800-544-3823 • Fax: 248-743-4401

an ISO9001: 2000 Registered Company

www.itwworkholding.com

Gear Workholding.

If it’s hard to hold...
the answer’s not 
hard to fi nd.

New says. “However, some initiatives 
are expensive and their introduction 
is delayed due to lack of funds. It also 
takes a long time to educate the entire 
workforce and get their involvement. 
We would like to address these actions 
faster, but a limitation of resources 
means a slow but steady approach.”   

It’s Always Green at Forest City
Forest City Gear’s approach to 

sustainability and energy effi ciency 
began with the realization that new 
equipment increased productivity and 
created higher quality products. Simply 
by purchasing the latest machine 
innovations, CEO Fred Young was able 
to make a signifi cant energy savings.

“Fred’s always been active in re-
gards to new technology, trying to get 
state-of-the-art equipment that works 
better than the old machinery,” says 
Larry Cass, safety manager at Forest 
City Gear. “These new machines today 
run faster and create a far cleaner 
working environment.” 

Cass, in addition to his work as 
a safety manager, oversees many of 
the green business practices that have 
become part of Forest City’s daily 
operations. These include bottle and 
paper recycling programs, reusing 
packaging materials and maintaining 
light and heating initiatives. 

“There’s always a bit of skepticism 
at fi rst when you try to disrupt people’s 
daily routines,” Cass says. “Anytime 
you impose something that’s different, 
people seem to be less enthusiastic. But 
we’re seeing a more conscientious push 
from the entire staff to follow these 
guidelines.”  

As an avid sportsman, fi sherman, 
hunter and wildlife advocate, Young 
has made an effort for many years to 
promote sustainability at Forest City. 

“We try to get everyone involved in 
green technology, from the top to the 
bottom, by creating a certain mindset,” 
Young says. “We’ve been coordinating 
some of these green efforts here for 
25-30 years. It’s simply about being as 
effi cient as you can possibly manage.”

Whether it’s recycling chips, 
changing lights or installing an 

continued
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continued

obnoxiously large ceiling fan, Young 
notes that the small, creative steps are 
just as important as the larger projects. 
Shutting off the lights during lunch 
breaks, planting fruit trees behind the 
manufacturing plant and adding vines 
that assist in cooling the manufacturing 
fl oor during the summer are a few 
noteworthy things that Forest City has 
done to promote green manufacturing.

Young even created a green plant 
area in the middle of the shop with a 

park bench where employees can take 
a break. It was something he discovered 
while visiting a gear manufacturer in 
Italy. 

“This isn’t a complete solution, 
but it’s a great start,” Young says. 
“If everyone pitches in one way or 
another, even these small steps can be 
very signifi cant. We want to be a good 
citizen as a corporate entity as well as 
individuals.”

And what’s the payback for some of 

these green programs?
As a result of shipping out small, 

recyclable containers to its customers, 
Forest City regularly receives new 
shipments in the same containers.  Even 
customers not affi liated with Forest 
City have received the containers that 
prominently display the Forest City 
logo.

“You cut down on shipping costs 
and there’s also the benefi t of free 
advertising,” Young says.  “The 
message seems to be working.”

Once employees are fully acclimated 
into the green culture, savings can be 
signifi cant for lighting, heat and cooling 
expenses.

Cass adds, “Many of our employees 
are doing some of these green directives 
in their own homes, and they’ve begun 
to do the same in the offi ce. It’s as simple 
as turning off the bathroom lights when 
no one is using it.”

For the record, during a recent tour 
of the Forest City Gear facility, the 
bathroom lights were, in fact, turned 
off and areas of the manufacturing fl oor 
not being utilized remained dark to 
conserve energy.        

In an effort to strengthen green 
technology at Forest City, Young 
would like to install solar panels on the 
roof and purchase a modest-sized wind 
turbine.

“We fancy ourselves to be on the 
cutting edge, so the next step for us 
would ideally be in the alternative 
energy sector,” Young says. 

Both Young and Cass are in the 
process of going back through Forest 
City’s history to attempt to tie in sales 
with these various green initiatives. 

“A $16,000 savings on the electric 
bill gets our attention,” Cass says.

Meanwhile, Young just wants to 
know that the efforts Forest City makes 
to improve sustainability and energy 
effi ciency can be done without raising 
prices.

“This is the real challenge and it’s 
what Forest City is focusing on.”
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The world’s industries are hungry for new and better ways to produce large gears 
faster and more economically.  Gleason’s ability to meet this growing need is 
unmatched.  No other company has the technology to deliver such significant 
improvements in workpiece cost and quality for the full range of cutting, 
grinding and inspection operations – on the very largest gear sizes. Download our 

Big Gears brochure at  
www.gleason.com/largegears.
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BUILDING & OPERATIONS
• Energy effi cient lighting system

• Energy effi cient heating/AC 
units

• Ceiling fans for cooling 
manufacturing fl oor 

• Roof insulation projects

• Skylights and sun-refl ecting 
covers

• Plant trees, shrubs and plants 
all around the grounds

• Tinted windows

• Centralized chilling system for 
machines

• LEED (Leadership in Energy 
and Environmental Design) 
practices
www.usgbc.org/
DisplayPage.

  aspx?CMSPage
ID=222ID=222ID=22

Sustainability: 
Start Small, Think Big

Companies both large and small sometimes struggle to get innovative 
directives in place on the manufacturing fl oor that promote energy 

effi ciency and sustainability. No company can become lean and green 
overnight. It takes time, money and plenty of resources. Here’s a quick 

look at some green initiatives to consider:

• ISO 9001:2000/ISO 14001:2004 
www.iso.org/iso/home.htmwww.iso.org/iso/home.htmwww.iso.org/iso/home.ht

• New machine technology

• Green heat treating: zero 
waste, computerized 
controls

• Lean manufacturing principles: 
kanban, kaizen, total 
productive maintenance 
(TPM)

• Visual management for light 
usage (turn lights off during 
lunch, keep unused areas 
of the manufacturing fl oor 
dark)

KAPP Serves 
Eco Rich Community

KAPP Technologies has had 
environmentally safe practices in place 
since the Boulder, CO facility was 
fi rst built in 1992. The building was 
designed and constructed without fl oor 
drains, eliminating the potential hazard 
of plating chemicals or waste getting 
into the local water and sewer systems. 
All spent chemicals are stored in double 
containment tanks for periodic disposal 
utilizing licensed waste haulers and 
facilities.

Along with paper products, 
magazines, cardboard, wood, cans 
and plastic, the company recycles 
batteries, cell phones, computers and 
offi ce electronics. They have also been 
creative with other materials. Instead of 
discarding old letterhead, for example, 
employees converted them into offi ce 
note pads. Lights are kept off in unused 
areas of the building including common 
areas. 

“As sustainability practice grows, 
the demand for manufacturers who are 
part of the solution increases,” says 
Jim Buschy, vice president and general 
manager at KAPP. “For example, the 
wind energy market is growing rapidly 
and many of our customers’ end-users 
will be manufacturing more and more 
gearboxes. This means that we must 
make our customers aware that we have 
the ability to do this kind of work.”

Last year, KAPP launched the Rocky 
Mountain Gear Finishing School. As 
part of the program, the company took 
the group to the National Renewable 
Energy Labs for a tour of the gearbox 
facility. 

“This helped our customers 
identify new wind energy technologies 
in development and it gave us the 
opportunity to present our machines as 
a possible solution for their production 
needs,” Buschy says.

Boulder itself has been in the business 
of sustainability for many years. Eco-
programs offer public transportation 
alternatives and a drop-off site for 
hazardous waste materials. It was one of 
the fi rst cities to offer curbside recycling 
back in 1976. In 2005, a zero waste 

• Adjust heat/air on weekends 
and major shutdowns

• Check frequently for air leaks 
in the building 

• Replace bottled water service 
with fi ltered tap water

• Hybrid vehicles for company 
use

• Diesel trucks for delivery

 RECYCLE
• Spin oil out of chips 

• Separate various types of 
scrap metal

• Cardboard and mixed paper

• Aluminum cans

• Plastic bottles 

• Shrink wrap

• Reuse solvents

• Reuse packaging materials

• Use absorbent quill pads, rags 
and hand towels

• Cell phones, printers, circuit 
boards, monitors, etc.

• Inks for printers

• Oil reconditioning/Waste oil

• Batteries and ballasts

• Sand media reclamation

• Refrigerant reclamation
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  WWW.DRAGON.CO.KR

Email inquiries to: 
alex@dragon.co.kr

(formerly Dragon Precision Tools)

You already compete 
globally; Why not look to 
a global supplier for gear 
hobs. One that enables 
“your team” to take 
advantage of “our” competi-
tive edge. DTR Corporation  
is a world-class leader in 
maximizing gear hob tool 
life through innovative 
designs, with the latest in 
coatings and high speed 
steels. Look to us to get you 
through any challenge the 
market-place has to offer.

U.S. Office Location (Chicago)
2400 E. Devon Ave., Suite 210, Des Plaines, IL 60018

     PHONE: 847-375-8892
      FAX:       847-699-1022
Headquarters
36B-11L, Namdong Industrial Complex, Namdong-Gu, Incheon, Korea

     PHONE: +82.32.814.1540
      FAX:       +82.32.814.5381

resolution was passed to support the resolution was passed to support the 
county’s sustainability efforts. Carbon 
gas emissions released by industrial 
processes in Boulder represent only fi ve 
percent of the city’s total. The Boulder 
Energy Strategy Task Force oversees 
programs in areas of conservation and 
offers rebates and incentives for energy 
effi ciency practices.

As the city continues to look for ways 
to participate more in sustainability 
efforts, KAPP follows suit.  

“We are focused on what’s 
important to our customers; machine 
tools that will serve their requirements 
and offer effi ciency, time-saving 
technology and increased productivity. 
All of these factors contribute to overall 
green technology,” Buschy says.

For more information:
Forest City Gear 
11715 Main Street
P.O. Box 80
Roscoe, IL 61073-0080
Phone: (866) 623-2168
Fax: (815) 623-2168
www.fcgear.com

Gleason Corporation
1000 University Ave.
Rochester, NY 14692
Phone: (585) 473-1000
Fax: (585) 461-4348
sales@gleason.com
www.gleason.com

KAPP Technologies
2870 Wilderness Place
Boulder, CO 80301
Phone: (303) 447-1130
Fax: (303) 447-1131
info@kapp-usa.com
www.kapp-niles.com

Ronson Gears Pty Ltd.
18 Teton Ct, Highett
Victoria, Australia 3189
Phone: +(61) 3 9555 9822
Fax: +(61) 3 9555 7480
www.ronsongears.com

  

Table 3—DOE Test Matrix with Post Etch Results.

Test Ammonium Persulfate % HCI % Detection of Etch 
Indications

1 18.6 Max 9.0 Max

2 18.6 Max 3.0 Min

3 6.0 Min 9.0 Max

4 6.0 Min 3.0 Min

5 9.1 Typical 6.0 Typical

7 6.0 Min & 
min time

9.0 Max and 
max time

8 6.0 Min & min time
No glass bead

9.0 Max and 
max time

Correction:  In the Jan/Feb 2009 issue of Gear Technology, 

information was omitted from Table 3 (p. 66) of the technical 

article “Gear Failure Analysis Involving Grinding Burn,” 

written by G. Blake, M. Margetts and W. Silverthorne (p. 62). 

For the full technical article please visit www.geartechnology.

com/issues/0109/.issues/0109/.issues/0109/
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Excellent root and deep
blind hole penetration

No Intergranular
oxidation (IGO)

Part-to-part and
load-to-load consistency

Excellent surface finish

Superior strength
and fatigue resistance

No decarburization

Near-net shape / minimal
post-heat treating machining

Part distortion control

Environmentally-friendly with
a low Greenhouse Gas
emission profile.

Unparalleled Results
with ModulTherm Vacuum Furnace Systems

The ModulTherm R vacuum furnace system produces unparalleled gear results, while allowing engineers 
to design and control the gear manufacturing process. With superior process and design flexibility, control 
over alloy selection, heat treatment, quenching, automation, configurations, and end product performance
are engineering choices. Unlimited options. One choice. ModulTherm.

System Capabilities:
Fully integrated and automated systems for small to high production requirements

 Multiple quench options: 20-bar high pressure gas quenching (HPGQ), oil, water, 
 press quenching, and low pressure carburizing (LPC).

Our 80 years of gear-processing experience provide the stability you can count on. Call 248.668.4130 or 
link to www.ald-holcroft.com/results for your gear tools.

ALD-Holcroft     49630 Pontiac Trail     Wixom, MI 48393-2009 USA     Ph: 248.668.4130     Fax: 248.624.3710     E-mail: sales@ald-holcroft.com     www.ald-holcroft.com/results

ModulTherm
LPC System
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Got Lean? Six Sigma? 
HERE’S ANOTHER THEORY

Jack McGuinn, Senior Editor

How would you defi ne 
the theory of constraints ?

Theory of constraints 
(TOC) is a holistic 
management process that 
identifi es an organization’s 
system constraint, then 
systematically exploits 
and/or elevates it to reach 
a higher level of goal 
attainment. In a for-profi t 
business, the goal is to 
make more money now and 

in the future. The constraint (most businesses have only one 
at a time) is what’s limiting the business from making more 
money. One example is market restraint. You can have plenty 
of capacity internally, but you don’t have enough orders to 
use all or the majority of that capacity. 

TOC advocates strategically placing your constraint 
(instead of chasing it around) and then focusing management 
attention and company resources on leveraging it. Consider 
that before this recession (manufacturers) would know where 
their bottleneck was. But because most manufacturers followed 
conventional wisdom—which is to balance capacity—their 
constraint is constantly moving. If you have balanced capacity, 
meaning the same average capacity at each step, and then a 
big slug of work comes in, the constraint then moves from one 
step, to the next and to the next, depending on the mix of work 
and what just came in. By strategically placing the constraint 
and unbalancing capacity, you make it easier to leverage the 
thing that is limiting your ability to make money. You can’t 
leverage a moving target. If your constraint is constantly 
moving, it’s really diffi cult to leverage it. Most manufacturers 
are more accustomed to chasing the constraint in operations, 
but are less experienced when it comes to leveraging market 
or cash constraints. 

There are different ways to leverage, and the key is that the 
more the constraint stays in one place, the easier it’s going to 
be to leverage. A fi nancial example of leveraging a constraint 
is throughput per constraint unit—How many dollars will I 
generate for how much of my constraint time? We look at 
how much throughput will we generate with this job, and how 

much of my scarce resource constraint capacity will it take 
to do that. If the amount I can get out is dependent on my 
constraint, then what I want to do to maximize my profi ts is 
get the most throughput dollars per unit of constraint time.   

Why isn’t TOC as popular as lean?
Except for the CEO, most managers have limited spans 

of responsibility and control. Cost management and cost 
reduction are valid objectives for these managers. Lean 
has excellent tools to accomplish cost reductions and local 
process improvements; so does six sigma. This is something 
a manager can do within his or her own silo (e.g., operations, 
engineering, etc.) without the need for a lot of coordination 
with other silo managers.  

So if you don’t have involvement from the top, a manager 
within a silo can only go so far. Dr. Eliyahu Goldratt, the 
developer of TOC, wants TOC to be the main way of managing 
organizations. He has thought about your question for a long 
time. His answer is that TOC requires multiple paradigm 
shifts (e.g., cutting work in progress (WIP), a change in 
accounting practices [see below], etc.) from any person and 
organization that implements it. TOC has a solution for most 
every aspect of organization management, most of which are 
counterintuitive, and often require doing the opposite of what 
we were taught (common practice and conventional wisdom) 
and in coordination with other silo managers. Hence, there 
are multiple paradigm shifts required to fully implement, 
including: 

• Drum-Buffer-Rope—A scheduling system   
 for WIP operations and/or sales processes. 

 Drum: the rate at which the work moves through 
 is the constraint, and sets the rate at which work 
 can move through the system—like a drumbeat;  

 Buffers: protect the drum from running out of 
 work, protecting the constraint, and a shipping 
 buffer protects our due date commitments; Rope: 
 how new work is released into the process, 
 because what we want to do is release new work 
 into the process at the rate that the constraint/drum 
 can actually consume it.  
• Critical Chain Project Management—The   

 process of applying the drum-buffer-rope concepts to 

Most readers are at least familiar with continuous improvement programs such as lean and six sigma. Perhaps your shop or company 
is well along in the implementation of one or the other—if not both. But what about theory of constraints (TOC), introduced in Dr. Eliyahu 
Goldratt’s 1984 book, The Goal? Despite its rather negative-sounding name, this continuous improvement process has much to offer 
manufacturers of all stripes. And when combined with lean and six sigma, the results can be dramatic. Dr. Lisa Lang, a TOC consultant and 
speaker, explains why and how in the following Q&A session with Gear Technology.

Dr. Lisa Lang

continued
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 a project environment. 
• Throughput Accounting vs.Cost Accounting—Cost
  accounting is old technology. Throughput accounting  

 is what TOC uses instead of cost accounting. It is 
 used for fi nancial decision making—”Should I 
 take this order or not?” “Should I buy this piece 
 of equipment or not?” Throughput is the sales dollars 
 we generate minus what we had to pay for raw 
 materials or outside services (heat treating, e.g.) 
 and sales commissions. So when we talk 
 about throughput, we’re talking about dollars. 
• Mafi a Offer—For exploiting a marketing and/or  Mafi a Offer—For exploiting a marketing and/or  Mafi a Offer

 sales presentation constraint (See below and 
 Drewco sidebar for more on mafi a offer.)  
Can TOC work with lean and six sigma? 
Yes! TOC, lean and six sigma share an interest in defi ning 

and improving processes. TOC has no equivalent to the 
toolkits represented by lean and six sigma, and they have 
no equivalent to the focusing process provided by TOC. So, 
the initial steps are provided by TOC, meaning the defi nition 
of the organization’s goal and identifi cation of the system’s 
constraint. Lean and six sigma help with the next step, which 
is exploiting the constraint. In TOC, “buffer statistics” will 
highlight the weak part of the process. Buffer statistics are 
simply regular data that are applied to the buffers in front of 
the constraint and at shipping. The buffer, remember, is the 
mechanism that ensures that the drum—or work rate—is not 
interrupted, thus protecting the constraint. Buffers absorb 
variability and are the mechanism that ensures we don’t starve 
the constraint or miss our due dates.

Lean and six sigma usually have specifi c tools that will 
rapidly improve the weakness. Perhaps it is setup reduction on 
a key piece of equipment, or reduction of variability of a key 
step in the process. No organization has unlimited resources. 
Focusing where and when to apply lean and/or six sigma is 
high leverage. 

Recently, an analysis was conducted in a large company 
where some plants used lean in isolation, others six sigma in 
isolation, and others where TOC was combined with lean and/
or six sigma. The most signifi cant improvements were with the 
combination of all three. You can read that article here: http://
www.scienceofbusiness.com/Portals/0/2006MayTLSArticle.
pdfpdfpd .f.f

Your “mafi a offer boot camp,” what is that,
 and how does it work?

Initially, Dr. Goldratt defi ned a mafi a offer as “an offer 
so good that your customers can’t refuse it.” I extended the 
defi nition as follows: “An offer so good that your customers 
can’t refuse it and your competition can’t or won’t offer the 
same.” A mafi a offer typically requires that you do something 
different (make operational improvements) to actually deliver 
something (that can’t be refused) to your customers, and 
something that your competition can’t or won’t do because 
they are not willing—or don’t know how—to make the same 

improvements. Most companies offer solutions that solve 
their customers various problems or symptoms. With a mafi a 
offer, we are addressing our customers’ core problem.

When most of us are presented with a concept, particularly 
if it is not one we developed, we have this wonderful ability to 
think of all the reasons why it won’t work. So if you read about 
the process to create one (mafi a offer), you would simply do 
what we all do—come up with all the reasons why it won’t 
work for you. During the boot camp, you and your team build 
your mafi a offer. You know your company, your competitors 
and your customers best. We combine your knowledge with 
a solid process to facilitate and guide you to develop the offer 
that will not be refused by your customers, but something 
your competition can’t or won’t do. We usually know we 
are on track when your team is worried about being able to 
deliver the offer. During a mafi a offer boot camp, we start 
over with fresh eyes and a fresh look at your business—and 
this is something you can’t read about or someone can’t just 
tell you about.

One of the most diffi cult things about implementing 
lean is securing a complete buy-in from top management/
ownership. How do you go about doing that with TOC?

It must be led by the CEO. A CEO that wants to 
dramatically increase the bottom line of the company must 
have the collaboration of the top management team. To gain 
collaboration and to communicate what must be done, we use 
a strategy and tactics tree. What’s a strategy and tactics tree? It 
is a concise explanation of what needs to be done throughout 
the organization to meet the company’s goal. And while it is 
concise, it is also perfectly clear what needs to be done in each 
silo, at each level, which is very powerful. People don’t really 
resist change. They resist what they don’t understand or what 
they think will have a negative effect on them personally. We 
don’t see “resistance” to change when we use a strategy and 
tactics tree with strong leadership. This tool is how/why we 
can achieve results very quickly, even in large organizations.

Are there any start-up costs with implementing TOC? 
No. TOC is about leveraging the people and resources you 

already have. In The Goal, the elevate step (the step associated 
with spending money) is step No. 4, and in many cases we don’t 
need to elevate until we have substantially grown sales. TOC 
should be self-funding and self-resourcing if you implement 
it correctly. When we start working with somebody, one 
of the things we have them do is cut their WIP in half. As 
soon as they do that, there’s less stuff to deal with; (clients) 
resist it, but that’s the fi rst step. When you do that—i.e., self-
resourcing—you’ll free up some time. You’ll absolutely free 
up some cash—self-funding—and with this free time we go 
to the next step. And we organize the implementation in such 
a way that the fi rst actions produce huge results. Getting big 
results quickly also helps with the buy-in. So cut the WIP in 
half, just focus on what’s started (on the fl oor)—and all of 
a sudden you’re shipping more stuff, invoicing on a regular 
basis, getting more cash—with the same resources. 

continued
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Typical quote options:

Tombstones & Machine Center Fixtures
• Our typical standard delivery time on these fi xtures is 10 to 12 weeks. 
• Our delivery on these fi xtures is also guaranteed and backed by our “guaranteed on time rebate.” 
• Due to the varying nature and complexity of these type of fi xtures, please call us for delivery options and rebate percentages. 

An Offer 
a Godfather Would Love
As mentioned in the Q&A, Drewco, a Wisconsin-

based tooling company, began implementing TOC in 
2006. And, as also mentioned, they started with a mafi a 
offer to their customers. But aside from the benefi ts to 
buyers, the offer also served to focus Drewco’s attention 
internally on identifying their constraint and doing what 
was necessary in order to deliver on the offer. (For 
more information on how the mafi a offer served as an 
internal, process change agent at Drewco, please see the 
accompanying Q&A—Ed.)   

So what was the Drewco offer that promulgated 
change internally and was deemed by the company as 
unrefusable?

Everyone knows that in this crazy economy there is a 
razor-thin line that separates the winners from the also-
rans—everyone is looking for an advantage. Well, how 
about improved lead time? Drewco focused on that and 
implemented an on-time and rush delivery system backed 
up by meaningful rebates for noncompliance.
The highlights:
 • All delivery times are guaranteed, backed up   
  by a minimum 10 percent per day rebate for 
  late shipments.
 • Rush delivery is always available. Rush deliver-
  ies are backed with an even higher guaranteed
  on-time rebate.

In other words, if a standard order is submitted and the 
shipping date is one business day late, the customer then 
pays 90 percent of the originally quoted price. (See the 
accompanying charts for more information—Ed.)

That’s a pretty nervy offer, but it’s one that Drewco 
is comfortable in making as a result of their internal 
improvements via TOC implementation.

“We have found (TOC) to be a highly effective method 
to get fast results,” says Richard Pettibone, Drewco 
president. “It is a more-targeted and often-counterintuitive 
method that can quickly yield signifi cant benefi ts.”

Indeed, post TOC implementation, Pettibone says 
Drewco “improved from accepted industry performance 
of 40-50 percent on-time delivery, with an average of two 
or three days late, to being consistently over 95 percent 
on-time and zero days late. This new performance gave 
us greater manufacturing capacity to sell.”

Going forward, Pettibone says in addition to the 
guaranteed on-time delivery program, TOC has enabled 
Drewco to reduce its standard delivery lead time. It 
has also reduced production lead time from six to three 
weeks, “with the same guaranteed and rush delivery still 
available.”

For Drewco, at least, TOC is more than a theory. It 
works.
     Jack McGuinn

For more information:
Drewco 
3745 Nicholson Rd.
Franksville, WI  53126
Phone:  (262) 886-5050
Fax:  (262) 886-5872
www.drewco.com

   

Collets
Example: Collet Delivery Options

Standard Delivery Rush Delivery Express Delivery
Order Lead Time 3 Weeks 2 Weeks 1 Week
Selling Price Standard Rush Express
Rebate 10% / day of selling price 20% / day of selling price 30% / day of selling price

Arbors, Mandrels, & Chucks
Example: Fixture Delivery Options

Standard Delivery Rush Delivery Express Delivery
Order Lead Time 8 Weeks 5 Weeks 3 Weeks
Selling Price Standard Rush Express
Rebate 10% / day of selling price 15% / day of selling price 20% / day of selling price
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HAVE YOU SEEN 
KISSSOFT LATELY?
NEW RELEASE 10/2008 INCLUDES:

NEW USER INTERFACE
NEW SHAFT DESIGN AND ANALYSIS
NEW BEARING DESIGN AND ANALYSIS
ENHANCED GEAR DESIGN AND ANALYSIS

DOWNLOAD YOUR FREE EVALUATION COPY
FROM WWW.KISSsoft.COM 

FREE
EVALUATION

COPY

KISSsoft USA, LLC
3719 N. SPRING GROVE ROAD
JOHNSBURG, ILLINOIS 60051
PHONE (815) 363 8823
DAN.KONDRITZ@KISSsoft.COM

What would you say to those who believe being lean is 
suffi cient without TOC?

Lean tells us to reduce waste—but where?—everywhere. 
And an 80/20 rule is used to decide the order of this 
improvement. Once you understand TOC, you realize that 
there is one place where you should focus management time, 
attention and your resources to have the biggest bottom line 
impact. Using TOC to focus these efforts is more like using 
the 99/1 rule, and you can get bottom line improvement (real 
ones) much faster. In addition, throughput accounting will 
help you to make decisions that will have an incremental 
bottom line improvement. This is much more diffi cult to do 
with cost accounting or lean accounting. So, we use TOC, 
lean and six sigma in combination.

What are some of the more common constraints that 
affect a manufacturing organization?

Dr. Goldratt recently declared that the most common 
organizational constraint worldwide is management attention. 
Keeping management focused on doing what needs to be 
done—and not doing what doesn’t need to be done—is a real 
problem. Beyond that, more than half of all manufacturing 
organizations are limited by sales. They could produce more, 
if only they could get the sales. So that’s a market constraint, 
which we overcome with the mafi a offer. The rest have some 
form of internal constraint which, when addressed, usually goes 
away quickly, and then the constraint is again lack of sales. 
Internal constraints are typically an overloaded department, 
where the demand placed on it is greater than its capacity. The 
challenge that many of your readers face is that they have a 
highly complex environment. An environment where the mix 
changes dramatically, and where the variability is high, usually 
results in a situation where the constraint moves day-to-day or 
week-to-week. And how do you leverage a moving target? 
We’ve worked with a number of highly custom, complex 
job shops and have created a TOC solution specifi c for these 
situations. We call it a velocity scheduling system (VSS). It is 
a system similar to drum-buffer-rope, but customized for the 
starting conditions of highly complex job shops. But, if you 
are not using VSS, it is most common for you to be chasing 
your ever-moving constraint around.

Please discuss your work for Drewco 
in implementing TOC.  

We started working with Drewco at the end of November 
2006. We started by creating a mafi a offer, even though they 
had an internal constraint at that time. Why? The offer will 
dictate the strategy and tactics, or another way to say it: The 
offer will indicate where we need to improve and by how much. 
And by starting with the offer, the operational improvements 
happened much faster because we had a reason to change, and 
everyone was excited about the offer. 

After creating the mafi a offer, we developed the full 
strategy and tactics tree. This was communicated throughout 
the organization. Within one month, Drewco had improved 
their due date performance from 39 percent (on fi rst date 

continued
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■ Find suppliers for 
the products you need

■ Latest news, 
Updated as it happens

■ Improved 
Buyers Guide format
(free listings now available)

powertransmission.com averages 
more than 80,000 

unique visits per month

www.powertransmission.com

What Can Handle a 
Crowd of 80,000 and is 

Still Asking for More?
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CORPORATION
PHONE 630-595-7333
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U S  D i s t r i b u t o r

7606 Freedom Way   •   Fort Wayne, IN 46818
Tel: (260) 490-3238   •   Fax: (260) 490-4093

www.first-gear.com

“YOUR FIRST CHOICE”

Visit our website for more info
www.fi rst-gear.com

ISO 9001 : 2000  CERTIFIED

E N G I N E E R I N G  &  T E C H N O L O G Y

For Outsourcing 
Your Gear 

Manufacturing

From Prototypes 
to High Volume 

Production

given) to 100 percent for the collet part of their business. And given) to 100 percent for the collet part of their business. And 
velocity through the shop went from 19 days to 6 days—or velocity through the shop went from 19 days to 6 days—or 
217 percent. 217 percent. 

This improvement was accomplished by doing just the fi rst This improvement was accomplished by doing just the fi rst 
step from the strategy and tactics tree. So we accomplished step from the strategy and tactics tree. So we accomplished 
the “big results, fast” idea I mentioned earlier. From there, 
Drewco applied the concepts to the workholding side of their 
business with similar results, and then continued implementing. 
Their velocity board (the visual scheduling component of the 
velocity scheduling system) went up in 2007. This approach 
has enhanced communication in the shop and is the key to 
making this approach stick. They now have a process—the 
velocity scheduling system—and they get better and better 
at it all the time. The results?—due date performance up 
instantly (30 days) and dramatically (156 percent). Velocity 
through the shop increased about 68 percent, all while sales 
have been increasing and have remained consistently over 95 
percent since then. And the dramatic increase in velocity has 
led to increased profi ts and improved cash fl ow. Sales have 
become Drewco’s constraint, and Drewco’s mafi a offer is a 
competitive weapon. 

Lean is known as a journey that never ends. 
Does the same hold true for TOC? 

Yes. The subtitle of The Goal is “A Process of Ongoing 
Improvement.” That’s true of any TOC implementation, in 
any company. And it is also true of the development of the 
TOC body of knowledge, which has rapidly expanded in the 
last fi ve years, as truly holistic implementations have been 
initiated with some of the largest organizations in the world. 

For more information:
Science of Business
Denver, CO
Phone:  (303) 909-3343
Fax:  (303) 362-7353
DrLisa@ScienceofBusiness.com
www.ScienceofBusiness.com
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New O.E.M. Machines
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ROTO-GRIND Precision Rotary Inspection TableTableT s

Remanufacturing / Retrofitting
BOURN & KOCH, FELLOWS, BARBER COLMAN,
GLEASON, LIEBHERR & PFAUTER
Gear Hobbers, Gear Shapers & Gear Grinders

M&M, KLINGELNBERG, HOEFLER, ROTO-
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Parts:
Bourn & Koch/Barber Colman 800/860-4013
Fellows 802/674-6500
Roto-Check/Roto-Grind 937/859-8503
Service: 800/860-4013

2500 Kishwaukee St.
tel 815/965-4013   fax 815/965-0019
www.bourn-koch.com   bournkoch@worldnet.att.net

Innovative Machine Tool Solutions

Sales Enterprise Partner  www.star-su.com

Machines proposed & sold through the Star SU direct selling group

Dr. Lisa Lang is the president of the Science of Business, a 
consulting fi rm. She has recently served as the global marketing 
director for Goldratt Consulting. She has a doctorate in engineering 
and is a TOCICO-certifi ed expert in Theory of Constraints. Lang is 
the author of two books—Maximizing Profi tability and Achieving a 
Viable Vision. In addition, she specializes in increasing profi ts of job 
shops and applying theory of constraints, lean and six sigma to sales 
and marketing. Before becoming a consultant, Lang was in operations, 
strategic planning, purchasing, R&D and quality while working 
for Clorox, Anheuser-Busch and Coors Brewing.  She also provides 
professional keynote speeches—most recently at the National Tooling 
and Machining Association’s annual convention—and at workshops. 
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At Forest City Gear, we believe in utilizing 

the newest and most advanced machinery possible.

Forest City Gear’s commitment to reinvesting allows 

me to move jobs through my department faster while 

freeing up time and space. Our new MZ 130 was on 

the floor the last quarter of 2008.   

The thought of one machine replacing two worried 

me at first, but it didn’t take long to convince me it 

was the right move. This user friendly machine allows 

more set-ups and increased production with greater 

quality than the two older and smaller hobbing 

machines it replaced. My job is a whole lot easier.

John Glavin

Supervisor, Hobbing Department

Roscoe, Illinois U.S.A.  www.forestcitygear.com

STAY AHEAD OF THE GAME−REINVEST
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Introduction
Carburizing is a commonly used method for increasing 

the strength and wear resistance of gearing. A signifi cant 
benefi t of the carburization process is that compressive 
residual stresses are developed near the surface due to phase 
transformations that occur during the post carburization heat 
treatment steps. After carburization it is necessary to fi nish the 
gear by processes such as grinding or skiving. These fi nishing 
processes develop the precise geometric form required while 
improving the surface fi nish. Finishing processes change the 
residual stress imparted by carburization and subsequent heat 
treatment processes. These changes are due to the removal 
of material and the associated rebalancing of the residual 
stresses and the introduction of near surface residual stresses 
by the machining operations.

A grinding allowance is used to specify the amount of 
material to be left on a machined gear prior to heat treatment. 
This excess material and any material associated with a 
geometry change during heat treatment are removed by the 
fi nishing process. The magnitude of this grinding allowance 
will affect the strength, fatigue life and wear resistance of 
the fi nished gear because of its relationship to changes in the 
residual stresses. Removal of the excess material will also 
remove any retained austenite.

Grinding Induced Changes 
in Residual Stresses of 

Carburized Gears
R. LeMaster, B. Boggs, J. Bunn, C. Hubbard and T. Watkins

(Printed with permission of the copyright holder, the American Gear Manufacturers Association, 500 Montgomery Street, 
Suite 350, Alexandria, Virginia 22314-1560. Statements presented in this paper are those of the authors and may not represent 
the position or opinion of the American Gear Manufacturers Association.)

Management Summary
This paper presents the results of a study performed to measure the change in residual stress that results from the fi nish 
grinding of carburized gears. Residual stresses were measured in fi ve gears using the x-ray diffraction equipment in the 
Large Specimen Residual Stress Facility at Oak Ridge National Laboratory. Two of the gears were hobbed, carburized, 
quenched and tempered, but not fi nished. The remaining three gears were processed similarly, but were fi nish ground. 
The residual stresses were measured at 64 different locations on a tooth from each gear. Residual stresses were also 
measured at fewer points on other teeth to determine the tooth-to-tooth variation. Tooth profi le measurements were also 
made of the fi nished and unfi nished gear samples.

The results show a fairly uniform and constant compressive residual fi eld in the non-fi nished gears. There was a signifi cant 
reduction in the average residual stress measured in the fi nished gears. Additionally, there was a signifi cant increase in 
the variability of the residual stress that was introduced by the grinding process. Large variations were observed in both 
the lateral and longitudinal directions on a tooth surface. Analysis of the data suggests a linear relationship between the 
change in average residual stress and the amount of material removed by the grinding process.

Test Gears
The three fi nished ground samples were designated as 

Finished 1, 2 and 3. The two remaining unfi nished samples 
were designated as Unfi nished 1 and 2. Each gear had 25 
teeth; a diametral pitch of 4 teeth/inch; a pressure angle of 20 
degrees; full radius fi llets; no addendum modifi cation; and a 
face width of 0.75". The gears were fl at with no ribs, rims or 
other weight reduction features (Fig. 1).

The measurement of residual stresses in gear teeth using x-
ray diffraction is complicated by the curvature of the involute 
and trochoid geometries, and the potential for interference of 
the incident or diffracted beam by adjacent teeth. The size of 
the gears used in this study was chosen so that the residual 
stresses could be measured over most of the tooth surface.

Most of the residual stresses measured were in the 
longitudinal direction of the gear tooth (Fig. 2). A few residual 
stress measurements were also made in the lateral direction. 
The 64 locations on a tooth from each sample where residual 
stresses were measured are shown in Figure 3. There are 
eight lateral locations associated with each radius. The lateral 
locations are spaced 0.079". Residual stress measurements 
were not made at the critical bending stress location in the 
fi llet. This was due to the high curvature in the fi llet area and 
interference with the incident or refracted beam path from 



www.geartechnology.com     March/April  2009     GEARTECHNOLOGY 0043

continued

adjacent teeth.
The gear blanks for each sample were taken from the same 

length of 8620H bar stock. The steps used in the fabrication 
of the samples are listed in Table 1. The time at temperature 
for the normalize, stress relief and defuse steps was based 
on 1-hour-per-inch of thickness. The carburization step was 
done using an 80–90% natural gas-derived endothermic gas 
atmosphere. Test slugs were pulled during the carburization 
step to verify an effective case depth of 0.030". The fi nal 
surface hardness was determined to be within the range of 
58–62 HRC. The fi nish grinding was done using a vitrifi ed 
alumina grinding wheel on a CNC grinder.

The profi les of each sample were measured using a CMM 
at Oak Ridge National Laboratory. The profi les were measured 
at three lateral locations on each sample. There was no 
discernible difference between the three lateral measurements 
for each sample when the measurements were superimposed. 

The profi les measured at the fi rst lateral location on the fi ve 
samples are compared in Figure 4. There was virtually no 
discernible difference between the measured profi les of the 
samples designated Unfi nished 1 and Unfi nished 2. There 
was also little noticeable difference between the samples 
designated Finished 1 and Finished 2. However, the gear 
designated Finished 3 had noticeably more material removed 
at the tip than did gears Finished 1 and Finished 2. At the pitch 
circle, all of the fi nished samples were virtually the same.

Figure 5 shows the grind depth versus radius for each 
of the fi nished samples. The grind depth reported is the 
perpendicular distance from the unfi nished profi le to the 
fi nished profi le (Fig. 6). The increased tip relief observed in 
the sample designated Finished 3 is quite noticeable. With 
the exception of the tip relief found in Finished 3, the grind 
depth is similar for all radii greater than the form radius. The 
material removed at the pitch circle by grinding ranged from 
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Table 1—Fabrication steps.

1. Rough machine

2. Normalize  (1,740°F)

3. Stress relief  (1,250°F)

4. Finish machine

5.  Carburize (1,650°F)

6.  Defuse (1,550°F)

7.  Oil quench (135°F)

8. Temper  (450°F)

9. Finish grindFigure 3—Radial and lateral locations where the residual stress measure-
ments were made.

Figure 1—A typical finished gear. This gear is designated Finished 1. Figure 2—Longitudinal and lateral tooth directions on tooth.
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continued

0.0082" to 0.0085" (0.208 to 0.216 mm).
X-Ray Diffraction Measurements

Residual stress measurements were made using the 
Model 1600 TEC diffractometer in the Residual Stress User 
Center at Oak Ridge National Laboratory. The residual stress 
measurements involved measuring the interatomic spacing (d-
space) between atoms for the (211) crystal plane at different 
x-ray beam incident angles (ψ) (Ref.1). The measured d-space 
is the average value for a group of properly oriented grains 
near the irradiated surface. The residual stress was determined 
using the sin2ψ technique (Ref. 2). In this method d-space is 
plotted as a function of sin2ψ. The y-intercept of the plot 
was taken as the unstrained d-space (d0) with the slope being 
proportional to the residual stress. A 2 mm (0.079") diameter 
collimator, vanadium fi lter, and Kα radiation from a chromium 
x-ray target were used. Figure 7 shows a picture of a portion 
of the diffractometer and one of the samples mounted in the 
diffractometer. On average, 10 ψ-angles with a two-degree 
oscillation were used at each radial location. As seen in Figure 
7, black electrical tape was used to cover neighboring teeth to 
eliminate any radiation scattered from them. Figure 8 provides 
an example of a typical d-space versus sin2ψ plot.

Residual Stress Data for Unfi nished Samples
The residual stress component acting in the longitudinal 

direction for the gears designated as Unfi nished 1 and 
Unfi nished 2 is shown in Figures 9 and 10. Each line is 
associated with a specifi c radius. There are eight data points 
per line. Table 2 gives the average and standard deviation of 
the longitudinal residual stress measured on the randomly 
selected tooth for each gear. The average and standard 
deviation values given in Table 2 are for the 64 measurement 
locations on the tooth.

The average residual stress for all 64 locations on the 
tooth from sample Unfi nished 1 is 185 ksi and 150 ksi for 
Unfi nished 2. The 35 ksi difference in the average longitudinal 
residual stress led to the measurement of the longitudinal 
residual stress at a similar location on several additional 
teeth of gear Unfi nished 2. The tooth-to-tooth variation in the 
longitudinal residual stress (measured at a radius of 3.244" 
(82.4 mm) and lateral location of 0.315" (8 mm) is shown 
in Figure 11. The tooth-to-tooth variation ranges from 138 
ksi to 191 ksi with an average value of 160 ksi. The average 
longitudinal residual stress measured on the tooth from both 
Unfi nished 1 and Unfi nished 2 fall within this tooth-to-tooth 
variation. Variations in residual stresses can be caused by non-
homogeneous chemistry and microstructure in the material as 
well as non-uniform furnace heating, carbon potential and 
quenching rates.

The residual stress in the lateral direction was also 
measured at a few locations on the unfi nished samples. 
The residual stresses were in all cases compressive and 
approximately equal to the residual stress measured in the 
longitudinal direction. This indicates a biaxial stress fi eld 
in which the normal stresses were approximately equal. No 
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Figure 6—Grind depth is the difference between the unfinished and fin-
ished tooth surfaces measured normal to the finished gear tooth surface.

Figure 4—Comparison of the measurement profiles of the finished and 
unfinished gears.

Figure 5—Comparison of the grind depth versus measurement radii for 
the three finished gears. 



www.geartechnology.com     March/April  2009     GEARTECHNOLOGY 0045

Figure 10—Longitudinal component of residual stress measured in gear 
Unfinished 2. Average = 150 ksi, Std. Dev. = ± 7 ksi.

��� ���

������

������

������

������

������

������

������

������

������

������

�
��

�
��

��
��

�
�

��
��

�
�

�� ���� ���� ���� ���� ���� ���� ���

sin��

��� ���

������

������

������

������

������

������

������

������

������

������

�
��

�
��

��
��

�
�

��
��

�
�

�� ���� ���� ���� ���� ���� ���� ���

sin��

250.0

200.0

150.0

100.0

50.0

0.0

Lo
ng

itu
di

na
l R

es
id

ua
l S

tr
es

s 
(k

s)

Lateral Location (mm)
0 5 10 15 20

3.322

3.283
3.244
3.21

3.175
3.134
3.092
3.082

Table 2—Statistical properties of longitudinal 
residual stress measurements.

Gear

Average 
longitudinal

residual 
stress (ksi)

Standard 
deviation of 
longitudinal 

residual 
stress (ksi)

Unfi nished 1 185 ± 13

Unfi nished 2 150 ± 7

Finished 1 116 ±15

Finished 2 108 ±15

Finished 3 110 ± 22

Figure 7—(a) X-ray source and detector portion of TEC model 1600 diffractometer; (b) Unfinished 2 mounted in x-ray diffractometer.

Figure 8—An example sin2ψ plot used to determine the residual stress. The 
slope is proportional to the residual stress.

Figure 9—Longitudinal component of residual stress measured in gear 
Unfinished 1. Average = 185 ksi, Std. Dev. = ± 13 ksi.
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Figure 11—Tooth-to-tooth variation in the longitudinal residual stress mea-
sured at a radius of 3.244 inches and a lateral position of 0.315 inches. 
Average 160 ksi, Std. Dev. = ± 17 ksi.

Figure 12—The unfinished gears exhibited a biaxial stress state with equal 
lateral and longitudinal compressive stresses. 

Figure 14—Longitudinal component of residual stress measured in gear 
Finished 2. Average = 108 ksi, Std. Dev. = ± 15 ksi.

Figure 13—Longitudinal component of residual stress measured in gear 
Finished 1. Average = 116 ksi, Std. Dev. = ± 15 ksi.

Figure 16—The finished gears exhibited a biaxial stress state with non-
equal lateral and longitudinal compressive stresses. Data from gear Fin-
ished 1, tooth 1, lateral position 0.315 inch and radius of 3.244 inch.

Figure 15—Longitudinal component of residual stress measured in gear 
Finished 3. Average = 108 ksi, Std. Dev. = ± 22 ksi.
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shear stresses were measured. An example of the stress state 
for one of these points is shown in Figure 12.

Residual Stress Data for Finished Samples
The longitudinal residual stress measured on a randomly 

selected tooth on gears Finished 1, Finished 2 and Finished 
3 is shown in Figures 13, 14 and 15. A comparison of these 
fi gures with Figures 9 and 10 shows that the fi nished gears 
have more variation than the unfi nished gears. Table 2 gives 
the average and standard deviation of the longitudinal residual 
stress for each gear. The average longitudinal residual stress in 
the fi nished gears is approximately the same with a maximum 
difference of 8 ksi. The standard deviations of the data are 
approximately the same for gears Finished 1 and Finished 
2. The standard deviation of the longitudinal residual stress 
in Finished 3 is ± 22 ksi, which is considerably greater than 
that for Finished 1 (± 15) and Finished 2 (±15). This larger 
standard deviation is due in large part to the lower residual 
stresses measured at locations having a radius of 3.322" and 
3.283" (bottom two lines of data in Figure 15). These lower 
residual stresses are expected due to a larger amount of 
material having been removed at the tooth tip.

The residual stress in the lateral direction was also 
measured at a few locations on the fi nished samples. Unlike 
the unfi nished gears, the lateral residual stresses measured 
in the fi nished gears were different than those measured 
in the longitudinal direction. Figure 16 shows the stress 
state measured at a typical point. No shear stresses were 
measured.

Residual Stress Change versus Grind Depth 
for Gears Finished 1, 2 and 3

The eight residual stress measurements taken at each radial 
location were used to compute an average residual stress at 
each radius. These average residual stresses were then plotted 
on the same graph (different y-axes) with the grind depth. 
These plots are shown in Figures 17, 18 and 19. Note that 
the shape of the average residual stress curves is similar for 
gears Finished 1 and Finished 2, and grind depths are virtually 
identical.

However, the grind depth curves and the average residual 
stress curves have different shapes. The average residual 
stress curves have a negative slope and slight concave up 
appearance. The grind depth curves have a more concave 
down appearance. In contrast, the shapes of the average 
residual stress and grind depth curves for gear Finished 3 
are similar. This suggests that there is a stronger correlation 
between grind depth and average residual stress in Finished 3 
than there is in Finished 1 and Finished 2.

An analysis of the data presented in Figures 9, 10 and 11 
suggests that the average longitudinal residual stress on the 
teeth of the unfi nished gears is around 160 ksi. This is the 
average residual stress for the tooth-to-tooth data shown in 
Figure 11. Figure 9 and particularly Figure 10 also show that 
most of the measured residual stresses have limited variability. 
The change in residual stress due to the fi nish grinding was Figure 19—Average longitudinal residual stress and grind depth as a 

function of measurement radius for gear Finished 3.

Figure 17—Average longitudinal residual stress and grind depth as a 
function of measurement radius for gear Finished 1.

Figure 18—Average longitudinal residual stress and grind depth as a 
function of measurement radius for gear Finished 2.
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computed as the difference between 160 ksi and the average 
residual stress at each radial location in the fi nished gears. 
This change in residual stress was then plotted versus grind 
depth and is shown in Figures 20, 21 and 22 for the three 
fi nished gears.

In each of these fi gures the linear curve fi t is forced to pass 
through the origin so that at zero grind depth there is zero 
change in residual stress. Six of the eight data points for gear 
Finished 1 (Fig. 20) fall close to the linear line, which suggests 
a linear relationship between the change in residual stress and 
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Figure 20—Change in the longitudinal component of residual stress as a 
function of grind depth for gear Finished 1.

Figure 21—Change in the longitudinal component of residual stress as a 
function of grind depth for gear Finished 2.

grind depth. There is more scatter in the data for gear Finished 
2 (Fig. 21) and the linear relationship is not as evident. The 
data for Finished 3 (Fig. 22) also falls close to the linear line, 
which again suggests a linear relationship between the change 
in residual stress and grind depth.

Figure 23 is a composite graph that presents the change in 
residual stress versus grind depth data for all three of the fi nished 
gears. In this fi gure, 67% of the data shows good correlation 
with a linear relationship between change in residual stress and 
grind depth. 33% of the data points do not correlate as well with 
a linear relationship and suggest that at these locations there are 
other factors besides grind depth that are contributing to the 
change in residual stress. The equation for the linear regression 
line used to fi t the data in Figure 23 is:

∆σR = 3,990 ⋅ δ,
where ∆σR is the change in the longitudinal component of 

the residual stress in ksi and δ is the grind depth in inches. As 
an example application of this equation, the change in residual 
stress due to a grind depth of 0.008" would be 32 ksi. Using 
160 ksi as the initial residual stress in the unfi nished gear, the 
residual stress in the fi nished gear would be reduced to 128 
ksi. The applicability of this equation to gears other than the 
ones used in this study has not been established.

Conclusions
This paper presents the results of a study directed at 

measuring and quantifying the change in residual stress 
in carburized gears as a function of the amount of material 
removed during fi nish grinding. It is recognized that material 
removal is not the only mechanism by which residual stresses 
will change during the grinding process. Grinding itself will 
impose near surface residual stresses that could mask the 
effects of material removal. The data indicate that the grinding 
increased the variability in the residual stress measurements 
made on the fi nished gears as compared to the unfi nished 
gears. The grinding also created a difference between the 
lateral and longitudinal components of the residual stress.

The data suggest that a linear equation may describe 
the relationship between change in residual stress and grind 
depth. The word “suggest” is used because not all of the data 
are served well by a linear equation. Whether the relationship 
between grind depth and change in residual stress is linear 
or not, the data show that decreasing grind depth will 
result in higher compressive residual stresses. The higher 
residual stresses should yield an increase in strength, life 
and wear resistance. In the specimens used in this study, an 
average reduction of 40 ksi was observed in the longitudinal 
component of residual stress. This average value is associated 
with a grind depth of 0.009". A maximum reduction of 75 ksi 
was also observed at a grind depth of 0.018", which occurred 
at the tip of gear Finished 3.

A large number of measurements were made in this study 
to determine the variation of residual stresses on the surface 
prior to and after fi nish grinding. The fi nished gears exhibited 
more variation than did the unfi nished gears. As an example 
of the range of values that can exist, the longitudinal residual 
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Figure 22—Change in the longitudinal component of residual stress as a 
function of grind depth for gear Finished 3.
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stress component ranged from 62.6 ksi to 151 ksi for gear 
Finished 3, and from 173 ksi to 224 ksi for Unfi nished 1. 
Therefore, residual stresses should not be thought of as being 
the same at all locations on the surface of a tooth.
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Figure 2—Robert Hermann Pfauter’s prototype.

Introduction
Up until the 19th century, almost all gears were handmade 

and the gears were cut with form cutters shaped to correspond 
to the spaces between the teeth. The fi rst known gear cutting 
by machine was developed by Juanelo Torrianno (1501–
1575). It was recorded that he was able to produce up to three 
gears per day on his hand-powered machine, using cutting 
tools that were nothing more than rotary fi les (Ref. 1). Much 
information about the history of gears can be found in the late 
Darle W. Dudley’s book  The Evolution of The Gear Art.  The 
book was sponsored by the AGMA and published in 1969. 

Figure 1 is taken from the English inventor Joseph 
Whitworth’s patent of 1835, which clearly shows a hob cutting 
a gear. Whitworth claimed in the patent “the construction and 
arrangement of a mechanism by which I give a continuous 
rotary motion to the wheel or disc under operation, which 
motion is so proportioned to the speed of the rotary cutter 
that by every rotation of the cutter a segment of the wheel 
or disc shall be advanced equal to the distance of one tooth 
and space.” The machine shown can be “bolted on to a work 
bench, or placed in any other convenient situation.” (Ref. 2). 

It is also interesting to note that in the 1871 patent of 
Philadelphia’s Henry Belfi eld, the cutting tool is re ferred to 

Hob Tool Life 
Technology Update

By T.J. Maiuri

(Printed with permission of the copyright holder, the American Gear Manufacturers Association, 500 Montgomery Street, 
Suite 350, Alexandria, Virginia 22314-1560. Statements presented in this paper are those of the author and may not represent 
the position or opinion of the American Gear Manufacturers Association.)

Management Summary
The method of cutting teeth on a cylindrical gear by 
the hobbing process has been in existence since the late 
1800s. Advances have been made over the years in both 
the machines and the cutting tools used in the process. 
This paper will examine hob tool life and the many 
variables that affect it. The paper will cover the state-of-
the-art cutting tool materials and coatings, hob tool design 
characteristics, process speeds and feeds, hob shifting 
strategies, wear characteristics, etc. The paper will also 
discuss the use of a common denominator method for 
evaluating hob tool life in terms of meters (or inches) per 
hob tooth as an alternative to tool life expressed in parts 
per sharpening. 

Figure 1—Whitworth’s 1835 machine.
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continued

as a “hub,” not as a hob (Ref. 2). George B. Grant was issued a 
patent for a spur gear hobbing machine in 1889. 

The fi rst machine capable of cutting both spur and helical 
gears was invented by Robert Hermann Pfauter of Germany, in 
1897 (Fig. 2). It included a horizontal workspindle on vertical 
ways, a hob swivel, a hob carriage fed along horizontal ways 
on the bed of the machine, and an upright outboard support of 
the work arbor. The hob feed was accomplished manually with 
a crank on the end of a feed screw (Ref. 2). 

Today, most hobbing machines are full six-axis, CNC-
controlled machines—capable of very high cutter and work 
table speeds. Many machines utilize direct drive hob and work 
spindles, which present an interesting scenario in which we 
now produce gears with machines that do not have gears in 
them. 

The Hobbing Process
In brief, to paraphrase what Joseph Whitworth said in his 

patent of 1835, hobbing is a continuous index ing process in 
which the cutting tool and the workpiece rotate in a constant 
relationship to each other while the hob tool is fed into the work. 
For generat ing helical gears, the rotation of the work is either 
slightly retarded or slightly advanced in relation to the rotation 
of the hob. As the hob is fed across the face of the work once, 
all the teeth in the work are completely formed. The hob can 
be fed axially, ra dially, diagonally or tangentially, depending 
upon the application and the machine options available. 

The hobbing process can be visualized as a worm and 
worm wheel running together—the hob is repre sented by the 
worm and the workpiece by the worm wheel. The hob has a 
worm thread that has been fl uted to provide cutting edges, 
with each tooth re lieved to form clearance behind the cutting 
edges. It must be made from a material suitable for cutting the 
workpiece material. 

High-speed steel (HSS) cutting tool materials. Early 
cutting tool materials (from the 1900s to 1940s) consisted of 

C Cr W Mo V Co HRC

CPM M2 1.0 4.2 6.4 5.0 2.0 -- 64

ASP 2023 1.3 4.2 6.4 5.0 3.1 -- 64

CPM M4 1.4 4.3 5.8 4.5 3.6 -- 64

CPM REX 54 1.45 4.3 5.8 4.5 3.6 5.3 65

CPM REX 45 1.3 4.1 6.3 5.0 3.1 8.3 66

ASP 2030 1.3 4.0 5.0 6.5 3.0 8.0 66

CPM T15 1.6 4.0 12.3 -- 5.0 5.0 66

CPM REX 76 1.5 3.8 10.0 5.3 3.1 9.0 67

CPM REX 86 2.0 4.0 10.0 5.0 5.0 9.0 68

ASP 2060 2.3 4.0 6.5 7.0 6.5 9.0 68

CPM REX 121 3.3 3.8 10.0 5.3 9.0 9.0 70

M35V [Conventional] 1.2 4.1 6.0 5.0 3.0 5.0 66

Table 1—High Speed Steel Materials

high-speed steels designated as 1841, which consisted of 18% 
tungsten, 4% chromium and 1% vanadium (Ref. 3). Today we 
have many materials to choose from. Table 1 lists high-speed 
steel materials in use today, their chemical composition and 
Rockwell C hardness (Ref. 4). 

In the movement to cut gears without the use of coolant, 
carbide was initially selected as the hob tool material. Because 
of the expense of the car bide, the manufacturing costs and the 
special han dling required, high-speed steel “bridge” materials 
were identifi ed and have replaced the carbide in many 
applications. It is interesting to note this is not the case in bevel 
gear dry cutting production, where carbide remains the choice 
material for stick blades used in bevel cutter systems (Ref. 4). 
See below for more information on carbide material. 

Figure 3 is a material selection upgrade guide based on 
what the desired output is: improving the red hardness (the 
property for retaining hardness at ele vated temperatures) 
of the material, increasing the hob speed and/or increasing 

Figure 3—Material upgrade selection. 
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the wear resistance of the material. Rex 86, Rex 121 and 
M35V are grouped together on the chart, and the choice of 
material within the group should be based on a cost-per-piece 
analysis. Because of the high alloy con tent of REX 121, the 
hob sharpening technique is crit ical to avoid damaging the 
substrate material. Avail ability of a specifi c material can be a 
factor in your choice. 

Carbide grades. Even though HSS “bridge” materials have 
replaced many early applications, carbide is used for applica-
tions such as steering pinions and armature shaft pinions 
(Fig. 4)—generally, small-diameter fi ne-pitch applications. 
Carbide is also used in hard fi n ishing applications where gears 
are fi nish hobbed after heat treatment. 

Basically, there are two classifi cations of carbide grades: 
“P” and “K”. It is important to understand that the grades refer 
to the recommended working conditions and not the exact 
composition of the ma terial. 

Cemented carbides are a range of composite mate rials that 
consist of hard carbide particles bonded to gether by a metallic 
binder. The proportion of car bide phase is generally between 
70–90% of the total weight of the composite. 

ISO “K” grades of carbide are a simple two-phase 
composition consisting of tungsten carbide (WC) and cobalt 
(Co). A typical composition of a “K” grade carbide is 90% 
WC and 10% Co by weight. “K” grades have good edge 
stability and abrasion resistance, with a grain size range of 
0.5 µm–0.9 µm. 

Guideline TiNite�
TiN

CarboNite�
TiCN

AlNite�
TiAIN--S

TiAIN--X AlCroNite�
AlCrN

Strippable from HSS Yes Yes Yes Yes Yes

Strippable from K--grade
carbide

Yes Yes Yes Yes Yes

Strippable from P--grade
carbide

No No No No Yes

Recoatable over itself Yes Not
recommended

Yes Yes No

Number of recoatings 3 -- 7 ---- 2 -- 4 2 -- 4 -- --

Table 2—Coating Re-conditioning Guidelines

ISO “P” grades of carbide are three-phase alloyed 
compositions consisting of tungsten carbide (WC), cobalt 
(Co) and cubic carbides. The cubic carbide binders can be 
titanium carbide (TiC), tantalum car bide (TaC) and niobium 
carbide (NbC). A typical composition of a “P” grade carbide 
is 73.5% WC, 8.5% TiC, 8% TaC and 10% Co by weight. The 
cubic carbides are softer and have larger grain size: 2 µm to 4 
µm is normal for these alloy materials. 

Most carbide applications in use today are ISO “K” grade. 
Note that traditional titanium base coatings cannot be stripped 
from ISO “P” grade carbides (Table 2). 

The following fi gures show some of the relative ma terial 
properties of carbide and steel. 

The density of carbides (Fig. 5) is nearly twice that of 
steel. This means that a carbide hob with the same geometric 
characteristics as a high-speed steel (HSS) hob is much 
heavier. 

Carbide is also much harder (Fig. 6) than steel, and is not 
as tough (Fig. 7). Think of toughness as the ability to resist 
fracture. This means that if you drop an HSS hob you may just 
put a “ding” on a couple of teeth, but if you drop a carbide hob 
it may shatter into pieces. Because of these properties, you 
must take certain precautions with the carbide hobs that you 
normally would not take with the con ventional HSS hobs. 

The linear expansion of carbide (Fig. 8) is less than half 
that of steel. This can be a signifi cant characteristic due to the 
fact that if you are using a shell-type carbide hob with a steel 
hob arbor, the hob arbor will expand at a greater rate than the 
carbide hob, and you must account for this thermal expan sion 
difference in the clearance between the hob bore and the steel 
arbor; otherwise, you may shatter the hob (Ref. 5). 

Cermet. Test cutting with cermet hobs has also been con-
ducted. The word cermet is derived from the terms ceramic and 
metal. A cermet is a hard material based on titanium carbide 
or titanium carbonitride cemented with a metal binder (Ref. 
6). Cermet materials allow for higher cutting speeds over HSS 
tools, and even carbide tools. At this point, however, cutting 
with cermet tools has not proven to be cost-effective. 
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Figure 4—Carbide shank hob.
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continued

Coatings
Tool coatings came to the market in the 1980s. The most 

popular at the time was titanium nitride (TiN). This coating 
served well for high-speed steel ap plications used with a 
coolant, and is still in use today. 

Titanium aluminum nitride (TiAlN) was developed in the 
mid-1980s, and gained popularity in the 1990s, as a coating 
used in cutting hard materials and high heat applications; it 
has been a very popular coat ing for dry cutting applications. 

Aluminum chromium nitride [AlCrN] coating was 
introduced in 2006 and is today the coating of choice for best 
results in dry hobbing applications. 

The coatings used in gear production today are pri-
marily AlNite (Balzers Balinit FUTURA NANO), TiAlN–X 
(Balzers Balinit X.TREME), and AlCroNite (Balzers Balinit 
ALCRONA). The per formance of AlNite and TiAlN–X are 
about the same, although some customers prefer one over the 
other, and TiAlN–X is used primarily on carbide substrate 
material tools. AlCroNite (Balzers Balinit ALCRONA) has 
shown advantages for a number of applications over the other 
coatings. 

Trials with Balinit X.CEED (a high-deposition tem perature, 
high-aluminum single-layer coating), Balinit Hardlube (a 
duplex coating consisting of a wear-resistant TiAlN base 
layer and a high lubricity–low-friction coeffi cient—WC/C 
top layer) did not show any signifi cant advantage over other 
coatings. 

Nanocomposite coatings such as nACo by Platit are 
available. The nACo coating comprises AlTiN nano-sized 
particles embedded in an amor phous (non crystalline) matrix 
of silicon nitride (Si3N4), yielding a high oxidation resistance 
(Ref. 7). 

The following is a brief description of coatings used in 
production today: 

• TiNite (Balzers Balinit A)—TiNite is a TiN 
(titanium  nitride) coating and is a general pur-
pose coating for all wet oil or water soluble ap-
plications. It is not recommended for dry cutting 
applications. 

• CarboNite (Balzers Balinit B)—Carbo-Nite is a 
 TiCN (titanium carbonitride) coating recommended 
 for wet cutting only on materials that are abrasive 
 in nature, such as cast iron or other hard-to-
 machine materials that require high abrasion   

  resistance. 
• AlNite (Balzers Balinit FUTURA NANO)—AlNite 
 is a single-layer TiAlN coating with a nominal 
 50:50 ratio of titanium to aluminum. It has high 
 thermal stability and can be used for cutting all 
 steels, cast iron and stainless steel, and may be used 
 wet or dry. 
• TiAlN–X (Balzers Balinit X.TREME)—  
 X.TREME is a single-layer coating of TiAlN. 
 It is specialized for carbide mills for hardened 

Figure 5—Density.

Figure 6—Hardness.

Figure 7—Toughness.

Figure 8—Linear expansion. 
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Figure 9—Coating trends.

 steel workpieces (>50 HRC). It may also be used 
 wet or dry, and is a very popular coating today for  

  bevel gear carbide stick blade applications. 
• AlCroNite (Balzers Balinit ALCRONA)—  

  AL CRONA is a high-performance, titanium-
  free coating (AlCrN) of the G6 generation (Ref. 8).  
  It  has exemplary wear resistance under both conven - 
  tional conditions and severe mechanical stresses. 

Table 3 (Ref. 8) lists some of the properties of coatings in 
use today. 

The pie chart in Figure 9 gives an indication of how the 
trend in coatings has changed over the last de cade. The chart 
represents coatings applied to all cutting tools, including bevel 
stick blades. You can see the increase in use of the TiAlN 
coatings, and now the trend to the AlCrN coating. 

Tool Reconditioning Guidelines
Once the hob tool is used, it must be sharpened to remove 

the wear. The sharpening process will re move the coating on 
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the face of the tool. To obtain better tool life, it is good practice 
to recoat the tool after sharpening. However, consideration 
must be given to whether the coating must be stripped off the 
tool before recoating, or if it can be coated over it self. Stripping 
the coating from a hob consists of a chemical process where 
the coating is removed with a peroxide base solution. 

Table 2 offers guidelines for stripping and recoating of 
various coatings in use today. 

Hob edge preparation. Tool life improvements can be 
made by preparing the edge of the hob tooth (Ref. 9). The 
process for treating the edge on HSS materials consists of 
removing the burr in a dry blast with an abrasive material. 
This process is followed by a wet blast operation to re move 
any residual, dry abrasive to enhance the surface for the 
coating application. 

Treating the cutting edge of carbide tools consists of a 
honing process with a diamond brush. Generally, an edge 
radius of about 0.0004" to 0.0008" (10 to 20 µm) is desired. 

TiNite�
TiN

CarboNite�
TiCN

AlNite�
TiAIN

AlNite�--X
TiAIN--X

AlCroNite�
AlCrN

Balzers
BALINIT�

A

Balzers
BALINIT�

B

Balzers
BALINIT�
Futura Nano

Balzers
BALINIT�
X.TREME

Balzers
BALINIT�
ALCRONA

Hardness (HV 0.05) 2300 3000 3300 3500 3200

Coefficient of friction 0.4 0.4 0.30 -- 0.35 0.4 0.35

Max. service temp. 600�C
1112�F

400�C
752�F

900�C
1652�F

800�C
1472�F

1100�C
2012�F

Coating color Gold Blue--grey Violet--grey Violet--grey Blue--grey

Coating structure Monolayer Multilayer Nano Monolayer Monolayer

Table 3—Coating Properties



www.geartechnology.com     March/April  2009     GEARTECHNOLOGY 0055

continued

Wear basics. Figure 10 identifi es the basic types of hob 
wear. Tip and fl ank wear are normal, and eventually the 
wear will break through the coating and abrade the sub strate 
material of the hob. Cratering on the face of the hob can also 
occur, and the tool can fail if the cra ter becomes too large and 
extends to the cutting edge of the tool. See the appendix at the 
end of this paper for actual photos of the different types of 
wear (Ref. 10). 

Edge chipping on the fl anks and top of the tool can occur 
if the tool material is too hard or brittle for the application. 
Edge chipping can also occur if the gear material is too hard 
or there is a lack of rigidity and/or vibration during the cutting 
process. 

Another type of problem that can occur with tools is called 
built-up edge (BUE). BUE is a deposit of workpiece material 
that adheres to the face of the cutting tool. Sometimes the 
deposit of material can break off, taking the tool material 
with it. BUE is a common problem when machining ductile 
materials such as soft steels, aluminum and copper al loys 
(Ref. 11). Low cutting clearances on the tool and in suffi cient 
coolant fl ow or type of coolant can also cause BUE. 

Hob failures can occur for other reasons besides normal 
wear. Chip packing can occur when the vol ume of material 
being removed is high and there is not enough room or 
clearance in the gash be tween the rows of teeth. Chip packing 
can often re sult in shelling the hob, where the hob teeth break 
off the hob body in the cutting zone of the hob. Grinding 
cracks from the sharpening operation can also lead to hob 
failures. Microchipping of the tool can be another mode of 
failure. The appendix con tains photos of hobs depicting the 
problems de scribed above (Ref. 11).  

Indications of excessive hob wear. There are a number 
of indicators during the hobbing process that can be a direct 
result of excessive hob wear. The following are some of these 
indicators: 

• Increase in machine power requirements 
• Increase in machine vibration 
• Excessive noise or chatter during the cut
• Excessive heat is generated in the cutting process;  

  gear and/or hob tool temperatures increase
• Gear surface fi nish deteriorates
• Gear dimensions move out of tolerance
• Burrs that are normal get larger
If any of these indicators are observed, remove the hob  

from the machine and examine the tool for wear. 
Hob Design Recommendations

There are a number of considerations that can be 
incorporated in the hob design that will help to im prove tool 
life. In general, it is recommended to use shank type hobs, 
not so much for improved tool life, but for other reasons. The 
shank design offers sev eral advantages. First, the hob will 
be mounted di rectly in the hob spindle, eliminating the need 
for premounting. Theoretically, the shank design al lows the 
best possible hob runout on the machine. Secondly, if you are 
using a carbide hob, you do not have to worry about problems 

from the different rates of thermal expansion of the carbide 
and steel, which would require more clearance between the 
hob bore and the hob arbor diameter. 

Many hob designs incorporate a positive rake angle on 
the face (generally 5°) to allow for better chip ejection during 
the hobbing operation. However, there are applications in 
production without the pos itive rake. No rake on the front 
face makes it easier to sharpen the hob, and the small positive 
rake may not be a signifi cant factor in the overall tool life. 
It is very important to have a good surface fi nish on the hob 
face—5 µinch Ra or less is recommended. There should be 
enough clearance in the gash be tween the rows of teeth to 
lessen the effect of any chip packing. Sometimes an increased 
secondary cam angle can help, as well as removing the fi ns 
that may exist in the root of the gash from sharpen ing the 
hob. Hobs with longer usable face lengths are benefi cial for 
hob shifting (more on hob shifting later). As explained earlier, 
edge preparation is important. 

Special Considerations for Carbide Hobs
When using a carbide hob, special precautions should be 

taken because of their properties (and their cost—about three 
times the cost of a HSS hob). Because they are fragile, you 
should take steps to protect them in handling and transporta-
tion, etc. Also, a diamond wheel is required to sharpen the 
hob and you must consider special coolants for the sharpening 
operation to avoid any possibility of cobalt leaching. 

Tool Life Variables and Meters per Hob Tooth
Below are some of the many factors that will affect the 

hob tool life. 
 • Hob tool material, its hardness specifi cation and coating
 • Workpiece material, hardness and microstructure (all  
  affect machinability)

 • Hob speeds and feeds
 • Coolant type and application
 • Hob shifting procedure
 • Hob clamping arrangement
 • Wear criteria

When asked, “What kind of tool life are you getting?” the 
most common response is in terms of “pieces-per-sharpening.” 
There is a better way to think of tool life, and that is to express 
it in terms of a “life fac tor,” with units of “meters-per-hob-

Figure 10—Types of hob tool wear. 
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tooth” or “inches-per-hob-tooth,” instead of “pieces-per-
sharpening.” Here is one reason why: if the response to the tool 
life question is “500 pieces-per-sharpening” on an application, 
how do you know if that is a good num ber? It may be good if 
the hob length were 3 inches (76.2 mm) long, but would it be 
good if the hob were 8 inches (203.2 mm) long? 

If a “life factor” in “meters/tooth” (or inches/tooth) is 
used, then it does not matter how long the hob is. The number 
of parts-per-sharpening can be calcu lated from the meters per 
hob tooth based on the hob length. Also, using a “life factor” 
allows us to compare tool life for different applications. 

The calculation for a “life factor” is a simple one. First 
calculate the linear meters (or inches) of gear teeth and then 
calculate the number of usable hob teeth between the hob shift 
limits for the given application or cutting trial. 

Once these simple calculations are made, the life factor 
for a known parts/sharpening can be deter mined, or the parts/
sharpening for a known life factor can be determined. 

The formula for linear meters (inches) of gear teeth is: 

(1)

The formula for the usable number of hob teeth is: 

(2)

Where
LIN Linear meters (inches)
N  Number of gear teeth
NPPC Parts per cycle (number of parts in the  

   stack)
FW  Face width (meters or inches)
cos (HA)  Cosine function of the gear helix angle
USEN  Usable number of hob teeth within the hob  

   shift limits
USELEN Usable length of the hob (length along the  

   hob axis between the hob shift limits)
NCP  Normal circular pitch of the hob
FLUTES  Number of hob fl utes or gashes
Having calculated the linear meters (inches) and the usable 

number of hob teeth between the shift limits, the life factor 
can be calculated as follows: 

(3)

or the parts-per-sharpening can be calculated: 

(4) 

Where 
LF  Life factor
PARTS  Parts-per-sharpening

It is important to note that the life factor method does not 
take into account the volume of material being removed, the 
rate of material removal (speeds and feeds), the machinability 
of the gear material or the hob material and hob coating. It 
is assumed that the application being evaluated is running 
at reasonable speeds and feeds, and the material is a typical 
gear material and hardness and the tool utilized has a good 
base material and coa ting. Despite these assumptions, the life 
factor method works very well. 

When asked to estimate the parts-per-sharpening for a new 
application, make the calculation as de scribed above using 3 
meters per hob tooth. This is a very good starting point that 
can most often be met initially, and can be exceeded with 
development of the shifting strategy, speeds and feeds, etc. 

The life factor is also very useful in setting up hob shifting 
strategies. See the section on “Hob Shifting Methods.” 

To give an idea of what type of life factor numbers to 
expect, 3 meters per hob tooth is a good starting point for all 
applications. Generally speak ing, 4 to 5 meters/tooth is an 
achievable estimate, taking into consideration the tool life 
variables mentioned earlier and the application. For example, 
an automotive supplier in production is achieving 6 meters per 
hob tooth on planetary pinions, 5 meters per hob tooth on sun 
gears, 4 me ters per hob tooth on transfer gears and 3 meters 
per hob tooth on fi nal drive gears. For course pitch gears 3 
NDP (8.47 Mod) or coarser, you can expect life factors of 1 to 
2 meters per hob tooth. 

Of course, the tool life can be increased or decreased by 
changing any of the parameters mentioned in the bullet items 
above. 

Tool Wear Criteria
It is important to establish what the tool wear criteria is, 

and sharpen the hob when the wear limit is reached. Wear on 
a tool may accelerate rapidly after a certain point is reached. 
For carbide tools, a 0.10 mm (0.004") maximum wear limit 
is recom mended, although there are applications using a 
0.15 to 0.20 mm (0.006–0.008") wear criteria in the fi eld. 
For HSS tools, a 0.30 mm (0.012") maximum wear limit is 
recommended; however, this also is exceeded in the fi eld. Note 
that, when reporting tool life results, you should specify what 
your wear crite ria are. For example, you can expect better tool 
life results (more parts/sharpening or higher life factor) if the 
wear criteria used were 0.15 mm (0.006") as opposed to a 0.10 
mm (0.004") criteria. 

Also, tool wear criteria can be based upon other parame-
ters, not just the measured amount of wear on the hob tool. For 
example, the deterioration of the cut part quality, surface fi nish 

LIN � N (NPPC) FW
cos(HA)

USEN � FLUTES USELEN
NCP

LF � LIN
(PARTS)

USEN (NPPC)

� �

PARTS � LF (USEN) NPPC
LIN

� �

� �

LIN � N (NPPC) FW
cos(HA)

USEN � FLUTES USELEN
NCP

LF � LIN
(PARTS)

USEN (NPPC)

� �

PARTS � LF (USEN) NPPC
LIN

� �

� �

LIN � N (NPPC) FW
cos(HA)

USEN � FLUTES USELEN
NCP

LF � LIN
(PARTS)

USEN (NPPC)

� �

PARTS � LF (USEN) NPPC
LIN

� �

� �

LIN � N (NPPC) FW
cos(HA)

USEN � FLUTES USELEN
NCP

LF � LIN
(PARTS)

USEN (NPPC)

� �

PARTS � LF (USEN) NPPC
LIN

� �

� �
HSS Carbide

Hob speed 100--180 SMPM
[325--590 SFPM]

250--300 SMPM
[820--985 SFPM]

Hob chip
thickness

0.20 -- 0.30 mm
[0.008" -- 0.012"]

0.15 mm
[0.006"]

Table 4—Hob Speeds and Hob Chip Thickness
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continued

on the teeth being cut, heat of the workpiece after hobbing or 
hob spindle power draw during the cut can also be criteria for 
a tool change. 

Hob Speeds and Feeds
 Table 4 is a general guide comparing hob speeds and feeds 

for both HSS and carbide hobs. The chart assumes speeds and 
feeds for 8 normal diam etral pitch (3.175 Module) gears or 
fi ner. For coars er pitch applications—harder materials and 
more diffi cult to machine—the speeds and feeds should be 
reduced. 

Note that the table indicates hob chip thickness 
recommendations as opposed to specifying actual feed rates 
in inches/rev or mm/rev. The hob chip thickness is calculated 
using the formula developed by Hoffmeister that is based on 
the hob, gear geometry and hob feed rate. Knowing the desired 
hob chip thickness, the hob feed rate can then be calculated for 
the application. For some applica tions the feed rate may also 
be limited by the amount of allowable scallop depth. 

Also note that for carbide material the hob can be run 
faster than that of HSS hobs; however, the max imum hob chip 
thickness, which determines the hob feed rate, is half that of 
HSS applications. This means you cannot run the carbide hobs 
at the same feed rates as HSS—so you gain on the speed, lose 
on the feed. The same speeds and feeds can be used for both 
wet and dry cutting, given the proper tool and coating for the 
application. 

Hob Shifting Methods
Hob shifting methods are extremely important, fi g. 11 

in the hobbing process, whether it be for wet or dry applica-
tions (Fig. 11). Initially with HSS wet applications, a small 
incremental amount of hob shift was used after each cycle. 
The amount of hob shift will vary, but it is generally 0.001" 
(0.025 mm) to 0.050" (1.27 mm), depending on the normal 
diametral pitch (mod ule), etc. Many companies have their 
own algorithm for calculating the starting amount of hob shift 
when using small, incremental shifts. The shifting strategy 
for small, increment shifts is set up such that after one pass 
over the usable length of the hob, the tool would be ready for 
sharpening. 

With the introduction of dry hobbing, it was recom mended 
to use larger shift increments approximate ly equal to the 
normal circular pitch of the gear or ax ial circular pitch of the 
hob, and to use multiple passes over the usable hob length. 
A small offset amount at the beginning of each pass is also 
recommended. The theory is to shift out of the “hot zone” 
or contact area of the hob and gear as soon as you can. The 
contact area on the hob consists of a roughing and fi nishing 
zone that is dependent on the geometry of the hob and gear. 

As mentioned earlier, using a life factor is also very helpful 
in setting up your initial hob shifting strategy. For example, 
if the strategy is to use a large shift in crement with multiple 
passes, start with the as sumption the shift amount will be 
one circular pitch (or something near one circular pitch). 
Whatever the value chosen, the number of parts-per-pass can 
be calculated for the shift limits by dividing the shift amount 

into the usable shift distance between the shift limits. If 3 
meters per hob tooth is as sumed to start with (or whatever the 
life factor is to be used), the number of parts-per-sharpening 
can be calculated, and therefore the number of hob passes 
necessary to obtain the number of parts-per-sharpe ning. The 
amount of offset for each pass can be cal culated by dividing 
the number of passes into the amount of hob shift. 

If the hob shift strategy is to use one pass with a small, 
incremental amount of shift, calculate the number of parts-
per-sharpening based on the life factor and divide the distance 
between the hob shift limits into that number, and that 
determines the shift amount. 

Wet and Dry Hobbing
The benefi ts of using a coolant are well known. Coolants 

are used to cool and lubricate the cutting tool, as well as 
maintain work and workholding equipment temperatures. 
Coolant also aids in the chip removal during hobbing. Dry 
hobbing is very popular today because it eliminates the need 
for coolant, therefore eliminating coolant costs, dispos al 
fees, etc. Note that dry hobbing does require the application 
of air to the hob tool and to the workhold ing equipment to 
aid in chip evacuation. The cost of air must be considered 
in the economics of the dry hobbing process. Other benefi ts 
to dry hobbing are the reduction in health hazards from the 
coolant, cleaner hobbed parts and a much cleaner working 
environment. 

In the initial movement to dry hobbing, carbide tools 
were selected. As stated earlier, most applications today have 
switched to using HSS materials for the base material when 
dry hobbing with one of the sev eral coatings available. 
 As for the end result, you will not see any difference in 
quality (lead, profi le, pitch, size, etc.) between parts hobbed 
wet or dry. What you will most likely see is better tool life 
with coolant than you will when hobbing dry. Much has been 
written about the benefi ts of dry hobbing, including statements 
about obtaining better tool life. In most cases, the im proved 
tool life came from the fact that, when making the switch to 
dry hobbing, the base material of the hob and the coating were 

Large Incremental Shifts
Multiple Passes

Offset Between Passes

Small Incremental Shifts
One Pass

"X" can be a value approximately equal to the Normal Circular Pitch of Gear or Axial Pitch of the Hob

Figure 11—Hob shifting strategies. 
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Appendix I -- Hob wear photographs [11]

upgraded. If the same up graded hob tool material and coating 
were used in the wet application, most likely the resultant tool 
life would be better with the coolant application over the dry 
application. 

Summary
There are many factors that can contribute to tool life. 

Start with a good base material and coating, and good hob 
design. Use reasonable speeds and feeds and think in terms of 
meters-per- hob-tooth (inches-per-hob-tooth), not in pieces-
per-sharpening. Take a closer look at your current application 
and determine what the life factor is. 

We can expect that new materials and coatings will be 
developed that will inherently yield better tool life, and or/
allow use of more aggressive speeds and feeds. Enhancements 
in the machine tools that cut the gears will also be introduced. 
As the new mate rials and coatings and machine tools are 
rolled out into the marketplace, they will be evaluated and 
recommendations will be made just as in the past. 
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Management Summary
One of the most common failure mechanisms of highly stressed case-
carburized gears is micropitting, or gray staining (Refs. 1–3). The standard 
FZG gear test (FVA Work Sheet 54) is generally used to determine the 
micropitting load capacity of gear lubricants. In recent years, FZG gear testing 
has also demonstrated its usefulness for evaluating the effect of superfi nishing 
on increasing the micropitting load capacity of gears. Such studies, however, 
can only be afforded by major corporations or research consortiums, whereby 
the data is typically kept confi dential. Results from the Technical University 
of Munich were presented in a previous technical article (see Ref. 4). This 
paper presents the results of Ruhr University Bochum. Both research groups 
concluded that superfi nishing is one of the most powerful technologies for 
signifi cantly increasing the load-carrying capacity of gear fl anks. 

Introduction
It should be noted from the outset 

that the data pre sented in this paper 
was gener ated by an independent 
laboratory. Superfi nishing of the gears 
was the authors’ sole contribution to 
these studies. The authors provided 
no input on the selec tion of the testing 
facilities, procedures or parame ters. 
The conclusions listed at the end of this 
paper were solely those of the testing 
laboratory. 

In a previous paper (Ref. 4), the 
authors discussed the FZG Brief Test 
of Gray Staining (BTGS), which was 
designed to quickly induce micropitting. 
It is an economical test in terms of cost 
and time to determine how lubri cants, 
lubricant temperature, coatings and 
surface fi nishes infl uence micropitting. 
The BTGS showed that superfi nishing 
signifi cantly reduces micropit ting, in 
comparison to baseline gears (Ref. 
4).This fi nding stresses the importance of 
surface fi nish for resist ing the formation 

The Effect of Superfi nishing 
on Gear Micropitting

L. Winkelmann, O. El-Saeed and M. Bell

of micropitting. 
This paper discusses the results 

of a more intensive micropitting 
testing performed according to FVA-
Information-Sheet 54/I-IV. The mineral 
oil used for lubrication was an ISO 
viscosity class 200, which contains a 
special additive (the nature of the additive 
is unknown to the authors) to reduce the 
mi cropitting carrying capacity. Baseline 
tests with a nonmodifi ed standard FZG-
C gear were carried out to demonstrate 
the micropitting properties of the oil. 
The test gears were standard FZG-C 
gears, which had the surface modifi ed 
by superfi nishing to a low roughness 
average (Ra). The pitch-line ve locity 
during all testing was set to 8.3 m/s and 
the lu bricant was injected at 60°C. 

A brief summary of the test 
procedure taken from FVA-Information 
Sheet 54/I-IV is given below: 

The micropitting test may be used to 
determine quantitatively the infl uence 
of lubricants (especially additives), 

(Printed with permission of the copyright 

holder, the American Gear Manufacturers 

Association, 500 Montgomery Street, Suite 

350, Alexandria, Virginia 22314-1560. 

Statements presented in this paper are those 

of the authors and may not represent the 

position or opinion of the American Gear 

Manufacturers Association.)



www.geartechnology.com     March/April  2009     GEARTECHNOLOGY 0061

Table 1—Specifi cations are given for FZG C-type gears for use in micro-
pitting testing according to FVA Information Sheet 54 (Ref. 5)

Material 16 MnCr5 (DIN 17210)

Heat
treatment

• Case carburized to 750 HV1 in the area of the tooth fl ank
• Case depth: 0.8–1.0 mm (after grinding)
• Core strength: 1,000–1,250 N/mm2

• The zone close to the surface has no residual austenite content   
visible in the microscope (<20%).

Gear quality 5 according to DIN 3962, ffm ≤ 5 µm

Pinion span: 34.779 mm (–0.11
to –0.135 mm) measured over 3 teeth

Gear span: 35.252 mm (–0.11 to –0.135 mm) measured over 3 teeth

Permissible Rw tolerance: each 0.01 mm

Roughness on 
tooth
fl anks

Ra = 0.5 ± 0.1 µm measured in
the involute direction

the lubricant temperature and other in-
fl uential factors on micropitting. The 
micropitting test differentiates between 
oils and thus facilitates the choice of a 
lubricant with suffi cient micropitting 
load capacity. 

The operating conditions 
(circumferential speed and lubricant 
temperature) may be suitably adapted 
for testing lubricants for a variety of 
applica tions in the micropitting test. 
To differentiate between the various 
test options, which are carried out 
according to the same test sequence, but 
with different test conditions, they are 
designated similarly to the FZG scuffi ng 
test by test gear type, circumferential 
speed and lubricant (inlet tempera ture 
in accordance with the selected test 
conditions (e.g., standard test: GT-
Cl8.3190; GT = micropitting test). 

The micropitting test consists of 
two parts. It com prises a load stage 
test followed by an endurance test. In 
the load stage test, the ability of the 
gear lubricant tribological system to 
resist micropitting is determined under 
specifi ed operating conditions (lubricant 
temperature, circumferential speed) in 
the form of a failure load stage. The 
endurance test provides information on 
the progress of the damage after higher 
numbers of load cycles (Ref. 5). 

Experimental Design
The gears used were the standard 

FZG-C type gears for micropitting 
testing. Table 1 gives the gen eral data 
for these gears. 

Baseline gears. Baseline gears were 
unmodifi ed from the specifi cations 
given in the FVA Information Sheet 
54. 

Superfi nished gears. A set of gears 
conforming to the specifi cations given 
in FVA Information sheet 54 were 
fi nished using chemically accelerated 
vibratory fi nishing as described in detail 
elsewhere (Refs. 6–7). This process 
utilizes high-density, nonabrasive 
media to enhance the performance of 
components that are subjected to metal-
to-metal contact or bending fatigue. 
The Isotropic Superfi nish (ISF) process 
generates a unique surface when 
compared to even the fi nest honing and 

� 05-Sep-00 000138  WD14.8mm 7.00kV  x1.0k 50um

� 05-Sep-00 000138  WD14.8mm 20.00kV  x1.0k 50um

Figure 1—SEM images of a ground surface (top) and a superfinished surface (bottom).

lapping in that it has no direc tionality 
with a fi nal surface roughness of 0.25 
µm Ra or less. This ISF surface will be 
referred to as “superfi nished” throughout 
this paper. 

Figure 1 shows scanning electron 
microscope (SEM) images at 1,000X 
of a typical ground surface with an Ra

of approximately 0.25 µm (top image) 
and a superfi nished surface with an 
Ra < 0.05 µm (bottom image). Only 
slight scratches and small dents are 
visible amongst smooth plateaus of the 
superfi nished surface. 

The Ra of the baseline and 
superfi nished gears were measured in 

continued
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Table 2—Listing of the Ra values for the baseline and 
superfi nished FZG gears.

Baseline gears Superfi nished gears

Test run 1 
(µm) 

Test run 2 
(µm) 

Test run 1 
(µm) )

Test run 2 
(µm)

Ra1 of Pinion 0.52 0.51 0.13 0.12

Ra2 of Gear 0.44 0.42 0.07 0.07

Ra = (Ra1 + Ra2)/2 0.48 0.47 0.10 0.095

62

continued

Table 3—Contact stresses, duration, and failure limits for 
load stage test and endurance test.

Load stage Contact stress, 
N/mm2 

Cycle duration, hours Failure criteria

Load stage 
test

5 795.1 16

 ffm > 7.5 µm

6 945.1 16

7 1093.9 16

8 1244.9 16

9 1395.4 16

10 1547.3 16

Endurance 
test

8 1244.9 80

  ffm > 20 µm

10 1547.3 80

10 1547.3 80

10 1547.3 80

10 1547.3 80

10 1547.3 80

the involute direction of the gear. The 
values are tabulated in Table 2. 

Test rig. The test rig was the same 
as used in scuffi ng testing according to 
DIN 51 354 Part 1, but of reinforced 
construction and with spray lubrication. 

Test runs description. Both the 
baseline gears and the superfi nished 
gears underwent the following tests: 

• Test run 1 was the load stage   
 test in which the loading was

  increased every 16 hours, start-
 ing with load stage 5 and end-
 ing after load stage 10. 
• Test run 2 consisted of a com-  

 pleted load stage test followed 
 by an endurance test.    

 The endur ance test starts with an 
80-hour  cycle at load stage 8, followed 
by fi ve 80-hour cycles at load stage 10 
(see Table 3). 

After each 16-hour stage of the load 
stage test and every 80-hour cycle of the 
endurance test, the fol lowing inspection 
and measurements were made on the 

pinion: 
• ffm, average profi le form   

 deviation, in µm. 
• GF, micropitting area of gear   

 fl ank, in %. 
• W, weight loss of gear, in mg. W, weight loss of gear, in mg. W
Failure was defi ned by the average 

profi le deviation (ffmprofi le deviation (ffmprofi le deviation (ff ). For the load stage 
test, failure occurred when ffmtest, failure occurred when ffmtest, failure occurred when ff  exceeded 
7.5 µm. For the endurance test, failure 
occurred when ffm exceeded 20 µm (see 
Table 3). 

Experimental Data
Test run 1. The results of ffm, GF

and W are given in Figures 2a, 2b and W are given in Figures 2a, 2b and W
2c, for the baseline and superfi nished 
gears, respectively. For the baseline 
gears, failure oc curred at load stage 8, 
since ffm was approximately 8.5 mm. By 
the end of load stage 8, approximately 
30% of the gear tooth fl ank was covered 
with micropitting, which increased to 
60% by the completion of test run 1 
(load stage 10), with W at 54 mg. W at 54 mg. W

The superfi nished gears, however, 

showed no mea surable variation for 
ffm or GF at the end of load stage GF at the end of load stage GF
10. Meanwhile, there was only 
approximately 8 mg of weight loss on 
the pinion. 

Figures 3 and 4 show the presence of 
micropitting for the baseline pinion and 
its absence on the superfi nished pinion. 

Test run 2. Test run 2 consisted of a 
load stage test followed by an endurance 
test. 

The results of ffm, GF and GF and GF W are W are W
given in Figures 5a, 5b and 5c for 
the baseline and superfi nished gears, 
respectively. For the baseline gears, 
failure again occurred at load stage 8, 
since ffm was approximately 8.5 µm. By 
the end of load stage 8, approximately 
28% of the gear tooth fl ank was cov ered 
with micropitting, which increased to 
60% by the end of the load stage test 
with W at 57 mg. 

In the endurance test, the baseline 
pinion exceeded the 20 µm failure limit 
during the third 80-hour cycle at load 
stage 10 with an ffmstage 10 with an ffmstage 10 with an ff  of approximately 
20.2 µm. By the conclusion of testing, 
ffm, GF and GF and GF W reached 28 µm, 80% and W reached 28 µm, 80% and W
128 mg, respectively. 

The superfi nished gears showed no 
measurable change for ffmmeasurable change for ffmmeasurable change for ff  or GF at the GF at the GF
end of the load stage test. There was 
only approximately 6 mg of weight loss 
on the pinion. 

Figures 6 and 7 show the presence of 
micropitting for the baseline pinion and 
its absence on the superfi nished pinion. 

The thin (0.5 mm) gray mark on 
the superfi nished pinion was attributed 
to the lack of tip relief on the mating 
gear and was not a manifestation of 
micropitting. A better view of the gray 
mark is shown in Figure 8, where it was 
investigated under a micro scope. 

Conclusions
The baseline gears had a lower 

resistance to micropitting. 
• Profi le form deviation was 28 µm  

  by the end of the endurance test. 
• Micropitting coverage was
  60% at the end of the load
  stage test and 79% at the end 
 of the endurance test. 
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Figure 2—Measurements of test run 1 (load stage test) (a) ffm, (b) GF, (c) GF, (c) GF W on the baseline and W on the baseline and W
superfinished pinions.

Figure 3—Pictures of three teeth on the baseline 
pinion after the completion of load stage 10 of 
test run 1 show micropitting on approximately 
60% of the tooth flank. 

Figure 4—Images showing the lack of micropit-
ting on the superfinished pinion following the 
completion of load stage 10 of test run 1 show-
ing no micropitting on the tooth flanks.
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Figure 5—Measurements of test run 2 (load stage test) (a) ffm, (b) GF, (c) GF, (c) GF W on the baseline and W on the baseline and W
superfinished pinions. 

Figure 6—Three teeth on the baseline pinion 
after test run 2 showing 79% of the tooth flank 
covered in micropitting, with the band of the 
densest micropitting specified.

Figure 7—Picture of three teeth on the superfin-
ished pinion after test run 2 (load stage test and 
endurance test) showing a thin gray mark that 
was attributed to the gears not having any tip 
relief. The gears show no micropitting. 
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• Weight loss was 38 mg after the  
  load stage test, and 129 mg at the  
  end of the endurance test. 

The superfi nished gears never 
showed micropit ting nor reached any of 
the specifi ed failure criteria. 

• Profi le form deviation was 0 µm  
  at the end the load stage test and  
  only 0.5 µm at the completion 

 of the endurance test. 
• Micropitting coverage at the   

  end of both the load stage test 
 and endurance test was nonexist- 

  ent (0%). 
• Weight loss was 6 mg after the  

  load stage test, and 13 mg by 
 the end of the endurance test. 
These superfi nishing results 

are remarkable de spite the use of 
unfavorable oil, which showed damage 
at load stage 8 on the baseline gears. 
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results—Hannover has well and truly become the world’s 
biggest energy fair,” says Oliver Frese, who is responsible for 
energy-sector displays at Hannover.

There are 13 fl agship fairs being showcased at Hannover 
this year: INTERKAMA+; Factory Automation; Industrial 
Building Automation; Motion, Drive and Automation; Surface 
Technology; ComVac; Digital Factory; Subcontracting; 
Energy; Power Plant Technology; Micro Technology; and 
Research and Technology. Also this year, Hannover unveils 

Wind, Alt-Energy 
Themes 

SWEEP THROUGH 
HANNOVER FAIRGROUNDS

As an indicator of what’s up-and-coming in the 
manufacturing technology world, Hannover Messe 2009 
refl ects the prominence of alternative energy and effi ciency. 
Five months prior to the show, 80 percent of exhibit space in 
the halls devoted to these themes was reserved, and in 2008, 
1,000 exhibitors came from the energy sector, spanning over 
40,000 square-meters—or 430,000 square-feet. Over 100,000 
visitors, mostly trade professionals, were drawn to Hannover 
seeking out the energy displays, according to a Deutsche 
Messe press release. “In 2009, we expect to top [2008’s] 

Thirteen flagship fairs make up Hannover Fair 2009, including the debut of Wind, which will be held every two years (Courtesy of Deutsche Messe).

continued
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Wind, which is set to recur once every two years. “Wind 
ranks among the most promising new trade shows mounted by 
Hannover in recent years. Staged alongside the Energy show, 
it is shaping up to be an absolute visitor-magnet,” Frese says. 
 “For the fi rst time the global wind industry can reap the 
benefi ts of a dedicated industrial fair that caters for the full 
spectrum of companies—from subcontractors to big name 
manufacturers,” says Felix Losada, deputy head of corporate 
communications for turbine manufacturer Nordex AG.
 Nordex can be found in hall 27, the place to be for the 

energy fi eld featuring the Wind, Power Plant Technology and 
Energy shows.
 The Motion, Drive and Automation (MDA) show is in halls 
19, 20, 21 and 23-25. Show organizers had not released an 
exhibitor list by press time, but the 2007 exhibitors featured 
many gear makers, including Hansen Transmissions, Hubei 
Planetary Gearboxes, IMS Gear, Italgear, Moventas, Renold 
and SEW Eurodrive—all found at the MDA show. 
 MDA is where mechanical and electric drive technology 
is concentrated and is the biggest hot spot to fi nd gear 
manufacturers at. Along with the energy-themed shows, 
it is a major attraction at Hannover. “The leading trade fair 
for Motion, Drive & Automation will be booked solid as 
expected, featuring over 1,100 participating exhibitors,” says 
Manfred Kutzinski, project manager at Deutsche Messe.
 “For SEW Eurodrive, MDA is one of the most important 
trade fairs in the world, not least because of the high percentage 
of visiting professionals from outside Germany,” said SEW 
managing director Hans Sondermann, following the 2007 show. 
 “The ‘MDA’ and ‘Wind’ shows supplement each other 
perfectly, and both will be drawing a big international 
audience to Germany,” Kutzinski says.  
 Deutsche Messe looks to capitalize off of visitors’ global 
ambitions. “We sense and are apprised by many exhibitors of 
the need to establish a worldwide network of trading partners 
and suppliers,” Kutzinski says.
 “The international scope of the event is what makes MDA 
so interesting,” says Hartmut Rauen, managing director of 
the power transmission and fl uid power sector of the German 
Engineering Federation (VDMA).
 “Against the backdrop of this expansive internationali-
zation of MDA, exhibitors are now in a position to make 
highly targeted use of their marketing budgets,” Rauen says.
 The World Energy Dialogue is focusing on the security of 
supply as its theme, demonstrating the signifi cance of supply 
chain management for success in the energy fi eld. In the fourth 
consecutive year at Hannover, the WED draws industry, 
science and political players to discuss solutions to the most 
pressing challenges in the world of energy today. Dr. Klaus 
Toepfer, formerly both the German environment minister 
and executive director of the United Nations Environment 
Programme (UNEP), is chairing the dialogue this year. 
Joining him as keynote speakers are Michael Glos, Germany’s 
federal minister of economics and technology, Frank-Walter 
Steinmeier, Germany’s foreign minister and Sergei Shmatko, 
Russia’s energy minister. Michigan Governor Jennifer M. 
Granholm is one of several other speakers at the dialogue. 
 Hannover Messe takes place April 20–24 at the Exhibition 
Grounds, Hannover, Germany. For more information, visit 
www.hannovermesse.dewww.hannovermesse.dewww.hannovermesse.d .

The Motion, Drive and Automation show features more than 1,100 ex-
hibitors, including many gear manufacturers (Courtesy of Deutsche 
Messe).

Gearmakers come to Hannover from all across the globe to grow their 
supply and sales networks (Courtesy of Deutsche Messe).
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March 23–25—Gear Manufac-
turing Troubleshooting. Star-
SU, Inc., Hoffman Estates, IL. This 
training school for gear manufacturing 
is a basic course offered by the Gear 
Consulting Group in regional versions 
throughout the year to reduce the time 
employees spend out of the offi ce 
while training. Other sessions this 
year will take place in Michigan, July 
8–10, California, September 7–9 and 
Ontario, Canada, dates to be announced. 
Instructors Geoff Ashcroft and Ron 
Green teach participants both theory and 
practical aspects of gear manufacturing 
while imparting knowledge of everyday 
problems and understanding how to 
think through troubleshooting. Tuition 
is $750 and includes all necessary 
materials, as well as a reference manual 
and certifi cate of completion from 
AGMA. For more information, contact 
the Gear Consulting Group at (269) 623-
4993 or e-mail gearconsulting@aol.
com.

March 30–April 2—WESTEC.
Los Angeles Convention Center, Los 
Angeles. More than 600 exhibitors 
showcase West Coast manufacturing’s 
most advanced equipment, machine 
tools, knowledge and skilled 
professionals that will provide ideas 
and discuss the latest trends. According 
to show organizer the Society of 
Manufacturing Engineers, 81 percent of 
2009 pre-registered attendees infl uence 
the purchase of products in their 
company, which is 5 percent higher 
than WESTEC 2008. Other statistics 
suggest the show will be larger than 
previous years, and attendance refl ects 
California’s position as the largest 
manufacturing state in the country. For 
more information, e-mail service@sme.
orgorgor  or call (800) 733-4763.

March 24–27—Detai led 
Gear Design: Beyond Simple 
Service Factors.  Sheraton 
Premiere at Tysons Corner. Vienna, 

the trade show. They provide attendees 
with on-site expertise and the latest 
industry technology knowledge. Show 
admission and the technical sessions are 
free for pre-registered attendees. For 
more information, visit www.pmts.com.

May 19–21—EASTEC. Eastern 
States Exposition Grounds. West 
Springfi eld, MA. More than 440,000 
East Coast manufacturers continue 
to use EASTEC as an opportunity to 
expand business since the show debuted 
in 1979. Growth industries such as 
medical, aerospace and defense are big 
ticket themes at the show this year as 
well as lean and green topics, which 
are all highlighted at offi cial resource 
centers each day. EASTEC is organized 
into fi ve technology buildings to help 
attendees navigate some 2,000 products 
on display. The buildings emphasize 
precision manufacturing equipment and 
systems; automation, supply chain and 
process improvement; plant, energy 
and environmental effi ciency; design, 
engineering and rapid technologies; and 
tooling, workholding and machining 
accessories. For more information, visit 
www.easteconline.com. 

June 22–26—MoldMaking 
Expo.McCormick Place, Chicago. 
The MME 2009 is co-located with 
NPE 2009, the International Plastics 
Showcase. It is an event exclusively 
dedicated to the moldmaking industry 
and the new products and processes that 
are helping shops increase productivity 
and profi tability. On top of 25,000 
square feet of exhibit space, the expo 
includes a two-day technical conference 
with presentations featuring end-user 
application approaches within case 
study, panel, workshop and roundtable 
discussion formats. The conference will 
focus on strategies for cutting costs and 
improving productivity, technological 
innovation and application and 
business and management issues. 
For more information, visit www.
moldmakingexpo.com.

VA. AGMA and instructor Raymond 
Drago present this four-day course in 
the Washington, D.C. metro area. The 
seminar covers detailed gear design with 
hands-on PowerGear software training PowerGear software training PowerGear
to practice the principles of gear tooth 
optimization presented during the fi rst 
three days. Each participant receives a 
student version of PowerGear as part PowerGear as part PowerGear
of the registration fee. Attendees will 
learn about gear design and participate 
in solving carefully crafted problems 
to demonstrate the practical application 
of optimization methods. Registration 
is limited to 40 participants on a fi rst-
come, fi rst-served basis. For more 
information, contact Jennifer Cochran 
at (703) 684-0211.

April 20–24—Plastic Gear 
Design and Manufacturing.
Universal Technical Systems, Inc. 
headquarters, Rockford, IL. This 
training course starts with a full day 
of TK Solver software instruction, TK Solver software instruction, TK Solver
which participants will learn to use 
for equation solving, manipulation 
of units and the creation of tables and 
plots in math models. Multiple topics 
encompassing basic and advanced gear 
design and theory are presented. The 
course concludes with an hour of gear 
consulting from UTS experts. Cost: 
$1,295. For more information, contact 
Kari Johnson, sales associate, at (815) 
963-2220 or sales@uts.us.com.

Apri l  28–30—Precision 
Machining Technology 
Show. Greater Columbus Convention 
Center, Columbus, OH. The Precision 
Machined Products Association along 
with Production Machining and 
Modern Machine Shop magazines 
presents the biennial PMTS, which is 
an international exposition attracting 
manufacturers, suppliers and end users 
of products and services completely 
devoted to precision machined products 
and turned parts’ production. Several 
hour-long technical sessions accompany 
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This revolutionary process called Scudding®, developed by Wera Profilator
GmbH, involves a machine using synchronized spindles and an HSS cutter that

feeds directly through the work piece to generate a high-quality gear – 
internal or external, spur or helical.

When you need a flexible gear cutting process, look to American Wera.
Whether you are looking for a single or multiple process machine, American

Wera can engineer a solution for you.  The Profilator’s modular design allows us
to combine processes including Scudding®, hobbing, step lock milling, polygon

milling, tooth pointing and rotary deburring.

4630 Freedom Drive  •  Ann Arbor, MI 48108  • 734.973.7800 •  fax 734.973.3053

www.american-wera.com

Gear Scudding® can be up to
six times faster than gear shaping
-and only American Wera does it!

Wera-GearScudding  12/5/08  11:24 AM  Page 1
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Xspect Solutions 
APPOINTS APPLICATIONS 
ENGINEER FOR GEAR 
MEASURING EQUIPMENT

Elliott Mills is now the applications 
engineer for Xspect Solutions/Wenzel 
gear measuring equipment. Mills 
previously worked as a manufacturing 
engineer, industrial engineer and 
production supervisor for American 
Axle and Manufacturing. He earned a 
degree in manufacturing engineering 
and a master’s degree in operational 
management from Kettering 
University—formerly General Motors 
Institute—where he is currently completing an MBA. 

In his new position, Mills is responsible for developing new 
gear measuring applications using Wenzel GMMs, Renishaw 
scanning probes and the OpenDMIS gear measuring software 
module.

 

Howard Sanderow
1945–2009

AGMA consulting 
member Howard Sanderow 
passed away February 2, 
2009 in Columbus, OH. 
Sanderow was president 
of Management and 
Engineering Technologies, 
(MET Group, Inc.), a 
powder metal consulting 
company he founded with 
his wife Barbara in 1988.

Sanderow was a 
past president of the 
Powder Metallurgy Parts 
Association, a member of the Metal Powder Industries 
Federation (MPIF) Technical Board, and he was serving as 
chairman of the MPIF Standards Committee and executive 
director of the Center for Powder Metallurgy Technology. 
Sanderow authored more than 225 technical papers in the 
powder metallurgy fi eld and a book on high temperature 
sintering. He held two patents, according to the AGMA.

He received a Bachelor of Science in metallurgical 
engineering from Rensselaer Polytechnic Institute, a Master 
of Science degree from the University of Pennsylvania and 
a Master of Business Administration from Wright State 
University.

In 1966 Sanderow started his career with the GE Missile 
and Space division. In 1970, he joined TRW, where he was 
appointed plant metallurgist at the Supermet division in 
Dayton and was promoted to general manager in 1980. He 
was awarded the MPIF Distinguished Service to Powder 
Metallurgy Award in 1995 and was named a Fellow of APMI 
International in 2007, according to the MPIF. 

Sanderow is survived by his wife Barbara, daughter and 
son-in-law Meredith and James Grosser; son and daughter-in-
law Lewis and Jennifer Sanderow; grandchildren Mara, Gabi 
and Emma Sanderow; Eli, Lindsey and Jonah Grosser; sister 
Sheryl Solow and brother-in-law Barry Tannebaum. Memorial 
contributions may be made to the Leukemia and Lymphoma 
Society (www.leukemia-lymphoma.org) or Beth Abraham 
Synagogue Sanderow Fund (www.bethabrahamdayton.org).

David Brown Gear
PURCHASED 
BY CLYDE BLOWERS

Textron Inc.’s entire fl uid and power division was sold 
to Scottish-based group Clyde Blowers. The deal, worth $1 
billion, included David Brown Gear Systems, Maag Pumps, 
David Brown Hydraulics and Union Pumps. All but the latter 
will remain separate portfolio companies. Union Pumps will 
integrate with Clyde Pumps. 

“This is a very positive move for both parties, as well 
as a great fi t for employees,” says Lewis B. Campbell, 
Textron’s chairman, president and CEO. “Clyde Blowers 
is gaining world-class operations with Textron’s Fluid and 
Power group of companies, including some of the most 
advanced technologies, respected brands and highly talented 
people in their respective industries, while we continue to 
strategically focus our portfolio of businesses to deliver even 
more meaningful value growth, profi tability and shareholder 
return.”

Howard Sanderow

Elliot Mills
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NEW Tokyo Technical Instruments 
CNC Gear Inspection Systems

  Because
IT’S A JUNGLE

  OUT THERE!
Faster, easier more accurate gear measurement 
and inspection can give you the competitive 
advantage. Now a new generation of CNC gear 
measuring systems can help you compete— 
whether its with the  SCL-250S, the world’s 
first mobile and ultra-compact tooth profile 
and tooth-lead gear checker or up to
the 1500E stationary model for your very 
largest gears.

Get the edge...

901 Deerfield Parkway, Buffalo Grove, IL 60089  •  847-465-4415 
Fax: 847-465-0181 •  sales@kgki.com  •  www.kgki.com
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Kleiss 
EXPANDS INJECTION 
MOLDING CAPABILITIES

With the addition of the Microsystem 50 micro-injection 
molding machine from Battenfeld, Kleiss Gears is tapping 
into the miniature plastic gear market—with emphasis on the 
medical devices industry. 

The Microsystem machine is a modular production cell 
capable of injection molding, handling, inspection and 
packaging within clean-room conditions. Gears weighing less 
than 100 mg can be molded almost void of material waste 
and consuming less energy than traditional injection-molding 
machines.

“We have been quite successful molding miniature gears 
with our conventional injection-molding presses,” says Rod 
Kleiss, president of Kleiss Gears. “But we found that to 
produce true micro-gears on our current machines resulted in 
too much waste material to make the gears cost-effective for 
our customers.

“We are proud to be the only gear molding company in the 
United States using this technology to produce micro-molded 
precision gears, and we are in the design and tooling stages 
for the fi rst scheduled production run on the new Microsystem 
for a major medical OEM.”

 
 

Now more than ever.....
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Bodycote 
SIGNS SUPPLY AGREEMENT 
WITH AFC-HOLCROFT

Bodycote’s 190 commercial heat treatment facilities in 27 
countries are being supplied with a common batch furnace 
platform supplied by AFC-Holcroft, per an agreement reached 
between the two companies. The purpose of the agreement is 
for each Bodycote plant to operate with consistency, using the 
same equipment. 

AFC-Holcroft’s Universal Batch Quench (UBQ) product 
family can be provided to Bodycote at a reduced cost with 
local service support available in all the key regions Bodycote 
operates in. The controls architecture will be standardized 
throughout the plants as another benefi t to the agreement. 

“This agreement represents a great alignment of AFC-
Holcroft’s global capabilities and products with a progressive 
customer that has done a tremendous amount of work in 
mapping their own global strategy to remain the leader in the 
commercial heat treatment marketplace,” says William Disler, 
vice president of sales and engineering at AFC-Holcroft. “We 
are very pleased to have the opportunity to be a part of their 
global strategy.”

“Bodycote recognized the need to buy the best equipment at 
the best price as a means to improve our return on investment,” 
says John D. Hubbard, CEO/Metallurgist, P.E., Bodycote, 
plc. “After benchmarking the best features of each of the 
myriad of furnaces we have, a ‘best of breed’ was created. 
The key furnace manufacturers were given an opportunity to 
propose a long-term win/win approach to satisfying our batch 
integral quench furnace needs, and after careful review and 
consultation, we selected AFC-Holcroft as the best fi t for our 
needs.

“Their commitment to open communication coupled with 
their desire to be the best was the deciding factor. We have 
now received furnaces manufactured in all their geographic 
facilities and have been pleased with the quality, timeliness 
and follow-up. We look forward to a continuously improved 
relationship that truly is good for both companies.”
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MIDWEST GEARMIDWEST GEAR
& TOOL, INC.

15700 Common Rd.
Roseville, MI 48066

CONTACT:
CRAIG D. ROSS
(586) 779-1300

FAX (586) 779-6790midwestgear@sbcglobal.netmidwestgear@sbcglobal.netmidwestgear@sbcglobal.net
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Dedicated to sharing information and expanding markets for shot peening and blast cleaning industries
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DISA’A’As RDS-Mini Shot Peening Systems
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Shot peening is the answer.
To learn more, subscribe to The 
Shot Peener. Our free quarterly 
magazine is dedicated to raising 
the awareness and appreciation 
for the shot peening process.
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FARO 
NAMES BUSINESS 
DEVELOPMENT DIRECTOR

Gary Telling was appointed as one of the business 
development directors at FARO Technologies, Inc. He began 
his career in the automotive industry working for General 
Motors as a production supervisor. In 1991, he was chosen 
by GM to study industrial technology at Purdue University, 
where he fi nished fi rst in class. 

Holding various engineering roles for the company over 
the years, Telling established GM’s fi rst modern metrology 
operation. He handled dimensional and quality control for 
eight new GM product launch sites by 2002, and he helped 
teams create GM’s proprietary data analysis system using 
code he personally developed. His most recent position was 
as advanced global metrology lead, where he researched, 
benchmarked and developed business cases for GM’s 
metrology strategies while discovering and implementing new 
applications for technology. Teller has been honored with the 
“People Make Quality Happen” and “President’s Council” 
awards from the company. 

“Gary’s expertise will be crucial in helping us solve our 
customers’ challenges not only in the automotive arena, but in 
other key and emerging markets as well,” says David Morse, 
FARO SVP and managing director of the Americas. “He will 
help them be innovative, effective and also be their voice in 
our product development process.”

Hexagon Metrology 
ACQUIRES 
3D SOFTWARE COMPANY

Technodigit SARL of Lyon, France, has been acquired by 
Hexagon Metrology. Technodigit develops the 3DReshaper
software, which is designed for 3D point cloud and 3D mesh 
manipulation for reverse engineering, rapid prototyping, 
product design and industrial inspection. The software helps 
organize and manipulate the millions of data points created 
by Hexagon’s high-speed laser scanning systems, ScanShark 
laser probe and the Leica T-Scan. 

“In the short run, the acquisition of Technodigit will 

N E W S
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enhance our existing portfolio of software solutions dedicated 
to point cloud acquisition and manipulation,” says Ken 
Woodbine, president of Hexagon Metrology’s software 
development group, Wilcox Associates. “3DReshaper already 
has existing interfaces to certain ROMER portable arm 
packages, as well as compatibility with Leica Geosystems 
products. The longer view is that the core technologies and 
algorithms can be selectively incorporated into the PC-
DMIS engine to create greater fl exibility and functionality 
in our core software package, which is the de-facto standard 
software for dimensional inspection at many of our worldwide 
customers.”

Pascal Lefebvre-Albaret, president of Technodigit, says, 
“Hexagon metrology companies have been good customers 
for us for many years. Gradually this relationship has 
transformed into a partnership and ultimately we were asked 
to join the Hexagon Metrology family. We are very proud 
to be part of the world’s leading metrology group, with the 
ability to offer our advanced technology as part of Hexagon’s 
portfolio of software solutions.”

75

continued

Surfware 
FILLS PRODUCT, SALES 
MANAGER POSITIONS

Greg Schils has been promoted to product manager for 
Surfware Inc., and Eric Brown joined the sales team as direct 
sales manager. 

Schils is responsible for overseeing product development 
and expanding functionality for the Surfcam software and 

Gear Expo is coming...
Find out everything you need to know 

at
The Gear Technology

GEAR EXPO SHOWROOM 

www.geartechnology.com/gear-
expo
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Eric Brown

TrueMill technology. He 
has been with Surfware for 
more than 13 years in the 
application engineering 
department.

“We are very pleased 
that Greg has accepted 
the position of product 
manager,” says Stephen 
Diehl, president and CEO of 
Surfware. “His skill-set with 
Surfcam is one of the best 
in the market. Our products 
and company are growing 
quickly and will benefi t from Greg’s leadership. With his 
valuable combination of software knowledge and hands-on 
experience, Greg will provide an innovative, solutions-based 
approach to product development at Surfware.”

Brown is responsible for creating direct sales in the 
Surfware Direct territories. He has more than 20 years of 
experience selling CAD/CAM, PLM and complementary 
products applications and solutions. His experience includes 
industries like electronics, aerospace/defense, semiconductor, 
medical products and other manufacturing and engineering 
technical sectors.

“Eric will help us continue to build our Surfware Direct 
customer base, both with Surfcam Velocity and our patented 
TrueMill technology,” Diehl says. “We look forward to 
leveraging his skills in a variety of industries that will benefi t 
from our high quality and innovative Surfcam software. Eric’s 
insight and professionalism will also add value to our overall 
marketing efforts.”

Greg Schils

N E W S
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B&R Machine & Gear Corp. IBC (731) 456-2636, (800) 238-0651  B&R Machine & Gear Corp. IBC (731) 456-2636, (800) 238-0651  B&R Machine & Gear Corp. IBC (731) 456-2636, (800) 238-0651  B&R Machine & Gear Corp. IBC (731) 456-2636, (800) 238-0651  inquiry@brgear.com www.brgear.cominquiry@brgear.com www.brgear.cominquiry@brgear.com www.brgear.com

Becker Gearmeisters 79 (734) 878-9669 Becker Gearmeisters 79 (734) 878-9669 Becker Gearmeisters 79 (734) 878-9669 Becker Gearmeisters 79 (734) 878-9669 maagmachines@yahoo.com www.maagmachines.commaagmachines@yahoo.com www.maagmachines.commaagmachines@yahoo.com www.maagmachines.com

Bourn & Koch Machine Tool Co. 38 (847) 649-1450 Bourn & Koch Machine Tool Co. 38 (847) 649-1450 Bourn & Koch Machine Tool Co. 38 (847) 649-1450 Bourn & Koch Machine Tool Co. 38 (847) 649-1450 sales@star-su.com www.star-su.comsales@star-su.com www.star-su.comsales@star-su.com www.star-su.com

The Broach Masters/Universal Gear Co. 12 (530) 885-1939 The Broach Masters/Universal Gear Co. 12 (530) 885-1939 The Broach Masters/Universal Gear Co. 12 (530) 885-1939 The Broach Masters/Universal Gear Co. 12 (530) 885-1939 info@broachmasters.com www.broachmasters.cominfo@broachmasters.com www.broachmasters.cominfo@broachmasters.com www.broachmasters.com

Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  Circle Gear & Machine Co. 78 (708) 652-1000  www.circlegear.com

Clifford-Jacobs Forging Co. 14 (217) 352-5172 Clifford-Jacobs Forging Co. 14 (217) 352-5172 Clifford-Jacobs Forging Co. 14 (217) 352-5172 Clifford-Jacobs Forging Co. 14 (217) 352-5172 sales@clifford-jacobs.com www.clifford-jacobs.comsales@clifford-jacobs.com www.clifford-jacobs.comsales@clifford-jacobs.com www.clifford-jacobs.com

Comtorgage Corp. 17 (401) 765-0900 Comtorgage Corp. 17 (401) 765-0900 Comtorgage Corp. 17 (401) 765-0900 Comtorgage Corp. 17 (401) 765-0900 kgradolf@comtorgage.com www.comtorgage.comkgradolf@comtorgage.com www.comtorgage.comkgradolf@comtorgage.com www.comtorgage.com

Drewco Corp. 72 (262) 886-5050 Drewco Corp. 72 (262) 886-5050 Drewco Corp. 72 (262) 886-5050 Drewco Corp. 72 (262) 886-5050 service@drewco.com www.drewco.comservice@drewco.com www.drewco.comservice@drewco.com www.drewco.com

DTR Corp. 31, 78 +(82) 32-814-1540, (847) 375-8892 DTR Corp. 31, 78 +(82) 32-814-1540, (847) 375-8892 DTR Corp. 31, 78 +(82) 32-814-1540, (847) 375-8892 DTR Corp. 31, 78 +(82) 32-814-1540, (847) 375-8892 dragon96@kotis.net, alex@dragon.co.kr www.dragon.co.krdragon96@kotis.net, alex@dragon.co.kr www.dragon.co.krdragon96@kotis.net, alex@dragon.co.kr www.dragon.co.kr

Engineered Tools Corp. 8 (248) 619-1616 Engineered Tools Corp. 8 (248) 619-1616 Engineered Tools Corp. 8 (248) 619-1616 Engineered Tools Corp. 8 (248) 619-1616 rdeneau@engineeredtools.com www.engineeredtools.comrdeneau@engineeredtools.com www.engineeredtools.comrdeneau@engineeredtools.com www.engineeredtools.com

Fässler Corp. 15 (414) 769-0072 Fässler Corp. 15 (414) 769-0072 Fässler Corp. 15 (414) 769-0072 Fässler Corp. 15 (414) 769-0072 sales@faessler-ag.ch www.faessler-ag.chsales@faessler-ag.ch www.faessler-ag.chsales@faessler-ag.ch www.faessler-ag.ch

Forest City Gear 40–41 (815) 623-2168 Forest City Gear 40–41 (815) 623-2168 Forest City Gear 40–41 (815) 623-2168 Forest City Gear 40–41 (815) 623-2168 fyoung@forestcitygear.com www.forestcitygear.comfyoung@forestcitygear.com www.forestcitygear.comfyoung@forestcitygear.com www.forestcitygear.com

Gear Consulting Group 79 (269) 623-4993 Gear Consulting Group 79 (269) 623-4993 Gear Consulting Group 79 (269) 623-4993 Gear Consulting Group 79 (269) 623-4993 gearconsulting@aol.com

Gear Motions Inc. 78 (315) 488-0100 Gear Motions Inc. 78 (315) 488-0100 Gear Motions Inc. 78 (315) 488-0100 Gear Motions Inc. 78 (315) 488-0100 sales@nixongear.com www.gearmotions.comsales@nixongear.com www.gearmotions.comsales@nixongear.com www.gearmotions.com

The Gear Works—Seattle, Inc. 78 (206) 762-3333 The Gear Works—Seattle, Inc. 78 (206) 762-3333 The Gear Works—Seattle, Inc. 78 (206) 762-3333 The Gear Works—Seattle, Inc. 78 (206) 762-3333 sales@thegearworks.com www.thegearworks.comsales@thegearworks.com www.thegearworks.comsales@thegearworks.com www.thegearworks.com

Gleason Corp. 29, 79 (585) 473-1000 Gleason Corp. 29, 79 (585) 473-1000 Gleason Corp. 29, 79 (585) 473-1000 Gleason Corp. 29, 79 (585) 473-1000 dmelton@gleason.com www.gleason.comdmelton@gleason.com www.gleason.comdmelton@gleason.com www.gleason.com

Havlik International 22–23 (519) 624-6240 Havlik International 22–23 (519) 624-6240 Havlik International 22–23 (519) 624-6240 Havlik International 22–23 (519) 624-6240 havlik@sympatico.ca www.havlikgear.com havlik@sympatico.ca www.havlikgear.com havlik@sympatico.ca www.havlikgear.com 

Höfl er OBC (734) 416-9300 Höfl er OBC (734) 416-9300 Höfl er OBC (734) 416-9300 Höfl er OBC (734) 416-9300 inquiries@greatlakesgeartech.com www.greatlakesgeartech.cominquiries@greatlakesgeartech.com www.greatlakesgeartech.cominquiries@greatlakesgeartech.com www.greatlakesgeartech.com

Hydra-Lock 28 (586) 783-5007 Hydra-Lock 28 (586) 783-5007 Hydra-Lock 28 (586) 783-5007 Hydra-Lock 28 (586) 783-5007 weholdit@hydralock.com www.hydralock.comweholdit@hydralock.com www.hydralock.comweholdit@hydralock.com www.hydralock.com

Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  Index Technologies 79 (440) 995-4627  www.gallenco.com

Innovative Rack & Gear 78 (630) 766-2652 Innovative Rack & Gear 78 (630) 766-2652 Innovative Rack & Gear 78 (630) 766-2652 Innovative Rack & Gear 78 (630) 766-2652 info@gearacks.com www.gearacks.cominfo@gearacks.com www.gearacks.cominfo@gearacks.com www.gearacks.com

Insco Corp. 73 (978) 448-6368 Insco Corp. 73 (978) 448-6368 Insco Corp. 73 (978) 448-6368 Insco Corp. 73 (978) 448-6368 sales@inscocorp.com www.inscocorp.comsales@inscocorp.com www.inscocorp.comsales@inscocorp.com www.inscocorp.com

Ipsen International 39 (815) 332-4941 Ipsen International 39 (815) 332-4941 Ipsen International 39 (815) 332-4941 Ipsen International 39 (815) 332-4941 sales@ipsenusa.com www.ipsenusa.comsales@ipsenusa.com www.ipsenusa.comsales@ipsenusa.com www.ipsenusa.com

ITW Workholding 27 (800) 544-3823 ITW Workholding 27 (800) 544-3823 ITW Workholding 27 (800) 544-3823 ITW Workholding 27 (800) 544-3823 sales@itwworkholding.com www.itwworkholding.comsales@itwworkholding.com www.itwworkholding.comsales@itwworkholding.com www.itwworkholding.com

J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  J. Schneeberger 73 (847) 888-3498  www.schneeberger-us.com

Kapp Technologies 3 (303) 447-1130 Kapp Technologies 3 (303) 447-1130 Kapp Technologies 3 (303) 447-1130 Kapp Technologies 3 (303) 447-1130 info@kapp-usa.com www.kapp-usa.cominfo@kapp-usa.com www.kapp-usa.cominfo@kapp-usa.com www.kapp-usa.com

KGK Group 72 (847) 465-4415 KGK Group 72 (847) 465-4415 KGK Group 72 (847) 465-4415 KGK Group 72 (847) 465-4415 tdonnowitz@kgki.com www.kgki.comtdonnowitz@kgki.com www.kgki.comtdonnowitz@kgki.com www.kgki.com

KH Gears 27 +(86) 756-5586-852 KH Gears 27 +(86) 756-5586-852 KH Gears 27 +(86) 756-5586-852 KH Gears 27 +(86) 756-5586-852 marketing@khgears.com www.khgears.commarketing@khgears.com www.khgears.commarketing@khgears.com www.khgears.com

KissSoft 36 (815) 363-8823 KissSoft 36 (815) 363-8823 KissSoft 36 (815) 363-8823 KissSoft 36 (815) 363-8823 info@kisssoft.com www.kisssoft.cominfo@kisssoft.com www.kisssoft.cominfo@kisssoft.com www.kisssoft.com

Maxwell Tools Company 79 (703) 608-2617 Maxwell Tools Company 79 (703) 608-2617 Maxwell Tools Company 79 (703) 608-2617 Maxwell Tools Company 79 (703) 608-2617 reply@maxwelltools.com www.maxwelltools.comreply@maxwelltools.com www.maxwelltools.comreply@maxwelltools.com www.maxwelltools.com

McInnes Rolled Rings 6 (800) 569-1420 McInnes Rolled Rings 6 (800) 569-1420 McInnes Rolled Rings 6 (800) 569-1420 McInnes Rolled Rings 6 (800) 569-1420 sales@mcrings.com www.mcinnesrolledrings.comsales@mcrings.com www.mcinnesrolledrings.comsales@mcrings.com www.mcinnesrolledrings.com

Metal Finishing News magazine 76 (212) 633-3100 Metal Finishing News magazine 76 (212) 633-3100 Metal Finishing News magazine 76 (212) 633-3100 Metal Finishing News magazine 76 (212) 633-3100 metalfi nishing@elsevier.com www.metalfi nishing.commetalfi nishing@elsevier.com www.metalfi nishing.commetalfi nishing@elsevier.com www.metalfi nishing.com

Micro Surface Corp. 79 (408) 723-0700 Micro Surface Corp. 79 (408) 723-0700 Micro Surface Corp. 79 (408) 723-0700 Micro Surface Corp. 79 (408) 723-0700 info@ws2coating.com www.ws2coating.cominfo@ws2coating.com www.ws2coating.cominfo@ws2coating.com www.ws2coating.com

Midwest Gear & Tool Inc. 74 (586) 779-1300 Midwest Gear & Tool Inc. 74 (586) 779-1300 Midwest Gear & Tool Inc. 74 (586) 779-1300 Midwest Gear & Tool Inc. 74 (586) 779-1300 midwestgear@sbcglobal.net

Mitsubishi Gear Technology 10 (248) 669-6136 Mitsubishi Gear Technology 10 (248) 669-6136 Mitsubishi Gear Technology 10 (248) 669-6136 Mitsubishi Gear Technology 10 (248) 669-6136 info@mitsubishigearcenter.com www.mitsubishigearcenter.cominfo@mitsubishigearcenter.com www.mitsubishigearcenter.cominfo@mitsubishigearcenter.com www.mitsubishigearcenter.com

Nelson Engineering 78 (714) 893-7999 Nelson Engineering 78 (714) 893-7999 Nelson Engineering 78 (714) 893-7999 Nelson Engineering 78 (714) 893-7999 sales@nelson-eng.com www.nelson-eng.comsales@nelson-eng.com www.nelson-eng.comsales@nelson-eng.com www.nelson-eng.com

Precision Gage Co. Inc. 75 (630) 655-2121 Precision Gage Co. Inc. 75 (630) 655-2121 Precision Gage Co. Inc. 75 (630) 655-2121 Precision Gage Co. Inc. 75 (630) 655-2121 sales@precisiongageco.com www.precisiongageco.comsales@precisiongageco.com www.precisiongageco.comsales@precisiongageco.com www.precisiongageco.com

Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  Presrite Corp. 20 (216) 441-5990  www.presrite.com

Process Equipment 36 (800) 998-4191 Process Equipment 36 (800) 998-4191 Process Equipment 36 (800) 998-4191 Process Equipment 36 (800) 998-4191 msdsales@processeq.com www.gearinspection.commsdsales@processeq.com www.gearinspection.commsdsales@processeq.com www.gearinspection.com

Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  Proto Manufacturing 18 (519) 737-6330  www.protoxrd.com

Reishauer Corp. 79 (847) 888-3828 Reishauer Corp. 79 (847) 888-3828 Reishauer Corp. 79 (847) 888-3828 Reishauer Corp. 79 (847) 888-3828 Reishauer Corp. 79 (847) 888-3828 reishauer-us@reishauer.com www.reishauer.comreishauer-us@reishauer.com www.reishauer.comreishauer-us@reishauer.com www.reishauer.com

Riverside Spline & Gear 16  (810) 765-8302 Riverside Spline & Gear 16  (810) 765-8302 Riverside Spline & Gear 16  (810) 765-8302 Riverside Spline & Gear 16  (810) 765-8302 valerief@splineandgear.com www.splineandgear.comvalerief@splineandgear.com www.splineandgear.comvalerief@splineandgear.com www.splineandgear.com

Schafer Gear Works Inc. 19 (574) 234-4116  Schafer Gear Works Inc. 19 (574) 234-4116  Schafer Gear Works Inc. 19 (574) 234-4116  Schafer Gear Works Inc. 19 (574) 234-4116  Schafer Gear Works Inc. 19 (574) 234-4116  Schafer Gear Works Inc. 19 (574) 234-4116  www.schafergear.com

Schnyder S.A. 38 (630) 595-7333 Schnyder S.A. 38 (630) 595-7333 Schnyder S.A. 38 (630) 595-7333 Schnyder S.A. 38 (630) 595-7333 hanikcorp@aol.com www.hanikcorp.comhanikcorp@aol.com www.hanikcorp.comhanikcorp@aol.com www.hanikcorp.com

The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  The Shot Peener magazine 74 (800) 832-5653, (574) 256-5001  www.shotpeener.com

Sigma Pool 5 (734) 429-7225 Sigma Pool 5 (734) 429-7225 Sigma Pool 5 (734) 429-7225 Sigma Pool 5 (734) 429-7225 info.lgt@liebherr.com www.sigma-pool.cominfo.lgt@liebherr.com www.sigma-pool.cominfo.lgt@liebherr.com www.sigma-pool.com

Star SU LLC IFC–1, 38, 79 (847) 649-1450 Star SU LLC IFC–1, 38, 79 (847) 649-1450 Star SU LLC IFC–1, 38, 79 (847) 649-1450 Star SU LLC IFC–1, 38, 79 (847) 649-1450 sales@star-su.com www.star-su.com sales@star-su.com www.star-su.com sales@star-su.com www.star-su.com 

Stock Drive Products/Sterling Instrument 7 (516) 328-3300  Stock Drive Products/Sterling Instrument 7 (516) 328-3300  Stock Drive Products/Sterling Instrument 7 (516) 328-3300  Stock Drive Products/Sterling Instrument 7 (516) 328-3300  Stock Drive Products/Sterling Instrument 7 (516) 328-3300  Stock Drive Products/Sterling Instrument 7 (516) 328-3300  www.sdp-si.com/e-store

Toolink 21 (303) 776-4300 Toolink 21 (303) 776-4300 Toolink 21 (303) 776-4300 Toolink 21 (303) 776-4300 sales@toolink-eng.com www.toolink-eng.comsales@toolink-eng.com www.toolink-eng.comsales@toolink-eng.com www.toolink-eng.com
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GEAR MANUFACTURING

PH: (315) 488-0100
www.gearmotions.com

                        Gear Grinding 
           and Cutting Services
Gear Motions’ two manufacturing locations are 

leading suppliers of custom cut and ground spur and 
helical gears. Made complete or to your blanks.

GEAR MOTIONS, INC.
An Employee Owned Company

Learn about one of the most modern
fleets of Gear Grinders, including the
Höfler 700 and Gleason Tag 400 at Oliver
Gear.r.r See the latest Reishauer and Kapp
Gear Grinding technology,y,y at ISO 9001- 
2000 registered Nixon Gear,r,r as well as
the latest in CNC Gear Hobbing and cell-
ular manufacturing.

PH: (315) 488-0100
www.gearmotions.com

Gear Grinding 
 and Cutting Services

GEAR MOTIONS, INC.
An Employee Owned Company

�

�

Circle Gear and Machine

All Sizes & Configurations. English & Metric, Spur, Helical, Internal, 
Herringbone, Worm & Wormgear, Internal & External Splines, 

Involute & Straight Sided Spline, Straight and Spiral Bevels, Racks, 
Sprockets, Ratchets, Serrations, Reverse Engineering, Design 
Analysis, Complete Machine Shop including CNC Machining,

Documented Quality Control Program, Inspection Lab 
including Complete Gear Tooth Diagnostics.

 

1501 South 55th Ct.  •  Cicero, IL 60804
Ph: 708-652-1000  •  Fax: 708-652-1100

www.circlegear.com

Quality Custom Gearing Since 1951

Please email your inquiries to sales@circlegear.com

Manufacturers Of 
Quality Custom Gearing

Tooth Cutting, Grinding & Shaving Services Available

C
G C

C I R C LE

G E A R  C O

Manufacturers Of 
Quality Custom Gearing

 C L A S S I  F I  E D  S E C T I  O N      

Custom Manufactured Racks
Various Rack Shapes, Sizes and Materials

• Unique Tooth Confi gurations • Heat Treating
 • Complete Machining • Accuracy Tolerance up 

to AGMA Q12 • Spur, Helical, Relieved, Tapered, 
Crowned • Breakdown Service Available 

• Reverse Engineering Capability
797 Eagle Drive  •  Bensenville, IL 60106
PH: 630-766-2652  •  FAX: 630-766-3245

www.gearacks.com   

HEAT TREATING

Phone: 216.431.4492
Fax: 216.431.1508

Induction Hardening
Specialists in tooth by tooth contour

hardening of internal
spur, helical and bevel gears.

Our gear hardening equipment  includes 

5 NATCO submerged process machines and

5 AJAX CNC-controlled gear scanning 

machines. Tooth by tooth gear hardening 

from .5DP-10 DP, up to 15 tons, 200" diameter.

Breakdown Service Available
americanmetaltreating.com

HELP WANTED

HELP WANTED
Sales Representatives

Territories are available in most
areas in the U.S. (except some 
Midwest states) and Canada; 
Mexico and South America.

DTR Corporation
(formerly Dragon Precision Tools

DTR Corporation
formerly Dragon Precision Tools

DTR Corporation
)

is a leading Hob manufacturer 
worldwide and we are seeking 
knowledgeable sales reps with 
gear cutting industry expertise.

Contact: Alex Roh, alex@dragon.co.kr

2400 E. Devon Ave., Suite 210
Des Plaines, IL   60018 

Ph: 847-375-8892  •  Fax: 847-699-1022

www.dragon.co.kr

The 
Global Gear 

Industry

Imports, Exports, 
Partnerships, 

etc.
NEXT

Gear Technology
May 2009

Supply Chain
Management

Software, Partnerships,Software, Partnerships,
Outsourcing

NEXT
Power 

Transmission 
Engineering
April 2009

WHEN IT HAS TO BE RIGHT
• Gear Grinding up to 2600 mm mm mm
• Industrial Gears to 250"
• TurboTurboT Compressor Gears
• Custom Drives
• Gear Metrology
• Stock Planetary Speed ReduceReduceReducerrss

ISO-9001

www. thegg ear works .co m

Custom Gear Services Since 1946

The Gear Works—Seattle, Inc.
500 S. Portland Street
Seattle, WA 98108-0886
Phone: (206) 762-3333
Fax: (206) 762-3704
E-mail: sales@thegearworks.com 

GEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIR
EXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WINDEXPERIENCE IN WIND

GEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIRGEARBOX REPAIR
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 C L A S S I  F I  E D  S E C T I  O N      

Superior Grinding Wheels
for Today’s Technology

tel: (847) 888-3828
fax: (847) 888-0343
reishauer-us@reishauer.com
www.reishauer.com

Large Inventory
of Blanks
275-400mm OD
84-125mm widths
Fast Delivery
Orders in by noon 
ship next day

Pre-Profi le
“On or Off” fl ange for 
precise, fast service

For Most 
Generating Grinding
Machines

SERVICE                                                                                                   

DULL HOBSDULL HOBSDULL HOBS

C O R P O R A T I O N

1351 Windsor Road, Loves Park, IL 61111 USA
815-877-8900 • Fax: 815-877-0264

E-mail: gctc@gleason.com

PICK UP & DELIVERY IN MANY AREAS

www.gleason.com

• SHAPER CUTTER SHARPENING
• BROACH SHARPENING
• HOB SHARPENING
• SHAVING CUTTER GRINDING
• THIN FILM COATING
• CUSTOM HEAT TREAT SERVICE
• CBN & DIAMOND WHEEL
   PLATING SERVICE

SERVICING FELLOWS GEAR SHAPERS
On Site Service: Emergency & Scheduled
Technical Support: Via Telephone, Fax or E-mail
Training: Operator, Set-up & Maintenance (Electrical 
& Mechanical)
Parts: New and/or Used
Retrofits - Counters, Servo Controllers, or Single and 
Multiple Axis CNC
Guides: Hydrostatic & Mechanical, Repair or Pur-
chase New

Allen Adams
SHAPER SERVICES, Inc.

98 Winery Road
Proctorsville, VT 05153

Telephone: 802-226-7891
Fax: 802-226-7892

E-mail: shaperservices@tds.net

C

MAAG
PARTS & SERVICE
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 Swiss Trained Service Engineers
Repairs to Complete Rebuilds

Becker GearMeisters, Inc.

 Phone/Fax:  [734] 878-9669
www.maagmachines.com

maagmachines@yahoo.com

Immediately Available:

Retrofitted Hofler EVTM Pitch Tester
MAAG ES-430 Portable Involute Tester
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Courses Presented by

AGMA CA CA ertificate

2009 Regional CLASSES:
Star SU, Hoffman Estates, IL, March 23-25

Liebherr America, Saline, MI, July 8-10
Gear Mfg., Inc. Anaheim, CA, Sept. 7-9

Ontario, Canada, November, TBA

gearconsulting@aol.com

Ph: (269) 623-4993
www.gearconsultinggroup.com  
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Gear Consulting Group

For further information:
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Submit your 
entry today to

addendum@geartechnology.com

 A D D E N D U M      

Dear Addendum Team:
Firstly, may I congratulate you on 

your publication, which I have had the 
pleasure of reading for many years. I am 
a “time-served” gear cutter by trade, 
and I have had a good career involving 
gear manufacture and production.

My interest in gearing was the 
reason my wife surprised me many 
years ago with a birthday present of a 
personal license plate, GEARS, for my 
vehicle. I think my second vehicle will 
be “DPCPMOD,” a good fi t for the 
allowable 7 letters.

It would be interesting to see if any 
others have any innovative plates to 
advertise their interest/involvement in 
this fi ne art.

Many thanks for an excellent 
product.

Best wishes,
Alan Bailey, Alpek Machine Works, 

Calgary, AB

Alan, we like the way you think, 
so we’re pleased to announce the 
establishment of the Gear Vanity Plate 
Hall of Fame. It’s sort of like the Rock 
& Roll Hall of Fame, only way cooler. 
In order to be inducted, all you have to 
do is send us a photo of your plate, tell 
us who you are and where you live. 

You drive around advertising your 
love of gears. We’re giving you the 
opportunity to advertise it to the world. 
Inductees into the Gear Vanity Plate Hall 
of Fame will be publicized in a future 

Honk if You Love GearsHonk if You Love Gears

issue of Gear Technology. Even more 
importantly, the submission materials 
will be permanently enshrined in the 
Gear Vanity Plate Hall of Fame (as soon 
as we fi nd a suitable location and clear 
all the required building permits). 

Recognizing the global appeal of 
gearing, our goal is to have as many 
U.S. states, Canadian provinces and 
countries represented as possible. So 
if you have a gear-related vanity plate, 
please consider submitting it for this 
prestigious honor. 



Machine and Gear CorporationMachine and Gear Corporation

CUSTOM 
BEVEL GEAR MANUFACTURING

Per Your Specifications and/or Sample
Providing Inverse Engineering to Make a Clone of Your SampleProviding Inverse Engineering to Make a Clone of Your Sample

· Spiral Bevel Gears: 66" PD Spiral Bevel Gears: 66" PD Spiral Bevel Gears: 66" PD

· Straight Bevel Gears: 80" PD Straight Bevel Gears: 80" PD Straight Bevel Gears: 80" PD

· Spurs Helicals Spline Shafts Spurs Helicals Spline Shafts Spurs Helicals Spline Shafts

· Gearbox Repair/Rebuilds Gearbox Repair/Rebuilds Gearbox Repair/Rebuilds

· In-House Steel Material  In-House Steel Material  In-House Steel Material WarehouseWarehouse

· Full Heat Treating Services Full Heat Treating Services Full Heat Treating Services

· EDM Wire Burning EDM Wire Burning

BREAKDOWN 
SERVICES

4809 U.S. Highway 45   Sharon, TN 38255

Toll Free: (800) 238-0651   Ph: (731) 456-2636   Fax: (731) 456-3073

E-mail: inquiry@brgear.com  Internet: www.brgear.com

Machine and Gear CorporationMachine and Gear Corporation

Celebrating 35 YearsCelebrating 35 Years
Family owned and operated 1974-2009
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