
CMM Gear Inspection
MITuTOyO OFFERS CaPaBLE, aFFORDaBLE anD FLExIBLE GEaR InSPECTIOn OPTIOn

Gear inspection has long been consid-
ered a highly specialized, expensive and 
difficult part of the gear manufacturing 
process, requiring a wide variety of com-
plicated gages, testers, dedicated CNC 
equipment and highly trained experts.

But if you want to make good gears, 
you need to have all that stuff, right?

Well, maybe not, says John Fox, senior 
CMM software application engineer 
for Mitutoyo America Corporation. 
According to Fox, the time may be right 
to consider a CMM for your gear inspec-
tion needs.

“We have many customers that are 
using a CMM for gear measurement, 
production and setup,” Fox says. 
“Customers including Honda, Kawasaki, 
Hitachi, Molon Motors, etc. use the 
CMM to measure purchased gears. And 
there are high-precision gear companies 
such as Gear Manufacturers Inc. that 
incorporate our higher-accuracy CMM 
for setup and some production.”

A lower price tag is one of the main 
reasons to consider CMMs over conven-
tional dedicated gear inspection equip-
ment, Fox says. A single piece of today’s 
sophisticated, fully programmable, 
fully automated dedicated gear-check-
ing equipment, limited to a single gear 
size range (gears up to 15" diameter, for 
example) plus software, might cost twice 
as much as a CMM machine equipped 
with a rotary table, high-speed scanning 
probe head and gear-checking software, 
Fox says.

Of course, exact prices for either 
type of system depend on options 
and machine size, but a smaller-sized 
Mitutoyo CNC coordinate measuring 
machine starts out around $55,000, 
Fox says. Adding in Mitutoyo’s 
GEARPAK software for cylindri-
cal gears adds about $11,000. 
GEARPAK for bevel gears adds 
about $9,000. GEARPAK for 
worm gears adds another 
$10,000. So for around $85,000, 
you can get a Mitutoyo CMM 
capable of inspecting cylin-
drical, bevel and worm gears. 
Dedicated gear inspection systems 

have been known to cost as much as four 
times that amount, Fox says.

The type of CMM used to measure 
gears depends mostly on the part’s size 
and weight. When measuring large 
gears—those with diameters of more 
than a meter or which are extremely 
heavy—a high-precision, horizontal-
arm CMM with a rotary table would be 
required. This style of CMM is gener-
ally used for inspecting large-scale gears 
such as those used in ship and heavy 
equipment powertrains, turbine gear-
ing, and gears used in nuclear and ther-
mal power plants and wind turbines. 
Inspection of large-scale gears is easier 
to perform with this style of CMM due 
to its open-access structure.

On the other hand, bridge CMMs are 
usually the right machine for measur-
ing small or medium-
size gears. Two styles of 
bridge-type CMM are 
available. One has a fixed 
table with moving bridge, 
and the other has a mov-
ing table with a fixed 
bridge. This second style 
of  CMM of fers 
greater accura-
cy. Some models 
of bridge CMMs 
have quite large 
capacities, over-

coming the need for a horizontal arm 
machine.

In addition to replacing dedicated gear 
inspection equipment, CMMs can also 
replace many of the smaller, hand-held 
and functional gages often used in gear 
inspection. “Hand-held gauges are sub-
ject to operator interpretation,” Fox says. 
“Repeatability between operators using 
manual inspection methods is lower. 
Speed of measurement is certainly slow-
er. Written reporting is open to incorrect 
values being recorded. An automated 
CMM can be measuring parts, while 
the operator continues to produce parts. 
Once the CMM program is proven out, 
you know you will get good accuracy, 
repeatability and reporting.”

In some cases the CMM can even be 
placed right on the shop floor, alongside 
production machines.

“The two major enemies for a CMM 
are rapid and dramatic temperature 
changes, and vibration,” Fox says. “Even 
when on a shop floor, if the tempera-
ture is somewhat stable there is no major 
noticeable error. Mitutoyo equipment 

has temperature sensors on each scale. 
Therefore proper compen-

sation is made for tem-
perature fluctuations. 
Mitutoyo has many 

customers that place 
the CMMs on the 
shop f loor  and 
are very pleased 
with the repeat-
ability and accu-
r a c y  o b t a i n e d . 
Mitutoyo manufac-

tures a specif-
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ic CMM, the Strato, which is made for 
use on a shop floor. The Strato scales 
incorporate non-expanding glass scales; 
the ways are completely protected with 
covers and bellows and active vibration 
dampening using auto leveling air spring 
units.”

Those who might have considered 
CMMs in the past should definitely take 
another look, Fox says.

“In the past 5-10 years, Mitutoyo 
CMMs have become much more pre-
cise with the incorporation of high-
performance controllers, greater scan-
ning technology, minimizing inter-
nal heat generation, faster servo drive 
mechanisms with accelerations of up to 
2.598 mm/sec2,” Fox says.

With regard to precision, Mitutoyo 
makes both high-accuracy CMMs as 
well as commodity-level equipment. 
The commodity-level machines allow a 
maximum permissible error (MPEE) of 
1.7+3L/1,000 microns, while Mitutoyo’s 
mid-range and high-accuracy machines 
allow 0.9+2.5L/1,000 microns and 
0.6+1.5L/1,000 microns, respectively.

“It is because of the accuracy at the 
mid-range and high end that Mitutoyo 
CMMs are very well suited for the 
extremely tight tolerances required for 
gear measurement,” Fox says.

“One thing to be aware of is Mitutoyo 
manufactures every component that is 
used in all Mitutoyo equipment, includ-
ing all of our CMMs,” Fox says. “We 
have excellent control over the quality of 
the components that go into our CMMs. 

This enables Mitutoyo CMMs to have 
the longest meantime between failure, 
which is from 25,000 to 30,000 hours.”

Some of the key ingredients to 
Mitutoyo machines’ accuracy include 
machine construction and precision 
components. “The Y axis is cut and 
ground from the same piece of gran-
ite as the plate,” Fox says. “The Y axis 
will never change because of this, 
unlike CMM manufacturers that use a 
separate piece of granite that is glued 
and attached by lag bolts. In addition, 
Mitutoyo has always produced the best 
scales, which have very minimal to no 
expansion. Mitutoyo incorporates tem-
perature compensation on each scale.”

Beyond the precision and accuracy of 
the machines, one of the keys to accu-
rate gear measurement—whether on a 
CMM or a dedicated machine—is the 
software, Fox says. For example, calcu-
lation of whether an involute curve is 
correct based on data points extracted 
during measurement requires the use of 
high-level mathematical formulas and 
sophisticated algorithms. GEARPAK is 
very exact in these calculations, Fox says, 
and Mitutoyo has received certification 
of the algorithms from Physikalisch-
Technische Bundesanstalt  (PTB), 
Germany’s highest national technical 
certification authority.

In order to achieve certification of the 
software, Mitutoyo had to provide PTB 
with GEARPAK calculations based on 
data points supplied by PTB. The range 
of calculations included complex gear 

flank evaluation for gear tooth profile 
and flank line; tooth profile deviations, 
such as slope and form; profile crown-
ing; tip and root relief data; helix slope 
and form deviations; crowning of the 
flank line; a variety of end relief data, 
including modifications of curvatures 
and reliefs; gear pitch; tooth thickness; 
tooth spacing; dimension over wires, 
or balls; displacement dimensions; and 
tip and root diameters including con-
centricity, or runout. The results were 
sent back to PTB where they were com-
pared with the correct results. In order 
to receive PTB Certification the results 
of test data must be less than 0.1 µm 
(0.0001 mm or 0.000004») from the 
PTB’s reference values.

Mitutoyo’s GEARPAK software for 
bevel gears supports Gleason geometry 
straight bevel, spiral bevel and hypoid 
gears. The GEARPAK for worm gears 
module supports ZA, ZN, ZI and ZK 
tooth forms, as well as single- or multi-
start worms.

The GEARPAK software is incorpo-
rated with Mitutoyo’s MCOSMOS soft-
ware package (Mitutoyo Controlled Open 
System for Modular Operation Support). 
By combining intuitive icon-based pro-
gramming with the ability to import 
native CAD models, MCOSMOS enables 
even novice users to easily import 
part and fixture models and “virtual-
ly” place them in the volume of their 
specific CMM. MCOSMOS graphically 
defines the CMM, racks, probes, and 
even styli. Selected graphically, all mea-
surement points are clearly displayed 
on a 3-D graphic view which can be 
rotated, zoomed, or panned to any con-
venient viewpoint. Animation enables 
offline running of a workpiece before 
ever placing it on the CMM, thus pro-
viding machine volume verification and 
collision avoidance. Then, MCOSMOS 
enables users to choose various software 
modules to analyze measurement results, 
to document and present results, and 
to archive the data in practical struc-
tures. Furthermore, MCOSMOS inte-
grates with networked systems for in-
line process control applications as well 
as to enable true enterprise-wide func-
tionality.

The other attractive feature of CMMs 
for gear inspection is that they can eas-
ily be used to inspect other features, 
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Fox says. By incorporating high-level 
software, CMMs can measure virtual-
ly any type of geometry. For example, 
airfoils, compressor scrolls or turbine 
blade geometry can be inspected with 
the appropriate software. In addition, 
“the ability to incorporate components 
such as vision probes using edge detec-
tion technology and laser line scanning 
probes have made CMMs much more 
flexible and powerful,” Fox says.
For more information:
Mitutoyo America Corporation
965 Corporate Blvd.
Aurora, IL 60502
Phone: (888) 648-8869
Fax: (630) 978-3501
www.mitutoyo.com
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sandvik Offers Latest Tool 
Technologies
In addition to volume gear manufactur-
ing on dedicated machines, gear teeth 
are increasingly being machined as fea-
tures on various components, as well as 
gear wheels in smaller batches. Whatever 
the application, gear milling should per-
form as well as other metal cutting oper-
ations, where technology has moved on 
considerably. The conventional scene—
i.e., specialized production of gear mill-
ing using high-speed steel hobs or cut-
ters at moderate speeds, bathed in oil—is 
changing. Such are the pressures of com-
petition.

 Machining centers and multitask 
machines are increasingly players in 
this scene, putting gear teeth on wheels 
and multi-feature components while 
providing new opportunities. Just like 
more traditional, dedicated gear cutting 
machines, these newcomers to the gear 
industry achieve maximum efficiency. 
Newly developed, indexable-insert tech-
nology is now providing new means to 
change gears in the machining process.

 Prog ress  in  tool  technolog y. 
Manufacturing gears, whether in the 
form of a gear wheel or a component 
with gear elements, is a machining-

intensive process, therefore efficiency 
is key to cost effectiveness. High-speed 
steel (HSS) has for some time been the 
dominant tool material for gear cutting; 
however, it is being replaced by cement-
ed-carbide. Most machining areas are 
today dominated by modern indexable-
insert technology based on cemented-
carbide cutting edges. This is comple-
mented by solid-carbide tooling, partic-
ularly when size makes inserts impracti-
cal. The hot hardness difference between 
HSS and cemented-carbide is consider-
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