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1M & MI Pr'e',c:iisioln,
Penn State & NIIST'
Team IUp IFoirGear

Metrol,o'lgy Baseerch
In 1993, M & M Preci iOB

System wa awarded a
lhree-year,parliaJ grant from
the Advanced Technology
Program of the Department
of Commerce' National
Institute of Standard and
~echnology '(NISn. Working
with Penn ylvania State
Universiry. M&M embarked
0,11 a technology development
project to advance gear mea-
surement capabilities to lev-
els, of accuracy never before
achieved.

Re ponding to. im:lu try
concern about the measure-
ment uncertaintie associated
with gear manufacturing
proce .cenrrol and lbe com-
petitive po ition of U.S. gear
manufacturers worldwide.
M & M contribused over $1
million of it own funds to ig-
nificandy improve gear mea-
urement accuracies and pro-

vide a proven methodology
for verifying 'lhese aeeuracie .

Project Goals
The goal, of the project

included:
.' Develop arid implement

a rational methodology for
analytically repre endng all
points on the running ur-
faces of a:II teeth on a generic
gear, nece uy information
for transmis ion error predic-
tion. analy is of heat treat
distortion" etc.;

.•.Model the accuracy of
generative gear mea urement

machines as a function of
accuracy of the components
of the system;

• Determine the accuracy
of state-of-the-artgenerative
gear measurement machines
by use of the above model
and comprehen ive gear
me urements;

• Buhance mea urement
machine and. contrelsarchi-
tecture and sensor hardware
and oflware 'Iechllol.ogies '10
achieve submicron level accu-
racies LIl gear measurements:

• Develop statistical meth-
ods using measurement
redundancie and replications
'to enhance measurement
accuracies and to estimate
measurementuncertaintie ;

• Develop computation
algorithms and software to
compensate for systematic
machine-component errors
and minimize final measure-
meru inaccuracies:

-Develop procedures and
artifacts adequate to verify
. ubmicron level aecuracie in
precision gear measurement;

• Verify the achieved
level of gear measurement
accuracy by implementing
the above developments into
an enhanced gelleraLivege3.l'
measurement machine.

Progr~
A number of develop-

mems in hardware and oft.~
ware were necessary to
achieve these goal .
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NEW versatile, accurate, economi'cal
Hob ,iCutter Measulring I'nstrument

The base Instrument in this new series is designed to mea-
sum rake of flu:te" radial or hook,and parallelism ,(includes,
indicator stand). Option for inspecllng index .spacing (includes
index paw mechanism with tooling-precision arbor and in-
dex plates). using new index plates or your existing 6ft ITW or
10" Barber Colman index. plates.

NOW oflerlng' completesharpenln9'8/1d coating uTVlces for
,hobs to 6". Strslg./1t gash. Insp etlon, sharpening,

Inspection-the best way for you to attaJn ~
_ dramatic lmpro'llflme.nt In your gear quality. V'
ContacS us lodayIOF s:peclrfiC8,tlons, pricing
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For specifical.ions call (630) 3n-2496 or Fax (630) 377-2546
MAINUFACTUREID 'GEAR 6 GAGIE. INC.

P. O. BOX 7155.IElGIN, IL 60121

:sEE US AT ASMA GEAR EXPO BOOiH'7211 CrlRCUE 164

JULVIAUIlU6T 1817 39

http://ht1p:J/www.geartechnology.com


IN A URIES

Want to ma~e your customers Sit up and take notice? Just add
these bullets to your next gear ad 'cmger life. Improved ,olque
1ft low tempeilltures. EXtended lube i'n.tetvlJls. Nig.flef
lo,d-catryin.9 ctJpalJi.lily. Delivermg these performance advan-
tages IS easy WIth the new Synthetic Gear 011 340 Sanas from Nve
lubricants. Compatible With petroleum. plastics. and elastomers. they
ensure less friction. less wear. less energy consumption. lass mainte-
nance. and longer gear lite. Choose trom one of three AGMA grades. and
add Nye's SGO 3110 Series 10 your gear boxes. No seal replacement is
necessary Then. roll out your new and improved gears - without go ing
back to the drawing board. for technical data or sampl as, call Nye today.

PO Box 8927
New Bedford. MA 02742-9927
Ip Q n.: 508··!96~ilI21
Fu. 508-997-5285
E-Mail techhelpCnyelubncants com

SEE US:Al A'GM!A GEA.ft,EX..PDBOOTH mol CIRClEUQ'

IEXAC,'T & REPEATAB,l,E
G,EAR DATA

1\10' set-up or master required.IPC based SPC program
available or RS-232 port. Precision Tungsten Ca~bide
balls or pins for maximum aecuracv.Bobust con-
struction=Each g.auge 'custom built, Over/under digi-
tal displav wi inch or mm conversi.on.

PHONE OIR FAX FOR IBROCHURE OR ID,EMO

Member of A:GMA
P.O.Box. 361., Springboro', 10H 45066,. Fax: 151:31746-5103

Phone: 513/746-3800· E-mail: digi1@erinetcoml
SEE IUSAT AGMA G~R IEXPOBOOlJll #334! cmCL'E 157
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errors) were integrated inm master, a 1" sphere master
the M & M 9000 gear mea- (under 2 mieroincb form
surement program. Rotary errors), a lead master and an

Environmenltll Cllamber.
An eavironmental chamber
was installed in the first
year of the project. This
room has been certified
traceable to NIST to control
temperature within J OF and
humidity under 45%. It has
been \I ed bolh to determine
current day gear measure-
ment ma!chi.ne accuracies
and to provide the necessary
environment to achieve pro-
ject goals.

Enhanced Accur:acy for
LJ'near .(In,dRotar, Axes.
M & Mand Penn Stare
worked together to develop
models to characterize the
systematic machine and
component errors throughout
the entire system, Software
to enhance probe locations in
the light of these errors (slide
path, yaw,and distance

axis 'errors were derived
from a set of index measure-
ment on a et of master
gears. Software separated the
gear index errors used inthe
measurements from the
rotary axis errors. The M&M
9000 can calibrate index
errors on a master gear to
better than 15 microinehes of
measurement uncertai nty,

Easer Linear Measuring
System. A laser linear mea-
suring system was also
developed. This system was
evaluated by the Mid-Scale
& Complex. Form Metrology
G:roupal NIST and shown to
achieve a .2 micrometer (2
sigma} uneertainty for 800
mm displacement.

Gear A.rtifacts, To evalu-
ate the enhanced measuring
system wi.th the lowest mea-
surement uncertainties possi-
ble for profile, index and
tooth alignment (lead), uti-

fact were designed and cali-
brared, NIST and the
Oakridge Metrology Center
Y-12 Plaut measured a pill

involute master, Procedures
are currently being docu-
mented along with mathe-
maticaJ estimates of the ·finaJ
measurement uncertainties
for all artifacts.

Final results of the
research are currently being

for N.IST.
Integration of this new tech-
nology into available products
i underway at M & M. 0
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If you found this artie Ie of
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For more information about
M & M Precision Systems,
circle Z1G.


