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Gle,ar' IMel,a:sulr,eme'lnt
Traceability and Uncertainty

Introduction
UntiJI recently. there was a void in til'"

quality control. of gear manufacturing in
this country (Ref. I). Gear measurements
were not traceable to the international
standard oflengtll through the National .
Institute of Standards and Technology
(NIST). The U.S. military requirement
for traceability was clearly specified in
the mililary standard MU...-STD45662A
(Ref. 2). Thi standard has now been
replaced by commercial sector standards
including ISO 900U99'4 (Ref. 3).
ISOIlEC Guide 25 (Ref. 4), and the U.S.
equivalent of [SOIlEC Guide 25 -
ANSIINCSL Z540-2-]997 (Ref. 5). The
draft replacement to [SOllEe Guide 25 -
ISO 17025 states that measurements mu t

either be traceable to SI units or reference
toa natural constant, The implications of
ttaceability tothe U.S ..gear industry are
ignificant, In order to meet the stan-

dard, gear manufacturers must either
have calibrated artifacts or establish their
own traceability to SI units.

Melro.logy and Traceability-Related
Wo.rksll()ps. NIST hosted and co-spon-
sored two industrial workshops that
addressed metrology issues in .S. man-
ufacturing, EllAugust, 1992, N1ST hosted
"Metrological Issues in Precision Toler-
ance Manufacturing," in Gaithersburg,
Maryland, This workshop revealed a COIt- I

cern among a wide eros -section of
American industry that the quality con-
trol practices in the production of gears
are not sufficiently traceable to N1ST
. taadards (Ref. 6).

In response to this finding, MST
teamed with the Department of Energy
Oak Ridge Y-l2 Plam in Oak Ridge.
Tennessee. to conduct an "Advanced
Gear Metrology Workshop" at the Y-] 2
Plant in April, 1993. Significant planning
assistance for the workshop was also pro-
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vided by the Defense Logistics Agency,
which is responsible for the procurement
of gears for U.S. military weapon sys-
tems. The most important find:ings from
the workshops were that the gear industry
most often uses involute or tooth align-
ment artifactsthat were often not trace-
able to NIST; and that there were no
nationally accepted standard artifacts or
slandard measurement systems ro use in
measurement comparisons.

CDmmiltee on Gear MetmlDgy. Asa
result of tile workshop , a partnership was
formed between the American Gear
Manufacturers Association (AGMA), tile
American Society of Mechanical
Engineers (ASM£), N1ST. Pennsylvania
State University, and the Y~12 Plant.
ASME fanned an industrial advisory com-

I mittee known as the Committee on Gear
I Metrology (COOM). This committee was
I established. to give industry's priorities on
I reestablishment of gear measurement

traceability to NISTand the y~12 Plant.
National Gear Met.ro.logy Center; In

October 1994,. a $3-miUion stipend was
awarded through the Department of
Defense's Technology Reinvestment
Program. The first item on the agenda
was the reestablishment of involute pro-
file artifact calibration wiUl a stated
uncertainty and direct traceability to the
SI unit of length through NIST. Next, a
facility-the National Gear Metrology
Center (NGMCj-was constructed at the
Y-12 Plant, This facility was equipped
with state-of-the-art coordinate measur-
ing machines (CMMs) for the calibration
of all types of gear artifacts. A computer
controlled generative gear checking
instrument was loanedto the Y- L2 PLant
for several years by M&M Precision
Systems Corporation to h.eJp correlate
data from the CMMs to the gear check-
ing instrument

Fig. 1-1nvo'lute p~Dfilll' arti1acl

Gea1 Artifact Measurement
Uncertainty

The measurement uncertainty method
used at NIST and the Y-12 Plant is known
as measurement decomposition, In this
method, which was developed by Dr.
Howard Hsraryat NIST. thecomplex
measurement task is broken down into a
series of simple ubtasks, which can be
repre ented with reference ani facts such
as gage blocks, angle blocks, or spheres.
The uncertaintie of the reference ani-
facts and the repeatability of the mea-
surements are combined to reach a final
uncertainty for the gear artifact

The measurement decomposition for
involute profile artifacts consists ofmea. ..ur-
ing the centers of two circles on spheres and
calculating a line between the circle centers,
translating a.distance from the line using a
gage block. and measuring a serie of
points in a direction normal to an involute
curve on a sphere (see Fig. 1). A multiplier
(1<=2) is used to allow the uncertainty w
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represent approximately a 95% confidence
level of uncertainty for involute profile arti-
facts of ±O.9 micrometers. To check the
uncertainty. an iatetcomparisoa was done
between NlST. Y-[2,. and M&M Precision
Systems Corporation. The results are
shown in Fig. 2.

The measurement decomposition for
pin artifacts consists of measuring the
centers of two circles on spheres and cal-
culating a line between the circle centers.
translating a distance from the line using
a gage block, and. measuring the diameter
of a sphere (see Fig. 3). The stated uncer-
tainty at approximately 95% confidence
level for pin artifacts is ±Q.? micrometers
for offset, ±O.5 micrometers for diameter.
and ±O.3 micrometers for roundness,

The measurement decomposition for
tooth alignment artifacts consists of mea-
suring the centers of two circles on
spheres and calculating a l.ine between
the circle centers, translating a distance
from the line using a gage block, and
measuring a series of points at an. angle to
the line using an angle block (see Fig. 4).
The stated uncertainty at approximately
95% confidence level for tooth alignment
artifacts is ±O.8 micrometers for infinite
leads, ±O.9 micrometers for ]OO-inch

i leads, ±1.1 micrometers for 32-inch

F,ig.4--Toorh a!lignment artifact
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measurements mu t add to 360°; therefore !Fig.5-lntercomparison oftoothl alignment artifact
any error can be ubtracted from the mea-
surement (Ref. 7). The decomposition COil-

sists of measuriag the radial and axial
runout of the rotary table, the repeatability
of measuring an angle between three
spheres on the rotary table, and!the repeata-
bility of an index. artifact on tile rotary table

(see Fig. 6). The stated uncertainty at
approximately 95% confidence level for
index artifacts is ±l6 arcseconds or ±O.6

leads, ±L2 micrometers for L6-inch
leads, and ±1.3 micrometers f01' H-inch
leads. Intercomparison data between
NIST and Y-I2 for tooth alignment arti-
facts i hown in Fig. 5.

The measurement decomposition for
index artifacts utilizes a rotary table and the
principle of circle closure to subtract rotary
table errors. In circle cIo ure, all angular

micrometers for index artifacts up to 6
inches in diameter. Intercomparison data
between NlST, Y-12, and The Gleason
Works i hown in Fig. 7.

In addition to the iruercornparison
measurements above. Y-12 has been
involved in a round-robin of involute pro-
file artifacts that is sponsored by the
AGMA Calibration Committee and an
international round-robin of gear artifacts
that is sponsored by the University of
Newcastle, UK. The results of the AGMA

round-robin were publi ked in the pro-
ceeding of the 1998 AGMA Fall
Technical Meeting. The re ults of the
international round-robin have not been
published yet.

National Voluntary Laboratory
A.,ccreditaUon Program

The NGMC was accredited by the
NIST National Voluntary Laboratory
Accreditation Program ( VLAP) for mea-
surement of involute profile artifacts, pin
artifacts. and tooth alignment artifacts on
July 8, 1999. This is the first blboratory
accredited by NVLAP to calibrate gears.

Future Plans
During the 1999 AGMA Fall

Technical Meeting, the eOGM met to
discuss the future of gear metrology. The
committee decided that the NGMe
should begin offering calibrations that
meet the [SO \328-1 and .ISO [328-2
standards, and their com: ponding tech-
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