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About Us

Headquartered near Ann Arbor, Michigan (USA),
Balance Technology Inc BT is a thriving Precision
Measurement and Testing company with a strong
domestic and international presence. Since 1968,
BTI has set the standard in industrial Precision
Measurement & Testing systems. With 13,000 plus
systems shipped worldwide, our team approach to
customer satisfaction and technical innovations
has forged our reputation as an industry leader and
trusted partner.

BT world Headquarters.
All our equipment is engineered & manufactured in the USA.

BTI engineers and manufactures a complete line of industrial precision measurement and testing
equipment, including static and dynamic balancing equipment, dimensional gages, mass centering
equipment, eddy current crack detection systems, surface finish measurement equipment, NVH
equipment (noise vibration and harshness), functional test stands, spinners, motor testers, and
resonant frequency measurement systems. We also engineer and manufacture specialized test
systems, including torque-to-turn, backlash, end play, and destructive test equipment.

Additionally, BTI’s unique ability to combine the aforementioned technologies into one fully
integrated system enables our clients to reduce capital expenditures, increase product quality, and
minimize floor space requirements.

Let our staff of over 50 engineers design a custom solution for your specific requirements.
Furthermore, our commercial Measurement & Testing Services Group (M & T Services) can assist
with everything from prototype testing, R&D work, master certification to running small to medium
production runs.

Our service department is available 24 hours a day, 365 days a year. We also
offer remote diagnostics for “real time” software updates.
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What we do...

We engineer custom equipment for all your Precision Measurement & Testing Needs
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Balancers

Balancing equipment engineered for all applications, parts

Dimensional Gaging

Equipment
Dimensional gaging equipment for all applications, parts 4

and production rates.

and production rates.

: o 1 ]

"‘.:',"’ Y ‘f’"“?"l‘,\‘y""f\"\i ‘;A‘ iy 4 iy ",‘,,1“ l.‘livllvl‘,’j)“. [/ I‘,"}‘ 1_4 [
Surface Finish NVH & Specialized
Measurement Testers

Surface finish monitoring systems for all applications NVH, Modal Analysis, Motor Testing and functional test

stands.

parts and production rates
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Crack Detection Combination
Crack detection systems featuring Eddy Current ] Eq u I pme nt
technology for all applications, parts and production rateg ¢ pr
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UNBALANCE TOLERANCE IN VECTOR SPACE

Joel M. Book, John Haidler

In general, most explanations of measurement tolerance are presented in one-dimensional terms. A
typical example might be a shaft with a specified diameter of @20 mm and a tolerance of £0.10 mm. This
is a one-dimensional measurement, with a bilateral tolerance. For a measure system to demonstrate a
10% GR&R (gage repeatability & reproducibility) the study variation (60) or spread of data must not
exceed 0.02 mm. Shown on a number line, it would look something like this:
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B

199 +———— LSL

(mm)

o

201

|

\
o
o
~

In contrast to the diameter of a shaft, the unbalance of a rotor is a vector quantity, always having both
magnitude and direction and possibly having any orientation relative to the rotor’s angle reference (i.e.,
having positive or negative values of its cartesian-coordinate components). An unbalance tolerance
should be understood in a vector sense. A simple Cartesian (X, Y) or polar (R, ©) plot can be used to
illustrate and better understand unbalance.

While actual unbalance is a vector quantity, most specifications of unbalance tolerance are expressed in
one-dimensional forms, being only concerned with the magnitude of residual unbalance. Typical
examples include:

1) Maximum unbalance of T g-mm;

2) Unbalance of U+ T g-mm;

Further, balancer performance is also usually evaluated and qualified using one-dimensional methods,
looking only at the magnitude of the measured unbalance. While this can be valid where only the final
magnitude is of concern for the balancing process, the actual size of the unbalance tolerance zone may
not be immediately obvious from reading the unbalance specification.

On rare occasions, two-dimensional balance requirements will be specified, as in:
3) Unbalance of U £ T g-mm, within G° of a specified axis, A;
4) Residual unbalance not to exceed T g-mm with a bobweight of weight W g at a given location
(e.g. on a crankpin or at a mounting hole).
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This document provides graphical explanations of how to interpret each of these cases in vector space.
While this document presents only a single unbalance plane, as would be typical of a force-only
unbalance tolerance, this presentation can be generalized to multiple planes or to force-couple
specifications.
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1) Maximum Unbalance of T g-mm.

In this case, the nominal target unbalance is zero, and the tolerance zone is a circle of radius T g-mm
when seen in a vector plane. This may also be expressed in Cartesian form as 0 + T g-mm along any
axis through the origin, allowing one to define upper and lower specification limits. The Upper
Specification Limit, USL is +T g-mm, and the Lower Specification Limit, LSL is -T g-mm (along any axis
that passes through the origin). This produces a total tolerance zone with width (diameter) of 2T g-mm.

_ BALANCE TOLERANCE ZONE
/ DIAMETER = 2T

CAPTURE CIRCLE —

This is equivalent to specification of maximum radius only in polar coordinates (R, ©). Distributions are
typically normal in magnitude (X, Y or R) when sufficiently far from zero and non-normal when close to
zero.
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2) Unbalance of U £ T g-mm.
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In this case, the nominal target unbalance is U g-mm, without an angle specification and with an
unbalance tolerance of + T g-mm. This defines an annular (ring-shaped) tolerance zone for acceptable
unbalance vectors. In polar coordinates, the USL along any line from the origin is U + T g-mm, while the
LSL is U—-T g-mm. The total width on a magnitude basis of the tolerance zone is 2T g-mm, centered
around the nominal value of U g-mm.

NOMINAL UNBALANCE MAGNITUDE, U

CAPTURE CIRCLE

/ BALANCE TOLERANCE ZONE
WIDTH = 2T =2T

UsL =

LsL=U T\
U+T

This is the form of tolerance zone that most one-dimensional gage repeatability, process capability, and
GR&R methods assume. If U - T is sufficiently far from 0, the distribution is likely to be normal in
magnitude only and 1D evaluation methods (Xbar & R, ANOVA) are valid measures provided the results
are viewed with respect to the entire tolerance zone (2T).
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3) Unbalance of U £ T g-mm, at a defined angle.
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In this case, the nominal target unbalance is U g-mm located exactly on an axis A. For the case with U
greater than T the tolerance zone is a segment of an annulus, with USL and LSL in the unbalance amount
direction of U + T and U — T g-mm respectively, and USL and LSL in the angle direction of + G° on either
side of axis A. The total width of the tolerance zone is 2T g-mm in the amount direction and 2G° in the
angular direction.

USL=A"+G"
USL=U+T~ A

“~.__ NOMINAL UNBALANCE MAGNITUDE
RADIUS = U

Caution should be exercised when evaluating angle in degrees as the range for patterns that include 0°
can be easily mis-represented. Additional ambiguity can result from the angle convention used, 0° — 360°
or = 180°. The 2G° value can also be determined in balance units, however the allowed range varies with
the radius (magnitude) of the measurement, i.e. angular width in balance units at USL is greater than the
angular width in balance units at LSL.
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If T is larger than U, as may occasionally occur, then the tolerance zone is more complex. This results in
a pair of unequal circular sectors on opposite sides of the zero point.
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“~._ NOMINAL UNBALANCE MAGNITUDE
RADIUS = U

This is difficult to explain and likely to be a specification error.
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4) Maximum Unbalance of U g-mm with a BobWeight.
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Residual unbalance can be specified in the same manner as case 1 with the addition of a bobweight.
This is commonly expressed as residual unbalance not to exceed U g-mm with a bobweight of weight W
g at a given location (L, ¢). When a bobweight of the correct weight is actually used, the tolerance zone
is exactly the same as described for case 1. Any variation in bobweight weight or location are immaterial
provided they are within their respective design limits.

It is seldom practical to affix a physical bobweight to every part being balanced for mass production.
Instead, the unbalance measurement may be performed without a bobweight and a compensation
adjustment will be made in the balancer software to produce a part with the desired net outgoing
unbalance.

Alternatively, a specification may require zero unbalance with a bobweight (W = V g) at a location (L,
radius) and at an angle (®) with a positional tolerance (P). In this case the nominal residual unbalance
target is equal to W x L g-mm at the defined angle, . The unbalance tolerance zone is then defined by
a function of W, V, L and P. There are several ways to do this. If P is small compared to L, it is convenient
to ignore P in the tolerance zone for unbalance magnitude. If V is small compared to W, it is convenient
to ignore V in the tolerance zone for the angular direction.

USL = (W+V) x L Y

P
S ~._ TOLERANCE ZONE WIDTH

/ W x P

LSL = (W-V) x L~

™

~._NOMINAL UNBALANCE MAGNITUDE
RADIUS=U=WxL
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Even this simplified form can be a difficult tolerance zone to evaluate against in practice. It is usually
more convenient to assume a circular tolerance zone with a radius equal to L x V centered around the
nominal position.
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USL = (W+V) x L~
\
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LSL = (W-V) x L~ Y
\ \ NOMINAL TOLERANCE ZONE
\ DIAMETER =L x 2V
\
e

™

~._NOMINAL UNBALANCE MAGNITUDE
RADIUS=U=WxL

With this assumed circular tolerance, the USL is L x (W + V) g-mm, and the LSL is L x (W - V) g-mm,
and the total tolerance zone width is L x 2V g-mm.
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