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Soft bearing bal-
ancing machine.
(Photograph cour-
tesy Dynamics Re-
search Corp.)

A Management Guide
to Balancing

Mass balancing of rotating machinery can reduce noise,
allow higher speeds, increase bearing life, and more.
Here is an overview of the process and instrumentation.

By Victor Wowk, P.E., Machine Dynamics, Inc.

ass balancing compensates for

less-than-perfect manufactur-
ing. There would be no need for bal-
ancing if materials had uniform den-
sity, if holes could be bored exactly in
the center, if perfectly round or sym-
metrical shapes could be machined,
and if all assembled parts had exactly
the same weight and were placed at the
same radius.

Prior to 1880, machinists did lim-
ited balancing by trial and error with-
out instruments. The technology of
balancing was driven by higher speeds
in the electric power generation indus-
try and has leap-frogged the develop-
ment of bearings. Better balancing re-
quired better bearings, and better
bearings demanded better balancing to
function to their full potential.

Mass balancing is routine for rotat-
ing machines, some reciprocating ma-
chines, and vehicles. Mass balancing
is necessary if an operation or product

requires quiet operation, high speeds,
long bearing life, operator comfort,
controls free of malfunctioning, or a
“quality” feel.

Balancing machines :
There are three basic types of balanc-
ing machines: static balancing stands,
hard bearing machines, and soft bear-
ing machines. Static balancing stands
do not require spinning up and can
correct for static or single-plane unbal-
ance only. They are sensitive enough
for grinding wheels. They feature low
cost and safe operation.

Hard bearing balancing machines
have stiff work supports, lower sensi-
tivity, and more sophisticated elec-
tronics. They require a massive, stiff
foundation where they are perma-
nently set and calibrated in place.
Background vibration from adjacent
machines or activity can affect balanc-
ing results. They are used mostly in

manufacturing production operations
where fast cycle time is required.

Soft bearing balancing machines
have flexible work supports, high sen-
sitivity, and simple electronics. They
can be placed anywhere, and can be
moved without affecting calibration.
Their flexible work supports provide
natural isolation so nearby shop activ-
ity can continue while the machine
still achieves fine balance levels. A
belt-driven soft bearing balancing ma-
chine can always achieve finer balance
results than a hard bearing machine.
Every repair facility should have a soft
bearing balancing machine and per-
haps a static balancing stand.

A balancing machine is not difficult
to make. The rotor must be supported

. and driven, and the motion measured.

Afan wheel can be balanced by attach-
ing it to a motor shaft and measuring
the motion with portable vibration in-
struments while the motor is operated
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on a rubber mat. This homemade bal-
ancing machine can achieve results as
well as a commercial machine, but
without calibration benefits. And the
balancing procedure will take longer.

The mechanical parts of soft bear-
ing balancing machines have not
changed significantly in more than 60
years. With few changes, the velocity
pickups of 50 years ago are still the
preferred sensors on balancing ma-
chines. The major changes have oc-
curred in the electronics and comput-
erization. A cost-effective solution to
balancing is to purchase an old soft
bearing machine and upgrade it with
modern digital electronics.

Shop versus field balancing
Mass balancing can be done in a shop
with the part mounted on a balancing
machine. Or, it can be performed in-
place in the field with the rotor mounted
in its own bearings and driven normally.
Shop balancing is performed during
the manufacturing process after the
rotor is fully fabricated and prior to
final assembly into its housing. It cor-
rects for manufacturing variability so
it spins up smoothly. Shop balancing
also is done in repair facilities as one
of the last steps in re-manufacturing.
Field balancing is done mostly for
convenience to the equipment user be-
cause the rotor does not need to be
removed. It is less convenient for the
person doing the balancing because
the instrument must be transported to
the job site. Field balancing usually
results in lower vibration because the
balancing is done at final speed, with
the machine’s own bearings and drive
system, and some site factors, such as
aerodynamics, misalignment, and
structural effects, can be accommo-
dated. There are hazards such as loose
balancing weights being thrown from
a high-speed rotor.

In-house versus service contractor
Shop balancing can be performed in-
house for quality control and for

SUPPLIERS OF BALANCING MAGHINES,
INSTRUMENTS, AND SERVICES

The companies in this section sup-
ply equipment and services for ma-
chinery balancing. Readers can
contact the companies directly to
request specific information or cir-
cle the appropriate number on the
reader service card.

1—Shop balancing equipment
2—Field balancing equipment
3—Field balancing services
4—Balancing software

5—Other balancing products or
services

ABM Technical Services (3.4),
8529 E. County Rd. 300 S., Plain-
field, IN 46168; (317) 389-7646.
Services include field balancing for
fans and turbines. Balancing and
alignment software is available.
Circle 180

The Balancing Company (3,5),
898 Center Dr., Vandalia, OH
45377; (937) 898-9111. The com-
pany can provide in-house balanc-
ing of parts from as small as 1 gram
to 50,000 1b, 11 ft in diameter, and
65 ft long. Field balancing services
are also available. Circle 181

Balancing USA (1,2,3,5), PO.
Box 288, Centerburg, OH 43011,
(740) 625-9459. Dynamic balanc-
ing is offered. Balancing textbooks
and training plus related balancing
equipment are available. Circle 182

Balmac (1,2,3), 4010 Main St.,
Hilliard, OH 43026; (614) 876-
1296. Balancing machines are de-
signed for fast, precision balancing
of fans, motors, and pumps. Port-
able balancers are offered for field
and trim balancing of complete ma-
chine assemblies. Circle 183

Bently Nevada (2,3,4), 1617
Water St., Minden, NV 89423;

(702) 782-3611. Single and multi-
plane field balancing services are
available worldwide as well as
portable field balancing equipment
and associated balancing software.
Circle184

CD International (5), 240 Port-
age Rd., Lewiston, NY 14092;
(800) 388-7972. Balance correc-
tion weight kit has seven styles and
42 sizes of weights that can be or-
dered individually in the quantities
required. Baseline balance stand is
a training machine that can be con-
figured to practice any type of bal-
ancing procedure. Circle 185

CSI (2,3,4), 835 Innovation Dr.,
Knoxville, TN 37932; (423) 675-
2110. Equipment offers solutions
for laser alignment and balancing
of critical product equipment. Bal-
ancer is available individually or in
a combined unit with options in-
cluding vibration analysis, electric
motor diagnostics, and quality cer-
tification. Complete field balancing
services are also available. Circle 186

Dynamics Research (1,2,5), 256
Two Mile Creek Rd., Tonawanda, NY
14150; (716) 877-5201. Computer-
ized balancing machines can handle
11 to 30,000 pounds. Computerized
updates for existing balancing ma-
chines are available. Circle 187

ELCO Textron, Precision
Stamping Div. (5), 800 W. County
Rd. 250 S., Logansport, IN 46947;
(219) 722-5168. Balancing clips
for HvAc fans. The standard product
is available in varying weight
ranges and will apply to most types
of blower fans. The company will
customize the clips. Circle 188

Entek/IRD (2,3,5), 1700 Edison
Dr., Milford, OH45150; (513) 576-
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6151. The company manufactures
balancing systems and instruments
from compact briefcase size to very
large, accommodating a weight range
of 1to 600,000 1b New equipment has
a range of features to cover all re-
quirements of precision balancing.
Circle 189

Machine Dynamics (1,2,3,4),
3540B Pan American Freeway, NE,
Albuquerque, NM 87107, (505) 898-
2094. Products available include
master rotors for calibration of bal-
ancing machines, double set screw
safe test weights, and field balancing
software. Services include classroom
training, technical consultation, and
balancing in place. Circle 190

Monarch Instrument (5), 15 Co-
lumbia Dr., Amherst, NH 03031;
(603) 883-3390. Tachometers and
self-powered sensors have laser optics.
Trigger signals to all balancers and
data collectors. Phase shifting strobo-
scopes allow viewing bent shafts and
blades while running. Circle 191

Positrol (5), 3890 Virginia Ave.,
Cincinnati, OH 45277; (513) 272-
0500. Hydraulically expanded arbors
hold parts during the balancing opera-
tion. Custom arbors can be provided
for specific applications. Circle 192

Schenck Trebel (1,2,3,4,5), 535
Acorn St., Deer Park, NY 11729;
(516) 242-4010. Universal and spe-
cialized balancing machines, field
balancers, vibration analyzers, dedi-
cated machine monitoring systems,
and an education and consulting pro-
gram are offered. Circle 193

Uptime (2,3,4), 120 S. 7th St.,
Terre Haute, IN 47807; (800) 777-
0753. Balance kit provides an accu-
rate, cost effective means to balance
rotating equipment. Circle 194

I

throughput in pro-
duction opera-
tions. Balancing is
a highly technical
skill and requires
specialized knowl-
edge and expen-
sive machines and
instruments. If an
operation cannot
or chooses not to
acquire and main-
tain the necessary
skills and tools, then there are other
alternatives.

Electric motor repair shops have
balancing machines. If a rotor can be
transported there and it fits on a ma-
chine, it can be balanced. Instruments
are portable and they can be detached
from the balancing machine for field
balancing at a facility if there is access
to the rotor so weight can be added or
removed.

Field balance times average 4 hours
and rates range from $60 to $200 per
hour. Every field balance job is a time-
and-materials task because of the un-
knowns of access, pre-existing faults,
coordinating starts and stops, possible
resonance, and how much balancing
reduction is required.

Tooling up for balancing

It is possible to balance with no instru-
ments, but it takes a long time and only
gross improvements in balancing re-
sult. The two main types of field bal-
ancing instruments are tunable filters
and digital analyzers.

Tunable filter instruments are easy
to learn, easy to use, field proven, af-
fordable, and capable of measuring to
fine levels. Digital analyzers (FFT
spectrum analyzers or other types) are
more complicated, prone to operator
setup errors, and usually more expensive.

Digital analyzers generally use a
photoelectric sensor for phase meas-
urement that is safer because the op-
erator can stand back and close the
door. Tunable filter instruments use a

,B'alancing is highly
technical and
requires specialized

knowledge and
expensive machines
and instruments.

strobe light for
phase measurement
that requires visual
access to the rotor
in subdued light.

Tunable filter
instruments make.
it easy to grasp the
physics of the situ-
ation by simple
and direct meas-
urements, and bal-
ancing proceeds
rapidly. But the instrument only takes
measurements; the balance calcula-
tions must be done separately. The
digital analyzer combines measure-
ment and calculation, but physical
relevance is lost, especially in two-
plane problems. Balancing must pro-
ceed “by the numbers” with digital
analyzers. The instrument used is the
least significant factor to achieving
good results. It is the instrument op-
erator who interprets the measured
data and responds.

There are various balancing meth-
ods—single-plane vector, four-run
without phase, two-plane influence
coefficient, static-couple, seven-run
without phase, flexible rotor, and trial-
and-error. The operator chooses the
appropriate method initially based on
original readings, then may switch to
a better method if things are not going
well. Balancers need additional train-
ing beyond reading the owner’s man-
ual. They especially need to be able to
recognize a nonbalance problem and
abandon the balance job in favor of
some other solution.

Other accessories are required to
conduct field balancing: an assortment
of balance weights, a scale for weigh-
ing to 0.1 gram, a calculator, some
wrenches and screwdrivers to disas-
semble panels, a flashlight, a padlock
and safety tags, marker pens, and a
battery powered hand drill. Shop bal-
ancing requires additional tools also:
master calibration rotor, tapered ar-
bors, and ANSI S2.19 specifications.
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Field balancing instruments include tunable filter type. (Photo-
graphs courtesy Balmac, Inc. [top] and Diagnostic Instruments, Inc.
[bottom].)

The down side

It is risky to work on a sick machine
that is partially dismantled and being
operated in a start-and-stop mode.
Risks include failing to reposition a
damper, leaving a tool inside, not se-
curing a test weight sufficiently, or
some other inadvertent slip that may
cause a crash. The danger is to every-
one standing by observing, especially
if a test weight should fly off.

Balancing may not always work in
the field to reduce vibration as well as
it does on a balancing machine. There
are a number of reasons: the influence
coefficient method uses equations
which are not entirely independent,
the structural system may be nonlinear
with resonance, other root causes of
vibration exist, the system may be un-
stable, bearings may be worn, shafts
may be distorted, or test weights may
be ill-placed.

Balancing instruments are capable
of measuring what is required and
have reached a mature level. The
methods of balancing have room for
improvement. A self-balancing rotoris
a wonderful idea, and some day they
will be affordable for all common ma-
chines. But until manufacturing
reaches a level of precision where bal-
ancing is not required, those involved
in balancing will enjoy plenty of satis-
faction from machines that are running
smoothly after they perform their job

successfully.

A list of suppliers of balancing equipment and
related products and services starts on page 18.
The material was developed by the editors with
input from the author.

Victor Wowk, PE., is the president of
Machine Dynamics, Inc., 3540B Pan
American Fwy, NE, Albuquerque, NM
87107, and the author of Machinery
Vibration: Balancing ISBN 0-07-
071938-1 published by McGraw-Hill.
He can be reached at (505) 898-2094.

For a complimentary copy of this article
and more information
Circle 102 on Reader Service Card
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