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Brush motors
are generally
less expensive than
brushless versions and are
more easily controlled with less
The lower motor

By Mike Lefebvre
Engineering Manager
Ametek Technical &
Industrial Products
Harleysville, Pa.

electing dc motors for medical equip-
ment often starts with off-the-shelf
designs. The details of the application
will then steer the selection more toward a
brush-commutated or brushless dc design.
Some medical devices, such as surgical
tools and drills, need motor speeds over
10,000 rpm. Others, such as imaging and
treatment tables, may need low noise and
low vibration mostly to help quell patient
anxiety and stress, but also to provide more
pleasant working conditions for medical
staff. To make the right selection, it helps to
know how permanent magnet (PM) brush-
commutated and brushless dc servo motors
compare.

Words to the wise

Regardless of whether a motor is brush
or brushless, some medical device specifi-
cations come with frequently encountered
wording that impact either motor’s de-
sign. For example, a requirement for au-
toclavability can mean encapsulating mo-
tor windings in potting compounds, coat-
ing printed circuit boards, using specific
greases for bearing lubrication, shield-
ing magnets with specialized platings or
coalings, using corrosion resistant metals,
and sealing the motors. To see how these
requirements are most easily met, it's a
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Brush or brushless motors?

Each has
advantages.
But regardless
of which
off-the-shelf
motor you choose,
expect to modify it
to meet the specs.

good idea to take a closer look at how the
motors stack up in terms of size, power
density, speed, noise, and life expectancy.

Also, take generalizations with a grain
of salt. This is true with any comparison
of competing technologies. General motor
characteristics may be typical, useful, and
preliminarily necessary, but should never
be considered absolute. For instance,
there will always be exceptions to advan-
tages or disadvantages, especially because
motors can be engineered to overcome
perceived deficiencies.

Gonsider these

All de servo motors convert electrical
energy into mechanical energy through
two interacting magnetic fields. One field
is produced by a permanent magnet as-
sembly and the other by an electric cur-
rent in the motor windings. The relation-
ship between these fields and those of
the wound armature (brush motors) or
permanent-magnet rotor (brushless mo-
tors) generates a torque that turns the
rotor. As the rotor turns, current in the
windings is commutated, or switched, to
produce continuous torque.

Conventional brush-commutated dc
motors use brushes commonly made of
graphite with some metal content. Brush-
less motors commutate electronically
using a permanent-magnet rotor, wound
stator, and rotor-position sensor. Each
technology has pros and cons. For ex-
ample:

Relative physical size and power
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density is largely a
function of where
the wound field
is located in the
motor. Brush de¢
motors here have
higher thermal im-
pedance (windings
on the armature or
rotor) which cre-
ates a less efficient
thermal path and

rear housing.
lower rate of dis- ’

ABRUSHLESS DESIGN

The sketch of a brushless motor shows the o
electronics necessary for commutation in the

A BRUSH MOTOR

The 22-mm motor shows its brushes, the
rectangular devices, in the cap to the upper right.

sipation. Hence, to

generate a particular continuous out-
put torque, a brush motor may be larger
than a brushless version. On the up side,
a larger brush motor may not need the
drive electronics necessary for brushless
motors. On the downside, a larger motor
may be a shortcoming for medical instru-
ments that must be as small as possible.

The lower thermal impedance in brush-
less de motors (windings are located in
the stator) and a more efficient thermal
path allows a higher heat-dissipation rate
than brushed motors. Smaller brushless
motors therefore, can generate as much
or more continuous output torque as a
brushed motor.

Speed can be tailored to the appli-
cation. Brush-commutated dec motors
should generally run over 1,000 rpm to
keep particles from accumulating in slots
between commutator segments, which
could create shorts between commutator
bars. Gearheads are often used to gen-
erate shaft speeds below 1,000 rpm.
Operating speeds above
10,000 rpm are
common to
brushless
motors and
less so for
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brush versions.

High rotational speeds for brushless
motors is often limited only by the me-
chanical integrity of the rotor, speed-
related internal losses, and bearings.
Speeds over 10,000 rpm are possible with
appropriate designs.

To find a motor’s speed for particular
conditions, use:

T,
V-(?,”JR
0= ——— 2" x1000
Ke

where @ = motor speed, rpm; V= sup-
ply voltage, V; T, = load torque, oz-in.; K|
= motor torque constant, oz-in./A; I, =
motor no-load current, A; R, = motor ter-
minal resistance, Ohms; K, = motor volt-
age constant, V/1,000 rpm. When speed
is known, you can solve this equation for
one of the unknown quantities, often volt-
age or current.

Primary sources of audible noise
in brush motors include armature imbal-
ances, bearings, and brushes. Primary
sources in brushless motors include rotor
imbalance and bearings. But generally,

brushless designs are quieter. Noise
from both types of motors increases
when they drive a gearhead. Rotor bal-
ancing and appropriate bearings and
brush material reduce noise.
Less electrical noise
comes from brushless
motors and, in turn,
less electromagnetic
interference. Elec-
trical noise may be
hushed in brush

diameter.

Brushless motors can turn at higher speeds
than brush designs, over 10,000 rpm in some
cases. They are also generally smaller,
quieter, and generate more torque for a given
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10,000 hours and are limited by bear-

ing life, radial, and axial loads, tem-
perature, and environment.

Cost, always a consideration but
not always a deciding factor, is gen-
erally lower for brush motors. Occa-

sionally, they are up to half the cost
of a brushless design. This makes

them favorable in cost-sensitive con-

THE COMPARISON AT A GLANCE
Characteristic Brush Brushless
Speed Runs best from 1,000 Capable of over 10,000 rpm
to 10,000 rpm
Torque Generally higher for equivalent sizes
but gearheads can adjust torque on
either motor to the application
Noise Generally lower
Cost Generally lower
Heat dissipation Generally lower

sumer products.
These characteristics and others

motors by adding suppression devices
and filters, or by the right brush materi-
als.

Brushless motors generally oper-
ate longer than their brush-commutated
counterparts. Life expectancy for brush
motors is limited primarily by the life
of the brushes, bearings, and gearbox.
Life expectancies in the range of 2,000
to 5,000 hrs of operation are common, al-
though actual service life varies greatly,
depending on motor design and operating
current, voltage, speed, and other condi-
tions. Brushless motors often last over

can serve as de-motor-technology

guideposts for designers. But there
is more than technology to consider. For
example, if the medical equipment re-
quires FDA approval, it is important to
partner with motor suppliers that have
experience providing support in such ap-
provals.

While FDA approval is not likely to af-
fect motor selection, the manufacturer
typically must be shown to have an estab-
lished quality assurance system and be
sensitive to the often complex qualifica-
tion process.

EPSON Robots

The Power of Choice

robots.epson.com

'uidance that’s
and Easy to Use

Fully Integrated

Introducing the EPSON Smart'Cameras

EPSON Smart Cameras make vision guidance easier than ever. Combined

with our new Micro PowerDrive

Controller, only EPSON offers extreme

vision guided robot performance at a value based price.

= With EPSON Smart Cameras, Vision Guide Software and

EPSON Robots you can:

= Reduce Development Time with Simplified Vision Guidance Solutions

= Easily Calibrate Robots with Fixed or Arm Mounted Cameras
= [ntegrate with .NET to provide powerful GUI based End User Systems

= Work with small or varying parts to achieve tight tolerance requirements

= [mprove ROI with Increased Yields & Faster Throughput

Contact us at (562) 290-5910 or visit us on the web at

Circle 127
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