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High-Precision Brushless DC
Rotary Motors Optimal for
Pick-and-Place Robots

Edward Neff, Founder and CEO, SMAC Moving

Coil Actuators

In electronic automation precise move-
ment is a basic requirement for suc-
cessful assembly. Both linear and rotary
motion demands a high level of preci-
sion needed in circuit board assembly,
assembling camera lenses and speakers
in smart phones and other electronic
assembly applications.

The best linear motion solution uses
linear motors. Small, precise brushless
motors are most often used for rotation.

There have been several recent tech-
nical advances in the design and pro-
duction of precision linear and rotary
pick-and-place robots that meet the
ever-tightening requirements of the
consumer electronics and back-end
electronic assembly industries.

The Requirements
The general trend for assembly is the
need for more precision. This is the

The SMAC LAR31 Linear Rotary Actuator has 17 micron true position tolerance for dowel
holes, making it ideal for high-precision circuit board assembly.
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result of the continually shrinking
size of electronics and even mechan-
ical parts. As electronics get smaller,
so does the margin for error in assem-
bling them. In rotary motion, the accu-
racy of placement must increase.

Most electronic assembly today
involves the inspection of parts by
camera or laser before they are added
to the smart phone, computer, or other
device. No part is perfect; they all vary
because the world really is non-
Euclidian! Therefore, the placement
position of each part must be slightly
and variably adjusted before assem-
bly. This also occurs in camera lens
assembly, for example, where part-tol-
erance variation is large but the stack
up tolerance is small.

Assembling resistors and capacitors requires
extreme precision due to their small size.

Rotary motor positioning require-
ments call for accuracy of +0.1 degree
or better. Rod runout must be less than
10 microns and the diameter of the
motor must be less than 15 mm, and
that is moving toward 8 mm.

These demand constraints put pres-
sure on motor and encoder manufac-
turers to improve their design and man-
ufacturing methods. To meet demands,
manufacturers can do several things:

1. Improve the electrical design
of the motor. This can be
accomplished in a couple of ways.
A. Use printed coil technology

rather than winding coils using
wire and electromechanical
winders. Motor wire for these
types of small motors is very
thin, which makes precision
winding a challenge. A printed

coil is basically a flexible printed
circuit. The “wire” is replaced

by printed circuits on a strip.
“Printed” wire is like square wire
used in high-end speakers. The
wire width and height are not
tied to set gauge sizes, which
means higher torques can be
achieved, especially because
speed is not critical.

This strip is then wound and
formed into a resulting coil.
The process is very precise as it
is essentially the same as that
used in circuit boards. The coil
resistance is very repeatable
and, since there is no wire fed
from a spool or tensioning to
worry about, is a factor of 10
tighter than conventionally
wound coils. A significant
side benefit is greatly reduced
cogging effect compared with
that seen in conventionally
wound brushless motors. A
further benefit is that there is
no special tooling cost. Circuit
board manufacturing is highly
automated, so the setup cost
is built into the price of the
board. It is also faster to
get started as the time
from design release
to production is
a couple of
weeks.

B. Use molded soft laminations,
which are rapidly replacing
stacks of stamped lamination
rings. Again, the effect on cogging
and the cost of production are
drastically reduced.

Molded soft laminations
eliminate stacked rings,
reducing cogging and cost
of production.

2. Improve the accuracy of the encoder.
A. Build the disc and hub directly
onto the shaft of the motor. Many
encoders are coupled to the
motor shaft, which causes error
and can add side-load to the
shaft increasing its runout. If the
hub-disc assembly is press-fitted
onto the shaft, error is reduced.
B. Use laser technology to make the

disc. Lasers are rapidly replacing
old mechanical manufacturing
methods like mills and saws.
Lasers that run on linear motors
are extremely precise and can
hold disc size/track variation
to less than 5 microns, easily
a factor of 10 times better
than conventional methods.
This eliminates the need to
make mechanical placement
adjustment, which includes
precision cameras that can
detect down to a micron.

SMAC uses printed coil technology for its
rotary motors. The coil is basically a flexible
printed circuit which requires no additional
cost for tooling.
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Stator housing holds both bearings in line,
keeping lathe bore diameter and straightness
variance to within 1 to 2 microns.

3. Reduce the rod runout.

A ground shaft can normally meet
a straightness requirement of less
than 5 microns. Bearings have a posi-
tive effect on runout however, greatly
reducing runout.

A. Mount both the front and rear
bearings in a stator bore that
has a single diameter. The single
bore lines up the bearings
precisely with each other. It
is possible on certain lathes
to hold that bore to within 1
to 2 microns of diameter and
straightness variance.

B. Use a threaded bearing preload
adjuster and wave spring to
precisely set the preload. Until
now, most designs use spacers
and wave springs. There may be
several thicknesses of spacers
and wave springs stacked. An
adjustable threaded spacer,
combined with a single wave
spring, is screwed into position
while monitoring the effect on
motor starting torque to reach a
target close-loop preload.

Adjustable preload can be closed looped to set
extremely precise load.
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Error correction testing 12/16/2022

The test encoder is set to 40960 instead of 409600. This should not change the results in any
meaningful way. This test also used a code disc offset of 100 microns. The results of the control trial are
shown below.
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The error from this level of misalignment was a sinusoidal curve with an amplitude of 0.35 degrees
of error, or 38 counts. The correction procedure was then followed and applied to the encoder yielding
the results shown below. This marked improvement reduced the error significantly to a sinusoidal curver
with amplitude of 0.006 degrees of error or 5 counts. This improvement shows that the error correction
process can make a large improvement in eccentritiy error when the minimum error is above a certain
threshold. Further testing will be needed with a smaller disc to determine what the minimum threshold
of error will be for our application.

Trial 1 Corrected Error (Counts)
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Accuracy testing shows error well under 0.1 degree.
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The result is a rod runout of less
than 10 microns, and often even less
than 5 microns.

4. Add vacuum pick-up / gripper
operation capability.

Although the use of pneumatic
devices is coming to an end in elec-
tronic assembly, there still are several
limited application areas.

The first is a vacuum, the most com-
mon way to pick up small, fragile parts.
The vacuum flow also picks up dust
that is on and around the components
to be picked up. A good design for the
motor is to have a shaft with a hole that
runs through the motor to direct dust
outside the motor and into the vac-
uum device which has filtration.

Grippers are often used for larger
components. Grippers tend still to be
pneumatic, mainly due to the lower
cost. The same through-hole shaft
design, combined with correct sealing,
means that pressurized air can move
through the motor and into the gripper.

In conclusion the long-term trend in
electronics is moving toward higher-
density components in smaller and
smaller package sizes. Pick-and-place
robots now have nominal widths of 13
mm which move to 10 mm, and very
soon 8 mm. Robot makers must keep
up the development pace to meet the poyielaiedibyiictesioeaicl
challenge. This means 8 mm motors motors
with 10 millinewton-meters (mNm) of
torque and encoders with 20,000 steps
per revolution.

Invention combined with never-
ending improvement is the key.
Brushless motors are following this
trend for rotary motion just like lin-
ear motors are for linear movement.
And this technology is spreading into
robotics, particularly in end-effector
evolution. That’s where there really is
a need for a helping hand. Practical
robotic fingers and hands will soon be
a reality.

at www.powertransmission.com
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Edward Neff is the founder and CEO of SMAC Moving Coil Actuators. He
founded SMAC Corporation in 1990 in Carlsbad, Calif. SMAC has grown to
become a global leader in moving coil technology and the largest manufacturer
of moving coil actuators. Neff has spent more than 40 years in the automation
field and has managed automation companies in Belgium, Japan and the USA.
He holds more than 40 patents. Neff grew up in Birmingham, Mich., and is a
graduate of the University of Michigan. He's a retired international rugby player
and enjoys watching the Wales national team.
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