
En
gi

ne
er

in
g R

ef
er

en
ce

WORLD HEADQUARTERS: Aerotech, Inc., United States • Phone: +1-412-963-7470 • Email: sales@aerotech.com
Aerotech, Ltd., United Kingdom • Phone: +44-118-9409400 • Email: sales@aerotech.co.uk
Aerotech GmbH, Germany • Phone: +49-911-9679370 • Email: sales@aerotechgmbh.de
Aerotech KK, Japan • Phone: +81-47-489-1741 • Email: sales@aerotechkk.co.jp
Aerotech China • Phone:  +852-3793-3488 • Email: saleschina@aerotech.com 

834 www.aerotech.com

Re
so

lu
tio

n,
 A

cc
ur

ac
y,

 an
d R

ep
ea

ta
bi

lit
y

Accuracy — For a specific point of interest in three-
dimensional space, accuracy is the difference between the
actual position in space and the position as measured by a
measurement device. Stage accuracy is influenced by the
feedback mechanism (linear encoder, rotary encoder, laser
interferometer), drive mechanism (ball screw, lead screw,
linear motor), and trueness of bearing ways. The
measurement reference for Aerotech linear products is a
laser interferometer.

Repeatability — Repeatability is defined as the range of
positions attained when the system is repeatedly
commanded to one location under identical conditions. Uni-
directional repeatability is measured by approaching the
point from one direction, and ignores the effects of
backlash or hysteresis within the system. Bi-directional
repeatability measures the ability to return to the point from
both directions. Many vendors specify repeatability as ±
(resolution). This is the repeatability of any digital servo
system as measured at the encoder. All of Aerotech’s
specifications, which include the effects of Abbe error,
friction, etc. are based on actual operating conditions and
usage – not on theoretical, unachievable values.

Resolution — The smallest possible movement of a system.
Also known as step size, resolution is determined by the
feedback device and capabilities of the motion system.
Theoretical resolution may exceed practical resolution. For
example, in a ball-screw-based positioning system, a
theoretical resolution of 4 nm can be obtained by
combining a 4 mm/rev screw, 1000-line encoder, and an
x1000 multiplier. The actual motion system will never be
able to make a single 4 nm step due to friction, windup, and
mechanical compliance. Therefore, the practical resolution
is actually less. All of Aerotech’s specifications are based
on practical resolution.

Resolution, Accuracy, and Repeatability
Low Accuracy
Low Repeatability

Low Accuracy
High Repeatability

High Accuracy
High Repeatability

Fine Resolution

Coarse Resolution
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There are many factors that affect the capabilities of a linear
stage to position accurately in three-dimensional space.
Abbe errors, straightness, flatness, pitch, roll, yaw,
hysteresis, backlash, orthogonal alignment, encoder errors,
mounting surface, and cantilevered loading all contribute to
positioning errors in three-dimensional space. 

Note: The Specification tables in this catalog contain values
for stage positioning accuracy. This specification reflects
the positioning capabilities of the stage in the direction of
travel only. These values should not be taken as a
representation of the positioning capabilities of the stage in
three-dimensional space when configured as part of a multi
axis configuration. When two or more positioning stages
are assembled in a multi-axis configuration, additional
factors will cause positioning errors in three-dimensional
space.

For discussion purposes, the following sections will
reference a set of two translation stages assembled into an
X-Y assembly. The lower stage in the assembly is aligned
so that the stage travels in a horizontal plane in the X-axis
direction in three-dimensional space (X-axis). The upper
stage is assembled on the first stage and travels in a
horizontal plane in the Y-axis direction in three-
dimensional space (Y-axis).

Abbe Error — Displacement error caused by angular errors
in bearing ways and an offset distance between the point of

interest and the drive mechanism (ball screw) or feedback
mechanism (linear encoder).

Straightness — Straightness is a deviation from the true
line of travel perpendicular to the direction of travel in the
horizontal plane. For the stage assembly listed above, a
straightness deviation in the travel of the X-axis stage will
cause a positioning error in the Y direction. A straightness
deviation in the travel of the Y-axis stage will cause a
positioning error in the X direction.

Flatness (a.k.a. vertical straightness) — Flatness is a
deviation from the true line of travel perpendicular to the
direction of travel in the vertical plane. For the stage
assembly shown, a flatness deviation in the travel of the X-
axis or Y-axis stage will cause a positioning error in the Z
direction.

Pitch — Pitch is a rotation around an axis in the horizontal
plane perpendicular to the direction of travel. If the position
of interest being measured is not located at the center of
rotation, then the pitch rotation will cause an Abbe error in
two dimensions. For the X-axis, a pitch rotation will cause
an Abbe error in both the X and Z direction. For the Y-axis,
a pitch rotation will cause an Abbe error in both the Y and
Z direction. The magnitude of these errors can be
determined by multiplying the length of the offset distance
by the sine and 1-cosine of the rotational angle.

Example: X-axis

Pitch Angle (Φ) = 10 arc sec (.0027°)
Offset Distance (D) = 25 mm (1 in)

Error x direction = D * (1 - cos (.0027°)) 
= 25 mm * (1-cos (.0027°)
= 0.00003 μm

Error z direction = D * sin Φ
= 25 mm* sin (.0027°)
= 1.18 μm

Roll — Roll is a rotation around an axis in the horizontal
plane parallel to the direction of travel. If the position of
interest being measured is not located at the center of
rotation, then the roll rotation will cause an Abbe error in
two dimensions. For the X-axis, a roll rotation will cause an
Abbe error in both the Y and Z direction. For the Y-axis, a
roll rotation will cause an Abbe error in both the X and Z

Linear Stage Terminology 



Lin
ea

r S
ta

ge
 Te

rm
in

ol
og

y 
En

gi
ne

er
in

g R
ef

er
en

ce

WORLD HEADQUARTERS: Aerotech, Inc., United States • Phone: +1-412-963-7470 • Email: sales@aerotech.com
Aerotech, Ltd., United Kingdom • Phone: +44-118-9409400 • Email: sales@aerotech.co.uk
Aerotech GmbH, Germany • Phone: +49-911-9679370 • Email: sales@aerotechgmbh.de
Aerotech KK, Japan • Phone: +81-47-489-1741 • Email: sales@aerotechkk.co.jp
Aerotech China • Phone:  +852-3793-3488 • Email: saleschina@aerotech.com 

836 www.aerotech.com

Linear Stage Terminology

direction. The magnitude of these errors can be calculated
by multiplying the length of the offset distance by the sine
and cosine of the rotational angle.

Yaw — Yaw is a rotation around an axis in the vertical
plane perpendicular to the direction of travel. If the position
of interest being measured is not located at the center of
rotation, then the yaw rotation will cause an Abbe error in
two dimensions. For X- or Y-axis stages, yaw rotation will
cause an Abbe error in both the X and Y direction. The
magnitude of these positioning errors can be calculated by
multiplying the length of the offset distance by the sine and
cosine of the rotational angle.

Hysteresis Error — Hysteresis error is a deviation between
the actual and commanded position at the point of interest
caused by elastic forces in the motion system. Hysteresis
also affects bi-directional repeatability. Accuracy and
repeatability errors caused by hysteresis for Aerotech linear
positioning stages are included in the stage specification
tables. Elastic forces in the machine base, load, and load
coupling hardware are not accounted for and must also be
examined and minimized for optimal performance. 

Backlash Error — Backlash error is an error in positioning
caused by the reversal of travel direction. Backlash is the
portion of commanded motion that produces no change in
position upon reversal of travel direction. Backlash is
caused by clearance between elements in the drive train. As
the clearance increases, the amount of input required to
produce motion is greater. This increase in clearance results
in increased backlash error. Backlash also affects bi-
directional repeatability. Accuracy and repeatability errors
caused by backlash for Aerotech linear positioning stages
are accounted for in the stage specification tables. Linear
motor-based stages are direct drive and therefore have zero
backlash.  

Encoder Error — Imperfections in the operation of the
encoder such as absolute scale length, non-uniform division
of the grating scale, imperfections in the photo-detector
signal, interpolator errors, hysteresis, friction, and noise can
affect the positioning capabilities of the linear translation
stage. The accuracy and repeatability information in the
specification tables takes all of these errors into account
except absolute scale length. Absolute scale length is
affected by thermal expansion of the encoder scale.
Temperature considerations must be accounted for during
system design and specification.

Orthogonal Alignment — For the two stages to travel
precisely along the X and Y axes, the line of travel for the
Y-axis must be orthogonal to the line of travel of the X-
axis.  If the two travel lines are not orthogonal, Y-axis

travel creates a position error in the X direction. The
maximum value of this error can be determined by
multiplying the travel length of the stage by the sine of the
angular error.

Example:

Orthogonality Error = 5 arc sec (0.0014°)
Travel Length (L) = 400 mm (16 in)
Error = L * sin θ

= 400 mm* sin (0.0014°)
= 9.8 μm

Machine Base Mounting Surface – The machine base
plays an important role in the performance of the linear
translation stage. Aerotech stages typically require that the
surface of the machine must have a localized flatness devia-
tion of less than 5 μm (0.0002 in) to guarantee the stage
specification. Mounting the stage to a machine base with
flatness deviations greater than the specification can deflect
the stage. Distortion in an Aerotech translation stage can
cause pitch, roll, yaw, flatness, and straightness deviations
greater than the specifications listed.

Cantilevered Loading – When a cantilevered load is placed
on a translation stage, moment loads are created. Shear and
bending forces induce deflection in the stage structural
elements. In an X-Y assembly, the cantilevered load, acting
on the lower axis, increases as the load traverses to the
extremes of the upper axis. A position error in the Z
direction occurs due to a combination of Y-axis deflection
and X-axis roll.
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There are many factors that affect the ability of a rotary
stage to position accurately. Hysteresis, backlash, feedback
inaccuracy, the mounting surface, axial error motion, radial
error motion, tilt error motion, and cantilevered loading all
contribute to errors in the positioning of a point of interest. 

Axial error motion — Error of the rotary stage axis of
rotation in the vertical direction when the stage is oriented
in the horizontal plane. Axial runout is defined as the total
indicated reading (TIR) on a spherical ball positioned 50
mm above the tabletop and centered on the axis of rotation.

Note: Aerotech specifies axis of rotation (bearings) runout
only. An additional component of runout occurs at locations
other than the axial center of rotation. This is known as
surface runout or tabletop runout and is not part of the
specification.  

Radial error motion — Positioning error of the rotary stage
in the horizontal direction when the tabletop is oriented in
the horizontal plane. Radial runout is defined as the total
indicated (TIR) reading on a spherical ball positioned 50
mm above the tabletop and centered on the axis of rotation.

Tilt error motion — Wobble is defined as the angular error
between the actual axis of rotation and the theoretical axis
of rotation.

Hysteresis error — A deviation between the actual and
commanded position at the point of interest caused by
elastic forces in the motion system. Hysteresis also affects
bi-directional repeatability. Accuracy and repeatability
errors caused by hysteresis for Aerotech rotary stages are
accounted for in the stage specification tables. Elastic

forces in the machine base, load, and load coupling
hardware must also be examined and minimized for optimal
performance. 

Backlash error — An error in positioning caused by the
reversal of travel direction. Backlash is the portion of
commanded motion that produces no change in position
upon reversal of travel direction. Backlash is caused by
clearance between elements in the drive train. As the
clearance increases, the amount of input required to
produce motion is greater. This increase in clearance results
in increased backlash error. Backlash also affects
repeatability. Unidirectional repeatability refers to the
repeatability when approached from the same direction. It
does not take into account the effects of backlash.
Bidirectional repeatability specifies the repeatability when
approached from any direction and includes the effects of
backlash. ADR and AOM360 series tables are direct-drive
devices and therefore have zero backlash.  

Feedback inaccuracy — Imperfections in the operation of
the encoder such as non-uniform division of the grating
scale, imperfections in the photodetector signal, interpolator
errors, hysteresis, friction, and noise can affect the
positioning capabilities of the rotary stage. For a rotary
stage, the accuracy and repeatability information in the
specification tables takes all of these errors into account. 

Cantilevered loading — When a cantilevered load is placed
on a translation stage, a deflection occurs. The amount of
deflection is dependent on the mass and distance from the
stage center to load CG, as well as stiffness of the stage. 

Axial error motion.
The total indicated
reading on a spherical
ball at a point located
50 mm (2 in) above
the tabletop and cen-
tered on  the axis of
rotation.

Radial  error motion.
The total indicated
reading using a spher-
ical ball located
50 mm (2 in) above
the tabletop and cen-
tered on the axis of
rotation.

Sphere located
at axis of
rotation.

Tilt error motion — Excursion lies within the tolerance enve-
lope specified.

Wobble measured in arc seconds

Theoretical axis of travel

Rotary Stage Terminology 
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HALAR
High accuracy versions of most stages are available and are
specified as the HALAR option. HALAR stages are
optimized for the highest levels of performance and are
then error mapped. For systems provided with Aerotech
controllers, the calibration file is preconfigured on the
controller. For third-party controllers that have error
mapping capability, the calibration file is provided as an
ASCII text file.

Rotary Stages
The standard specifications certified for rotary stages are
accuracy, repeatability, wobble, and orthogonality for two-
axis gimbal mounts. All standard testing for rotary stages is
performed using an autocollimator. Plots are provided for
each axis.  

Alternate Testing
Non-standard testing is available and will be quoted per
customer requirements. Some examples of non-standard
testing are: pitch, yaw, roll, velocity stability, and dynamic
straightness. Pitch and yaw testing is done using an
autocollimator.  

Special testing is available for multi-axis systems to
characterize performance in the assembled configuration, at
the actual working height with a simulated load. Please
consult the factory for more information and pricing. 

Machine Position in mm
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FLATNESS   Plot: X-Axis

Numerical Analysis:  Standard: USER 3.0σ
Raw Accuracy:↑  0.9685μm
Slope (Lst Sq): -1.18 μm/m
Sys.Dev.Pos.(E):↑  0.9685μm

Machine Name: ATS100-200-U-20P
Acquisition date: 11/18/1999 3:10:44 PM
Current date: 11/19/1999 2:13:35 PM
File Name:  strflt.str(Mod)
Operator:  D.S.
Location:  1.75" ABOVE TABLE TOP
Serial No:  44012/3
Comments: 
MAX ERROR +3 MICRONS        MIN ERROR -3 MICRONS
                                                                                                     
                                                                   

 

Environment Data: Metric

Min Max Mean

Air T 20.0 20.0 20.0
Air P 760.73 760.73 760.73
Air H 50.0 50.0 50.0
MT1 T
MT2 T
MT3 T

Machine Position in mm
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Error in μm
Linear Error Plot - X-Axis

Numerical Analysis:  NMTBA (modified) 3.0σ
Algebraic Sign Convention
Accuracy (A):  2.859 μm
Accuracy (A):↑  2.429μm
Accuracy (A):↓  2.338μm
Repeat:  1.748 μm
Repeat:↑  0.0μm
Repeat:↓  0.0μm
Mean Lost Motion: -.09795 μm

Machine Name: ATS100-200-20P
Acquisition date: 11/18/1999 3:56:54 PM
Current date: 11/19/1999 2:10:35 PM
File Name:  poserr.lin
Operator:  D.S.
Location:  1.75" above TT
Serial No:  44012/6
Comments: 
MAX ERROR :  +6 MICRONS       MIN ERROR -6 MICRONS

 

Environment Data: Metric

Min Max Mean

Air T 20.0 20.0 20.0
Air P 760.73 760.73 760.73
Air H 50.0 50.0 50.0
MT1 T
MT2 T
MT3 T

Expansion Coefficient: 11.7 PPM/°C

Environmental data is sampled and recorded, ensuring accurate data.

Numerical analysis provides a summary of stage characteristics.

Accuracy and bidirectional repeatability plotted along the entire
travel range providing a detailed characterization of the stage.

Every stage that is marked with the
Aerotech certified symbol is carefully
tested in Aerotech’s state-of-the-art
metrology lab. The positioning stage or
system is certified to meet or exceed the
specifications outlined in the catalog.
Detailed performance characterization
plots are supplied with the system. All
equipment is set up and tested with the actual controllers
and drivers that ship with the system. In the event that only
mechanics are purchased, all stages are tested with
appropriate controllers and drivers. 

The specifications listed in this catalogue and quoted for
systems are the actual values derived by testing under
working conditions. All non-certified specifications should
be considered approximate and represent typical values.
Testing is conducted in a vibration-isolated,
environmentally controlled lab at 20°C ±1°C. All catalog
specifications are generated on a “per axis” basis.

Linear Stages
The standard specifications certified for linear stages are
straightness, flatness, accuracy, and bi-directional
repeatability. Plots are provided for each axis showing the
values of the specifications along the entire travel range of
the stage. Linear stages are mounted to a granite base or
mounting fixtures that have a ±0.0002 inch flatness
geometrical tolerance. Straightness, flatness, accuracy, and
repeatability are measured using a laser interferometer and
the respective optics and retroreflectors. Unless otherwise
noted, testing is performed at a height of 1.75” above the
stage under a no-load condition.

Metrology, Testing, and Certification
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Cantilevered Loading
All maximum load values in the stage specification tables
are based on the stage operating in a normal loading
condition. A normal loading condition results when the load
is attached to the stage with the center of gravity positioned
directly above the bearings. The resultant gravity force
vector acts downward on the support bearings and has a
moment arm of zero.

A cantilevered loading condition results when the load is
attached to the stage with the center of gravity not acting
directly on the support bearings. In this configuration, the
load acts on a moment arm and applies unequal loading to
the support bearings. Aerotech has further divided the
cantilever loading condition into two subsets, a side loading
condition (LSC) and a vertical loading condition (LVC).

Side Loading Conditions

1) The stage tabletop is oriented in the horizontal plane,
travel is in the horizontal direction, and the center of gravity
is situated off to one side of the tabletop with the moment
arm perpendicular to the direction of travel.  This
configuration is a side loading condition (LSC).

2) The stage tabletop is oriented in the vertical plane, the
load is attached directly to the tabletop, and travel is in the

horizontal direction. This configuration is a side loading
condition (LSC).

Vertical Loading Conditions
1) The stage tabletop is oriented in the vertical plane, the
load is attached directly to the tabletop, and travel is in the
vertical direction. This is a vertical loading condition (LVC).

2) The stage tabletop is oriented in the horizontal plane,
travel is in the horizontal direction, and the center of gravity
is situated beyond the tabletop with the moment arm
parallel to the direction of travel.  This configuration is a
vertical loading condition (LVC).  

Cantilevered Load Ratings
When the load on the stage tabletop results in one of the
loading conditions specified before, the maximum load
carrying capability of the stage is reduced. To determine the
new load carrying capability of the stage, two factors must
be known: the mass of the load, and the length of the
moment arm that the center of gravity acts upon. This can
be determined by measuring the distance from the payload
center of gravity to the center of the stage tabletop.

In the specification section for each stage, Aerotech has
supplied a cantilevered loading chart. These charts are
similar to the example cantilevered loading chart shown on
the right.
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Cantilevered Loading CONTINUED

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300

L
o

a
d

 (
k
g

)

0

50

100

150

200

250

300

350

L
o

a
d

 (
lb

)

Lsc
Lvc

Distance of Load C.G. from Tabletop

  mm

0        2         4         6        8       10       12   in         

The cantilevered loading chart shows the relationship
between the offset distance of the center of gravity and the
maximum possible load for each of the two loading
conditions.
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Machine Position in mm
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Linear Error Plot - X-Axis

Numerical Analysis: Machine Name: ATS100-50-20P
Acquisition date: 11/12/99 8:18:50 AM
Current date: 11/12/99 8:23:13 AM
File Name:  50.lin      (Mod)
Operator:  D.S.
Location:  1.75"/35,0mm ABOVE TABLE TOP
Serial No:  45254/3
Comments: 
MAX  ERROR: +3 MICRONS       MIN ERROR: -3
MICRONS

Environment Data: Metric

System Checkout
Parameters Files Set — Each system is configured
with a fully functional parameter file including tuning.
The parameter file is shipped with every system and
greatly reduces system setup time.

System Plots and Drawings — Interconnect and wiring
drawings are included with each system. Also, with
Aerotech Certified systems, performance plots are
provided for all axes.

Testing with Custom Load — Aerotech tunes and tests
systems with customer-specified loads resulting in
optimized systems.

Systems Mounted to Granite — Custom granite bases
can be supplied and configured with the system. This
allows the system to ship with minimal processing and
mounting requirements.

Cabling Fully Connected — All systems are fully
integrated with appropriate cabling. Our connector
scheme ensures out-of-the-box, plug-and-play operation.
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Motor Selection
With each application, the drive system requirements
greatly vary. In order to accommodate this variety of needs,
Aerotech offers five types of motors.

Linear Motors
Advantages

• Highest acceleration, highest speed
• No backlash, windup or wear
• Brushless – no maintenance

Slotless Motors
Advantages

• Ultra-smooth operation
• Zero cogging
• Brushless – no maintenance

Disadvantages
• Complex amplifier design

Brushless Motors
Advantages

• High acceleration
• High torque
• Brushless – no maintenance

Disadvantages
• More complex amplifier design

DC Servomotors
Advantages

• Smooth operation, low-velocity ripple
• High torque

Disadvantages
• Brushes limit ability to continuously start and stop
• Brushes require maintenance

Microstepping Motors
Advantages

• Simple operation
• High torque at low speeds

Disadvantages
• Open loop
• Low acceleration capability
• More heat generation than servomotors

Motor Sizing Process
The following sections describe how to choose a motor
using speed, torque, and inertia selection criteria. The basic
procedure for sizing a motor is:

1. Determine move parameters
2. Calculate load inertia (or mass)
3. Calculate peak and rms torque (or force) requirements

While the steps for motor sizing remain constant, different
mechanical systems require different formulas to calculate
the first three steps. The selection of the motor is
determined by the general characteristics of the motor
desired and the ability of the motor to meet the calculated
requirements.

Motor Sizing Software
Aerotech’s Motor Sizing Workbook is now available!  This
file may be downloaded from Aerotech’s web site at
www.aerotech.com. The free-of-charge motor sizing sheet
features the following application support:

• Linear Motor
• Direct Drive
• Leadscrew
• Beltdrive
• Rack and Pinion

Motor Selection and Sizing
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Motion Velocity Profile
The most common and efficient velocity profile for point-
to-point moves is the “1/3-1/3-1/3” trapezoid.  This profile
breaks the time of the acceleration, traverse, and
deceleration into three equal segments. The end result is
that the profile provides the optimal move by minimizing
the power required to complete the move. 

Motor Selection and Sizing CONTINUED

If you know the move distance and time, you can quickly
calculate the acceleration and velocity as follows:

t
5.1

    
t

t
5.4

avg

2

Δ
Δθ=ω

Δ
Δθ=ω

θ=α

t
x5.1v

    
t
xv

t
x5.4a

avg

2

Δ
Δ=

Δ
Δ=

=

Rotary Linear

where:
α = acceleration in

rad/s2

θ = distance in
radians

t = total move time
in seconds

ω = peak velocity in
rad/s

a = acceleration in
m/s2

x = distance in meters
t = total move time

in seconds
v = peak velocity in

m/s

Inertia and Mass
In a rotary motor system, the best load-to-motor inertia
match is 1:1 because it minimizes power consumption and
increases system stability. Typically, systems will not
achieve a 1:1 ratio; ratios as high as 10:1 can exist without
adversely affecting system stability. For low bandwidth
systems, higher ratios are acceptable but should be avoided
due to the effect of decreased system stability. 

In a linear motor system, the mass is direct-coupled to 
the moving coil (forcer). System stability is directly
dependent on the stiffness of the mechanics and bandwidth
of the servo controller.

system motor JJJ += Load  Forcer mmm +=
Rotary Linear

Peak Torque and Peak Force 
The total torque that a motor must produce to move itself
and the load is:

A simplified expression for acceleration torque and force
that provides a reasonable estimation value is:

TTTTT  f   t +++= ωα gf  a t FFFF ++=

Rotary Linear

where:
Tt = total peak torque

in N-m
Ta = acceleration

torque in N-m
Tf = friction torque in

N-m
Tw = viscous torque in

N-m
Tg = gravity torque in

N-m

Ft = total peak force in N
Fa = acceleration force N
Ff = friction force in N
Fg = gravity force in N

where:
Tα = acceleration

torque
Jt = total inertia in

kg-m2

α = acceleration in
rad/s2

e = transmission
efficiency

Fa = acceleration force
mt = total mass in kg

a = acceleration in m/s2

e = transmission 
efficiency

e
J    T  t α=α

e
am    F  t

a =

Rotary Linear

Note: The inertia of a rotary system (Jsystem) is dependent
on the mechanics of the system. The load in a linear motor
system (mLoad) is the sum of all weights (kg used as a
force) directly connected to the moving forcer coil.
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Rotary Motor/Ball Screw Example
The specifications of the system are:

Ball-Screw Data
Diameter: 13 mm
Length: 500 mm
Pitch: 0.5 rev/mm
Efficiency: 90% (ball screw)

40% (lead screw)
Mechanical Data

Friction coefficient  (μ): 0.05
Load: 4.5 kg
Orientation: horizontal

Move Profile
Type: 1/3-1/3-1/3 trapezoid
Distance: 8  mm
Move time: 0.1 s
Dwell time: 0.1 s

Motor
Brushless: BM75E

STEP 1. Determine move parameters
The peak speed (ω) and acceleration (α) of the motor
required can be determined using the formulas:

Note: Verify that both values are within the specifications
of the motor.

STEP 2. Determine motor shaft load inertia
The calculation of the inertia is dependent on the mechanics
of the system.  For the ball screw the inertia can be
calculated by:

where:
Jscrew = screw inertia in kg-m2

D = screw diameter in mm
L = screw length in mm

rpm3600
s

rad0.377
s1.0

)rad13.25(5.1 ===ω

222 s
rad0.11310

1.0
)rad13.25(5.4

t
5.4 ==θ=α

2413
screw mkgLD)(7.57x10J −= −

25

413
screw

mkg10x082.1           

mm)(500mm)(1310x577.J

−=

=
−

−

Motor Selection and Sizing CONTINUED

A simplified expression for gravity torque and force that
provides a reasonable estimation value is:

rms Torque
Obtaining the root-mean-square (rms) value of the required
torque in an application is important because the heating of
the motor is related to the square of the rms torque output
of the motor.

where:
Tg = gravity torque in

N-m
W = weight of load in

kg
P = pitch of

transmission
(rev/mm)

e = transmission
efficiency

Fg = total force in N
mt = total mass in kg
g = acceleration from

gravity

eP
W0016.0Tg = gmF tg =

Rotary Linear

where:
Trms = rms torque in oz-in

(using 1/3-1/3-1/3
profile)

Ta = acceleration torque
in N-n

Tf = friction torque in
N-m

Tw = viscous torque in
N-m

Tg = gravity torque in
N-m

ton = total move time in
seconds

toff = dwell time
between moves 

Frms = rms force in N
(using 1/3-1/3-1/3
profile)

Fa = acceleration force
in N

Ff = friction force in N
Fg = gravity force in N
ton = total move time in

seconds
toff = dwell time

between moves in
seconds

( )
offon

gf
rms tt

 tTTTT0.66
T

2222

+
+++

= ωα ( )
offno

gfa
rms tt

 tFFF0.66
F

222

+
++

=

Rotary Linear



M
ot

or
 S

izi
ng

 an
d S

el
ec

tio
n 

En
gi

ne
er

in
g R

ef
er

en
ce

WORLD HEADQUARTERS: Aerotech, Inc., United States • Phone: +1-412-963-7470 • Email: sales@aerotech.com
Aerotech, Ltd., United Kingdom • Phone: +44-118-9409400 • Email: sales@aerotech.co.uk
Aerotech GmbH, Germany • Phone: +49-911-9679370 • Email: sales@aerotechgmbh.de
Aerotech KK, Japan • Phone: +81-47-489-1741 • Email: sales@aerotechkk.co.jp
Aerotech China • Phone:  +852-3793-3488 • Email: saleschina@aerotech.com 

860 www.aerotech.com

Motor Selection and Sizing CONTINUED

2
2

load8 mkg
P

m10x55.2Jload −= −

27
2

8 mkg10x59.4
5.0
5.410x55.2Jload −== −−

25
motor mkg10x52.0J −= −

mN10x0.8
)90.0)(1000)(5.0)(283.6(

)05.0)(8.9)(5.4(
Pe2

)W(Tf -4-===
π

μ

The inertia of the load using a ballscrew mechanism can be
calculated using:

where:
Jload = payload inertia (reflected) in kg-m2

mload = payload in kg
P = screw pitch in rev/mm

From the results above, the inertia at the motor shaft is:

A motor that gives a good inertia match and meets the
required motor speed of 3600 rpm is the BM75E, with an
inertia of:

Checking the inertia ratio (Jsystem/Jmotor) = 2.2:1.  The total
inertia of the complete system is given by:

Step 3. Calculate peak and rms torque
The acceleration (peak) torque, Tα , and friction torque, Tf ,
are now calculated using the system inertia values. The
acceleration torque required can be estimated at:

The BM75E can provide 0.53 N-m of continuous torque
and 1.41 N-m peak torque, which is much greater than the
system requires. The element of friction torque, Tf , can
now be derived using the friction coefficient (μ):

Total peak torque required of the motor is estimated by:

Knowing the total torque, the formula for rms torque is
applied and determined to be:   

This is well within the motor’s rating of 0.53 N-m.

25
motorsystem mkg10x65.1JJ −=+ −

mN11.0
2.0

1.0])10x0.8()20.0(66.0[T
242

rms -
-

=
+

=25
system

75
loadscrewsystem

mkg13.1 J

10x59.410x08.1JJJ

−=

+=+=
−

−−

αα ++= )(
e

J
e

JJT loadscrew
motor

mN20.0

11310
9.0
10x59.4

9.0
10x08.110x52.0T

75
5

-

--
-

=

++= )(α

mN20.010x0.820.0TTT ft -=+=+= -4
α
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Motor Selection and Sizing CONTINUED

Linear Motor Sizing Example
The following specifications summarize the system. 

Machine Details
Friction coefficient (μ): 0.002
Load: 10 kg
Orientation: horizontal
Air cooling: 1.36 bar (20 psi)
Carriage/motor mass: 5 kg

Move Profile
Type: 1/3-1/3-1/3 trapezoid
Distance: 350 mm
Move time: 250 ms
Dwell time: 275 ms

STEP 1. Determine move parameters
Using the 1/3-1/3-1/3 model:

Note: Most systems utilize a sinusoidal acceleration profile
instead of the more easily modeled trapezoidal for system
considerations. Sinusoidal acceleration is modeled as:

Note: Verify that all values are within the specifications of
the system.

STEP 2. Determine moving mass 
STEP 3. Calculate peak and rms force

Breaking up the move profile into four segments, the
fundamental equations for calculating forces during a
trapezoidal move are:

1. Fa = ma + Ff
2. Ftrav = Ff
3. Fd = ma – Ff
4. Cycle dwell time in seconds

Where:
Fa = force to accelerate the load 

Ftrav = force during traverse motion   
Fd = force required to decelerate the load
Ff = force due to friction

ma = mass x acceleration

The friction force is determined by:

To compute rms or continuous force, dwell time must be
known.

Applying the rms force equation from the previous
example, Frms is:

The rms force of 142.4 N is used to select a linear motor. In
this case, a BLM-203-A can provide up to 232 N of
continuous force and 902 N peak force with 1.36 bar (20
psi) forced air cooling.

motor/carriageloadtotal mmm +=

kg15kg5kg10mtotal =+=

222trap s
m2.25

)s25.0(
)m35.0(5.4

t
x5.4a ===

s
m1.2

)s25.0(
)m35.0(5.1

t
x5.1v ===

)a(5.1a trapesin =

22sine s
m8.37)

s
m2.25(5.1a ==

N252)
s
m2.25)(kg10()ma(F 2 ===a

N3.0)
s
m10)(kg15)(002.0(amF 2gtotalf ==μ=

N3.252N3.0N252FF apeak =+==

offon

dec
2

dtrav
2

f
2

rms tt
)t()F()t(F)t()F(F
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++= αa

)ms275ms250(
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C = Celsius
cm = centimeter
F = Fahrenheit
ft = foot
g = gravity or gram 

(note context)
in = inch
kg = kilogram
kW = kilowatt
lbf = pound force
lbm = pound mass

min = minute
mm = millimeter
m = meter
nm = nanometer
N = newton
ozm = ounce mass
rad = radian
rpm = revs per minute
rps = revs per second
s = seconds
μm = micron (micrometer)

Abbreviated Terms

NAME ABBREVIATION MULTIPLE
Giga G 109 1,000,000,000
Mega M 106 1,000,000
Kilo k 103 1,000
Hecto h 102 100
deka da 101 10
— — 100 1
deci d 10-1 .1
centi c 10-2 .01
milli m 10-3 .001
micro μ 10-6 .000001
nano n 10-9 .000000001

Metric Prefixes

oz/in3 lb/in3 g/cm3

aluminum 1.57 0.098 2.72
brass 4.96 0.31 8.6
bronze 4.72 0.295 8.17
copper 5.15 0.322 8.91
plastic 0.64 0.04 1.11
steel 4.48 0.28 7.75

Material Densities

ball screw 0.9
lead screw 0.4
spur gear 0.6
timing belt/pulley 0.9

Mechanism Efficiencies

linear bearings 0.002
air bearings 0.0

Friction Coefficients

°F = (1.8 x °C) + 32 °C = .555 (°F - 32)
acceleration constant (g) = 386 in/s2 = 32.2 ft/s2 = 9.8 m/s2

1 psi = 14.5 bar

Miscellaneous

Miscellaneous Data
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From t = 0 to t = t0:

Useful Formulae
v

vpk

α -α

t0 ttot

2at
2
1x =

2t
x2a = )v)(t(

2
1x pk0=

From t = t0 to t = ttot:

2at
2
1x −=

2t
x2a −= )v)(tt(

2
1x pk0tot −=

where:
x = distance
a = acceleration

vpk = peak velocity

Inertia Calculations
2413

screw mkgLD10x57.7J −= −

where:
D = screw diameter in mm
L = screw length in mm

2
2

8
screwload mkg

p
m10x55.2J −= −

where:
m = payload in kg
p = screw pitch in rev/mm

Load inertia reflected through a screw

46
disk RL10x6.1J ρ= −

where:
L = length of disk in mm
r = density of disk in kg/mm3

R = radius of disk in mm

2
load

gearedload N
JJ =

where:
N = gear ratio R2/R1 (motor/load)

Load inertia reflected through a gearpass

Miscellaneous Data CONTINUED
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noisrevnoCyticoleVralugnA
A B s/ged s/dar mpr spr

s/ged 1 01x57.1 2- 761.0 01x87.2 3-

s/dar 3.75 1 55.9 951.0

mpr 6 501.0 1 01x76.1 2-

spr 063 82.6 06 1

noisrevnoCecroF
A B bl f N enyd zo f gk f gf

bl f 1 2844.4 01x844.4 5 61 95354.0 6.354

N 18422.0 1 000.001 7695.3 79101.0 -----

enyd 01x842.2 6- 10000.0 1 01x95.3 5- ----- 6.089

zo f 5260.0 10872.0 01x87.2 4 1 53820.0 53.82

gk f 502.2 56608.9 ----- 472.53 1 0001

gf 01x502.2 3- ----- 01x20.1 3- 72530.0 100.0 1

:setoN
bl f s/tf1xguls1= 2

s/m1xgk1=N 2

s/mc1xg1=enyd 2

noisrevnoChtgneL
A B ni tf mµ mm mc m

ni 1 3380.0 01x45.2 4 4.52 45.2 4520.0

tf 21 1 01x840.3 5 8.403 84.03 8403.0

mµ 01x739.3 5- 01x182.3 6- 1 100.0 01x0.1 4- 01x0.1 6-

mm 73930.0 82300.0 0001 1 1.0 100.0

mc 7393.0 18230.0 01x0.1 4 01 1 10.0

m 73.93 182.3 01x0.1 6 0001 001 1

Note:  To convert from A to B, multiply by the entry in the table.

noisrevnoCrewoP

A B sttaW Wk rewopesroH
)hsilgnE(

rewopesroH
)cirtem( s/bl-tf s/bl-ni

sttaW 1 01x1 3- 01x43.1 3- 01x63.1 3- 47.0 88.8

Wk 0001 1 43.1 63.1 837 0888

rewopesroH
)hsilgnE( 647 647.0 1 10.1 055 0066

rewopesroH
)cirtem( 637 637.0 689.0 1 345 6156

s/bl-tf 53.1 01x63.1 3- 01x28.1 3- 01x48.1 3- 1 21

s/bl-ni 311.0 01x31.1 4- 01x25.1 4- 01x35.1 4- 01x3.8 2- 1

Conversion Tables
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Conversion Tables CONTINUED

noisrevnoCssaM
A B g gk guls bl m zo m

g 1 100.0 01x258.6 5- 01x502.2 3- 72530.0

gk 0001 1 01x258.6 2- 502.2 472.53

guls 09541 95.41 1 2.23 27.415

bl m 6.354 95354.0 1130.0 1 61

zo m 53.82 53820.0 01x49.1 3- 5260.0 1

noisrevnoCaitrenIyratoR
A B s-ni-bl 2 s-tf-bl 2 ni-bl 2 tf-bl 2 ni-zo 2 s-ni-zo 2 mc-g 2 mc-gk 2 s-mc-g 2 s-mc-gk 2 m-gk 2

s-ni-bl 2 1 380.0 1.683 86.2 7716 61 E31.1 6 0311 2511 251.1 311.0

s-tf-bl 2 0.21 1 3364 2.23 E14.7 4 291 E63.1 7 E63.1 4 E83.1 4 38.31 63.1

ni-bl 2 6200.0 E61.2 4- 1 9600.0 61 140.0 6392 39.2 89.2 0300.0 E39.2 4-

tf-bl 2 373.0 130.0 441 1 4032 79.5 E12.4 5 4.124 7.924 034.0 1240.0

ni-zo 2 E26.1 4- E53.1 5- 5260.0 E43.4 4- 1 6200.0 9.281 381.0 781.0 E78.1 4- E38.1 5-

s-ni-zo 2 360.0 2500.0 31.42 861.0 1.683 1 E60.7 4 26.07 0.27 270.0 700.0

mc-g 2 E58.8 7- E83.7 8- E24.3 4- E73.2 6- 5500.0 E24.1 5- 1 100.0 100.0 E20.1 6- E00.1 7-

mc-gk 2 E58.8 4- E83.7 5- 243.0 4200.0 74.5 410.0 0001 1 20.1 100.0 1000.0

s-mc-g 2 E86.8 4- E32.7 5- 533.0 3200.0 63.5 410.0 189 189.0 1 100.0 E37.9 5-

s-mc-gk 2 868.0 270.0 1.533 33.2 2635 98.31 E18.9 5 189 0001 1 3790.0

m-gk 2 58.8 837.0 47.7143 437.32 19.38645 6.141 E00.1 7 00001 28201 282.01 1

noisrevnoCeuqroT
A B ni-bl tf-bl ni-zo mc-g mc-gk m-gk m-N

ni-bl 1 380.0 61 2511 251.1 210.0 311.0

tf-bl 21 1 291 E83.1 4 38.31 831.0 653.1

ni-zo 360.0 E12.5 3- 1 10.27 270.0 E12.7 4- E60.7 3-

mc-g E86.8 4- E32.7 5- 410.0 1 100.0 E0.1 6- E18.9 5-

mc-gk 868.0 270.0 98.31 0001 1 10.0 890.0

m-gk 08.68 32.7 9831 E0.1 6 001 1 18.9

m-N 158.8 837.0 6.141 E20.1 4 02.01 201.0 1

noisrevnoCyticoleVraeniL
A B nim/ni nim/tf s/ni s/tf s/mm s/m

nim/ni 1 3380.0 7610.0 01x93.1 3- 24.0 01x2.4 4-

nim/tf 21 1 2. 7610.0 80.5 01x80.5 3-

s/ni 06 5 1 380.0 4.52 4520.0

s/tf 027 06 21 1 8.403 8403.0

s/mc 26.32 79.1 7393.0 8230.0 01 10.0

s/m 2.2632 9.691 73.93 182.3 0001 1

Note:  To convert from A to B, multiply by the entry in the table.
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Abbe error – The positioning error resulting from angular
motion and an offset between the measuring device and the
point of interest. 

Abbe offset – The value of the offset between the measuring
device and the point of interest.

Absolute move – A move referenced to a known point or
datum.

Absolute programming – A positioning coordinate reference
where all positions are specified relative to a reference or
“home” position.

AC brushless servo – A servomotor with stationary windings in
the stator assembly and permanent magnet rotor. AC
brushless generally refers to a sinusoidally wound motor
(such as BM series) to be commutated via sinusoidal
current waveform. (see DC Brushless Servo)

Acceleration – The change in velocity as a function of time.

Accuracy – An absolute measurement defining the difference
between actual and commanded position.

Accuracy grade – In reference to an encoder grating, accuracy
grade is the tolerance of the placement of the graduations
on the encoder scale. 

ASCII – American Standard Code for Information
Interchange. This code assigns a number to each numeral
and letter of the alphabet. Information can then be
transmitted between machines as a series of binary
numbers. 

Axial runout – Positioning error of the rotary stage in the
vertical direction when the tabletop is oriented in the
horizontal plane. Axial runout is defined as the total
indicator reading on a spherical ball positioned 50 mm
above the tabletop and centered on the axis of rotation. 

Axis of rotation – A center line about which rotation occurs.

Back emf, Kemf – The voltage generated when a permanent
magnet motor is rotated. This voltage is proportional to
motor speed and is present whether the motor windings are
energized or not.

Backlash – A component of bidirectional repeatability, it is
the non-responsiveness of the system load to reversal of
input command.

Ball screw – A precision device for translating rotary motion
into linear motion. A lead screw is a lower cost, lower

performance device performing the same function. Unit
consists of an externally threaded screw and an internally
threaded ball nut.

Ball screw lead – The linear distance a carriage will travel for
one revolution of the ball screw (lead screw). 

Bandwidth – A measurement, expressed in frequency (hertz),
of the range which an amplifier or motor can respond to an
input command from DC to -3dB on a frequency sweep. 

Baud rate – The number of bits transmitted per second on a
serial communication channel such as RS-232 or modem.

BCD – Binary Coded Decimal - A number system using four
bits to represent 0-F (15).

Bearing – A support mechanism allowing relative motion
between two surfaces loaded against each other. This can
be a rotary ball bearing, linear slide bearing, or air bearing
(zero friction).

Bidirectional repeatability – See Repeatability.

CAM profile – A technique used to perform nonlinear motion
that is electronically similar to the motion achieved with
mechanical cams.

Cantilevered load – A load not symmetrically mounted on a
stage.

Closed loop – A broad term relating to any system where the
output is measured and compared to the input. Output is
adjusted to reach the desired condition.

CNC – Computer Numerical Control.  A computer-based
motion control device programmable in numerical word
address format.

Coefficient of friction – Defined as the ratio of the force
required to move a given load to the magnitude of that load.

Cogging – Nonuniform angular/linear velocity. Cogging
appears as a jerkiness, especially at low speeds, and is due
to the magnetic poles’ attraction to steel laminations.

Commutation – The action of steering currents to the proper
motor phases to produce optimum motor torque/force. In
brush-type motors, commutation is done
electromechanically via the brushes and commutator. A
brushless motor is electronically commutated using a
position feedback device such as an encoder or Hall effect
devices. Stepping motors are electronically commutated
without feedback in an open-loop fashion.
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Commutation, 6-step – Also referred to as trapezoidal
commutation. The process of switching motor phase current
based on three Hall effect signals spaced 120 electrical
degrees beginning 30 degrees into the electrical cycle. This
method is the easiest for commutation of brushless motors.

Commutation, modified 6-step – Also referred to as modified
sine commutation. The process of switching motor phase
current based on three Hall effect signals spaced 120
electrical degrees beginning at 0 electrical degrees. This
method is slightly more difficult to implement than
standard 6-step, but more closely approximates the motor’s
back emf. The result is smoother control and less ripple.
Aerotech’s BA series self-commutate using this method. 

Commutation, sinusoidal – The process of switching motor
phase current based on motor position information, usually
from an encoder. In this method, the three phase currents
are switched in very small increments that closely resemble
the motor’s back emf. Sinusoidal commutation requires
digital signal processing to convert position information
into three-phase current values and, consequently, is most
expensive to implement. The result, however, is the best
possible control. All Aerotech controllers, as well as the
BAS series amplifiers, self-commutate using this method.

Coordinated motion – Multi-axis motion where the position of
each axis is dependent on the other axis, such that the path
and velocity of a move can be accurately controlled.
Drawing a circle requires coordinated motion.

Critical speed – A term used in the specification of a lead
screw or ball screw indicating the maximum rotation speed
before resonance occurs. This speed limit is a function of
the screw diameter, distance between support bearings, and
bearing rigidity.

Current command – Motor driver or amplifier configuration
where the input signal  is commanding motor current
directly, which translates to motor torque/force at the motor
output. Brushless motors can be commutated directly from
a controller that can output current phase A and B
commands.

Current, peak – An allowable current to run a motor above its
rated load, usually during starting conditions. Peak current
listed on a data sheet is usually the highest current safely
allowed to the motor.

Current, rms – Root Mean Square. Average of effective
currents over an amount of time. This current is calculated
based on the load and duty cycle of the application.

Cycle – When motion is repeated (move and dwell) such as
repetitive back-and-forth motion.

DC brushless servo – A servomotor with stationary windings in
the stator assembly and permanent magnet rotor. (See AC
Brushless Servo)

Deceleration – The change in velocity as a function of time.

Duty cycle – For a repetitive cycle, the ratio of “on” time to
total cycle time used to determine a motor’s rms current
and torque/force.

Dwell time – Time in a cycle at which no motion occurs.
Used in the calculation of rms power.

Efficiency – Ratio of input power vs. output power. 

Electronic gearing – Technique used to electrically simulate
mechanical gearing. Causes one closed loop axis to be
slaved to another open or closed loop axis with a variable
ratio.

Encoder marker – Once-per-revolution signal provided by
some incremental encoders to accurately specify a reference
point within that revolution. Also known as Zero Reference
Signal or Index Pulse.

Encoder resolution – Measure of the smallest positional
change which can be detected by the encoder. A 1000-line
encoder with a quadrature output will produce 4000 counts
per revolution.

Encoder, incremental – Position encoding device in which the
output is a series of pulses relative to the amount of
movement.

Feedback – Signal that provides process or loop information
such as speed, torque, and position back to the controller to
produce a closed-loop system.

Flatness (of travel) – Measure of the vertical deviation of a
stage as it travels in a horizontal plane.

Force, continuous – The value of force that a particular motor
can produce in a continuous stall or running (as calculated
by the rms values) condition.

Force, peak – The maximum value of force that a particular
motor can produce. When sizing for a specific application,
the peak force is usually that required during acceleration
and deceleration of the move profile. The peak force is used
in conjunction with the continuous force and duty cycle to
calculate the rms force required by the application.

Friction – The resistance to motion between two surfaces in
contact with each other.

G.P.I.B. – A standard protocol, analogous to RS-232, for
transmitting digital information. The G.P.I.B. interface
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(IEEE-488) transmits data in parallel instead of serial
format. (See IEEE-488)

Gain – Comparison or ratio of the output signal and the input
signal. In general, the higher the system gain, the higher the
response.

Grating period – Actual distance between graduations on an
encoder. 

Hall effect sensors – Feedback device (HED) used in a
brushless servo system to provide information for the
amplifier to electronically commutate the motor.

HED – Hall Effect Device. (See Hall effect sensors)

HMI – Human Machine Interface. Used as a means of
getting operator data into the system. (See MMI)

Home – Reference position for all absolute positioning
movements.  Usually defined by a home limit switch and/or
encoder marker.

Home switch – A sensor used to determine an accurate
starting position for the home cycle.

Hysteresis – A component of bidirectional repeatability.
Hysteresis is the deviation between actual and commanded
position and is created by the elastic forces in the drive
systems.

I/O – Input/Output. The reception and transmission of
information between control devices using discrete
connection points.

IEEE-488 – A set of codes and formats to be used by devices
connected via a parallel bus system. This standard also
defines communication protocols that are necessary for
message exchanges, and further defines common
commands and characteristics. (See G.P.I.B.)

Incremental move – A move referenced from its starting point
(relative move). 

Inertia – The physical property of an object to resist changes
in velocity when acted upon by an outside force. Inertia is
dependent upon the mass and shape of an object.  

Lead error – The deviation of a lead screw or ball screw from
its nominal pitch.

Lead screw – A device for translating rotary motion into
linear motion. Unit consists of an externally threaded screw
and an internally threaded carriage (nut). (See Ball screw)  

Life – The minimum rated lifetime of a stage at maximum
payload while maintaining positioning specifications.

Limit switch – A sensor used to determine the end of travel on
a linear motion assembly.

Limits – Sensors called limits that alert the control
electronics that the physical end of travel is being
approached and motion should stop.

Linear motor – A motor consisting of two parts, typically a
moving coil and stationary magnet track. When driven with
a standard servo amplifier, it creates a thrust force along the
longitudinal axis of the magnet track.

Load carrying capability – The maximum recommended
payload that does not degrade the listed specifications for a
mechanical stage.

Master-slave – Type of coordinated motion control where the
master axis position is used to generate one or more slave
axis position commands.

MMI – Man Machine Interface used as a means of getting
operator data into the system. (See HMI)

Motion profile – A method of describing a process in terms of
velocity, time, and position.

Motor brush – The conductive element in a DC brush-type
motor used to transfer current to the internal windings.

Motor, brushless – Type of direct current motor that utilizes
electronic commutation rather than brushes to transfer
current.

Motor, stepping – Specialized motor that allows discrete
positioning without feedback. Used for noncritical, low
power applications, since positional information is easily
lost if acceleration or velocity limits are exceeded.

NC – Numerical Control. Automated equipment or process
used for contouring or positioning. (See CNC)

NEMA – National Electrical Manufacturer’s Association. Sets
standards for motors and other industrial electrical
equipment.

Non-volatile memory – Memory in a system that maintains
information when power is removed.

Open collector – A signal output that is performed with a
transistor.  Open collector output acts like a switch closure
with one end of the switch at circuit common potential and
the other end of the switch accessible.

Open loop – Control circuit that has an input signal only, and
thus cannot make any corrections based on external
influences.
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Operator interface – Device that allows the operator to
communicate with a machine. A keyboard or thumbwheel
is used to enter instructions into a machine. (See HMI or
MMI)

Optical encoder – A linear or angular position feedback device
using light fringes to develop position information.

Opto-isolated – System or circuit that transmits signal with
no direct electrical connections, using photoelectric
coupling between elements.

Orthogonality – The condition of a surface or axis which is
perpendicular (offset 90 degrees) to a second surface or
axis. Orthogonality specification refers to the error from 90
degrees from which two surfaces of axes are aligned.

Overshoot – In a servo system, referred to the amount of
velocity and/or position overrun from the input command.
Overshoot is a result of many factors including mechanical
structure, tuning gains, servo controller capability, and
inertial mismatch. 

PID – A group of gain terms in classical control theory
(Proportional Integral Derivative) used in compensation of
a closed-loop system. The terms are optimally adjusted to
have the output response equal the input command.
Aerotech controllers utilize the more sophisticated PID
FVFA loop which incorporates additional terms for greater
system performance. 

Pitch (of travel) – Angular motion of a carriage around an axis
perpendicular to the motion direction and perpendicular to
the yaw axis. 

Pitch error – Positioning error resulting from a pitching
motion. 

PLC – Programmable Logic Controller. A programmable
device that utilizes “ladder logic” to control a number of
input and output discrete devices.

PWM – Pulse Width Modulation. Switch-mode technique
used in amplifiers and drivers to control motor current. The
output voltage is constant and switched at the bus value
(160 VDC with a 115 VAC input line). 

Quadrature – Refers to the property of position transducers
that allows them to detect direction of motion using the
phase relationship of two signal channels. A 1000-line
encoder will yield 4000 counts via quadrature.

Radial runout – Positioning error of the rotary stage in the
horizontal  direction when the tabletop is oriented in the
horizontal plane. Radial runout is defined as the total
indicator reading on a spherical ball positioned 50 mm
above the tabletop and centered on the axis of rotation.

Ramp time – Time it takes to accelerate from one velocity to
another.

Range – The maximum allowable travel of a positioning
stage.

RDC – Resolver to Digital Converter. Electronic component
that converts the analog signals from a resolver (transmitter
type) into a digital word representing angular position.

Repeatability – The maximum deviation from the mean (each
side) when repeatedly approaching a position.
Unidirectional repeatability refers to the value established
by moving toward a position in the same direction.
Bidirectional repeatability refers to the value established by
moving toward a position in the same or opposite direction.

Resolution – The smallest change in distance that a device
can measure.

Retroreflector – An optical element with the property that an
input light beam is reflected and returns along the same
angle as the input beam. Used with laser interferometers.

Roll (of travel) – Angular motion of a carriage around an axis
parallel to the motion direction and perpendicular to the
yaw axis. 

Roll error – Positioning error resulting from a roll motion.

Rotor – The rotating part of a magnetic structure. In a motor,
the rotor is connected to the motor shaft.

RS-232C – Industry standard for sending signals utilizing a
single-ended driver/receiver circuit. As such, the maximum
distance is limited based on the baud rate setting but is
typically 50-100 feet. This standard defines pin
assignments, handshaking, and signal levels for receiving
and sending devices.

RS-274 – Industry standard programming language. Also
referred to as G-code machine programming. A command
set specific for the machine tool industry that defines
geometric moves.

RS-422 – Industry communication standard for sending
signals over distances up to 4000 feet. Standard line driver
encoder interfaces utilize RS-422 because of the noise
immunity.

Runout – The deviation from the desired form of a surface
during full rotation (360 degrees) about an axis. Runout is
measured as Total Iindicated Reading (TIR). For a rotary
stage, axis runout refers to the deviation of the axis of
rotation from the theoretical axis of rotation.
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Glossary CONTINUED

Servo system – Refers to a closed loop control system where
a command is issued for a change in position and the
change is then verified via a feedback system. 

Settling time – Time required for a motion system to cease
motion once the command for motion has ended.

Shaft radial load – Maximum radial load that can be applied
to the end of the motor shaft at maximum motor speed.

Shaft runout – Deviation from straight line travel.

Slotless – Describes the type of laminations used in a motor
that eliminates cogging torque due to magnetic attraction of
the rotor to the stator slots.

Stator – Non-rotating part of a magnetic structure. In a
motor, the stator usually contains the mounting surface,
bearings, and non-rotating windings.

Stiction – Friction encountered when accelerating an object
from a stationary position. Static friction is always greater
than moving friction, and limits the smallest possible
increment of movement.

Straightness of travel – Measure of the side-to-side deviation
of a stage as it travels in a horizontal plane.

Torque – Rotary equivalent to force. Equal to the product of
the force perpendicular to the radius of motion and distance
from the center of rotation to the point where the force is
applied.

Torque, continuous – Torque needed to drive a load over a
continuous time.

Torque, peak – Maximum amount of torque a motor can
deliver when the highest allowable peak currents are
applied.

Torque, rms – Root Mean Square (rms) is a mathematical
method to determine a steadfast or average torque for a
motor.  

Torque, stall – The maximum torque without burning out the
motor.

Total Indicated Reading (TIR) – The full indicator reading
observed when a dial indicator is in contact with the part
surface during one full revolution of the part about its axis
of rotation.

Tuning – In a servo system, the process of optimizing loop
gains (usually PID terms) to achieve the desired response
from a stage or mechanism from an input command.

Unidirectional repeatability – See Repeatability

Velocity command – Motor driver or amplifier configuration
where the input signal is commanding motor velocity.
Motors with analog tachometers are normally driven by this
driver configuration.

Wobble – An irregular, non-repeatable rocking or staggering
motion of the table top of a rotary stage. Wobble is defined
as an angular error between the actual axis of rotation and
the theoretical axis of rotation.

Yaw (of travel) – Rotation about the vertical axis,
perpendicular to the axis of travel. Angular movement
(error) that affects straightness and positioning accuracy.

Yaw error – Positioning error resulting from a yaw motion.




