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INTRODUCTION

This application manual defines the performance capabilities of CDA InterCorp’s actuator prod-
uct line, in-line and right angle gearing, rotary transducers, eddy current dampers and brakes.

The design data contained herein reflects the continuous demand for improved performance,
efficiency, and reliability, while simplifying drive techniques, and minimizing size and weight.
CDA InterCorp’s entire range of products are designed to operate under the most demanding
requirements of MIL-STD-810, while maintaining robust, reliable performance characteristics.
These actuators and similar products are used in aerospace, space, defense, commercial avia-
tion, “down hole”, robotic, nuclear, and high reliability industrial control applications.

With over 33 years in the industry, CDA InterCorp’s core philosophy of modular standardiza-
tion has withstood the test of time. Each modular design utilizes the same inventoried piece
part standards, materials, processes, and construction techniques. Inherent in our standard
modules are unequaled reliability and ruggedness, while maintaining flexibility in providing
custom motor requirements and extremely responsive prototype and production deliveries.

CDA’s quality system is certified to ISO-9001:2000. A government quality representative is
available to provide source inspection, as required.

For responsive support of your specific requirements, please write, phone, fax, or e-mail CDA
InterCorp directly. CDASs system application engineers are available to visit your facility to
assist in the design and selection of the proper Controllable Drive Actuator for your specific
application. CDA also maintains marketing personnel throughout the United States and
Internationally.




Introduction:

CDA InterCorps Controllable Drive Actuators, Rotary
Transducers and Eddy Current Dampers are being used in
many high performance critical applications for defense, avi-
ation, space, ground support, down hole equipment tools
and high reliability industrial applications. CDASs standard
modular design concept provides unparalled performance
per unit volume. A substantial benefit of our modular design
is the multifunction tasking capabilities within a single drive
actuator. Every product within our line is an established,
qualified module. A new application may derive the benefit
of a custom performance and mounting configuration actu-
ator, with “off-the-shelf-technology”.

Critical materials and processes are standard, however, the
external mounting configurations and electrical characteris-

tics may be tailored to satisfy specific performance and
mechanical requirements. Most of our applications are mis-
sion critical, and some are even flight safety critical.

This catalog summarizes the various types of motors, gear-
boxes, transducers, dampers and brake modules available.
We also present specific advantages of each type of module,
as well as critical application information. This information
is formatted to assist the design engineer to base-line a par-
ticular actuator frame size and feature options. Detailed
motor, transducer and eddy current damper performance
may be found in our other specific engineering manuals.
While these engineering publications are design ed to assist
the engineer, we encourage direct contact with CDAS engi-
neering department in the selection process for up-to-date
performance and design assistance.
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Brushless Permanent Magnet

Motors

Providing the highest mechanical power output and
torque per unit volume, the Brushless Permanent
Magnet Motor (BPMM) is the workhorse of the motor
line family. These high performance motors require
an integral motor rotor position indicator in order to
maximize motor performance and operation.

The rotor is constructed with durable rare earth samar-
ium cobalt magnets for high temperature perfor-
mance, stability, and durability. The electrical wind-
ings are on the outside stationary stator, providing
minimal thermal resistance between the windings and
the motor case.

Applications: Brushless motors should be used in
high power output, or performance critical applica-
tions where mass and efficiency are critical. Brushless
motors are also desirable in servo applications with
high load inertia or friction characteristics.

Sinusoidal Operation: CDA may provide a sinu-
soidal Brushless Permanent Magnet Motor for any of
our frame sizes. For ripple torque critical applica-
tions, where smooth torque control particularly at low
speeds is required, CDA may provide two phase or
three phase sinusoidal back emf. A sinusoidal drive
uses all phases on the motor on a continuous current
basis. There is no instantaneous hard switch of the
current, as with the trapezoidal drive. In order to
produce an actuator with smooth performance and
low ripple torque, the motor back emf should match
the waveform of the generated current and be 180°
out of phase to operate most effectively. The scope
trace below shows an actual back emf waveform of a
three phase CDA InterCorp BPMM. CDA has produced
BPMM actuators with less than 0.5% ripple torque.

N AT DATE :May 29,93
e P | TINE ;28158132

ey
S CHL As, B
17Bs, €

M1 Ca, A
[

/

/
N

Two Phase or Three Phase Sinusoidal? There has
been much discussion on the topic of whether a two
phase or three phase motor provides the smoothest
performance actuator. The answer depends on both
the construction technique and drive circuitry.
Assuming sinusoidal back emf and controlled through

a transconductance amplifier, the two phase motor
will produce less ripple torque than a three phase
counterpart, IF the three phase motor is connected at
the neutral. If the three phase controller uses three
independent "H" bridges, than there is essentially no
difference between two phase or three phase in terms
of magnitude of torque ripple. There are many rea-
sons for this phenomenon that are too numerous to
discuss here. interested parties should contact CDA
Engineering for detailed information on this topic.

Trapezoidal Operation is a popular method of
motor control, due to it’s simplicity and availability of
controllers. The performance data tabulated in this
catalog may also be used to approximate trapezoidal
performance as well as sinusoidal performance.
Trapezoidal commutation will result in lower starting
torque and higher torque ripple, when compared to
sinusoidal operation. Contact CDA Engineering for
additional information on commutation options.

Motor Transducer Options: In order to properly
control the current in a Brushless Permanent Magnet
Motor reliably, position feedback is required. CDA rec-
ommends high frequency brushless Field Directors.

CDA strongly recommends Field Directors, rather than
Hall Sensors for motor control. While CDA InterCorp
has a Hall Sensor module within our product line, Hall
Sensors have operational temperature limitations of -
40" to +150° C. Further, Field Directors can withstand
greater shock and vibration loads than Halls. With
Hall Effect commutation, there will be degradation of
motor performance, as well as increased ripple torque,
due to inherent hall hysteresis. Hall sensors may only
be used for trapezoidal commutation.

Performance Information: For detailed perfor-
mance information, refer to our Brushless Permanent
Magnet Motor Application Manual. The manual con-
tains detailed information on the motor constants,
inductance, hysteresis losses, power consumption and
more. The chart below shows a family of curves for
motor power input for various torque magnitudes at
operational velocity. This information is very useful for
estimating system performance, temperature rise and
efficiency.

Type 20 Power Loss vs. Speed
for Tabulated Torque Outputs

120 30.02n
|~ 212 mNm

100 = A
peaurter 250N
g L~ 177 mbim
E 9 = =+
B -
% - 20 O
g °° ——— 142 mNm
v
w
i 40 A 150z
& \ 106 mm
g ™~ro0zn
71 mbiin

=

2000 4000 G000 000 10000 14000

Operating Speed (RFM)

o

12000 16000




AC Induction Motors

Applications: Induction motors are used in many
applications where less reliable Brush Type DC
motors or higher complexity Brushless Motors were
previously used. Ideal for pump applications, veloci-
ty control applications or moderate power output
servo applications the AC motor may be a lower cost
solution when compared to the Brushless Permanent
magnet motor application. Additionally, they are
more efficient, and can drive higher load inertia than
stepper motors.

CDA’s high efficiency induction motors produce high
torque at speed, resulting in excellent speed regula-
tion at high frequencies. This speed-torque charac-
teristic often allows the use of an AC induction
motor, rather than a hysteresis synchronous motor,
for applications which require relative constant
velocities with varying loads. Additionally, CDA's
motors produce high torque per watt characteristics,
when driven at low frequencies. This coupled with
their high torque capacity per unit volume results in
a compact low power, high torque generating actua-
tor with cost effective drive circuitry.

CDA’s Induction motors feature Class H225 insulation
and lubrication system, with matched CTE materials.
This assures high performance and capacity per unit
volume and weight. The ruggedness and reliability
designed into all of our modular designs assures long
life and repeatable performance.

While we may discuss and introduce different drive
techniques and source voltages, all of our motor
frame sizes may be wound to be driven off any fre-
quency from 50 to 800 Hertz, and may be wound for
low, moderate, or high voltage systems, and opti-
mized Tor sinusoidal or square wave voltage sources.

DRIVE OPTIONS:

Fixed and Control Phase Operation: One tech-
nique of closed loop motor control is the “Fixed
Phase” method of applying power to one of the
motor phases continuously, and varying the magni-
tude and polarity of the “Control” phase, based upon
the magnitude of the error signal. This method,
while somewhat outdated, provides and accurate,
reliable method of servo control. The magnitude of
the power input of the fixed phase may be lower
than the power input of the control phase, in order
to reduce steady state power losses, and lower the
temperature rise of the motor. While the steady
state power loss of the motor is lower than a bal-
anced fixed phase operation, the total power input
will be higher. The stall power inputs tabulated in
the Induction Motor Application brochure is the total
power input for balanced power operation. For
example, motor type 20-6-400-06 tabulates a stall
power of 90 watts. For balanced power, the motor
would have 45 watts per phase of power input
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(Py=Prg+Pcgl. For unbalanced power, the product of
powers would be equal to the product of powers for
a balanced motor for equivalent performance. That
ig: Peg*Peg = Pey * Pey. Therefore, if we want-
ed to set the fixed phase for the unbalanced winding
to 15 watts (Pry = 15), and solve for the control
phase winding, Pcy. we get: Pey=(Prg*Pcgl+Pry
which solves to 135 watts for the unbalanced control
phase stall power. With 15 watts on the fixed phase,
the motor steady state temperature rise would be
lower compared to the balanced motor, but the total
power input at stall is 150 watts, as compared to 90
watts for a balanced option.

Dual Winding Control: Dual Winding Control
(DWC) is a more current method of closed loop oper-
ation with an AC induction motor. This method
simultaneously applies the two phase voltages in pro-
portion to the error signal input. Driving both phas-
es is similar to Brushless Permanent Magnet Motor
control techniques. Not requiring the motor fixed
phase to have continuous power reduces the zero
speed quiescent power loss and motor temperature
rise. Additionally, the DWC allows balanced power,
resulting in better torque per watt characteristics.
See page 19 for additional information on DWC AC
induction motors.

Square Wave Driven AC Motors: CDA can pro-
vide windings for AC motors which allow high effi-
ciency operation from a square wave voltage source.
This provides AC motor performance from SC source
voltages. Stepper motor electronics which drive per-
manent magnet stepper motors may also be used for
CDA line of AC motors designed to operate off these
square wave voltages. However, AC indiction
motors are more efficient and have higher power
output capacity when compared to stepper motors.

Some advantages of this drive technique are: Simple
high efficiency drive circuitry; high efficiency opera-
tion; selection of operating frequency; wide range
of Torque vs. Speed characteristics; DC source volt-
ages; brushless design; excellent speed regulation;
and variable frequency operation option.

Variable Frequency Square Wave: While the
selection of a single operating frequency may pro-
vide adequate performance, variable frequency dri-
ves can significantly increase performance and effi-
ciency per unit volume. Controlling the frequency
allows high torque per watt performance at low
speeds, while providing high power output and effi-
ciency at high operational speeds.

Square wave drive electronics makes the implemen-
tation of variable frequency AC motors an easy
task. Simply set the clock frequency into the
square wave drive electronics to vary with the
motor velocity, which is determined through an
AC tachometer. See page 18 for additional infor-
mation on variable frequency square wave driven
AC induction motors.



STEPPER MOTORS

Applications: CDA’s stepper motors provide an incre-
mental step output depending on the excitation logic
applied to the motor windings. These stepper motors
provide high running torque capacity per unit weight
and size. Their high performance and excellent step-
ping accuracy make these components ideal in open
loop positioning systems, incremental rate control sys-
tems, or limited angle rotary switches. Samarium
cobalt rare earth magnets, high grade stainless steel
construction, and class H225 insulation system assure
rugged, reliable performance under the most severe
operating conditions.

Applications for stepper motors include timing devices,
field of view mechanisms, rotary solenoids, electro-
optics, filters, antenna drives, robotics, and pointing
mechanisms. CDA's high performance, high reliability
stepper motors are ideal for these and other applica-
tions where size, weight, and reliability are critical.
Advantages of stepper motors include simple electron-
ics, high torque efficiency, precision step angles, and
repeatable position increments. High load inertia appli-
cations should be analyzed properly before selecting a
stepper motor. A Rotary Accelerometer may be required
to compensate for load inertia in some stepper motor
applications. Stepper motors should not be used in
high power output applications.

Performance: A stepper motor’s performance is affect-
ed by load inertia. The design engineer must consider
load inertia in dynamic step applications. If an applica-
tion has a significant load inertia, the pulse rate may be
“slewed"”, or increased dynamically, to obtain greater
performance. In the Stepper Motor Application
brochure, the tabulated "No Load Response Rate" and
"Max Power Output” characteristics are tabulated for
inertially small reflected loads (Inertia Factor =1.0).

Figure 1 - Motor Code 04-2P6-20
Inertia Factor = 1.0
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Figure 1 shows a typical pulse rate vs. torque curve.
This performance is at +25° C, with a total inertia factor
of 1.00 (load inertia = 0). Also noted in this figure are
some common terms. The Pull In Torque is the load
torque which the stepper motor can pull in from rest or
reverse direction of rotation, at a specific pulse rate.
The pull out torque is the torque which will pull the

motor out of dynamic operation. The pull out torque
falls along the "Slew" line, and is independent of load
inertia.

Figure 2 - Motor Code 04-2P6-20
Inertia Factor = 2.0
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Figure 2 shows the same stepper motor at +25° C, but
with a total inertia factor of 2.0. Notice how the Slew
Rate, Pull Out, Low Pulse Rate, and Holding perfor-
mance have not changed, but the Response Rate and
Pull In Torques have been reduced. This is due to the
fact that the stepper motor must accelerate and decel-
erate the load inertia in addition to the motor inertia.
To calculate the total inertia factor, please refer to our
Stepper Motor Application brochure. This publication
will also provide information to simulate performance
over temperature as well as characterize performance
with redundant windings.

Rotary Switches: Permanent Magnet Stepper Motors
may be used as Rotary Switches or Housed Limited
Angle Torquers. If a limited angle of rotation is required
at the mechanism output , simple excitation simple exci-
tation of a motor winding can select a specific output
position. With our InterDamp option, these devises may
be ideal for limited angle position control. Applications
for these rotary switches include Filter Wheel Drives,
Field of View Switches, Solar Shields and Covers.
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Standard switch angles are shown on page 8. However,
custom step angles may be provided on request. Switch
position accuracy of 3% of the step angle is standard.
The schematic above represents a Rotary Switch.

Refer to our "Stepper Motor Application Data” brochure
for more performance and application information.



ROTARY TRANSDUCERS

CDA InterCorps Rotary Transducers provide high accuracy outputs
for angular position, velocity, and acceleration requirements in
todays advanced systems. These components deliver precise out-
put performance in small size and weight. High grade stainless steel
construction, class H220 insulation system, and brushless design
assures reliable performance under the most severe operating con-
ditions. Additional features include wide operating range of -80" C
to +220° C, high vibration and shock capacity, high velocity and
high acceleration capacity, high signal to noise ratio, continuous
rotation, and a wide selection of output formats.

Applications for these sensing devises include aircraft antenna
positional feedback, primary and secondary control surface indica-
tors, servo stability requirements, servo control demand information,
velocity servos, aircraft wheel velocity information, and virtually any
system where velocity, position, force, or acceleration information is
required.

CDA InterCorp Instrument has the ability to provide these com-
ponents with integrally mounted geartrains, or combine compo-
nents to provide "multifunction sensing”, or cascade components in
tandem or cluster format to provide redundancy. Additionally, CDA
InterCorp may provide these devices mounted to a motor or actua-
tor to provide reliable servo performance in a compact package. All
components have been qualified to the most demanding require-
ments of MIL-STD-810. Historical data has proven that CDA
InterCorps rugged construction components perform reliably in
extreme application environments.

POSITION TRANSDUCERS

With the advancement of digital electronics, and increased
demand for high reliability, high accuracy systems, high frequency
brushless position sensors are replacing brush-type synchros,
resolvers, and optical encoders, for these applications. Small size,
light weight, rugged construction, and ease of implementation
make CDA InterCorps line of Brushless Resolvers, and Brushless
RVDTS, ideal for control and positional information in advanced sys-
tems.

VELOCITY TRANSDUCERS

Velocity sensors are extremely useful for
position and velocity control applications. AC Tachometers are
designed to accommodate specific rate signal needs, to improve
inner loop stability, and provide overall system damping, which is
essential for closed loop control systems. Velocity control systems
can benefit from high signal to noise ratios, high accuracy, and sta-

ble performance over temperature and time.

Another velocity sensor option is the Permanent Magnet
Alternator (PMA). PMAs produce an output where the frequency
and magnitude of voltage vary in direct proportion to the angular
velocity. These devices are useful where dynamic angular positional
information can also be derived by "EZing” the PMA in the system.
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Additionally, “Zero Crossing” information of the output voltages is a
simple method of determining positional and
velocity information.

ACCELERATION TRANSDUCERS
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Acceleration feedback offers a "higher” order effect on servo
and stepper motor operation than other forms of rate feedback. A
major advantage of our Rotary Accelerometers (RAS) is that they do
not require excitation or demodulation to provide a DC output volt-
age in proportion to the angular acceleration (V/rad/Sec?).
Particularly useful in closed loop servo applications or operating a
stepper motor in the slew mode, the accelerometer may be mount-
ed directly to a motor, or sold as a stand alone module.

The scope trace above shows position and acceleration versus
time of a permanent magnet stepper motor. The acceleration sig-
nal is the direct DC output of the RA. More detailed information on
the description and applications of RAs are detailed on pages 9, 22
and 23.

INDEXING GEARING

CDA may provide precision “indexing gearing” with our transducer
modules to increase field of operation, or increase resolution of sam-
pling information. Indexing gears, are specifically designed to
adapt to our precision rotary transducers, to provide high accura-
cy, low transmission error operation. As with all of CDAS products,
our indexing gearing is constructed with matched CTES for wide

temperature operation.

For more detailed information on our range and performance of
our Rotary Transducers and Indexing Gearing, please refer to our
“Rotary Transducer Application Manual®. This publication details
transducer gains, impedances, electrical and mechanical character-
istics. Additional information may be obtained by contacting CDAS

engineering department directly.



EDDY CURRENT DAMPERS

Applications: Eddy Current Dampers [ECD’'s) are
passive devices that regulate velocity in proportion
to the torque applied to the input shaft. Ideal for
flight avionics controls such as passive sticks and
throttles, as well as spring loaded deployment sys-
tems, such as solar array panels, tuned damper sys-
tems or antenna and mechanism deployment sys-
tems.

CDA InterCorp’s ECDs offer reliable, repeatable, and
linear damping characteristics over a wide operat-
ing temperature range. These rugged devices are
offered in a range of sizes and damping rates. The
Eddy Current Dampers (ECD’'s) are complemented
with single or multiple stages of high reliability
gearing. ldeal for demanding applications, these
devices will operate reliably at high angular rates,
accelerations and radial loads.

CDA's seven standard frame size ECD's and our com-
plementary line of gearboxes offer nearly unlimited
damping rates, configurations, and torque capaci-
ties. Our compact and efficient gearboxes are so
robust and compact, that we often rival the size
and mass of fluid dampers for equivalent damping
rates and torques; however, our ECD’s are much
more reliable and temperature stable than fluid
dampers. ECD’'s are extremely linear and have low
temperature coefficients, where the damping rates
and performance are very stable over operating
temperature ranges. Our ECD damping rates are
so linear and predictable, that temperature com-
pensation is usually not required. Where fluid
dampers usually suffer from "dead band” with up to
ten or more degrees of lost motion, our geared
ECD’s have only a few arc-minutes of lost motion,
providing a more robust, controlled deployment.
Our ECD’s do not require, and are not dependent
on seals. The elimination of seals, and no potential
for leaks gives ECD's a clear advantage in perfor-
mance or outgassing critical applications. Also, the
ECD’s performance does not change inside a vacu-
um. The increased reliability and performance of
our ECD’'s typically save many hours of assembly
and integration time.

Our efforts to develop a low static friction, high
reliability ECD has proven successful. We can now
offer low static friction values without compromis-
ing capacity or reliability. Our current line of ECD’s
have reduced static friction by 75% for a given
frame size and damping rate. Often our geared
ECD’s can form fit function replace fluid dampers in
deployment actuation systems with the high relia-
bility and temperature stability inherent in our ECD
modules.

Linear Stroke Dampers: CDA InterCorp may also
provide Linear Eddy Current Dampers (LECD’'s] by
incorporating a high efficiency ball screw to the
output of our rotary dampers. These LECD's may

6

incorporate various mounting configurations for
flexible system integration. For Linear ECD analy-
sis, refer to CDA InterCorp’s Product Summary
brochure for rotary to linear translation equations,

and linear mounting interface options.

Damping on Command: CDA may provide our
ECD’s with a damping enable feature which allows
the damping restrictive torque to be turned off and
on at will. This may offer advantages to the system
or mechanism design by allowing the flexibility to
command the damping. Contact CDA's engineering
department for further information about Damping
on Command.

System Level Calibration can also be reliably
achieved on our ECD’s. Unlike fluid dampers which
have a screw provision which may vibrate loose and
change position during launch, CDA InterCorp’s
ECD’s can be system level calibrated by adding a
proper load resistor across external leads. CDA can
provide a matrix of load resistors vs. damping rate
at the output of a given ECD.

Damper Performance Simulation: An advan-
tage of our ECDs is the wide data base of applica-
tions, extensive performance requirements over
wide operating environments and our standard
modular design. This extensive database of infor-
mation has resulted in extremely accurate perfor-
mance simulation during the design stage.
Engineers interested in ECD simulation information
should contact CDA's engineering department.
Copies of a technical paper discussing design princi-
ples and simulation techniques is available on request.

Performance Information: For detailed design infor-
mation, refer to CDAS Eddy Current Damper Application
Manual. This publication details damping rates, torque
components and magnitudes, as well as composite
assembly performance. Contact CDA’s engineering depart-
ment directly for additional information on Eddy Current
Dampers.

Eddy Current Damper testing in Clean Room Facility
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10 63.50 52.83 6.76 38.100 3.18 12.70 61.10 1.05 1.41 E-05
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Motor Performance Data

BRUSHLESS PERMANENT MAGNET MOTOR REFERENCE DATA

Parameter : Type 03 : Type 04 ‘ Type 05 | Type 0G ! Type 08 : Type 1‘1_0'_. .‘ Type 12

|

Motor Constant (K, OzInAlwatt 1.1 2.4 4.0 7.0 15 26 45
Stall Torque Data Nmm/Awatt 7.8 17 28 49 106 185 315
OzIn 7.0 30 60 125 250 500 1000

Peak Torque
Nmm 49 210 425 900 1750 3500 7000
Peak Power Output Watts 50 200 500 1000 2000 4000 8000
[see note B3)

Notes:

B1. Reference Data at +25° C unit temperature.

B2. Continuous Power Output dependant on system ambient temperarute, and actuator thermal coefficient.

B3. See CDA InterCorp's Brushless Permanent Magnet Motor Engineering Reference Data brochure for additional performance data
information.

AC INDUCTION MOTOR REFERENCE DATA

1
|
|
|
1
|

Parameter | Type 03 | Type 04 || Type 05 I| Type 06 ! Type 08 | Type 10" || Type 12
OzIn 2.0 4.0 10 25 50 100 200
Peak Torque
Nmm 14 28 70 175 350 700 1400
Feak Pawer Output Watts 6 22 45 130 300 600 1200
[see note AZ2)

Notes;

Al. Reference Data at +25° C unit temperature

A2. Continuous Power Output dependant on system ambient temperature, and actuator thermal coefficient.

A3. See CDA InterCorp’s AC Induction Motor Engineering Reference Data brochure for additional performance data information.

STEPPER MOTOR REFERENCE DATA

Parameter !i Type 03 .I Type 04 I. Type 05 | Type 06 Type 08 II Ty_pe -'1'0. i Type 12 \
15° Oz-InNwatt 1.1 2.9 4.1 8.2 15 26 46
Stepper | Nmm/Awatt 7.8 20 29 58 106 185 325
50° Oz-InAwatt 0.7 1.8 3.5 5.8 11 20 32
— Stepper | NmmAwatt 5.0 13 25 41 78 140 225
CO;ILST”‘ 30° OzInAwatt 1.1 2.5 3.9 7.4 14 26 42
: stepper | NmmAwatt 7.8 18 28 52 100 185 300
Holding
Torque 45° OzInMNwatt 0.8 2.1 35 5.9 12 22 38
Only | stepper | Nymmwatt B 15 25 42 85 155 270
60° OzIn/watt 0.6 1.3 2.1 33 7.2 13 21
Stepper [ NmmAlwatt 4.2 9.2 15 23 51 92 150
90° Ozin/\watt 0.6 1.1 1.9 3.0 6.5 12 19
stepper | Nmm/Awatt 4.2 7.8 13 21 46 85 135
Notes:

S1. Reference Data at +25" C unit temperature.
$2. See CDA InterCorp's Stepper Motor Engineering Reference Data brochure for additional performance data information.
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Optional Integral Components

\.-.—.MODULE

DIAMETER

Description / Application:

Rotary Accelerometers (RA's] provide a DC output voltage in proportion to the phase and
magnitude of the rotary acceleration of the motor shaft. These devices require no
excitation or input power. RA’s are ideal components to achieve high performance servo
stability characteristics. The acceleration signal may be used alone, or the voltage may be op
amp integrated to provide velocity damping plus acceleration information. Feedback can
eliminate limited cycle oscillation in geared servo systems, and allow high forward loop gain
through response shaping networks [Pl OR PID|, in digital or analog signal processing
systems,

RA's may also be used in stepper motor applications, to determine the step "crossover” of the
motor rotor during operation. This information is useful to determine optimum stepping
pulse rate in high load inertia applications, or the stepper motor pulse rate may be
dynamically controlled to step at the crossover point. This allows the motor to operate in the
higher efficiency slew region of performance while maintaing step count. Since the
permanent magnet Rotary Accelerometer provides a DC signal, the output may be directly
used to determine step to step integrity of the stepper motor in critical pointing mechanisms,
where step integrity is paramount.

The data included herein provides greater detail of the benefits and application information

/ “ADDED LENGTH

of RA’s in stepper and servo motor applications. Schematic
TYPE —> 03ACC 05ACC
Output Voltage mV/kRAD/sec’ 6.0 25
Output Load Ohms 50,000 50,000
Added Length Inches 0.600 0.600
(when integrated to motor) [ mm ] [14.6] [14.6]
: Inches 0.750 1.250
Accelerometer Diameter frim T [19.1] (31.8]
: Oz-In-sec? 1.4 E-05 1.0 E-04
Added Inertia [ kg-m? | [9.9 E-08 | [7.0 E-07 ]
: Oz 0.750 2.0
sictele el [kg ] [0.021 ] [ 0.056 ]

Notes:
1. The information above is tabulated for an RA mounted directly to a CDA InterCorp motor assembly.
2. Tabulated performance at +25° C.




Description 7 Applications:
AC Damping Tachometers are ideal rate transducers ‘.J_____R_G____ __ﬂ__Ll___O
for high accuracy closed position loop applications i Q ) . (]
where high forward loop gains and inner loop stability _') 2 \ —
are critical. INPUT — I/ OuTPUT
The output voltage of AC tachometers are proportionad | o T% C LR
to the angular velocity of the motor rotor shaft, and GRY BRM
the voltage signal is phase sensitive to the direction of . =
rotation. This information may be used for servo = —
stability requ mets, closed velocity applications, or
control system information puropses. Output voltage in phase with excitation for CW rotation, viewing shaft
Type —=> 03525 0250.49 O0552.5 0550.9
Excitation Voltage Volts RMS 10 26 10 26
Fregquency Hertz 2500 400 2500 400
Untuned Current Amps RMS 0.045 0.016 0.050 0.016
Tuned Current Amps RMS 0.040 0.014 0.045 0.0132
COutput Voltage & +25° C Volts/ 1000 RPM 0.125 0.125 0.250 0.250
Temperature Coefficient O+ = =
(Dutput Voltage Drops” C Rise) Yosi C 0.15 Ll 1) 0.15 0.25
Total Null Voltage myolts RMS 15 15 25 25
In Phase Null Voltage my olts RMS 10 10 10 10
Output Load Ohms 50,000 50,000 50.000 50,000
Inches 0.600 0.600 0.600 0.600
aadechL eIkl [ mm | [15.2 ] iR | [15.2 ] [15.2 ]
Inches 0.750 0.750 1.250 1.250
K L
achometer Diameter [ mm | [19.1] [19.1 ] [31.8] [31.8]
oz-in-sec” 2.8 E-06 2.8 E-06 5.5 E-05 5.5 E-O5
) L b [ kg-m? | [ 2.0 E-08 | | 2.0 E-08 ] [ 3.8 E-07 | [ 3.8 E-07 ]
Oz 0.75 0.75 2.3 2.3
Cobe L N ek [ kg ] [0.021] [0.021 ] | 0.065 ] | 0.065 |

NOTES:

1. See Rotary Transducer Engineering Reference Data brochure for additional tachometer options.

2. Other voltages, frequencies, and performance data awvailable on recquest.

3. Tachometers may be sold as a stand alone item, or integrally mounted to a motor assembly as shown above.

4. Phase shift compensation required for 2.5 kHz. tachometer demaodulation. Contact CDA

for information.

Description F Applicatior:
Magnetic Detent Brakes are integrally mounted with no intermediate couplings.
Primarily used on Stepper Motors, the Detent Brake requires no excitation voltage or
power input to provide additional holding torque at given step angles, while the motor
is at rest. This device prowves very useful when power off holding torque is required.
The magnitude of the detent holding torgue may be calibrated up to the maximuom
level tabulated beloww.

Typical applications include launch lock or over centering switches, where the coulomis
friction of the motor is not enough to overcome system loads. Extremly popular in
stepper motor applications, these devices typically correspond to the step angle of the
motor, however, offsetting of the motor and brake step angles have been used to
obtain custom torque versus position step profiles of the motor-brake combination.

INn most applications where the motor step angle and the detent torque angle coincide,
there is little to No Net loss in motor running torque capacity.  Since half of the magnetic
detent cycle the brake is working against the motor torque, and in the other half of
the cycle the brake is vworking with the motor torque, there usually is Nno net loass in
running torque capacity. As a general rule however, we typically recommend the
cetent holding torque be less than seventy percent of the motor torque at low pulse
rate:.

Schematic

IYPE ——= osp 11D
- Oz-1lNn 3.0 1 1=
Holding Torque [ Nmm | [ 21 ] [ 105 ]
Detent Torque Angle Degrees 30, 45, 90, or 120 30, 45, 920, or 120
Inches 0.400 0.400
Added Length [ mm ] [10.2] [10.2 ]
i R INnches 0.750 1.062
Brake Diameter [ mm | [19.1 ] [27.0]
4 Oz-ln-sec”? 2.0 E-06 6.6 E-06
anel el ela [ kg-m?Z | [ 1.4 E-08 ] [ 4.7 E-08 ]
o Oz 1.0 = )
Added Weight [ kg ] [0.028 | [0.057 ]
MNotes:
1. Other torques and performance data available on request.
2. Detent Brakes may be sold as a stand alone item, or may be integrally mounted to a motor assemibly, as

shown on page 9.
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Description / Application:

Friction Brakes are integrally mounted to the motor shaft with no intermediate
couplings. These devices provide holding torque when the DC power is off, and allow

the shaft to rotate freely when the DC voltage is applied to the brake winding. =0
An advantage of CDA InterCorp's friction brake design, is our ability to calibrate the \ ERAXE
braking torque within a specified range, up to the maximum rated torque for each ( BLEAY ()
frame size. Our friction brake materials are carefully selected to provide reliable
performance over the life of the actuator.
Schematic
TYPE —> 08F 11F 15k 25F
Excitation Voltage Volts DC 28 28 28 28
Current at 28 Volts DC Amps DC 0.165 0.165 0.265 0.535
Pull In Voltage Volts DC 18 18 18 18
Drop Out Voltage Volts DC 1.0 1.0 1.0 1.0
(Uit o T Oz-In 5.0 15 50 300
94199 [ Nmm | [35) [105] [350 | [2100]
Inches 0.784 0.800 1175 1.500
dxdded Lendeh [ mm ] [19.9] [20.3] [28.8] [38.1]
Brake Di ' Inches 0.750 1.062 1.437 2.500
bR e e altel [ mm ] [19.1] [27.0] [36.5] [63.5]
Oz-In-sec? 2.0 E-06 6.6 E-06 2.4 E-05 2.2 E-04
Added Inertia [ kg-m? | [ 1.4 E-08 ] [4.7 E-08] [ 1.7 E-07 ] [ 1.6 E-06]
- Oz 1.0 2.0 6.0 24
Addledislant [kg ] [0.028 ] [0.057 ] [0.170] [0.682 ]
Accelerometer-Brake Inches 1.329 1.475
N/A N/A
Added Length [mm ] [33.8] [37.5]
Accelerometer- Brake Oz-In-sec? 5.0 E-06 6.1 E-05 N/A N/A
Added Inertia [ kg-m? | [ 3.5 E-08 ] [4.3 E-08]
Accelerometer-Brake Oz 23 4.5
N/A /A
Added Weight [ kg | [0.065 ] [0.128] M

MNotes:
1. Other voltages, torques, and performance data available on request.

3. Listed performance at +25° C.

2. Brakes may be sold as a stand alone item, or may be integrally mounted to a motor assembly, as shown on page 9.

As with our standard motor and damper modules, CDA inven-
tories the fundamental gear blanks and piece parts for our line
of high torque gearboxes. These durable devices are manufac-
tured with the same high precision tolerances as our other mod-
ules. The critical interface between the high speed motor shaft
and the high efficiency gearbox is held to very tight tolerances.
This assures high reliability performance at high velocities, max-
imizing efficiency, and minimizing weight, while maintaining
reliable, consistent performance.

As with our other products, our gearing consists of high grade
stainless steel construction with matched coefficient of thermal
expansion. Our standard geared actuators have operated from
4 Kelvin (-269° C) to +250° C. High torsional and radial stiffness
with low backlash are also inherent in our standard gear mod-
ules making them ideal for high torque deployment mecha-
nisms.

For length critical applications, CDA InterCorp has an entire line
of right angle gearboxes to complement each frame size of our
planetary gearboxes. Our placement of the critical right angle
conversion is at the optimum ratio of torque and velocity which

"High Torque Capacity Gearing
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results in a gearbox which has the identical torque, stiffness,
and backlash ratings as the comparable in line planetary gear-
boxs.

Extensive field heritage and continuous endurance testing pro-
vides for a large data base of performance and reliability pre-
dictions for our geared packages. Most of our applications are
mission critical, and some are even flight safety critical. We are
able to accommodate all these demanding applications with
our standard modular design concept. Another advantage
derived from this concept is responsive prototype deliveries.
Since our fundamental module piece parts are inventoried as
blanks, we can accommodate fast deliveries and provide cus-
tom mounting and interface configurations. Additionally, pro-
totype actuators are manufactured with the same materials,
processes and build standards as our production hardware.

Pages 12 through 15 tabulates the torque ratings and compos-
ite assembly dimensions of our in-line and right angle drive line
of gearboxes. It is important to note that the mechanical inter-
face characteristics and output shaft configurations may be tai-
lored to meet your specific system application requirements.



Motor - Gearhead Composite Dimensions
and Performance

PILOT
DEPTH

+.0000
-000%

D

DA,

4 "CRDIANHOLES =

H

DA

Temerature

Coefficient *

(flcAvatt Loss) |

AR 03 25 100 Q.750 0.620 o.o81 0.6875 0.156 0.188 1.745 0.750 3.0 7.0
A 03 21 100 1.000 0.828 0110 0.9375 0.188 0.250 1.821 0.750 4.2 6.9
A0 04 5 10 1.000 0.828 a.11o 0.6875 0156 0.250 1.400 1.000 4.0 s
A 04 18 100 1.000 0.828 0,110 0.9375 0.188 0.250 2.166 1.000 6.5 6.2
Do 04 20 107 1.250 1.020 0.129 1.1875 0.250 0.250 2.342 1.000 8.5 6.1
o 05 4 10 1.250 1.030 0,129 0.9375 0.188 0.250 1.843 1.250 7.5 3.0
[=ley 05 26 114 1.250 1.020 0.129 1.1875 0.250 0.250 2.623 1.250 12 45
FD 05 20 114 1.500 1.250 0.149 1.4375 0.313 0.313 2.784 1.250 15 4.5
co 06 5 10 1.500 1.250 0.149 0.9375 0.188 0.313 2.168 1.500 i3 253
DC 06 26 114 1.500 1.250 0.149 1.1875 0.250 0.313 2912 1.500 17 2.5
FD 06 20 114 1.500 1.250 0. 149 1.4375 0.313 0.213 2.073 1.500 18 4.5
HD 06 22 107 2.000 1.670 0177 1.8750 0.375 0.375 3.340 1.500 27 4.5
Do [o12] 4 11 2.000 1.670 0177 1.1875 0.250 0.375 2.440 2.000 26 1.7
FD 08 20 114 2.000 1.670 0177 1.4375 0.313 0.375 3.419 2‘0.00 31 1.7
HD o8 22 107 2.000 1.670 0177 1.8750 0.375 0.375 3.689 2.000 40 2.5
JF o8 30 114 2.500 2,062 0.206 2.4375 0.437 0.500 3.976 2.000 1<) 2.4
FO 10 S 10 2.500 2.062 0.206 1.4375 0,313 0.500 3.250 Z2.500 53 1.3
HD 10 22 107 2.500 2.062 0.206 1.8750 0.375 0.500 3.933 2.500 67 r.a
JF 10 20 70 2.500 2.062 0.206 2.4375 0.437 0.500 4.453 2.500 100 1.9
HO 12 5 10 3.000 2.500 0.266 1.8750 0.375 0.750 3.950 3.000 90 0.9
JF 12 20 70 3.000 2.500 0.266 2.4375 0.437 0.750 5.161 3.000 31 1.0
MH 12 8 61 3.000 2.500 0.266 2.9687 0.500 0.750 5.635 3.000 156 1.7

MNotes:

1. Rate gearhead perfarmance by the st [elter of "Gearhead Type" tabulated. See the following page.

2. Other gear ratios and mounting configurations are available on request,

3. Overall gearing efliciency = 90%.

4. Temperature coefficient is in ~ C rise per watt loss, while mounted on a 6" x 6" x 0.25" black aluminum plate,

5. Dry film lubrication for cryogenic temperature operation available on request. Contact CDA's engineering department for information,

6. Add 0,575 inches to "G" dimension for Brushless Permanent Magnet Motor Actuators.
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Temerature

TYPE RATIOS *? | System International Dimensions (In mm) e L
i GEARTIEADH ! MOoTOR ' FROM . TO . _ | I [ _I FoilllGs II H | | (i cAWatt Loss) |

AC n3 5 10 19.05 15.75 2.06 17.463 3.96 4.78 30..1 19.05 0.060 7.0
AA 03 25 100 19.05 15.75 2.06 17.463 3.96 4.78 44.3 19.05 0.085 7.0
CA 03 21 100 25.40 21.03 2.80 23.813 4.78 6.35 46,3 19.05 0119 6.9
AO 04 5 10 25.40 21.03 2.80 23.813 3.96 6.35 35.6 25.40 0.114 4.5
CA 04 18 100 25.40 21.03 2.80 23.813 4.78 6.35 55.0 25.40 0.185 6.2
Do 04 20 107 31.75 26,26 3.30 30.163 6.35 6.35 5.5 25.40 0.241 6:1
cO 05 4 10 31.75 26,16 3.30 23.813 4.78 6.35 A6.8 < e 0.213 3.0
(o] 05 26 114 31.75 26.16 3.30 30.163 6.35 6.35 O6.6 31.75 0.341 4.5
Fi2 05 20 114 38.10 31.75 3.80 36.513 7.95 7.95 70.7 31.75 0.426 4.5
(alo] 06 5 10 38.10 31.75 3.80 23.:813 4.78 7.95 55.1 38.10 0.369 2.3
Do 06 26 114 38.10 31.75 3.80 30.163 6,35 7.95 74.0 28.10 0423 2.5
FD 06 20 114 38.10 31.75 3.80 36513 7.95 795 8.1 38.10 0.511 4.5
H2 o6 22 107 50.80 42.42 4.50 49.213 9.53 9.53 84.48 38.10 0.767 4.5
(B3] oa 4 (B 50.80 42.42 4.50 30,163 6.35 9.53 62..0 50.80 0.739 1.7
Fi oa 20 114 50.80 4242 4.50 36.513 795 9.53 86.8 50.80 0.881 | Fird
HL (123 22 107 50.80 4242 4.50 42.213 9.53 9.53 93.7 50.80 1.140 2.5
JF 08 30 114 63.50 52.37 5.23 61.213 .o 12.70 101 50.80 1.880 2.4
FQ 10 5 10 63.50 52.37 5.22 36.513 7.95 12.70 B82.6 63.50 1.506 1.3
HD 10 22 107 63.50 52.37 5.23 49.213 9.53 12.70 100 63.30 1.905 1.4
JF 10 20 70 63.50 52.37 5.23 61.913 .10 12.70 113 63.50 2.840 1.9
HO 12 5 10 76.20 63.50 6.76 49.213 9.53 19.05 100 76.20 2.556 0.9
JF 12 20 70 76.20 63.50 6.76 61.913 11.10 19.05 132 76.20 3.720 1.0
MH b2 18 &1 76.20 | &3.50 6.76 | 75405 | 12.70 192.05 144 76.20 4.430 bt

Notes:

1. Rate gearhead performance by the first letter of "Gearhead Type” tabulated. See performance below.

2. Other gear ratios and mounting configurations are available on request.

3. Overall gearing effliciency = 90%,

4. Temperature coefficient is * C rise per watt loss, while mounted on a 150 x 150 x 6 mm black aluminum plate.

5. Dry film lubrication for cryogenic temperature operation is available on request. Contact CDA's engineering department for information.

6. Add 15 mm to "G" dimension for Brushless Permanent Magnet Motor Actuators.,

GEARHEAD RATINGS

| |
_ [t 7\ | Torgue Capacity Torsional ’
Ge_?;ggad Basicisize | Continuous i Intermittent | Spring Constant ‘
_' : Inches i mm L=l || Nm |I L=l || Nm Lb‘élnfﬁ_a"d ! Nm/_Rad J

A 0.750 19.05 12 1.4 20 ) 6.0 E+03 6.8 E+02

= 1.000 25.40 50 5.6 100 11 1.6 E+04 1.8 E+03

D 1.250 31075 180 20 360 41 2.5 E+04 2.8 E+03

F 1.500 38.10 400 a5 800 90 4.3 E+04 4.7 E+03

H 2.000 50.80 1000 112 2000 225 7.4 E+04 8.4 E+03

J 2.500 63.50 2000 225 4000 450 1.8 E+Q5 2.0 E+04

M 3.000 76.20 4000 450 8000 900 6.0 E+05 6.8 E+04

N 4.000 101.60 8000 900 16000 1800 3.6 E+06 4.1 E+05
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Motor / Right Angle Gearhead Composite Dimensions
and Performance

/ I"mrrp.-mu_:a QUITPUT SHAFT 4

i E v

M

L
LEFIN

- DIMENSIONS IN INCHES

¥ 1 | |
| RATIOS | g
il (SEE NOTE 2) | |
ey | F |
GEARHEAD'! || MOTOR || ‘ |
1 |
1 | i 1k i 4 i | 4 1 A I
ARA 03 45 187 0.750 | 0.620 | 0.229 | 0.081 | 0.140 | 0.375 | 2.129 | 0.833 | 0.436 | 0.188 | 0.7350 | 0.250 | 0.750 4.3 7.1
CRA 03 46 187 1.000 | 0.828 | 0.300 | 0.110 | 0.194 | 0.500 | 2.464 | 1.170 | 0.594 | 0.250 | 0.9750 | 0.400 | 0.750 8.0 7.0
CRA 04 45 187 1.000 | 0.828 | 0.300 | 0.110 | 0.194 | 0.500 | 2.680 [ 1.170 | 0.594 | 0.250 | 0.9750 | 0.400 | 1.000 10 6.2
DRC 04 45 198 1.275 | 1.030 | 0.400 | 0.129 | 0.219 | 0.637 | 2.920 | 1.287 | 0.622 | 0.250 | 1.2500 | 0.450 | 1.000 16 6.1
DRC 05 16 198 1,275 | 1.030 | 0.400 | 0.129 | 0.219 | 0.637 | 3.318 | 1.287 | 0.622 | 0.250 | 1.2500 | 0.450 | 1.250 17 5.2
FRD 05 42 212 1.525 | 1.250 | 0.440 | 0.149 | 0.272 | 0.763 | 3.723 | 1.540 | 0.790 | 0.375 | 1.5000 | 0.500 | 1.250 25 5.0
HRD 05 45 200 2.000 | 1.670 [ 0.585 | 0.177 | 0.316 | 1.000 | 4.202 | 2.062 | 1.062 | 0.375 | 1.9750 | 0.675 | 1.250 40 4.7
FRD 06 42 212 1.525 | 1.250 | 0.440 | 0.149 | 0.272 | 0.763 | 3.985 | 1.540 | 0.790 | 0.375 | 1.5000 | 0.500 | 1.500 28 3.0
HRD 06 45 200 2.000 | 1.670 | 0.585 | 0177 | 0.316 | 1.000 | 4.422 | 2.062 | 1.062 | 0.375 | 1.9750 | 0.675 | 1.500 43 2.9
HRD 08 45 200 2.000 | 1.670 | 0.585 | 0,177 | 0.316 | 1.000 | 4.702 | 2.062 | 1.062 | 0.375 | 1.9750 | 0.675 | 2.000 52 2.3
JRF 08 30 129 2500 | 2.060 | 0.750 | 0.206 | 0.430 | 1.250 | 5467 | 2.562 | 1.312 | 0.500 | 2.4750 | 0.800 | 2.000 a5 2.3
JRF 10 30 129 2.500 | 2,060 | 0.750 | 0.206 | 0.430 | 1.250 | 5.877 | 2.562 | 1.312 | 0.500 | 2.4750 | 0.800 | 2.500 130 2.0
MRH 10 33 130 3.313 | 2,750 | 1.062 | 0.265 | 0.600 | 1.656 | 6.763 | 3.188 | 1.688 | 0.687 | 3.2500 | 1.175 | 2.500 185 2.0
MRH l 12 | ] | 130 | 3313 | 2.750 | 1.062 | 0.265 | 0.600 | 1.656 | 7.362 | 3.188 | 1.688 ! 0.687 I 3.2500 | JR17S: | 3.000 | 225 | 1.7
Notes:
1. Rate gearhead performance by the "Gearhead Type” tabulated. See following page.
2. Other gear ratios and mounting configurations are available on request.
3. Overall gearing efficiency = 85%.
4. Temperature coefficient is in * C rise per watt loss, while mounted on a 6" x 6™ x 0.25" black aluminum plate.
5. Dry film lubrication for cryogenic temperature operation available on request. Contact CDA's engineering department for information.
6. ") dimension is from mounting surface to the centerline of the motor body diameter.
7. Add 0.575" to "G" dimension for Brushless Permanent Magnet Motors,
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SYSTEM INTERNATIONAL = [DIMENSIONS I'N mmj

| RATIOS | IR fEni [ ‘
| [SEE NoTE2) | | |

T o O [CBH G
GEARHEAD ': MoToR ‘ FROM | e || ; g i

| |

TYPE : ' |\l e |
) G’ | H iJf’; K|
| I

1 |

|
-
;

ARA 03 46 187 19.05 | 1575 | 582 | 206 | 3.5 | 2.35 | 54.1 | 21.16 | 11.07 | 478 18.669 6.4 19.0% 122 7.1
CRA 03 46 187 254 | 2103 | 7.62 | 279 | 493 | 1270 | 62.6 | 2972 | 15.09 | 635 | 24.765 10.0 | 19.05 227 7.0
CRA 04 46 187 254 | 2103 | 7.62 | 279 | 493 | 1270 | 68.1 | 29.72 [ 15.09 | 6.35 | 24.765 10.0 | 25.40 284 6.2
DRC 04 46 198 | 3239 | 26.16 | 10.16 | 3.28 | 5.56 | 16.18 | 74.2 | 3269 | 1681 | 635 | 31.750 | 11.5 | 25.40 455 6.1
DRC 05 46 198 3239 | 26.16 | 10.16 | 3.28 | 5.56 | 16.18 | 84.3 | 32.69 | 16.81 | 635 | 31.750 58| 31.75 483 5.2
FRD 05 42 212 3873 | 3135 | 1108 | 378 | 691 | 1938 | 946 | 3912 | 2007 | 953 | 38.100 [ 31.75 710 5.0
HRD 05 45 200 50.80 | 4242 | 14.86 | 4.50 | 8.03 | 25.40 | 107.0 | 52.37 | 26.97 | 9.53 | 50.165 17 - 31.75 1.14 4.7
FRD 06 L¥ 212 3873 | 3175 | 1118 | 378 | 691 | 1938 | 101.2 | 39.12 | 20,07 | 953 | 38.100 1252 38.10 95 3.0
HRD 06 a5 200 50.80 | 4242 | 14.86 | 4.50 | 8.03 | 25.40 | 112.3 | 52.37 | 26.97 | 9.53 | 50.165 | 17.1 | 38.10 1.22 2.9
HRD 08 45 200 50.80 | 4242 | 14.86 | 4,50 | 8.03 | 2540 | 119.3 | 52.37 | 26.97 | 9.53 | 50.165 17.1 | 50.80 1.48 2.3
JRF 08 30 129 | 63.50 | 52,32 [ 19.05 | 5.23 | 10.92 [ 31.75 | 139.0 | 65.07 | 33.32 | 12.70 | 62.865 | 20.3 | 50.80 2.41 23
JRF 10 30 129 | 63.50 | 52.32 | 19.05 | 5.23 | 1092 | 31.75 | 149.3 | 65.07 | 33.32 | 1270 | 62.865 | 20.3 | 63.50 3.69 2.0
MRH 10 33 130 | 84.15 | 69.85 | 26.97 | 6,73 | 1524 | 42,06 | 172.0 | 80.97 | 42.87 | 17.44 | 82.550 | 30.0 | 63.50 5.26 2.0
MRH 12 EE 130 | 84.15 | 69.85 | 26.97 | 673 | 1524 | 42.06 | 187.0 | 8B0.97 | 42.87 | 17.44 | B2.550 | 30.0 | 76.20 6.39 2

Notes:

I. Rate gearhead performance by the "Gearhead Type” tabulated. See performance below.

2. Other gear ratios and mounting configurations are available on request,

3. Overall gearing efficiency = 85%,

4. Temperature coefficient is in ™ C rise per watt loss, while mounted on a 150 x 150 » & mm black aluminum plate.

5. Dry film lubrication for cryogenic temperature operation available on request. Contact CDA’s engineering department for information.

6. °J" dimension is from mounting surface to the centerline of the motor body diameter.

7. Add 15 mm to "G" dimension for Brushless Permanent Magnet Motors.

RIGHT ANGLE GEARHEAD RATINGS

‘ : WAl ; Torque Capacity | Torsional
| | |

Ge%l/';;:ad ' Basic Size Continuous | Intermittent | Spring Constant

| Inches mm Lb-n | Nm : Lb-Im I Nm Lbin |['Nm/Rad
ARA 0.750 | 19.05 12 | e |USoRENES 6.0 E+03 6.8 E102
CRA 1.000 25.40 50 5.6 100 i 1.6 E+04 1.8 E+03
DRC 1.250 31.75 180 20 360 41 2.5 E+04 2.8 E+03
FRD 1.500 38.10 400 45 800 90 4.3 E+04 4.7 E+03
HRD 2.000 50.80 1000 112 2000 Z25 7.4 E+04 8.4 E+03
JRF 2.500 63.50 2000 225 4000 450 1.8 E+05 2.0 E+04
MRF 3.000 76.20 4000 450 8000 900 6.0 E+05 6.8 E+04
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Rotary Actuators with
High Accuracy Position Feedback

CDA InterCorp offers a line of high reliability position feedback gearboxes which adapt directly to our
in line or right angle rotary actuators. These rugged devices incorporate output or load position feed-
back within a single package solution. The high accuracy position feedback transducer gearboxes also
offer wide operating temperature
range, and compact size.

5) CT A HIELES

CDA has the ability to incorporate high
speed rotary transducers, such as
resolvers or accelerometers, which are
integrally mounted to the motor. This
information, coupled with the load
position feedback, may provide
enhanced motor performance, or "multi-
ple speed"” position information.

The flexibility of CDA’s standard modu-
lar design concept allows the incorpora-
tion of multifunction controllable drive
actuators, with application proven
ruggedness and reliability. These actu-
ator packages offer unlimited design
features within standard inventoried

piece parts and design concepts.

i ' 'lm'pgri_a_nl Units (in! Inches)

e I T e
cr [1000] 0828 [0.113] 0500 | 0414 [ 1.953 | 2.125 | 09375 | 0.125
pr | 1250 | 1030 [0.140] 0.625 [ 0515 | 1.804 | 2.062 [ 1.1875] 0.156
/T | 1.500 [ 1.250 [0.150 ] 0.750 | 0625 [ 2125 [ 2.375 [ 1.4375 [ 0.250
Hr [ 2.000 [ 1670 [0.175] 1.000 | 0835 | 2686 | 3.016 | 1.8750 | 0.250
7 2500 z0ez [0210] 1250 068 2002 13500 2575 [[0250

S_y_st-eh‘i Inte'rnat.l_or.lal { In mmj)

R P R ]
= s B e e [ e
pr | 31.75 | 26.16 | 3.36 | 15.88 | 13.08 | 47.35 [ 5237 [ 30.163] 396
Fr [ 3800 [ 3175 [ 381 [ 19.05 [ 1586 [ 53.98 [ 60.33 [36513] 635
Hr | 5080 | 4242 | 445 | 2520 [ 2121 | 68.22 | 7661 [47.625| 635
ot [ e3so [ 5237 [ 527 [ 3175 [ 2619 [ 7777 [ 8890 [61.913] 635




Linear Actuators

CDA InterCorp can provide linear actuation to our rotary
actuators through the adaptation of ball screw or ACME
lead screw outputs. In many applications, the linear
screw may be ground integral to the output cage of the
high torque rotary geartrain.

CDA may also incorporate a high accuracy rotary posi-
tion transducer through a zero-backlash gearbox. This
transducer may be geared such that the full stroke of the
linear output translates to just under one full revolution
of the transducer. This method is inherently more accu-
rate, and provides higher reliability than using LVDTSs or
linear potentiometers. Additionally, high speed rate
transducers and/or brakes may also be incorporated to
provide full motion control capabilities in a single actua-
tor package.

CDA has extended our modular design concepts for our
rotary components to establish the same high standards
for our linear actuators. These assemblies are extremely
flexible in accommodating wide variations of linear
stroke, force, and mounting configurations, within these
standards. The utilization of rotary actuators with our
standard linear design results in unparalleled reliability
and performance. Most importantly, custom configura-
tions and performance requirements can be accom-
plished with "off-the-shelf-technology”. Fast prototype
lead times and historical reliability and performance
databases are also inherent in this design concept.

CDA may provide the linear conversion in an “open
frame” type design, where the ball screw is accessible to
the customer, or in an enclosed container, with integral
end stops and interfaces. The tabulated chart below
delineates some of our more popular ball screw sizes.
We also show some typical mounting arrangements for
enclosed linear actuators.

In addition to ball screw configurations, we may provide
ACME leadscrews or planetary roller screws for the linear
conversion. Each configuration has their advantages
and disadvantages in terms of cost and performance.
Contact CDAs Engineering Department for additional
information.

Since each linear application is unique in terms of
mounting configurations, stroke length and loading
characteristics, it is difficult to tabulate standard config-
urations as we have presented for our rotary actuators.
We recommend the design engineer contact CDA direct-
ly to establish configuration and performance character-
istics for each linear application.

The photos shown to the right are some examples of lin-
ear actuators with various mounting and linear conver-
sion options.

Features:
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Optional Position Feedback

Cryogenic operation available

In-Line or Right Angle Power Drive Options
End Stop impact capability

High power output capacity

Linear conversion options

Optional integral high speed rotary transducer
Optional integral friction or detent brake
High compression/tension capacity

High Grade Stainless Steel Construction




Variable Frequency, Square Wave Driven AC Induction Motors

VARIABLE FREQUENCY
SQUARE WAVE DRIVEN
AC INDUCTION MOTOR
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Variable Frequency, Square Wave Driven AC Induction Motors
can significantly increase motor efficiency, torque capacity, and
mechanical power output within a given motor frame size,
while maintaining simple, cost efficient, high efficiency control
electronics. This drive technique is recommended in moderate
power output servo and open loop applications, as a cost
effective alternative to Brushless PM. motors, or a high reliabil-
ity alternative to Brush type DC motors.

The schematic above shows velocity feedback of the motor
rotor via the AC Tachometer.  This velocity information is used
to determine the operating frequency of the motor via the
Voltage Control Oscillator (VCO). This simple variable frequen-
cy topology allows the actuator to operate at high frequencies
at high speeds for high power output capacity, and low fre-
quencies at low speeds for high torque per watt capacity.

The design engineer may select the frequency range of opera-
tion to optimize performance for a specific application. For
instance, to obtain high power output capacity, the high end
speed may operate to 600 Hz, while the low speed frequency
may be limited to 100 Hz.

An important aspect of this drive scenario is the increase in
power input as the speed reduces. Because the impedance of
AC motors reduces as the frequency reduces, the power input
at a constant voltage will increase, as the frequency and speed
decreases. This characteristic effect may be minimized or elim-
inated by limiting the current to a predetermined value. This
requires square wave drive power stages to have current limit
capabilities, which most drivers have as an option.

Figure VFO is an actual Speed vs. Torque curve for a Type 05,
6 pole AC motor operated from 600 Hz. down to 100 Hz. The
variable frequency drive in this example has provided 200%
more stall torque, at 25% less power input, than a fixed fre-
quency 600 Hz drive would provide. Additionally, the variable
frequency provision achieves nearly 15 times the mechanical
power output as compared to fixed frequency 100 Hz. oper-
ation. As shown in this curve, current limiting is recommend-
ed since the impedance of the motor decreases with decreas-
ing frequency, the stall power might be too high for a given
application. Other performance benefits are realized in this

‘Type 05, 6 Pole, Fixed vs. Variable Frequency|
. Speedvs.Torque
14000
12000
10000 {- e
\
- \\
& o0 s
/
4000 o y
!
2000 1— e WSRO S SO . Al
Fixed ! Variable
Frequency |/ Frequency
1 Jesmsrmmrmses—er e ar—————— - NOEU—|
o 1 2 3 a 5 6 7 8 9
|vorque (0z-In)|

example, such as maximum power output, peak torque, motor
maximum efficiency, and motor effectiveness. Clearly, this sim-
ple drive circuitry provides considerable benefits over other AC
drive methods, while wusing simple, high efficiency control
electronics, with DC source voltages. This control method is a
viable alternative to Brushless Permanent Magnet actuators
and control requirements.

A tabulated comparison of the key characteristics of the vari-
able frequency operation example over a fixed frequency 600
Hz and 100 Hz application. Call CDAs engineering depart-
ment for a complete test report and additional information on
variable frequency operation.

Ozin 6.0 2.0 6.0
Stall Torque
mNm 42 14 42
Stall Power
[for torque Watts 33 44 33
noted above|
Maximum
Power Watts 25 25 1.7
Output
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Dual Winding Control AC Induction Motors
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This functional block diagram is shown as a digital system. However, the concept and func-
tionality of the Dual Winding Control (DWC) AC Induction Actuator will also work in an analog
control system. In low to moderate power output servo systems, this concept will be more
cost effective than a Brushless Permanent Magnet Actuator system. Additionally, this system
will be more efficient than a Fixed Phase AC Induction Actuator.

The DWC processor, shown in the block diagram, is simply a full wave bridge to keep a con-
stant polarity of the signal going into the Phase Il amplifier. This provides phase sensitive
actuation, so the actuator will reverse direction of rotation on command.

The block diagram also represents a servo actuator with integral load feedback information,
and high-speed rotary acceleration feedback.
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Rotary Accelerometer Applications
for Stepper Motor Actuators

Rotary Accelerometers (RAS] have many practical uses for stepper
motor applications.  CDA InterCorps RAS do not require  excitation,
and provide a DC output in proportion to the motor rotor accelera-
tion. There is no need for external power input or output demod-
ulation to process the signal. With excellent output gain, RAS provide
high signal to noise ratio giving robust feedback signals. Typical ben-
cfits or applications with stepper motors include step crossover switch-
ing, unit step integrity feedback, inertial compensation, and dynamic
speed vs. torque operation.

Crossover Switching is used to operate the stepper motor in the high
speed slew region of performance. The output of the RA can be used
to detect the crossover, or step angle, of the stepper motor. When the
accelerometer output goes to zero, the unit step angle has been
achieved, and the unit may be pulsed to the next step. Quite simply,
set the “clock” input of the stepper motor to step when the accelerom-
eler output goes to zero, this allows the motor o be stepped at the
optimum pulse rate while maintaining pulse count, and eliminating
overshoot oscillations.

This type of stepper motor control may offer many benefits to the per-
formance of a stepper motor.  This technique automatically slews the
motor to the maximum allowable pulse rate for a given torque load,
or it may also be “clocked" to limit the pulse rate to a specific limit.
One disadvantage of conventionally driven stepper motors is the fact
that if pull out torque capacity is reached in an application, the motor
will lose all torque capacity and fall out of operation. However, with
Crossover Switching, if the pull out torque capacity is reached at a spe-
cific pulse rate, the motor does not lose torque capacity, but rather
simply reduces pulse rate automatically - significantly increasing
torque  margin capecity of a motor without increasing power input.

Unit Step Integrity Feedback may be obtained by looking at the mag-
nitude of the output of the RA.  For each given step output, the RA
will produce an output signal in response to each pulse. This infor-
mation is useful in determining whether or not the motor has
stepped in response to the pulse. Additionally, this mey be used in
indexing, or initializing, a stepper motor against a stop in order to
“zero" the motor step count. An RA can provide the information to
determine if steps have been missed, or if an end stop has been
reached.

Inertial Compensation may be derived by feeding the acceleration
signal back to a power stage amplifier, to minimize the effect of over-
shoot and resonant situations.  If current feedback is available in the
stepper motor controller, the RAs output may be used as feedback
into a current loop, which may eliminate high inertial load resonances
and torque reduction areas.  For a simpler approach, RAs may be
used to determine optimum stepping rate for a specific application.
By analyzing the accelercmeter output, it can be easily determined
where the ideal stepping rate is, within a given range, by assuring
that the motor is stepping in the proper region of operation.  With
the characteristic overshoot and bounce inherent in stepper motors,
there are some pulse rates which result in an increase in torque capac-
ity, and some pulse rates which result in a reduction of torque capac-
ity. Itis easily determined from the output of an RA where these oper-
ational pulse rates occur.  This information is very beneficial for mini-
mization of power consumption, or system simulation purposes.

Below is an  actual scope trace which shows the output of a type

03ACC RA, on the back of a type 16-2P6-20 stepper motor.  This is a
classic acceleration profile for a single step of a stepper motor. From
this direct output you can determine crossover time, overshoot, set-
tling time, desired optimum pulse rate for maximum dynamic torque,
and unit step integrity. For performance critical applications , the RA
output may be utilized to determine mechanism integrity through the
acceleration output.  There will be a direct indication from the RA if
torque or friction levels of the load or mechanism increases.  The
brushless DC output provides the ultimate in simplicity, reliability, and
effectiveness.

CHI :Max B16mY  lin =584mU

DATE :0ct 2898
TIME:1@:1@:59

ioms

Ilr:“'l : 208myY

Dynamic Speed vs. Torque Operation may be obtained with a step-
per motar with RA feedback.  As mentioned under the Crossover
Switching section, a stepper motor with RA feedback may obtain
dynamic speed vs torque characteristics.  Without the RA,  stepper
motors are usually driven at a fixed operational clock, or pulse rate.
Once the pull out torque capacity of such a stepper motor is reached
for a given pulse rate, the stepper motor will not continue to run, and
the motor will loose all torque capacity. Conversely, with the RA feed-
back, once the pull out torque capacity has been reached, the motor
simply slows down to a lower pulse rate, rather than pull out of oper-
ation. This increases torque margin and capacity tremendously, as the
stepper motor now performs more like a servo motor, without the
complicated electronics.  The following information shows the bene-
fits of Dynamic Speed vs. Torque Operation for specific examples, and
other performance enhancing characteristics of an RA.

Soft Stepping: In high inertia applications structure borne resonances
can be avoided or minimized through a technique called “Soft
Stepping”. Soft Stepping uses the acceleration signal to attenuate the
peak torque transients created at the start of a step, and significantly
reduce overshoot and settling time without reducing torque margin.
Contact CDAs engineering department for more information on Soft

Stepping.

Motor Performance and System Characterization: Another significant
advantage of incorporating an RA on a stepper motor actuator is the
ability to determine motor output torque, resonant frequency, har-
monic disturbances and even load inertia and friction characteristics.
Since acceleration and torque are proportional, the output of an RA
may be directly analyzed to determine torque characteristics. CDA has
authored a technical paper on this subject, and a copy may be
obtained by contacting CDA engineering or customer support direct-

Iy
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Functional Block Diagram
Brushless Permanent Magnet Servo Motor
with Rotary Accelerometer Feedback
and Integrated Velocity Damping
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Where:

I, = Integration Gain of Error Signal
K, = Velocity Signal Gain

Ky = Proportional Gain of Error Signal
K, = Acceleration Signal Gain

Kj = Current Feedback Gain
Rj = Current Sense Resistor

K, = Power Amplifier Gain
Zy = Motor Impedance (Ro+jwlL)

K¢ = Motor Torque Constant Ju = Motor Inertia

By = Motor Viscous Damping
Kpems = Motor Back emf Constant
iyy = Motor Current

oy = Motor Acceleration

0y = Motor Position

0,y = Load Position Command

Fem = Motor Coulomb Friction
s = Laplace Operator

N = Gearhead Ratio

my,; = Motor Velocity

0, = Load Position

J; = Load Inertia

The Rotary Accelerometer (RA) is an extremely useful component in high performance and / or high load inertia

servo actuator systems.
Amp integrated for an angular rate damping signal of the motor.

Since the RA requires no excitation or demodulation, the DC output may be directly Op-
This information, along with the angular accel-

eration signal provides tremendous flexibility in contouring the system response, and controlling the transfer

function.

The Rotary Accelerometer can make the motor rotor inertia elec-
tronically "look” larger or smaller through this feedback tech-
nique. This electronic technique is like adding a variable elec-
tronic "flywheel” to the system, and provides a higher order
effect, as compared to electronic damping through tachometer
feedback. This may provide high forward loop gain, while main-
taining a stable servo system.  The electronic flywheel may be
controlled to provide these characteristics dynamically in the sys-
tem. Other advantages include acceleration control, and distur-
bance attenuation. Contact CDA InterCorp’s engineering depart-

ment for additional information on RA benefits in servo systems.
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Equations of Motion

Use the equations below to determine maximum

velocity, acceleration and position at a particular
point in time. Units for analysis are Radians,

Rad/sec, and Rad/sec?.

Where:
AB = Total Change in Position
0o = Change in Position during Acceleration
Oc= Change in Position during Constant
Velocity
0d = Change in Position during Deceleration
to. = time during acceleration
tc = time during Constant Velocity
td = time during Deceleration
®max = Maximum Velocity
0 = Position at time "t”
0, = Position at initial

analysis point "o”

0o = Velocity at initial analysis point "0”

NG =G+ O x Od

far id |
o (—+ fc + —)
2 7

AG = g

R

. 1 —
0,=0.tw. 21+ 5al’

Notes & Tips:

Our curves show a trapezoidal velocity profile that
returns to the initial position. This is referred to as
a “scan” profile. If you require a “step” input, that is
move from position “A” to Position “B”, no negative
velocity is required. A triangular velocity profile (tc
= 0) results in the minimum power consumption for
a given application requirement.

In calculating torque requirements, reflect all your
inertias to a particular point, and calculate your
maximum acceleration. Don't forget that friction
and mass imbalance can actually help you deceler-
ate or accelerate with gravity assist. Additionally,
gearbox efficiency should NOT be added to the
torque required to accelerate the motor rotor.

These curves and equations are for analysis of servo
applications. The equations are not applicable for
stepper motor applications, as stepper motors accel-
erate and decelerate at each step. Refer to CDA’s
“Stepper Motor Engineering Reference” brochure for
stepper motor performance analysis.
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CONVERSION TABLE

Oz-In . Lb-Ft Dyne-cm Nm p-cm p-
Cls Oz-ln 1 5.21 E-03 7.06 EO4 7.06 E-03 72 7.2 E-04
g Lb-Ft 192 1 1.36 EO7 1.36 1.38 E04 0.1383
: Dyne-cm 1.42 E-05 7.38 E-08 1 1.0 E-07 1.02 E-03 1.02 E-08
T Nm 142 0.7376 1.0 EO7 1 1.02 EO4 0.1020
; p-cm 1.39 E-02 7.23 E-05 981 9.81 E-05 1 1.0 E-05
kp-cm 1389 7.23 9.81 EO7 9.81 1.0 EO5 1
A N\ B Oz-In-sec? Oz-In? slug-ft? Lb-Ft? gm-cm? kg-rm?
CIE Oz-In-sec? 1 386 5.21 E-03 0.1676 7.06 E04 7.06 E-03
\I; OzIn? 2.59 E-03 1 1.35 E-05 4.34 E-04 183 1.83 E-05
i slug-ft? 192 7.41 E-04 1 32.2 1.36 EO7 1.36
ﬁ Lb-Ft? 5.97 2304 3.11 E-02 1 4.21 EO5 4.2 E-02
':" gm-cm? 1.42 E-05 5.47 E-03 7.38 E-08 2.37 E-06 1 1.0 E-07
? kg-m? 142 5.47 EO4 0.738 23.8 1.0 E-07 1

wH=2C Zm<=-0

Watts

Lb-Ft/sec

Joules/sec

MNm/ssec

AN B Hp Oz-In-rpm
WATTS 1 1.34 E-03 1352 0.7376 1 1
Hp 746 1 1.01 EO6 550 746 746
Oz-In-rpm 7.40 E-04 9.92 E-07 1 5.45 E-04 7.4 E-04 7.4 E-04
Lb-Ft/sec 1.36 1.82 E-03 1833 1 1.36 1.36
Joules / sec 1 1.34 E-03 1352 3.41 1 1
MNm/ssec 1 1.34 E-03 1352 3.4 1 1

WwH=2C zZzm<-0

Joules Ergs lewwhr Calories Lb-Ft BTU
Joules 1 1.0 EO7 2.78 E-O7 0.2388 0.7376 9.48 E-04
Ergs 1.0 E-07 1 2.78 E-14 2.39 E-08 7.38 E-08 948 E-11
lkewhr 3.6 EO6 3.6E13 1 8.6 EOS 2.66 EO6 3413
Calories 4.19 4.19 EO7 1.16 E-D6 1 3.09 3.97 E-03
Lb-Ft 1.36 1.36 EO7 3.77 E-O7 0.3239 1 1.29 E-03
BTU 1055 1.06 E10 2.93 E-04 252 778 1

Zm< =0

FORCE AND WEIGHT

Oz Dynes Newtons
Oz 1 2.78 EO4
Dynes 3.6 E-05 1
MNewtons 3.6 1.0 EO5

zZm<-0|

DISTANCE

25.4

3.94 E-02

To convert from A to B, multiply A by the entry in the table. Conversions are approximate.




Actuation Performance Equations

Mechanical Qutput Equations

Symbol Description Units Equation
P Mechanical Power Output Watts P=(T * /1352 (T in OzIn, ® in RPM|
e Imperial Units o ! L I
P i e o Watts P=T*0 (T, in Nm, o, in Rad/sec)
k: System International a L L :
Torques Referred to the ;
T Load Lb-In or Nm Ty e = Hy0 +, NP0y + B, +K.0, +F_ +Mg,)max
N Gear Ratio - N=w,/o
¢ Angular Velocity for Liz o, =06, (2nf )
Response Frequency Where:
il - fﬂ'lrl}( = [21[] & [{1 M /{) J'Hilxjn.s
U'L AHQUIar Acce‘erallon for Rad / Secz l’)r'l.rna-x: {-)L.n':rm{2"|'trnmu<]Z = wl_m;—xiznflmx] l ‘
Response Frequency
Natural Circular Resonant Hz f o= (200) [ K_(J+) N2)/(J *) N2JJos
" Frequency n G m L “m
Torques Referred to Load B 5
T [ Gimballed Applications | Oz-In or Nm T = Moo+ N? o+ ) + B (o +o ) +K (0 +8 )+F_ +Mg,Jmax
Where:

J, = Load Inertia in Oz-In-s? or kgm?
o, = Vehicle Angular Acceleration
B, = Viscous Friction at the Load
,, = Motor Velocity

o, = Load Angular Velocity

0, = Vehicle Angular Rotation
K= Gearhead Spring Constant
0, = Angular Rotation at Load

J,, = Motor Inertia in Oz-In-s* or kgm*
w, = Vehicle Angular Velocity
K, = Spring Constant of Load
F.= Coulomb Friction Torque

Linear Conversion Equations

Symbol Description Units Equation
P Mechanical Power Output Watts P =(F *V,)*(0.113) F, in Lbs, V, in In/sec
o Imperial e L : i
P Mechanical Power.Output Watts P =(F *V] F in N, V, in m/sec
g System International o Lok :
. Where:
’fnema ot thﬁ B, Lb-In-sec? or PRIy e W, = Weight of load in Lbs or N
LRO reflected to the rotary kgm? wo = (W,/g) (27 P) g = gravity acceleration constant
output ) [ 386 in/s” or 9.8 m/s? |
. : In/sec or
: V.=, /(P*60
vV, Velocity of Linear Output POTTER: =0,/ )
Velocity at the Rotar _ Ky
Oy tyOutput y RPM W= 60 * V, * P
F, Force at Load Lbs or N Fo=To (2mnPn,]
Torque at the Rotar
Teo 4 Sutput Y Lb-In or Nm T,=F /(2nPn,)
Where:

P = Pitch of Ball Screw [Revs/inch or Revs/m) - Note the Pitch = 1/Lead
N, = Ball Screw Efficiency (Typically 0.95)

Note - Be careful not to mix units!
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FAX COVER SHEET

Company: |CDA INTERCORP Phone No: | 954-698-6000
To: Attention: | Application Engineering Fax No: 954-698-6011
Date: Reference:
Company: Phone No.:
FROM: Name: FAX No.:
Mail Stop: e-mail:
Subject Request for Information

Fill in known data and fax this sheet directly to CDA InterCorp for an immediate response.

Be sure to include preferred

units.
Application Data Sheet
Parameter Symbol Data Units Parameter Symbol Data Units
SupplyVoltage ¥ Temp::rr:trﬂreentﬁange t
Closed Loop Rotary Actuator
Load Inertia J, Accelﬁr}ji&cn at o,
Max L9e|d & Load _Co_uloml) F
Velocity Friction L2y
Load Viscous Mass Unbalance at
Losses B max. g Mo
Loa’;{;ggg:iar o, Bull Gear Ratio M -
Options:
Acceleration Feedback [ ] Yes [ ] No Friction Brake [ ] Yes [ | No
Velocity Feedback | | Yes [ ] No Brake Torque Magnitude
Load Position Feedback [ | Yes [ | No Motor Redundancy [ ] Yes [ 1 No
Open Loop Rotary Actuator
Output Torque T,
Output Velocity w,
Duty Cycle =
Options:
Friction Brake [ | Yes | | No Brake Torque Magnitude
Motor Redundancy [ ] Yes [ ] No Derent Brake I I Yes [ 1 No
Closed Loop Linear Actuator
Load Weight w, s e
Max Load Load Coulomb
Velocity bt Friction Fe
LU"“SD\S/SI:?T;OUS B, Stroke Length e,
Options:
Acceleration Feedback [ ] Yes [ ] No Friction Brake l ] Yes | | No
Velocity Feedback I ] Yes [ 1 No Brake Torque Magnitude
Load Position Feedback [ ] Yes [ 1 No Motor Redundancy [ ]Yes I 1 No
Open Loop Linear Actuator
Output Torque T, Output Velocity L
Duty Cycle Stroke Length 9,
Options:
Friction Brake | ] Yes I I No Brake Torque Magnitude
Motor Redundancy [ ] Yes | |1 No Detent Brake [ ] Yes [ 1 No




CDA INTERCORP PRODUCTS

Motor Modules:

= Brushless Permanent Magnet
Motors
AC Induction Motors
Stepper Motors
Square Wave Driven AC Motors
Damped Rotary Switches
Housed Limited Angle Torquers
Synchronous Motors

Eddy Current Dampers:
= Rotary
Linear
In Line or Right Angle
Damping “enable” option

Gearing Modules:
Rotary:
» High Torque Planetary
= Right Angle Gearing
= High Accuracy Zero Backlash

Gearing
= Precision Indexing Drive Gearing
Linear:

= Ball Screw Actuation
= ACME Lead Screw Actuation
= |n-line, Right-angle, or U-drive

Brakes:
= DC Friction Brakes
= Permanent Magnet Detent
Brakes
= DC Magnetic Induction Brakes

Transducers:
Position Transducers:
= Brushless Resolvers
= Single Speed
= Multiple Speed
= Tandem or Cluster
Redundant
= With or without Gearing
= OnAXis Resolvers
= RVDT's
= Tandem or Cluster
Redundancy
= With or without Gea ring
= OnAxis RVDT
Velocity Transducers:
» AC Tachometers
*= Damping Tachs
= Rate Tachs
= Permanent Magnet Alternators
= Single Speed
= Multiple Speed
= With or without Gearing
Acceleration Transducers:
=Brushless DC Rotary
Accelerometers
=DC Excited Rotary
Accelerometers

CDA InterCorp can combine these standard
modules into multi-function integrated actua-
tors and assemblies. Call CDA InterCorp
directly for application engineering assis-
tance, or to request a complete set of engi-
neering design manual brochures.
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