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Theory of Operation

The Actuator

This actuator is based on the principle that
accelerating a suspended mass results in a
reaction force on the supporting structure.
Considering a mass m, connected to a rigid
supporting structure by means of a spring Kp
and a damper C,; it is subjected to a force fa
provided by an electromagnetic actuator, the
transfer function between the applied force
and the mass displacement is:
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On the other hand, accelerating the mass
produces a reaction force on the supporting
structure equal to:

F=-m,Xx

Therefore, the transfer function between the
applied force f, and the resulting force f is:
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Figure 1 - Proof mass actuator dynamics

Figure 1 shows the theoretical transfer
function between the force applied to the
moving mass and the reaction force at the
actuator interface. One can see that the
actuator behaves as a perfect force
generator for frequencies above its
suspension frequency, the only design
parameters being the desired bandwidth and
required control force.

Active Damping Devices

The Controller

Because a desirable property is to make it
easy to implement, the active damping
device is based on an inertial actuator (as
described above), a collocated vibration
sensor (for robustness) and a simple
controller implementing a direct velocity
feedback (DVF) as shown in Figure 2.
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Figure 2 - Closed Loop Control

The combined effect of the DVF controller
and the inertial actuator is to add viscous
damping into the structure the ADD is
attached to; this is called a low authority
control scheme (LAC) as illustrated in Figure
3.
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Figure 3 - Added Structural Damping

As it does not rely on a model of the structure
to be controlled, this simple control algorithm
can be implemented theoretically on any type
of structure; it will damp any vibration mode
that is observable in its open-loop transfer
function. The only selectable parameters for
the control system are the actuator/sensor
location and the feedback gain.
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Theory of Operation

Figure 4 shows the results obtained with one
ADD attached to a steel plate
(1500x840x10mm) clamped at its base. The
first modal frequency is around 40 Hz.

One can clearly see that that significant
damping can be introduced in the structure
and that all the modes up to 400Hz have
been damped.
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Figure 4 - Example of performance test results

Advantages

Here is a list of advantages in using inertial
actuator and active damping device as
compared to other technologies.

Non intrusive

Generating damping within a structure or
machine with ADDs is a non-intrusive
process. No structural modification is
needed. The ADD is just fixed on the
apparatus and adds damping. If the control is
turn off, the structure just behave like
originally. Once the control is turned on
again, the structural behavior remains the
same but resonances are damped.

Control Robustness

Thanks to the selected configuration of
collocated sensor and actuator pair(s), it can
be demonstrated that a more robust and
stable control scheme can be achieved, and
hence that stability is less of an issue.

Additive Process

Damping with ADDs is an additive process.
In other words, the more ADDs you attach to
the structure or machine, the more damping
you get.

Active Damping Devices

Low previous knowledge of the structure
is required

As the selected closed-loop damping strategy
with DVF is quite universal, the ADD can be
applied with no or no deep previous
knowledge of the structural behavior of the
structure or machine it is attached to. No in-
depth preliminary modeling or structural
analysis is required before being able to
generate damping with ADDs.

No external mechanical connections

Being based on an inertial actuator there is
no need for and external mechanical link like
it would be the case with classical dampers
as illustrated in Figure 5. Unlike classical
dampers that need a physical reference
anchor, the ADD has a virtual reference
point; it is “hooked to the sky”.

Hence, ADDs can be installed where
structural parts connected to the ground are
not present or not practicable, or even on
moving parts.
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Figure 5: Active Damping with an Inertial Actuator

Wide operating bandwidth

The ADD damps all the modes of the
structure it is attached to and that are “seen”
by the collocated sensor.

Unlike “tuned” mass dampers that address
one mode only, the ADD can damp several
modes within its operating bandwidth
(typically between 25 and 2000 Hz).

This allows maintaining efficiency even when
there is structural variability - i.e. the
location(s) of the structure mode(s)
change(s) for some reasons — or whenever
an external perturbation source to the
structure is varying (e.g. motor with a range
of rotating speeds generating a changing
vibration spectrum).

Compactness

The performances of the ADD are not driven
by the mass ratio between the structure and
the actuator such as with a tuned mass
damper. The size of the actuator depends
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Theory of Operation Active Damping Devices

only on the required control force; i.e. the
amount of vibration energy to be extracted
from the structure. Impressive damping ratio
has been achieved on a 400kg structure with
a 20gr actuator.
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Actuators
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Introduction

The 1A-01 is the smallest inertial actuator in our
range. It is supplied without internal sensor in order
for users to experiment their own sensing and/or
control scheme —i.e. for vibration control.

It is a very good choice for labs, educational or
research institutes who want to experiment active
vibration control or active damping without
developing or manufacturing a set of actuators on
their own.

Transfer Function

Small, Lightweight Actuators

Small, lightweight inertial actuator

Horizontal force generator

Low cost

No sensor inside

Ideal for testing or educational purposes

Can be temporarily attached to any surface using
wax (like for accelerometers)

Corresponding current-drive and controller boards
are also available in order to create closed-loop
active damping devices. Those are manufactured
using the standard euro-board format. When used
within euro-style enclosures or racks, this allows
any configuration to be manufactured according to
user’s requirements in terms of number of channels.

Micromega Dynamics — Active Damping Devices — http://www.micromega-dynamics.com




Small, Lightweight Actuators

Dimensions

IA-01 Inertial Actuator Dimensions

IA-01 Inertial Actuator with optional co-located sensor at the top
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Specifications

Small, Lightweight Actuators

Moving mass weight 324gr.
Suspension stiffness 96 N/m
Suspension damping z=04
Moving mass stroke 1 mm ( 0.04")
Actuator
- Resonant frequency 8.7Hz
Dimensions (£ x H) A 32mm x 37mm
Force constant 1.6 N/A
Total Weight 854gr.
Mechanical Interface Flat surface
DC Resistance 3w
Inductance 70 ~ 100 pH
Winding Constants  Max. temperature of coil 105°C
Max. continuous current 1.0A (at 20°C ambient temperature)
Max. peak current 2.0A
Operating Non-Operating

Environment Temperature

Humidity

0 ~ 40°C (32 ~ 104°F) -20 ~ 75°C (-4 ~ 167°F)
5 ~85% @ 40°C (104°F) 5~ 95%

Electrical Interface  Twin 0.41 mm? cable, 1m (40") long

Ordering Information

Part Number  Description

IA-01-N Inertial Actuator without sensor
I1A-01-S Inertial Actuator with sensor

Accessory Options

Part Number Descriptions

WAX Wax for temporarily mounting
RACK-02-1N 2-channel control unit
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ADD-45N 45N Active Damping Device

Compact generic active damping device
Add damping to any structure it is attached to
Non-intrusive, can be used as a add-on

Effective from 20Hz up to 2kHz; damps any
observable mode

Easy setup, no previous in-depth knowledge of
structure properties is needed

Embedded Sensor

Robust Remote Controller

Rugged and sealed casing for installation in
harsh environments

Wide operating temperature range
Low cost

Introduction

This active damper is based on the principle that
accelerating a suspended mass results in a
reaction force on the supporting structure.

An embedded sensor monitors the supporting
structure vibration. The sensors readings are sent
to an external feed-back controller that drives the
internal electromagnetic actuator of the active
damping device.

Principle

As it does not rely on a model of the structure to be
controlled, a quite simple control algorithm can be
implemented. It will work theoretically on any type of
structure and will damp any vibration mode that is
observable in its open-loop transfer function. The
only selectable parameters for the control system
are the actuator/sensor location and the feedback
gain.

The ADD principle is represented in the Figure above.

m, is the suspended accelerated mass
fy is the electromagnetic actuator

K, and C, represent the mass suspension stiffness and damping, respectively
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ADD-45N 45N Active Damping Device

Dimensions and Interfaces (in mm)

Transfer Function
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ADD-45N 45N Active Damping Device

Typical Damping Results

Characteristics

Actuator
Parameters

Peak Force

Moving mass weight
Suspension stiffness
Suspension damping
Moving mass stroke
Resonant frequency
Dimensions (£x H)
Force constant

Total Weight
Mechanical Interface

45N
2.2kg (4.851b.)
6130N/m
z=0.15
3mm ( 0.12")
8.4Hz
A90mm x142mm (4A3.54"x5.50")
20N/A
3kg (6.61b)
See Interface Drawing

Environment

Temperature
Humidity

Operating Non-Operating
-20~40°C (-4~104°F) -20~75°C (-4~167°F)
5~85% @ 40°C (104°F) 5~95%

Electrical Interface

12x0.75mm?2 cable through PG13 strain relief

Ordering Information
Part Number  Description

ADD-45N

Inertial Actuator

Accessory Options
Part Number Descriptions
RACK-02-45N  2-Channel Control Unit

POT Magnet Set of 3 pot magnets for temporary
attachment to a metallic surface
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Pre-Configured Control Units
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RACK-02-1N

Control Unit for two 1N Inertial Actuators

Introduction

This Control Unit allows for the fast setup of a
complete active damping solution with one or two
IN Inertial Actuators. Thanks to the robust
embedded analog controller high damping ratios
can be achieve on almost any structures or
machine in minutes.

Block Diagram

2-channel charge amplifier for sensor
conditioning

2-channel analog controller implementing the
Direct Velocity Feedback (can be by-
passed/disabled for user’'s external controller
implementation)

2-Channel power amplifier for actuator control
with internal current limit protection and
automatic thermal shutdown.

Industrial rack houses all necessary power
supplies for direct powering from 100-

240 VAC 50-60 Hz networks.

Monitoring Outputs for performance
monitoring

Users may also eventually by-pass/disable the
internal controller and connect their own in order to
investigate alternate control laws.

Typical applications are vibroacoustic control,
damping of very sensitive machinery (i.e.
microlithography, microscopes), etc
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RACK-02-1N

Specifications

Control Unit for two 1N Inertial Actuators

Current, Continuous 1.0A
Output® Current, Peak 1.3A
Max. Bandwidth 20 ~ 2000Hz
E—— Mains/line Voltage 115 (103.5 ~ 126.5) Vac or 230 (207 ~ 253) Vac

requirements Mains/line frequency range

48 ~ 62 Hz

Max. Power Consumption 50W
Operating Non-Operating
Environment Temperature 0 ~40°C (32 ~ 104°F) -20 ~75°C (-4 ~ 167°F)
Humidity 5 ~85% @ 40°C (104°F) 5 ~95%
Physical External Dimensions 177 x 235 x 255” mm

Weight

4.5kg

External Perturbation/Command Input
Electrical

T e Monitoring Outputs

External Actuator Connections

BNC on front bracket (-10V ~ 10V)
BNCs on front bracket (-10V ~ 10V)
Back panel

@ per Channel
@ Add 45mm for handles

Ordering Information
Part Number  Description

RACK-02-1N Control Unit for two 1N Inertial
Actuators
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RACK-02-45N

Introduction

This Control Unit allows for the fast setup of a
complete active damping solution with one or two
45N Inertial Actuators. Thanks to the robust
embedded analog controller high damping ratios
can be achieve on almost any structures or
machine in minutes.

Block Diagram

Control Unit for two 45N Active Damping Devices

2-channel analog controller
implementing the Direct Velocity
Feedback (can be by-passed/disabled
for user’s external controller
implementation)

2-Channel power amplifier for actuator
control with internal current limit
protection and automatic thermal
shutdown.

Industrial rack houses all necessary
power supplies for direct powering from
100-240 VAC 50-60 Hz networks.
Monitoring Outputs for performance
monitoring

Users may also eventually by-pass/disable the
internal controller and connect their own in order to
investigate alternate control laws.

Typical applications are machine tool control (i.e.
chatter avoidance, surface finish improvement),
limitation of noise emission from large structures,
etc.
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RACK-02-45N

Specifications

Control Unit for two 45N Active Damping Devices

Current, Continuous 2.0A
Output® Current, Peak 2.3A
Max. Bandwidth 20 ~ 2000Hz
E—— Mains/line Voltage 115 (103.5 ~ 126.5) Vac or 230 (207 ~ 253) Vac

requirements

Mains/line frequency range
Max. Power Consumption

48 ~ 62 Hz
100W

Operating Non-Operating

Environment Temperature 0 ~40°C (32 ~ 104°F) -20 ~75°C (-4 ~ 167°F)
Humidity 5 ~85% @ 40°C (104°F) 5 ~95%
Physical External Dimensions 177 x 235 x 255” mm
Weight 4.5kg
External Perturbation/ Command BNC on front bracket (-10V ~ 10V)
Electrical Input
Interfaces Monitoring Outputs BNCs on front bracket (-10V ~ 10V)
External Actuator Connections Back panel
@ per Channel

@

Add 45mm for handles

Ordering Information

Part Number

Description

RACK-02-45N  Control Unit for two 45N Active

Damping Devices
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Custom Rack Configurations
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Custom Rack Configurations

Turn-key solutions

Configured to user’s requirements
Supplied from AC mains

Standard IEC mains inlet with integrated
EMI filter and fuses

Provided with all the necessary power
supplies

Provided with the necessary natural
convection or forced-air cooling

Introduction

Micromega can configure electronic racks to user's Please select boards from the list of available
requirements. Those are fully equipped with the functions below depending on you needs or contact
needed number of boards and power supplies, as sales representative for support.

well as external connectivity.

Available Euroboards

2-Channel Charge Amplifier

2-Channel Direct Velocity Feedback (DVF) Controller
2-Channel Power Amplifier

4-Channel Power Amplifier

Specifications

Power Mains/line Voltage 115 (103.5 ~ 126.5) Vac or 230 (207 ~ 253) Vac
requirements  Mains/line frequency range 48 ~ 62 Hz
Operating Non-Operating

Environment Temperature 0 ~40°C (32 ~ 104°F) -20 ~ 75°C (-4 ~ 167°F)

Humidity 5 ~85% @ 40°C (104°F) 5 ~ 95%
Enclosure Mechanical Protection IP20 as per IEC60529

Internal Earth Connections Compliant with EN60950 and EN61010-1 safety standards

) Command Inputs Please Specify

Electrical Monitoring O Pl Speci
[ — onitoring Outputs ease Specify

Loads Connections Please Specify
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Custom Rack Configurations

Available Dimensions

Ordering Information Accessory Options
Part Number  Description Part Number Descriptions
CD-RACK Rack fully configured to user’s

requirements
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