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Abstract
Z-Damper is a new technology for vibration isolation in aerospace structures and equipment that takes
advantage of impedance matching inside a magnetic linear gear to optimize vibration isolation performance
and, at the same time, reduce weight and space requirements. Since there is no contact between moving
parts except from the supporting linear bearings, it is suitable for long-life operation in space environmental
conditions without wear or debris generation.
A theoretical model describing the dynamic behavior of the Z-Damper is presented in this paper.
Additionally, two demonstrators have been designed, manufactured and tested for the FP7 Clean Sky ZDamper project. One breadboard model is an empowered eddy current damper (Z-Damper) for operation
at high temperatures and the other prototype is a reduced mass tuned vibration absorber (Z-TVA). The ZDamper demonstrated a viscous damping coefficient up to 35 Ns/mm at 200ºC. The Z-TVA was designed
with a resonant frequency of 18 Hz. With a mass of only 9.6 kg, it demonstrated similar performance to a
classic tuned vibration absorber of 150 kg.
Introduction and State of the Art
High performance vibration isolation solutions with small mass and envelope are needed for applications
such as micro-vibration isolation [1], damping of launch loads [2], suppression of spacecraft-borne
disturbances [3], or dampers for deploy mechanisms and structures [4].
Magnetic mechanisms such as bearings [5], gears [6] or dampers [7] are drawing increasing attention due
to their convenient properties for their use in space environment: lubrication is no longer required, wear and
debris generation are eliminated and they are able to operate in a wide temperature range. Finally they
present no backlash, which makes them good candidates for precision positioning without contact [8] [9].
Magnetic dampers based on hysteresis or eddy current energy dissipation are frequently used in space
systems because of their high temperature range, their absence of damping fluids, their vacuum
compatibility, and their long space heritage. However, the performance of any eddy current damper is
limited by the fact that the damping constant is proportional to the vibration speed. Therefore, for low
frequency vibrations or short strokes, the capacity of the dampers is highly limited.
Another frequent solution for vibration isolation of structures excited at a known frequency are tuned
vibration absorbers (TVA) [10]. TVA working principle is based on storing the vibration energy into a
properly tuned resonant mass attached to the main vibrating body. Their effectiveness is directly related to
the total mass of the absorber. Therefore, the required envelope and the costs induced by maintenance
and installation are also main factors to be considered in many application cases.
In this paper, a new technology is presented for vibration isolation that takes advantage of the impedance
matching inside a linear magnetic gear to enhance the performance of any damping system proportionally
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to the square of the multiplication ratio of the gear (n2) [11]. Theoretical principles are discussed, and two
demonstrators of the technology were designed, manufactured and tested. An overview of the tests results
of the demonstration of a high-temperature integrated eddy current damper (Z-Damper) able to operate up
to 200ºC and a mass reduced tuned vibration absorber (Z-TVA) are presented in this paper.
Operational Principle Description
The basic principle behind the Z-Damper technology is simple: a linear magnetic gear is used to multiply
the input vibration displacement amplitude, speed and acceleration. The magnetic gear is composed of
three stages: a stator (1), an input or slow stage (2) and an output or fast-moving stage (3) as shown in Fig.
1.

Figure 1. Working principle of a linear magnetic gear.
The gear ratio is defined by the number of magnetic elements involved in the gear unit as [11]:
𝒏𝒏 =

𝑵𝑵𝒐𝒐 − 𝑵𝑵𝒔𝒔
𝑵𝑵𝒐𝒐

where
No is the number of soft magnetic teeth per gear unit (Input stage)
Ns is the number of stator magnets per gear unit

(1)

For an ideal gear, the gear ratio can be defined as shown in Eq. 2:
𝒏𝒏 =

𝑽𝑽𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝑭𝑭𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊
=
𝑭𝑭𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝑽𝑽𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊

(2)

where
𝑭𝑭𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 and 𝑭𝑭𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 are the input and fast-moving stage forces respectively
and 𝑽𝑽𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 and 𝑽𝑽𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 are the input and fast stage speed.

The impedance matching between Stages 2 and 3 can then be described as:
𝒁𝒁𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝑭𝑭𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 · 𝑽𝑽𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
=
𝒁𝒁𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝑭𝑭𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 · 𝑽𝑽𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊

(3)

Therefore, by combining both Equations 2 and 3 into Equation 4:
𝒁𝒁𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊
(4)
= 𝒏𝒏𝟐𝟐
𝒁𝒁𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
However, when dynamic effects of the internal masses and damping forces are considered, a more complex
model is required [12] to define the vibration isolation performance of the Z-Damper. Fig.2 shows an internal
diagram of the Z-damper and the diagram of the Z-Damper connected to a vibrating mass.
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Figure 2. Internal diagram of the Z-Damper (right) and diagram of the Z-Damper when connected to a
vibrating mass (left).
The black body represented in Fig.2 (right) is the input or slow-moving stage of the magnetic gear, which
is rigidly connected to the vibrating mass. The blue body represents the stator of the Z-Damper, rigidly
connected to the ground. A virtual intermediate stage is defined inside the gearbox to assist the theoretical
description of the device and the interpretation of the proposed model. This “virtual stage” presents a perfect
displacement multiplication with regard to the input stage displacement (n·x). An inertial mass (𝒎𝒎𝒎𝒎) is
magnetically coupled to the “virtual stage” by an equivalent spring of stiffness (𝒌𝒌𝒌𝒌). The magnetic equivalent
stiffness will be only acting when a relative displacement from the virtual stage and the inertial mass is
induced by internal inertial or damping forces.
The main contribution to damping will be generated by eddy current dissipation inside the device. An
equivalent viscous damping coefficient (𝒄𝒄𝒄𝒄) can be defined related to the speed of the inertial mass with
regard to the stator of the device.
It has to be noted that those couplings or connection between stages inside the Z-Damper are based on
contactless magnetic interactions and the representation of 𝒌𝒌𝒌𝒌 and 𝒄𝒄𝒄𝒄 are only intended to assist the
interpretation of the phenomena. No physical contact is required between the moving stages.
Based on the previous model, the motion equation for the inertial mass of the Z-Damper (𝒎𝒎𝒎𝒎) can be
defined as:
(5)

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

−𝒎𝒎 𝒙𝒙̈ − 𝒌𝒌 (𝒙𝒙 − 𝒏𝒏𝒏𝒏) − 𝒄𝒄 𝒙𝒙̇ = 𝟎𝟎
The displacement (𝒙𝒙𝒂𝒂 ) can be related to the input displacement (𝒙𝒙) by the equation:
𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒌𝒌
𝟏𝟏
= 𝒏𝒏𝒏𝒏 ·
𝟐𝟐
𝟐𝟐
(𝒌𝒌 − 𝒎𝒎 𝝎𝝎 ) + 𝒋𝒋𝒄𝒄 𝝎𝝎
(𝟏𝟏 − 𝜴𝜴 ) + 𝟐𝟐𝝃𝝃 𝜴𝜴
𝒂𝒂

𝒂𝒂

𝒙𝒙 = 𝒏𝒏𝒏𝒏 ·
where
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(6)

𝜴𝜴 is the frequency ratio between excitation and natural frequencies 𝜴𝜴 =
𝝃𝝃𝒂𝒂 is the damping ratio 𝝃𝝃𝒂𝒂 =

𝒄𝒄𝒂𝒂

𝟐𝟐�𝒌𝒌𝒂𝒂 ·𝒎𝒎𝒂𝒂

𝒘𝒘

𝒘𝒘𝒏𝒏

,

It can be useful to define a normalized displacement as a relationship between the fast moving and the
input stage displacements:
𝑵𝑵𝑵𝑵 =

𝒙𝒙𝒂𝒂
𝟏𝟏
= 𝐧𝐧
𝟐𝟐
(𝟏𝟏 − 𝜴𝜴 ) + 𝟐𝟐𝝃𝝃𝒂𝒂 𝜴𝜴
𝒙𝒙

(7)

The magnetic forces acting on the fast mass (𝒎𝒎𝒂𝒂 ) will depend on the relative displacements between the
“virtual intermediate stage” and the inertial mass
(8)

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒎𝒎 𝝎𝝎𝟐𝟐 − 𝒋𝒋𝑪𝑪 𝝎𝝎
(𝒌𝒌 − 𝒎𝒎 𝝎𝝎𝟐𝟐 ) + 𝒋𝒋𝑪𝑪 𝝎𝝎
𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝑭𝑭𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 = −𝒌𝒌 (𝑿𝑿 − 𝒏𝒏𝒏𝒏) = 𝒏𝒏𝒌𝒌 𝑿𝑿 ·

By hypothesis of the magnetic linear gearbox, the input reactive force exerted by the device when
connected to the main system mass (m) is multiplied by the gearbox ratio:
𝑭𝑭𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 = −𝒏𝒏 · 𝑭𝑭𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇

(9)

Therefore, combining Eq.7 and Eq.8 and including a friction damping component to represent the friction
in the linear bearings observed during tests.
(10)

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒂𝒂

𝒎𝒎 𝝎𝝎𝟐𝟐 − 𝒋𝒋𝑪𝑪 𝝎𝝎
� + 𝒋𝒋𝑭𝑭𝒄𝒄 · 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔(𝑿𝑿)
(𝒌𝒌 − 𝒎𝒎 𝝎𝝎𝟐𝟐 ) + 𝒋𝒋𝑪𝑪 𝝎𝝎
𝒂𝒂

𝒂𝒂

𝑭𝑭𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 = −𝒏𝒏𝟐𝟐 𝒌𝒌 𝑿𝑿 �

where
𝑭𝑭𝒄𝒄 is the Coulomb equivalent force,
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔(𝑿𝑿) represents the sign of the input displacement vector.

Two potential advantages can be derived from previous equation. One is that the enhancement of the input
force of the Z-Damper is proportional to the square of the gear ratio and the other is the maximization of
the input force at the resonance of the Z-Damper.
When connected to a vibrating mass, the overall system can be described as a two-mass system with a
motion equation of the shape:
�

𝒎𝒎
𝟎𝟎

𝒄𝒄 + 𝒄𝒄
𝟎𝟎
𝒙𝒙̈
� · � � + � −𝒄𝒄 𝒂𝒂
𝒎𝒎𝒂𝒂
𝒙𝒙̈ 𝒂𝒂
𝒂𝒂

−𝒄𝒄𝒂𝒂
𝒌𝒌 + 𝒏𝒏𝒌𝒌𝒂𝒂
𝒙𝒙̇
𝒄𝒄𝒂𝒂 � · �𝒙𝒙̇ 𝒂𝒂 � + � −𝒏𝒏𝒌𝒌𝒂𝒂

𝒙𝒙
−𝒏𝒏𝒌𝒌𝒂𝒂
����⃗
� · �𝒙𝒙 � = �𝑭𝑭𝒆𝒆 �
𝒌𝒌𝒂𝒂
𝒂𝒂
𝟎𝟎

(11)

In order to represent the effectiveness of the vibration isolation performance, the normalized displacement
𝒙𝒙𝒙𝒙
amplitude of the vibrating mass (𝑵𝑵𝑵𝑵 = � �) is frequently used:
𝑭𝑭𝒆𝒆

�
𝟐𝟐
⃓
𝜴𝜴 𝟐𝟐
𝜴𝜴𝟐𝟐
⃓
�𝟏𝟏
−
�
+
�𝟐𝟐𝝃𝝃
�
𝒂𝒂
⃓
𝒙𝒙𝒙𝒙
𝜷𝜷
𝜷𝜷𝟐𝟐
⃓
� �=⃓
𝟐𝟐
𝟐𝟐
⃓
𝑭𝑭𝒆𝒆
𝟒𝟒
𝟑𝟑
⃓
⃓�𝜴𝜴 − �𝟒𝟒𝝃𝝃𝒂𝒂 𝝃𝝃𝒑𝒑 + 𝟏𝟏 + (𝒏𝒏𝟐𝟐 𝝁𝝁 + 𝟏𝟏)� 𝜴𝜴𝟐𝟐 + 𝟏𝟏� + 𝟒𝟒 �𝜴𝜴 �𝝃𝝃𝒂𝒂 + 𝝃𝝃𝒑𝒑 � − 𝜴𝜴 �𝝃𝝃𝒂𝒂 (𝒏𝒏𝟐𝟐 𝝁𝝁 + 𝟏𝟏) + 𝝃𝝃𝒑𝒑 ��
𝟐𝟐
𝜷𝜷
𝜷𝜷
𝜷𝜷
𝜷𝜷
𝜷𝜷𝟐𝟐
⎷ 𝜷𝜷

where
n is the multiplication ratio of the linear magnetic gearbox in the Z-TVA,
𝜴𝜴 is the frequency ratio between excitation and natural frequencies 𝜴𝜴 =

𝒘𝒘

𝒘𝒘𝒏𝒏

,

𝜷𝜷 is the ratio between the natural frequencies of the Z-Damper and the main mass 𝜷𝜷 =

NASA/CP—2018-219887

180

𝒘𝒘𝒂𝒂
𝒘𝒘𝒑𝒑

,

(12)

The internal natural frequencies of the Z-Damper and main system natural frequencies can be defined as
𝝎𝝎𝒂𝒂 = �

𝒌𝒌𝒂𝒂

𝒎𝒎𝒂𝒂

𝒂𝒂𝒂𝒂𝒂𝒂

𝝎𝝎𝒑𝒑 = �

𝒌𝒌

𝒎𝒎

𝝃𝝃𝒂𝒂 and 𝝃𝝃𝒑𝒑 are the TVA and the structural damping ratios 𝝃𝝃𝒂𝒂 =

respectively.
𝒄𝒄𝒂𝒂

𝟐𝟐�𝒌𝒌𝒂𝒂 ·𝒎𝒎𝒂𝒂

𝒂𝒂𝒂𝒂𝒂𝒂 𝝃𝝃𝒑𝒑 =

𝒄𝒄

𝟐𝟐√𝒌𝒌·𝒎𝒎

The previous equation properly describes the dynamic behavior of both the Z-Damper and the Z-TVA.
Devices Description
Two passive prototypes are designed, manufactured and tested in a relevant environment to demonstrate
the impedance matching principle. First, a prototype of a high-temperature enhanced eddy current damper
(Z-Damper) able to operate at nominal temperatures up to 200ºC and second, a mass reduced tuned
vibration absorber (Z-TVA). Fig. 3 shows both prototypes installed in the test bench and ready to be tested.

Figure 3. Z-Damper prototype (left) and Z-TVA prototype (right)
The philosophy of the Z-Damper prototype is to maximize damping at a desired frequency determined by
design specifications. Operation at 200ºC was required. The philosophy of the Z-TVA was to demonstrate
a single degree of freedom tuned vibration absorber with a highly reduced internal mass (𝒎𝒎𝒂𝒂 ) but similar
performance to a classic tuned vibration absorber. A design resonant frequency of 18 Hz was fixed by
design for the TVA. A summary of performance and figures of both prototypes is given in Table 1.
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Table 1. Z-Damper and Z-TVA prototypes main characteristics
Z-TVA

Z-Damper

Gear Ratio

7:1

7:1

-

Diameter

82

105

mm

Length

493

491

mm

Total Weight

9.6

19.6

kg

TVA weight

3.6

NA

kg

Maximum input displacement

>±5

>±5

mm

Max. Input Force (25ºC)

4670

6500

N

Temperature sensitivity

-2.9

-1.8

N/ºC

[RT,95]

[-50 to 200]

ºC

[-70,95]

[-70,270]

ºC

Internal Resonant Frequency

18

12

Hz

Internal mass (ma)

3.6

8.5

kg

Input maximum stiffness (k)

2081

2548

N/mm

Fast-stage stiffness (ka)

42

52

N/mm

Max. Equivalent viscous damping
coefficient at 12 Hz (200ºC)

NA

35

Ns/mm

Operational Temperature Range
(validated by tests)
Survival Temperature Range
(validated by tests)

Z-Damper description
The Z-Damper prototype has been designed with a gear ratio of 7:1. Fast-moving stage and stator are
mainly composed of ring shaped permanent magnets made of SmCo 32H with a high temperature
resistance to demagnetization. The input stage is mainly composed of FeCo alloy laminated rings. FeCo
rings were heat treated for an optimum magnetic and mechanical performance. Ti grade-5 ring spacers are
used to control the gap between the different elements in the gearbox. Most structural elements of the
device (shafts, flanges, rods…) are made also of Ti grade 5 due to its excellent mechanical strength and
relatively low density. Self-lubricated PFTE bearings are used in order to allow relative motion between the
different stages of the device. The materials used in the Z-Damper allow operation of the device at very
high temperatures, theoretically up to 300 ºC.
Finally, the outermost layer of the Z-Damper is composed of an electrolytic copper finned shell. Eddy
currents are generated in the shell by motion of the fast stage permanent magnets (PMs), and then the
generated heat is dissipated to the environment by forced convection. Fig.4 shows a real picture of the ZDamper and a schematic representation:
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Figure 4. Z-Damper prototype (top) and diagram of the internal elements of the Z-Damper (bottom)
Z-TVA description
The Z-TVA prototype has been designed with a gear ratio of 7:1. The stator and the fast-moving stage are
mainly composed of NdFe N48H ring permanent magnets, axially magnetized. Permanent magnets are
placed with facing opposing polarities and kept in position using epoxy adhesives and mechanical fixtures.
The input stage is mainly composed of low carbon steel AISI 1010 laminated soft magnetic teeth that are
assembled inside a Ti grade 5 seamless tube. Non-magnetic titanium spacers are used for a proper
disposition of the soft magnetic teeth in the magnetic gearbox.
Linear ball bearings, grease lubricated, are used to allow relative motion between the fast-moving stage
and the input, and grease-lubricated bushings are used between the stator and the input stage. Most of the
structural components of the device are manufactured using Ti grade 5 due to its high yield strength and
low density. Fig. 5 shows a real picture and a partial cross section of the device.
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Figure 5. Z-TVA prototype (top) and diagram of the internal elements of the Z-TVA (bottom)

Test Bench and Set Up
Both the Z-Damper and the Z-TVA were tested at a component level. A dedicated test bench (Fig. 6) has
been designed, manufactured and set up to demonstrate the Z-Damper concept. The test bench is mainly
composed of a bench structure (1) and a supporting structure (2), a 15.7-kN hydraulic actuator with
hydrodynamic seals for high-frequency actuation from Moog (3). The actuator is feed with ISO grade 32 oil
pumped by the hydraulic group equipped with a 15 CV electric motor (4). A climatic chamber is used to
control the prototype temperature (5), a 3-kW high-temperature-resistant centrifugal fan (6) and a PIDcontrolled 12-kW heat resistor (7) are used to control the ventilation flow and the climatic chamber
temperature. The test bench is controlled from a fixed PC station (8). Finally, flexible high temperature
resistant ducts are used for recirculation of the ventilation air (9).
Input position is measured by a LVDT sensor with 0.01-mm accuracy. Input force is measured by a HBM
U10M traction-compression load cell with a measurement range up to 25 kN and 0.02 precision class. The
position of the fast-moving stage is measured by a Micro-Epsilon optoNCDT ILD-1402 laser triangulator
with 5-μm resolution. Several PT-100 temperature sensors in a 4-wire configuration are used to
characterize the temperature of the flowing air and the prototype temperature. The data acquisition system
is composed of NI9217, NI9203 and NI9263 acquisition cards from National Instruments installed in a NI
9188 rack.
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Figure 6. Test bench

Test Results
Z-Damper tests results
Fig.7 shows the input and fast stage displacement of the Z-Damper at room temperature when no copper
dissipater is installed. An input sinusoidal excitation of about 1-mm amplitude is forced at different excitation
frequencies from 1 to 60 Hz. Displacement multiplication (n=7) induced by the magnetic gear is observed
even at low frequencies.

Figure 7. Input and fast stage position vs. time for different sinusoidal harmonic excitation frequencies
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Fig. 8 shows the theoretical prediction and the experimental results of the internal normalized displacement,
as described in Eq. 7, of the Z-Damper fast stage as a function of the excitation frequency. Results including
the outermost copper dissipater (blue data) and not including it (black data) are provided. The increase in
damping is evident when the copper dissipater is installed.

Normalized Displacement [xfast/Xinput]

70
10

71

0,7
0,1
Harmonic Oscillator ξ=0.25, ωn=12.5 Hz
Harmonic Oscillator ξ=1.5, ωn=12.5 Hz
Z-Damper_without copper
Z-Damper_with copper at RT

0,01
0,07

0,1

1

10

100

Frequency [Hz]

Figure 8. Normalized displacement of the Z-Damper with copper dissipater (blue) and without copper
dissipater (black) for different excitation frequencies.
Fig. 9 shows the experimental input force of the Z-Damper when subjected to sinusoidal harmonic
excitations of 2-mm amplitude and at a temperature of 200ºC. Good agreement with theoretical predictions
of Eq. 10 is observed. It can also be observed how the damping input force is maximized at the desired
resonant frequency.

Figure 9. Theoretical prediction (blue) and experimental data (black) of the Z-Damper input force for
different excitation frequencies.
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Finally, Fig. 10 shows the hysteresis loops of the Z-Damper at various temperatures. Maximization of the
dissipated energy is obtained at the operational temperature of 200ºC. From damping curves at 200ºC, a
maximum viscous damping coefficient of 35 Ns/mm has been calculated.

Figure 10. Input forces vs. input position for a 2-mm input sinusoidal vibration of 12 Hz at different
temperatures from room temperature to 200ºC.
Z-TVA Test Results
Fig.11 shows the normalized displacement of the inertial mass of the Z-TVA. Very good agreement is
reached with theoretical predictions from Eq. 7.

Normalizedisplacement [Xfast/Xinput]

70

7

0,7

Figure 4. Normalized displacement of the Z-TVA fast moving stage for various sinusoidal harmonic
excitation frequencies.
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Input force of the Z-TVA has been also measured at different excitation frequencies. Despite that good
agreement has been found between the experimental data and the theoretical predictions from Eq.10 at
the resonance region, minor discrepancies have been found at lower frequencies. The reasons for that are
not very well understood and further investigation is still required.

Figure 5. Input force vs. excitation frequency of the Z-TVA.
Theoretical Performance Evaluation
Since the conducted tests did not include a vibrating mass system as the one described in Fig.2, an
evaluation was conducted of the performance as a tuned vibration absorber of the Z-TVA based on the
experimentally validated model described in Eq.12. Fig.12 shows the expected normalized displacement
of three different systems:
•
•
•

A 5000-kg vibrating mass and a typical system stiffness of 4.8·107 N/m with a natural frequency of
18 Hz, with no tuned vibration isolation device but typical structural damping (ξ=0.01)
System with structural damping (ξ=0.01) and a 150-kg optimal TVA.
(𝝁𝝁 = 𝟎𝟎. 𝟎𝟎𝟎𝟎, 𝛏𝛏𝒂𝒂 = 𝟎𝟎. 𝟏𝟏𝟏𝟏𝟏𝟏,𝜷𝜷 = 𝟎𝟎. 𝟗𝟗𝟗𝟗)
System with structural damping (ξ=0.01) and a 9.6 kg Z-TVA device.
(𝝁𝝁 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎, 𝛏𝛏𝒂𝒂 = 𝟎𝟎. 𝟏𝟏𝟏𝟏𝟏𝟏,𝜷𝜷 = 𝟎𝟎. 𝟗𝟗𝟗𝟗)

Fig. 13 shows the vibration isolation performance obtained with the three different isolation methods.
Perfect overlapping of the curve of the transmissibility of the Z-TVA and a classic TVA is observed.
However, it is very remarkable that the weight of the TVA system is more than one order of magnitude
larger than the proposed Z-TVA solution.
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Figure 6. Normalized displacement of the vibrating mass vs. excitation frequency when no damping
system (red dashed line), a classic optimized TVA with 150 kg (black line) and a Z-TVA of 9.6 kg attached
to the vibrating structure.
Conclusions and Lessons Learned
Z-Damper is a new technology for vibration isolation in aerospace structures and equipment. It takes
advantage of impedance matching in a magnetic linear gear to optimize vibration isolation performance. At
the same time, it reduces the weight and space requirements of the solution. Since there is no contact
between moving parts except from the supporting linear bearings, it is suitable for long-life operation in
space environmental conditions without wear or debris generation.
In this paper the theoretical dynamics of Z-Damper is presented and experimentally validated. Two
prototypes of the technology were designed, manufactured and tested: a prototype of an enhanced eddy
current damper (Z-Damper) able to operate at temperatures up to 200ºC and a prototype of an extra-light
tuned vibration absorber (Z-TVA). The Z-TVA was designed with a resonant frequency of 18 Hz. With only
9.6-kg mass, it showed a similar performance to a classic tuned vibration absorber of 150 kg, demonstrating
the potential of the technology for significant weight-saving and tight space requirements.
Some lessons learned during the project are:
• A Z-Damper high temperature eddy current damper can achieve high damping ratios (up to 35
Ns/mm) at operational temperatures up to 200ºC even for low input displacement amplitudes.
• The use of a magnetic linear gear allows a high reduction of the inertial mass of a tuned vibration
absorber. The Z-TVA demonstrated a similar performance to a classic TVA more than 10 times
heavier.
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