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Observing galaxies and planets gives us clues for understanding how the universe was configured.
Since Hubble Space Telescope (HST) was launched in 1990, space agencies have been developing
several types of space telescopes to observe different wavelength of light. One of problems in space
observation missions is how to improve the resolution of images. Observed images with higher
resolution produce more detailed information about targets. For this purpose, disturbance management
-~ is very important. The disturbances are mainly vibration and heat generated by equipment, which
includes reaction wheels and a cryogenic cooling system, on space lelescopes. If the disturbances
propagate to observation instruments, observed images is blurred and deviated because vibration shakes
detectors and heat causes thermal strain of"a primary mirror. Especially, suppressing heat propagation
is important for infrared ray observation because the observation instruments also detect infrared rays
radiated from heated structure of a space telescope.

Methods to suppress the vibration have been researched to improve the resolution. Stewart Gough
Platform (SGP) is one of effective vibration suppression systems. This system is consisted of movable
rods and putted between a disturbance source and an isolation target. The rods are controlled to
suppress vibration as it propagates through SGP [2].

To prevent the thermal radiation and thermal strain, space telescopes have a cryogenic cooling system
and sun shield. For example, a mission part of JWST can be cooled below 40K by huge sun shield and
a cryocoeler. Likely JWST, SPICA, which is mainly planned by JAXA and ESA, also aims to observe
infrared rays from distant planets and galaxies [3]. Temperature of the mission part can be achieved
around 8K by a cooling systerﬁ. It has been planned that space telescopes such as JWST and SPICA
perform missions on halo orbit around L2 point of the Sun-Earth system because disturbance effects
are small. In such environment, however, it is expected that damping of structure and ferrofluid do not
work sufficiently because the materials is frozen [4]. Therefore, magnetic damping is one of effective
methods to suppress resonance effect at cryogenic temperature.

To solve these problems for observation missions in the future, a contactless micro vibratien isolator
is proposed in the Ph.D. thesis. This proposed micro vibration isolator does not connect mechanically
between a disturbance source and an isolation target, but electromagnetically using the flux pinning
effect and electromagnetic interaction. The proposed vibration isolator mainly consists of multiple
Permanent Magnets (PMs), type-II SuperConductors (SCs), Eddy Current Dampers (ECDs) and
Electro-Magnetic Coils (EMCs). To maintain the relative distance and attitude between a payload

module and disturbance source passively, the proposed micro vibration isolator utilizes the flux pinning



effect, which is generated between PMs and SCs, to maintain relative distance and attitude between a
payload module and disturbance source passively. Moreover, the pinning force behaves as spring
damping force. This characteristics is utilized to suppress micro vibration generated by a disturbance
source. Although the SCs should be cooled below the critical temperature, it is considered that
cryocooling systems on a space telescope are used for it. To suppress vibration propagation from a
disturbance source, magnetic spring-damping system is constructed by the proposed micro vibration
isolator. Normally, performance of a passive vibration isolator is decided by natural frequency and
damping ratio. Therefore, required vibration response for space observation missions are achieved by
designing configuration of PMs, SCs, and ECDs on the proposed micro vibration isolator. In addition,
Electro-Magnetic Coils (EMCs) are used to stabilize the pointing direction of a mission part. The
control system is also considered as part of the proposed vibration isolator in the Ph.D. thesis. The
goal of the thesis is to confirm the feasibility and to formalize design approach for the proposed micro
vibration isolator. To achieve those purposes, numerical and experimental evaluation are performed.

As a simplified numerical calculation of the pinning force, frozen image model is introduced [5].
Finite Element Method (FEM) is one of methods to simuliate the pinning force precisely, however it
requires high calculation cost. Therefore, the frozen image.modc[ is desirable rather than FEM to
perform parametric study for the proposed vibration isolator. However, it is expected that errors exist
between simulated and measured pinning force because frozen image model has some assumptions to
simplify calculation of the pinning force. Therefore, the errors are evaluated by pinning force data
measured by an experiment device. For the parametric study to evaluate performance of the proposed
vibration isolator, the Ph.D. thesis presents a design approach how to configure a contactless micro
vibration isclator system using SCs, PMs and ECDs in consideration of the frequency characteristics,
~ and total weight. The approach bases on the frozen image model to design spring element, which works
between PM and SC, and electro-magnetic induction for damping element, which works between PM
and ECD.

To confirm frequency characteristics of the pinning force, a vibration experiment is performed. The
vibration experiment device imitates free motion in small displacement between a SC and PM.
Frequency response by the numerical design approach is also evaluated using data measured by the
experiment device.

Assuming the proposed vibration isolator is approximated by linear spring-damping system, relative
motion between a payload module and disturbance source is simulated. If initial relative distance
between a PM and SC is disturbed, the pinning force is deviated. As a results, the spring coefficient is
deviated from original value, and therefore frequency response of the proposed micro vibration isolator
is changed. Main purpose of this relative motion simulation is to understand the effect caused by
deviated spring coefficient.

To solve the problem caused by deviated spring coefficient, & control system using EMCs is proposed
to assists in stabilizing pointing direction of a space telescope by controlling electromagnetic force. In
order to model repulsive force by Meissner effect for the purpose, numerical model based on frozen
image model is proposed. To evaluate the validity of the proposed model, the repulsive force is

measured using an electromagnetic coil and type-II superconductor. The numerical results by the



proposed model is compared with the measured data, Based on the repulsive force model, the

stabilization control system is designed.
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