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ABSTRACT

A Study on Spaceborne Cryocooler Passive
Micro-vibration Isolator with a Launch Vibration

Attenuation Capability

by Kwon, Seong-Cheol
Advisor : Prof. Oh, Hyun-Ung, Ph. D.
Department of Aerospace Engineering

Graduate School of Chosun University

The line of sight (LOS) jitter on an imaging sensor of the observation
satellite is defined as the time varying motion on the focal plane during
image acquisition, which is caused by internal and external disturbances
acting on the optical payloads. In general, the term of jitter is referred to
high frequency random motion of the satellite structure that seriously affect
the image quality, and it is regarded as an important factor to determine the
quality of the image. This means that, to comply with the strict mission
requirement for the acquisition of high-quality images, it should be performed
as a principal task to strictly predict the jitter level and verify whether the
level of jitter is in compliance with given requirements or not through
incorporating numerical and experimental approaches. In case of dissatisfaction
with the desired jitter requirement, a particular method or plan should be
prepared to attenuate the jitter.

The internal jitter contributors of the satellite are commonly having
mechanical moving parts such as reaction wheel (RWA), control moment gyro
(CMG) for attitude control, gimbal antenna for transmitting the massive data

to the desired ground station, spaceborne cryocooler to cool down the focal

= Vil -



plane of an infrared (IR) sensor to low cryogenic temperatures. In case of
spaceborne cryocooler, pulse-tube type cryocoolers are widely used on
accounts of their various advantages of simplicity, low cost, and high
reliability. However such cryocooler also produces undesirable micro-vibration,
which is the term generally used in spacecraft community to describe low
amplitude vibrations and can introduce jitter problems into an optical payload
system. This micro-vibration induced by the spaceborne cooler is the one of
main degradation source of the image quality. Therefore, to obtain high
quality images, micro-vibration disturbances need to be isolated.

In general, micro-vibration from the cooler can be easily isolated by
mounting the cooler on a vibration isolator with low stiffness to attenuate the
vibration transmitted to the satellite structure. Better isolation performance can
be obtained by placing the eigen frequency of the isolation system lower than
the cooler operation frequency as much as possible. However, the structural
safety of the cooler supported by an isolator with weak stiffness cannot be
guaranteed under the much more severe vibration condition in launch
environments. If the cooler assembly supported by a low-stiffness isolator is
rigidly fixed by a holding-and-release mechanism during launch and released
in orbit, the above problem can be easily solved. However, this approach
increases the system complexity, lower the reliability, and propagate the mass
of the total system. In addition, if some problem occurred in activating
holding-and-release mechanism on-orbit, the micro-vibration cannot be isolated
anymore.

In this study, we proposed a spaceborne cryocooler micro-vibration isolator
employing a pseudoelastic shape memory alloy (SMA) mesh washer, which
guarantees vibration isolation performance in a severe launch vibration
environments without applying an additional holding-and-release mechanism
while effectively isolating the micro-vibrations from the cooler on-orbit. To

investigate the basic characteristics of the isolator, we performed static tests at

- viii -



the isolator level and vibration isolator assembly level combined with the
cryocooler. The dynamic characteristics at the cooler assembly level were also
investigated through free vibration tests. Based on the results of basic
characteristic tests at isolator level and geometry of the isolator, we proposed
a simple equivalent mathematical model of the isolator where the stiffness
and damping mainly vary according to the compressive displacements of the
SMA mesh washer. In addition, based on the static and dynamic tests at
vibration isolator assembly level, mathematical model of the vibration isolator
assembly was proposed and used to predict the micro-vibration isolation
capability. The effectiveness of the isolator design in launch and on-orbit
micro-vibration environments was demonstrated through launch vibration tests

and micro-vibration measurement tests.

Key Word : Spaceborne Cryocooler, Micro-vibration, Launch Environment,

Shape Memory Alloy(SMA) Mesh Washer, Vibration Isolator
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Fig. 1 Image Quality Degradation due to Micro-vibration Disturbance Sources
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Table 1 Basic Characteristics and Chemical Composition of the SMA Wire [18]

SE508 5~18 0.20 55.8% Balance 0.05% 0.02%
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i Wire Mesh

Knitted Wire Mesh

| Designed Mold

1

| SMA Mesh Washer Compressing Wire Mesh

Fig. 4 Production Process for SMA Mesh Washer [18]
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SMA Mesh Washer

SMA Mesh Washer
Cover,(3EA)

(GEA)

Pressure Plate

, (3EA)

=
' i

Mechanical |/

Shaft /

s

Wire Rope

Hole in Isolator »/";/;\
' imi Mechanical ||
Displacement Limiter Support ec
Bracket Shaft Cover

Fig. 5 Passive Launch and On-orbit Vibration Isolator employing SMA Mesh
Washer
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Fig. 6 Vibration Isolator Assembly combined with Crvocooler
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Fig. 7 SMA Mesh Washer Static Load Test Configuration
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Fig. 8 Displacement-Load Relation of SMA Mesh Washer
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2EA SMA Mesh
Washer

Vibration Isolator
‘ Using SMA Mesh
Washer

Fig. 9 Compressive Loading Test of Vibration Isolator using SMA Mesh Washer
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Fig. 10 Displacement-Load Relation of Vibration Isolator
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Fig. 11 Time-Load Relation of Vibration Isolator
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Isolator
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L Tli.. « =
Bottom Grip

Isolator
Assembly

(b)
Fig. 12 Vibration Isolator Assembly Static Load
Test [(a): y-axis, (b): x-axis]
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Fig. 13 Displacement-Load Relation of Vibration Isolator Assembly in y-axis

_26_



100_..~;'---;"" 5 ]
Z o _
. | :

d (mm)
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Isolator with SMA
Mesh Washer

Fig. 15 Vibration Isolator Assembly combined with Dummy Cryocooler
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Table 2 Natural Frequency and Damping Ratio of Vibration Isolator Assembly

Launch 22 244 26 0.43 0.41 0.44

On-orbit 13 8.7 16.5 0.34 0.26 0.33
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Fig. 23 Launch Vehicle Flight Scenario [18]
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supported by SMA
Mesh Washer Isolator

Ch.2 : Output

Fig. 24 Launch Environment Vibration Test Set-up
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Table 3 Sine Vibration Test Specification in y-axis

5~ 12 + 8mm
12 ~ 30 65 g
30 ~ 100 3g
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Fig. 26 Sine Vibration Test Results
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Fig. 27 Free Vibration Test Set-up along Each Rotational-axes
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Fig. 29 Frequency Responses of Vibration Isolator Assembly under z-axis

Rotational Excitation
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Table 4 Natural Frequency of Vibration Isolator Assembly under Rotational and

Translational Excitation

Natural Frequency in

. 124 14.1 15.7 - 15.2 -
the y-axis (Hz)
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Table 5 Random Vibration Test Specification in y-axis

20 0.057
70 0.2
700 0.2

2000 0.035

Duration : 2 mins
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Fig. 32 Random Vibration Test Results
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Table 6 Shock Test Specification in y-axis

100 8
1515 200
10000 450

2 Actuations

_62_



SRS (g)

10 E T T \\\} T T \\\‘ T T \\\:
B ks SRS (Input) ]
|| = SRS (Cooler CoG) i
1000 | e o —
e
100 oo "" """""""""""""" =
E ! ’ : |
L ’ ]
L ’ i
I Lo ]

0.1 \\\\\‘ \\\\\‘ | N
10 100 1000 10"

Frequency (Hz)

Fig. 33 Shock Test Results
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Fig. 34 Image Quality Degradation by Micro-vibration [(a):Blurred Image by
Micro-vibration, (b):High-Quality Image without Micro-vibration
Affection] [22]
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Micro-vibration Measurement System
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Fig. 35 Whole Schematic Diagram for the Micro-vibration Measurement Test
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Dummy
Cryocooler

Fig. 36 Dummy Cryocooler Internal Configuration
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Fig. 37 Dedicated Linear Actuator for Simulating Micro-vibration of the

Spaceborne Cryocooler
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Fig. 38 Test Set-up for the Micro-vibration Measurement Test [(a): Entire

Test Set-up, (b): Close-up View of Vibration Isolator Assembly
integrated on the Base Plate]
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Blocking
Bracket

Fig. 39 Rigid Condition by Inserting Blocking Bracket between Displacement
Limiter and Shaft Cover
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Fig. 46 Nominal Position of the Vibration Isolator Assembly
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