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ABSTRACT
A Study on Multi-layered Blade Isolator with

Viscoelastic Adhesive Tape to attenuate Micro—-vibration

of Spaceborne Cooler

by Jeon, Young-Hyeon
Advisor : Prof. Oh, Hyun-Ung, Ph. D.
Department of Aerospace Engineering

Graduate School of Chosun University

The spaceborne cryogenic cooler has been widely used to cool down the
focal plane of an image sensor of the observation satellite. However, the
cooler generates the undesirable micro—vibration disturbances during its
operation, and it may seriously degrade the image quality when transmitted
to the on-board imaging system. Therefore, the micro-vibration induced by
the cooler should be isolated from the imaging system to achieve the high
quality image in-orbit. In general, to isolate micro-vibration of the
cooler, passive vibration isolation strategy based on principle of
frequency decoupling have been widely used owing to the system simplicity
compared with the active isolation approach. In this strategy, the
cryocooler is supported by low-stiffness isolator to decouple the 1
eigenfrequency of the cooler assembly from the cooler excitation
frequency. However, this isolator cannot guarantee the structural safety
of the cooler assembly or isolator under severe launch loads due to its
weak stiffness. This problem can be solved by applying an additional
launch—locking mechanism to securely hold the cooler in launch and safely
release it in-orbit. However, increased system complexity and development

cost become unavoidable. In addition, if the launch-lock device fails to
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release its constraint in-orbit, the isolation performance cannot be
expected anymore.

In this study, to overcome aforementioned problem of conventional
passive isolator, the multi-layered blade isolator was proposed. The
isolator has advantage that it can apply to both launch and on-orbit
environments without implementing an additional launch—lock device. The
main feature of the isolator is multi-layered blade with viscoelastic
adhesive tape. The multi-layered blade is laminated with thin metal
plates. And the adhesive tapes are attached between each blade as
viscoelastic materials. In this manner, the load distribution and energy
dissipation effects can be expected. Futhermore, the multi—layered blade
is flexible on the main driving direction of the cooler, and while having
higher stiffness on other axis including gravitational axis. Therefore,
proposed isolator can minimize the influence of gravity and position
sensitivity.

To confirm the basic characteristics of the isolator, free-vibration
test at cooler assembly level was performed. Moreover, the micro-vibration
isolation performance was evaluated through micro-vibration measurement
test and position sensitivity test. The effectiveness of the isolator
design under launch environment was verified through launch environment
test at qualification level. To confirm the influence on isolation
performance on thermal vacuum environment, thermal vacuum test was

performed.

Key Word : Spaceborne Cooler, Micro-vibration, Launch Vibration, lIsolator,

Multi-layered Blade, Viscoelastic Adhesive Tape
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Support Bracket I/F Block

Assembly

Protector Block

(Derlin)
Rubber Cover
Inner Rubber

Inner Bracket

Pseudoelastic
SMA Blade
Block Support Plate

Displacement Protector

Support
Bracket

(b)
Fig. 4 Conventional SMA Blade Isolator[9]
[(a): Exploded View of the Isolator, (b): Hyperelastic SMA Blade ]

_12_

Collection @ chosun



Vibration Shaker

Accelerometer

i » Pseudoelastic SMA
y Blade Isolator

i ]

Dummy Cooler

Fig. 5 Test Set-up for Launch Vibration Test
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Fig. 7 Fracture on SMA Blade during Sine Vibration Test

_15_

ZICollection @ chosun



Table 1 Specification for Sine Vibration Test

Acceleration

Frequency (Hz)

y-axis X, Z-axis
5~ 12 + 8mm 15.525mm
12 ~ 30 6.5¢g 9.0g
30 ~ 100 3¢ 6.5¢g
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Table 2 Specification for Random Vibration Test

Collection @ chosun

Frequency (Hz) PSD (g°/Hz) Remark
20 0.057
70 0.2
Duration : 2mins
700 0.2
2000 0.035
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\ Thin Metal Blade

Adhesive Tape

Fig. 8 Multi-layered Blade with Viscoelastic Adhesive Tape
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Isometric View

side view

| ':;.
Multi-layered Blade
with Adhesive Tapes

Fig. 9 Multi-layered Blade Isolator Configuration
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Fig. 10 The 1°' Eigenfrequency according to Number of Layers derived

from Structural Analysis
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Table 3 Summary of defined

each Case

Collection @ chosun

Case Tape Product / Company
Case 1 Without tapes -
Case 2 Single-sided Kapton / DUPONT™
Case 3 Double-sided 3M966 / 3M™

— 23 —




Table 4 Properties of Adhesive Tape

Tape Kapton Tape[18] 3M966 Tape[19]
Type Single—sided Double-sided
Adhesive Material Silicone Acrylic
Thickness [mm] 0.04 0.02
Density [g/cc] 1.42 1.012
Adhesion Strength
] 25 53
to Steel [0z/in]
Use Temperature e e
Range [C] 75~260 40~232
Thermal Conductivity
0.46 0.178
[W/mK]
CTE [ppm/T] 20 19.9
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Fig. 11 Manufacturing Process of Multi-layered Blade with Adhesive Tape
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|

Dummy Cooler combined with
Multi-layered Blade Isolator

Fig. 12 Test Set-up for Free-vibration Test
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Table 5 Summary of Basic Characteristics

Collection @ chosun

Case Frequency (Hz) Damping Ratio
Case 1 7.15 0.0084
Case 2 7.3 0.0082
Case 3 7.8 0.1048

SMA Blade 9.2 0.028
~ 30 -
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® Frequency A Damping Ratio
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Payload m,

Fig. 15 Numerical Equivalent Model
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Fig. 16 Transmissibility of with and without Isolation
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Fig. 17 Test Set-up for Micro-vibration Measurement Test
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Fig. 18 Time Domain acquired to Micro-vibration Measurement Test

_43_

{ICollection @ chosun



0.05

s S —
= x-direction
0.025 | i
1] | I | l |
2 B T T T | T T T | T T T [ T T T | T T T | T T T | T T
E - e 1 livection
= 1 Main excitation force ]
= ] 1.4N at 40Hz ]
ﬂ 5 | " | | . 1 " M L | | A "
02 F 1 I T A A N ]
E m— cdirection | J
0.1 e
0 :. P R T TP A il G R Ry Y S e S| I . l g o
20 40 60 80 100 120 140
Frequency (Hz)
(b)
- 44 -

Collection @ chosun



005
[ m— y-direction
0.025 | ]
0 I . T R PR i | 1 . L
2 F S R S R R T S (R 2 U [ O S RN G R ]
~— C = qy=direction | ]
< ]
=) B ;
A e Isolation by the factor of =
o / 16.1 (0.087N)
’d""lt\
0 1 .!. L% L ! | "
T T '| T TR '| T"I '| T | T [ T T [ T T T 2
0.2 ]
. m— _direction | ]
01 3
0:.__ | PO (RIS (SIS, CEPETSTI TSI (e
20 40 60 80 100 120 140
Frequency (Hz)
(a)

Fig. 19 Frequency Domain acquired to Micro-vibration Measurement Test

[(a): with Isolation, (b): w/o Isolation]

_45_

Collection @ chosun



0

S A

b

0|2
—

H 2 Z2 fAX

=
[a—

AA[8]0IA
Position)2= & olZ&0l et O

H

&

&)
Jjo

ATEHOH

0}

{ X101 (T

19)

<
%
w

i0J
A0

J

2 Fig. 201+ 20| &=

S
=

fulJ

o0

| XI0ll A

ok

K0

PSS

=

Fig. 2101 LtEHLH

SZUE

Ot SE/AXNZLH 01FS0 Tt 22 2H

&

Oz, ==z 0l

Ol
—

ol

o0
R0

J

19
~
KIO

ir
ol

3]

JU
)
on

QIS0 dloi <f

A0l A2

ot XI (H

clol=0l =501 Jt

=
=

s

AN Mot

==
[ w—

b0

AR[7,8]42 AXLE A

SH
=

A1t JIE M

ZUAZ2H Ml

S
=

T A

b

2
[=]

[u]
—

X

o
T

J

I.

<0

o

ICH 4. 16H

s

_46_

Collection @ chosun



(

4. Nominal Position

Fig. 20 Nominal Position of the Blade Isolator
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Fig. 21 Position Sensitivity Test Result
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Fig. 23 Test Set-up for Launch Vibration Test
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Table 6 Comparison of Basic Characteristics for Free vibration Test and

LLSS Results

Free-vibration Test LLSS

Case = = : =
requenc amping requenc

a y D a y LLSS

(Hz) Ratio (Hz)
Case 1 7.15 0.0084 7.01 0.0157
Case 2 7.3 0.0082 7.32 0.0162
Case 3 7.8 0.1048 7.95 0.141
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Before
o

(b)

Fig. 25 Plastic Deformation on Blade during Sine Vibration Test along
the x—axis
[(a): Case 1 Blade, (b): Case 2 Blade]
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Fig. 29 Visual Inspection Check on Blade after Launch Vibration Test

_67_

{Z/Collection @ chosun



0
ur

ok

Jio

It

IT

&lE 230l =40l

L ER=

9)
160

<+

o
o0

o

g2

0l =+« 5t

2+
=

of Fig. 30t

g2 ZESH| #

o0
80

J
=

ol

D
0
ur

ok

Jio

2 =

=3
-

)

0 AE

s 651

Z2lot

-40C~60C =2

-30C~60C [20] 0l A

[N
= =

Table 7

0l

b Al2H(Dwell Time)

3

ol

=25

ot

=
=

F

=]
—

b0

ur

0

[0
KJ

(Temperature

ol A2l
LAY S AIEOA ALSSt

R0

TRP)Z2 &

Case 30i CH
S 230l1EE Oz A

Reference Point,

o A

otA2M,

SH
=

HAQE %

0

ot ALCt.

=
S

o0

[0
KJ
ol

Fig. 312

o

| XHOIDJF Gk E=TH

H

&0
o)
Mo
Rl
Bl
I
s}

d
Ar
0

i0J
il
pd

ot
E

19)
Kir

_

oJ

Uk
0

ol

Ar

b0

S
ioF

o
il

=]
=

Table 801 HMIAIE Htet 20l

P

-
PSR

2.9%=

01 2F 1.1% &

Ha

2H1 2

b0

[0
KJ

ioll

o
ol

ur

9]

I
H

olo
o3
H
Ll
H

&0
o)

ol

o
=
Jo

X XFA
=SS

I O

Ab AIOIE HIOI

H
=

ot

O

}

¢}

Jz |X

KN
gl

oL
it

ot
E

_68_

Collection @ chosun



i}
8 ‘*. o ¢ . ‘
ﬁ’ Dummy Cooler combined with
e Multi-layered Blade Isolator

Fig. 30 Test Set-up for Thermal Vacuum Test
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Table 7 Specification for Thermal Vacuum Test

Specification Value
Temperature Range () -40~60
Number of Cycles 6
Temperature Change Rate (C/min) <5
Degree of Vacuum (Torr) 107°
Test Tolerance () +3

Thermal Stabilization (°C/hour)

Dwell Time (hour)
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Fig. 31 Temperature Profile during Thermal Vacuum Test
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Table 8 Comparison Basic Characteristics for Before and After Thermal

Vacuum Test

Before TV Test

After TV Test

Difference (%)

Frequency (Hz)

7.81

7.73

1.02

0.1048

0.102

2.67

Damping Ratio
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Fig. 32 Visual Inspection Check after Thermal Vacuum Test
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Inspection
Point

Fig. 33 Inspection Point for SEM
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Fig. 34 SEM Microphotograph Results of Inspection Points
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