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ABSTRACT

During the launch process, the launch vehicle and satellite are affected by transient dynamic loads,
such as engine ignition or wind gusts and quasi-static load. To demonstrate that the spacecraft structure
can withstand the loads of the launch environment, vibration tests were performed using the vibration
facility. In the vertical vibration test, the spacecraft has a higher center of gravity at the mounting
surface as it is large and heavy. This configuration generates high overturning moment resulting in
unwanted cross-axis motion. To perform a successful test by preventing over-test or under-test, it is
essential to control the excessive cross-axis movement. As per the noble test requirements from the
launch vehicle and geostationary-satellite, KARI upgraded the vertical vibration system. Unlike oft-the-shelf
vibration systems, the large vertical vibration system is designed with 4 shakers, large head expander,
peripheral hydraulic guidance system, and specially-designed seismic mass. Here, the development of
components, assembly, and verification processes of a noble vertical vibration shaker system are
described. First, a seismic mass of 300t is constructed, which supports the static and dynamic loads
during vibration test and supplies the load path for guidance system. A magnesium head expander
of 3.25m x3.25m is fabricated in Korea. The dynamic characteristics of the head expander are verified
with modal testing and F.E. analysis. After finishing the installation, the verification test with a dummy
structure is performed to confirm that the design requirements are satisfied. Additionally, ODS analysis
is performed to know the modal characteristics of the shaker system. Finally, to demonstrate the
effectiveness of the developed system compared to the single shaker system, the vibration test

results are compared and analyzed.
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Fig. 3 Design of vertical vibration shaker system
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Fig. 4 Configuration of guidance system with bearings

AF AE e A PR AL e S Adske
TZEo|t}, Ity os 7Ry AlxEle] spzlEs
Ao W J=E FES A4 2 FAE AYUs
ZAYE 857 olF ANk e AEZREH FYA
7] A A (isolation) A|XElo & FAFTE F7}A 0
2 74 7E Al =" AlX] 58S Tt A 2~E
AAE 935 AEHI~ AT B 35 AY H=29
s FAlel FestA Hlr) Thold s AJ2~ELE O
o ANFA e 72 e DA HZolA AFA ]
TR0 R Qs WA= e Q)Y dE Hdl
EE Aojate] SHAA A T3S F UAEF o)
=8 . A i

o}

o

af

=

L
W
()
(=)
ri
Lo
ol
ol
tjo
N
2
O
N
N,
Jud
fil
Lo
-,
offl
i)
re
[ o



Jong-Min Im et al.;

Establishment and Verification of Large Vertical Vibration Shaker System for Spacecraft Vibration Test

Bearing Interface Bearing

Upper part: Head-expander {

Side
wall

Shaker| [Shaker|

Lower part

Fig. 5 Configuration of seismic mass
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Table 1 Comparison of modal test and F. E. analysis
for the head expander

Test Analysis Error
Mode | frequency | frequency | MAC [%] Remark
[Hz] [Hz] °
1 168.7 171.1 0.997 1.4 | Bending
2 269.1 290.2 0.994 | 7.8 | Bending
3 320.3 305.7 0.963 | -4.6 | Stretch
4 3228 323.1 0.979 | 0.1 | Pumping
5 430.6 443.8 0.958 | 3.1 Torsion

Test requirement H

s Control result

13dB Test tolerance | |
= 6dB Test abort

5 10 100 1000 2000
Frequency [Hz]

Fig. 18 Maximum performance test for shaker
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Table 2 Relative amplitude and phase requirement

Vertical vibration shaker Requirement for shaker

<3% @ 5Hz~200 Hz
<10% @ 200 Hz ~ 600 Hz

<3° @ 10 Hz ~ 600 Hz

Relative amplitude difference

Relative phase difference
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Fig. 23 Amplitude differences of 4 shakers
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Fig. 24 Phase differences of 4 shakers
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Fig. 30 Control sequences of sine sweep vibration test
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Table 3 Test plan for design requirement verification

Vertical vibration shaker Design requirement Test plan
Size of specimen ?3.5mx8m Head expander diameter
Excitation range 5Hz~ 100 Hz Sine test
Payload capacity 10t 10t structure by sine test
Max overturning moment 200 kNm Bearing design by TEAM
Test item # 1 6t 35¢g 320 kN by sine test
Test item # 2 1.6t 10g @ 17Hz 490 kN by sine burst test
Test item #3 36t 745¢ @ 11.45Hz 510 kN by sine burst test
Cross-axis response <20 %, SHz~ 100 Hz @ bare table Sine test @ bare table
Homogeneity <10%, SHz~100 Hz @ bare table Sine test @ bare table
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A5 A 101 35
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Fig. 32 Verification test configuration for shaker system
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Table 4 Fundamental modes of the vertical shaker system
due to the increase of payload mass

Reslen] @oadtion Rock}llggZ]mode Flex1F;Iez]mode
Bare table 57 183
3.2t dummy 35 163
5.7t dummy 19 124
10t dummy 8.6 86

(b) Larg vertical
shaker system

(a) Sie shar
system

Fig. 40 Vertical vibration test configuration
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Table S Vibration system specification & configuration

Vertical vibration
shaker

Single shaker
system

Large vertical
shaker system

Test payload

Satellite STM
(Structural
thermal model)

Satellite FM
(Flight model)

Head expander ®20m 325mx325m

Vibration force 280 kN 640 kN
Moment capacity 40 kNm 200 kNm

Max. payload 5t 10t

capacity

0.2 B

0.1 ;

A |
o> r ‘,w' et :
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Fig. 41 Sine control spectrum due to shaker system
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