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ABSTRACT

Random vibration testing is a type of vibration test that can help verify the structure design,

components, and integrity of flight equipment. To verify the components of control moment gyro

(CMG) on random vibration environment, an appropriate power spectral density (PSD) profile should

be defined for each component. The purpose of this study was to derive a PSD profile for each

component of CMG, such as motor,

encoder,

bearing and slipring. This paper describes the

step-by-step process on how the test PSD profile was derived for each component.
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Table 1 Specifications of CMG

Specifications Value
Angular momentum 15N'm's
Angular momentum stability <0.05 %
Output torque 30N m

Gimbal rate 2 rad/s

Gimbal position resolution 22 bits
Gimbal pointing accuracy <1 mrad/s
Stiffness >140 Hz

Mass <15kg
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Table 2 PSD Profile of CMG

Fregency [Hz] ASD [g*/Hz] Slope [dB/Oct]
20 0.0075 0
50 0.0754 7.5
800 0.0754 0
2000 0.0075 -1.5
Overall 9.35 Grms

Table 3 Parameters of CMG

Parameter Value Remarks
Q-factor 20 Test result

Ist 380.9 Hz

X-dir.
2nd 901.5 Hz

. st 140.0 Hz FEM analysis

Y-dir. It
2nd 199.9 Hz resu
Ist 170.7 Hz

Z-dir.
2nd 867.4 Hz
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(2) Fatigue damage spectrum(FDS)
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(3) Energy response spectrum(ERS)
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Fig. 2 Comparison of VRS & FDS
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Step 1. Input PSD @ CMG FEM

PSD profile of CMG

10" 10? 10°
Frequency(Hz)

Input PSD CMG FEM

Step 2. Response PSD @ component

Response PSD - Motor,Rotor,GM - Total

102 10%
Frequency (Hz)
Response X, Y, Z and envelope

Step 3. VRS using enveloped response PSD

PSD, Motor,Rotor,GM, Axial VRS, Motor,Rotor,GM, Axial, Q=20

ASD(g2/hz)

1
10? Env. Res. PSD, 33.96 Grms 10 Env. Res. PSD, 33.96 Grms

10 10° 102 10°
Frequncy(Hz) Natural Frequncy(Hz)

Enveloped response PSD VRS of enveloped PSD

Step 4. Derive the component test PSD

PSD, Motor,Rotor,GM, Axial VRS, Motor,Rotor,GM, Axial, Q=20

ASD(g2/hz)
Grms

Env. Res. PSD, 33.96 Grms 10 L/
Test PSD, 58.71 Gms

Env. Res. PSD, 33.96 Grms
Test PSD, 58.71 Grms

10% 10°
Frequncy(Hz) Natural Frequncy(Hz)

Component test PSD VRS of componet test PSD

Fig.3 Flow chart of component test specification
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Table 4 Axial/lateral direction of components
Component Axial Lateral

Slipring X-dir. Y-dir., Zdir.
Encoder, stator X-dir. Y-dir., Z-dir.
Encoder, rotor X-dir. Y-dir., Zdir.

Motor, stator, GM X-dir. Y-dir., Z-dir.
Motor, rotor, GM X-dir. Y-dir., Z-dir.
Bearing, GM X-dir. Y-dir., Z-dir.
Motor, stator, MWM Y-dir. X-dir., Z-dir.
Motor, rotor, MWM Y-dir. X-dir., Z-dir.
Bearing, MWM Y-dir. X-dir., Z-dir.
PSD - Slipring
Env. Res. PSD - Lateral ( 23.09 Grms)
Test PSD - Lateral ( 35.65 Grms) (\
Min. Level Y )
10° £ Cuf off sharp peak max. -3 dB
§ Slope max. +20 dB/Oct ——p,
N; Enveloped response PSD
g Componet test PSD
<< 101
A
Min. level
1072 ' '
102 10°

Frequency(Hz)

Fig.4 PSD of slipring lateral direction

Table 5 Component minimum workmanship random

vibration test level

Fregency [Hz] ASD [g*/Hz] Slope [dB/Oct]
20 0.01 0
80 0.04 3.0
500 0.04 0
2000 0.01 -3.0
Overall 6.8 Grms
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Fig.7 Random vibration test specification of CMG components
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Table 6 Overall Grms of CMG components

Test Spec. Axial Lateral
Grms Ratio Grms | Ratio
Slipring 44.72 x1.52 35.65 | x1.54
Encoder, stator 15.01 x1.28 13.05 | x1.18
Encoder, rotor 22.18 x1.55 38.51 x1.52
Motor, stator, GM 10.82 x1.12 10.22 | x1.04
Motor, rotor, GM 58.71 x1.73 57.23 | x1.45
Bearing, GM 21.95 x1.56 15.47 | x1.19
Motor, stator, MWM | 47.14 x1.71 75.85 | x1.62
Motor, rotor, MWM | 37.57 x1.66 7598 | x1.74
Bearing, MWM 37.75 x1.72 61.85 | x1.65
7b e A 2o webd dA Q7bE = S

gl th2v] mie] BaRe ngY 4% AL =
S FHE F 4 ¥ 29 e 4

[e

o
<
=
<
=2
ox
JZL’
o
i
kz
e F
i
o
o
B2
o
rr
0
<
Q

Aol %Ei A7) Wil =
2 Yehdth NASA GFSC24°ﬂ u}
TAEe AE 49 overall Grmss
25u7F AR BEE Akl Qo Al
A3} Table 63 o] FHo 1.7387bA] Hoidt
owﬂ AF3 2 o] Hx\aoﬂ/q‘— dg A%x A]E ﬁLzﬂ1

= 718715 Q-factorQ] 2002 7|58}kl

fros g2 0 fo e

o rlo “
2
2
%0

kl

N

2 2
3ul

)

m
_|>i
o
Hir
rlo i
o,
ox

=<

=

<
o

)

m{w

.

TE A
AA A Al 7RR1719] sl wE V)eTE %l
25 dB/Oct7HA] 58 = 9lom, 112 Q18] A3 PSD
Z23tde] GrmsZ §H Ulb] AlE 4] vl o
ol A 4 ik

&—Tl

4. 2 E

WEAol o] FHE A

s g 4 =&8 318lth o1& 9ld FEMS 7]
ko 2 AojRHEA o] 2o Q7= WY %E PSD
of &3k & PSDE =Ea3laL, ald S PSDE X
2tsl ¥ VRS 7]H¥} ECSSSF NASAOA] Aleksh=
T Ueks Fasle] FAEE AY PSD ZEup S
E=E3IQlth ol E F8l 4 AE A 2 A9 A
F A9 ATE Qg WY AE Al A B2E3 A

3 PSD Z2 39S 83 4 9tk o] Ao A=
AAE AL Qi A EHER | ZE V]Fo R B4 5
A7) el =& Ay M A4S v AFdE
TUsA AEL oA, BAS 9 7 2
& Tdap A& 5 o7 wiEel WY UEE 2y
gk AFE Al 7]oled los Zloigik

o] AT A& ARENN] ArjHetA T
BALRIQ) <so] 2 Tho]@ujo] Algl el oja) 53]
AL U TH2021M1A3B9094394).

References

(1) Song, B. S., Suk, B. S., Park, S. M., Shim, Y. J.,
Yong, S. S. and Yu, M. J, 2023, The Space Key
Technology Development Trend through Korea Space
Pioneer Program, Current Industrial and Technological
Trends in Aerospace, Vol. 21, No. 2, pp. 112~120.

(2) Yoon, D. and Kwon, S.-C., 2020, Validation of
Structural Safety on Electro-optical Payload under
Launch Environment, Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 30, No. 6,
pp. 597~607.

(3) National Aeronautics and Space Administration,
2011, Payload Vibroacoustic Test Criteria, NASA, NASA-
STD-7001A, DC, United States.

(4) Jeong, H., Park, J., Son, D. and Jang, J., 2019,
Study on Fatigue Life Estimation of an Aircraft External
Store under Dynamic Loads, Transactions of the Korean
Society for Noise and Vibration Engineering, Vol. 29,
No. 4, pp. 462~469.

(5) Irvine, T., 2009, An Introduction to the Vibration
Response Spectrum: Revision D, Vibrationdata, AL,
United States.

(6) Irvine, T., 2016, A Comparison of PSD Enveloping
Methods for Nonstationary Vibration, ESTECH Annual
Technical Meeting and Exposition, AZ, United States.

(7) Irvine,
Vibrationdata(shock and vibration software and tutorials),
AL, United States, pp. 1~6.

(8) Irvine, T., 2023, An Introduction to Shock and

T., 2015, Energy Response Spectrum,

Trans. Korean Soc. Noise Vib. Eng., 35(2) : 137~144, 2025 | 143



Jeongmin Kang et al.; Derivation of Random Vibration Test Specification for Control Moment Gyro Components

Vibration Response Spectra: Revision D, Vibrationdata,
AL, United States.

(9) European Cooperation for Space Standardization,
2013, Spacecraft Mechanical Loads Analysis Handbook,
ECSS, ECSS-E-HB-32-26A, Noordwijk, Netherlands.

(10) Wijker, J. J., 2009, Random Vibrations in
Spacecraft Structures Design: Theory and Applications,
Springer, Dordrecht, Netherlands.

(11) Soucy, Y., Dharanipathi, V. and Sedaghati, R.,
2006, Investigation of Force-limited Vibration for Reduction
of Overtesting, Journal of Spacecraft and Rockets, Vol. 43,
No. 4, pp. 866~876.

(12) United States Department of Defense, 2019,

Environmental Engineering Considerations and Laboratory

144 | Trans. Korean Soc. Noise Vib. Eng., 35(2) : 137~144, 2025

Tests, DoD, MIL-STD-810H, VA, United States.

(13) European Cooperation for Space Standardization,
2022, Testing, ECSS, ECSS-E-ST-10-03 Rev.1, Noordwijk,
Netherlands.

(14) European Cooperation for Space Standardization,
2019, Structural Factors of Safety for Spaceflight
Hardware, ECSS, ECSS-E-ST-32-10C Rev.2, Noordwijk,
Netherlands.

(15) Wijker, J. J., Ellenbroek, M. H. M. and De Boer,
A., 2014, Force Limited Vibration Testing: Computation
C? for Real Load and Probabilistic Source, The 13th
European Conference on Spacecraft Structures, Materials &
Environmental Testing(ECSSMET), Braunschweig, Germany.



	제어모멘트자이로의 구성품 랜덤 진동 시험 규격 도출
	ABSTRACT
	1. 서론
	2. 구성품 랜덤 진동 시험 규격 도출방법
	3. 구성품 랜덤 진동 시험 규격 도출
	4. 결론
	References


