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Model Validation for the CBS Ku-Band Transponder Panel
Using Launch Environmental Test
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Abstract

Accurate predictions and simulations of the behavior of space structures based on analytical models
become more important. In order to perform analysis to support the design of Ku-band transponder panel
for the Communications and Broadcasting Satellite(CBS), mathematical models of the panel were generated
in the form of finite element models. Test verification of these models is required before the transponder
panel can be certified for launch environments. A modal identification was performed to obtain modal
parameters which can be compared with the test results using correlation techniques. This paper approaches
the sensor placement from the standpoint of the structural dynamicist who uses the modal parameter

obtained during launch environmental test.
correlation and updating analysis.
environmental test requirements.
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The models were validated by performing a test-analysis
It was proved that the Ku-band transponder panel satisfies the
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Fig. 1 Flow-diagram for model validation

4
=
o

o
L
ofp
e ¢
S
e
8
-
2
2

fa

I

ox o 2
oF
i
=

o)
N o Jo
2
38 e o B WL i

X
)
2
£
ot
Mo
oft
>
ot
=2
£
e
x
=
i
4
O?z(_“,
2_(_!‘

2. A7 Hg 4o

o)

9 FA2)E FstolLst WFY )
HE} $EREC Evw L F

2 9729 FZEEM Fig 29 2o
AR EY WA L Ade Fokel a7
TR AHRA A A E FHD
A3 AN HEF 24 B
A7 YUY AF) RFHED T4

L

ox

[0
s

on
002 o off 7T A an
9 x N ol g

e

©:
>

A

A7 Hue Loy A4 EW
P A3 A X

fu

X

ol

2

3

),

st

2

2

e

oX

s\_&t
g rir ©

&

z

ii*4

off y

L
oA oo o

G
AN
A
o
I

A7) A8 S Ul el
Fzolt. FAIZY FAEELE FAUY
FEHY dAY YT FA7] Lo
A BAANE FH} AL, 28 LAY
ojstxE  Haozm WY Y,
Power &A1& HAizkshrl 9t} FF7F d4s)
B oEstue HuAst HE% Ad 2 Ade

154
2

offt
[
o X

o
b)ll
=

g

R L& A\
Fig. 2 CBS Ku-band transponder panel



BALBFANEE o] &8 FALEUY Kudllg FA7] Ao 24 HF 389

3. 28 EH Y 3 ofnjAld of A

ZA7 Agsl 44 A5ARe fe AU
2E 2= @ AMe) Aol s Hych
e Ve 8TsE 97 FzEY SHY
2% W4E o848 2Epod 4AL Auw
2= ¥4 2 599 54S T8 A8 s
o Y, 2A7) WEe AYA A Tz
Uroln BH 14 AFLE ARHiA Bz
o) tE BAL FAHLA Bk

3.1 REIEME D3 S X2 S(Target
Mode) M4
AL Aol oA JHE Fed dAle AAR
< FRFA oA A dFE F= 5
Bro HAolg. EXARE=E HAAss] 9do
2 7 22 54 ¢g dMFHor 74
d AA, 2t m5o §8d FARFELTY &
P 2eo d3dquA X, 2 T
Ut guizow ¥
) A= 9
RE9 AL 7
=

Ne fEd%

fu

N
g4
UJ?:.EN
o H

2
N
L

ol 1z
L 2EAR

He
H

i
f
H
in
W
o ol alo &y
2
o
)
)

o

= o oot ™
o

o it tlo X ofn

ot
=

O
g on ™=

2
44
2

1S 32 Mo
o g
29

£

ta
Ir
o
o,

32 4o o
He

de x
.91'.
H
A
)
1o

g
(i}
o

W Mo

X
1)
o, O
tio
fr
2
¥

o
)
ofr
2L

o 2 B oot 2o
o
in

4o L

)
z b
o ox

flo

e
o
E&‘lm

o my o of
30 2
ol
p-)
N,
2
i
2
v
2

o 4y

2 ¥
oo 2
S
Lo o
9.'4
>
I ‘—;
o
oo
) éolo@
e If
flo oy N
fo o (a
Tl
2
>
=

ML g
o
;

)
o
i
£
i
tlo

3
£ A% 4A4L Fsigich ¢4 2
9l ZH(Participation Factor: PF)E Amiyd o}
2

g ©oby >
N
e
Iroem

B

B R WM N

et

b

o

ok
do ob m Jn

P=6T M Dy (1)

wef Ala® Rde EE REJE o
Eigenvector?] A3 23 o= &A &
wAE 4 ok adez oed e 4

= P
E¥E 4 9

Dy=®(e) @
4 @F ol&dd A (1) Asd g 2
o
ST M Dp=0¢" M &(¢) 3)
ol ThA] 2l 4)E o]EZojulrh

7 M D= M, (¢) @

o)
factor( £ )2 EEHEFoIATE whof v Ao o
gt REyl 2AYP R FTHEH
scaling factor®} 5EES & F
ZEo] Zt Wk ojg ZFA AFMr)
o B9 ogn Z.

M= D,T; M Dy (5)

agy, Dp==&(c)olnE ol o] &3ta 2(5)
€ A8t o3 2o

M, =T &7 M de ©6)

kR
e

M=c" M, ¢ @)

oltt. Myt Wizts FHolmz 7 REOAM AT
s 89 2% oo Pl EdEY

& M, ®

2t moo] A2y AA A% og FUHA @&
2 29 fEAFlST k.

. (e o =

dukHel YA FZEL AL FAE Eoln
olF T3 uAA L uAEE FNF s A2
& o]-gate] AAEHA Hrl dut wgAgAEd &
Folga o BEYTZE 2t BYLAE ol&
sto] AzEch 944 FREEAY FA A9
L 22ulg FHUP A=A F2EL AL}
g, FddAe ¢F0E 2024138 ALE3190



390 FEA - ME

Table 1 Weight Characteristics of CBS Ku-band

Transponder Panel

T2 x|
2 429 kg
CG_x -30.0 mm
FAHSH CG y -17.8 mm
CG_z 13.9 mm
I_xx 53 kg’
N o= Lyy 4.8 kg.m?
1 zz 9.9 kg.m2

Fig. 3 Design Configuration of Ku-band
Transponder Panel
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Fig. 4 Mode Analysis Results of CBS Panel
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Table 2 Modal Effective Mass Allocation for Mode

Made |Frequency T T2 T3 R1 A2 R3
1 361E+01 | 6.746-03 | 8.50E-04 | 3.23E+01 | 1.206+01 | 1.526+01 | 5.436-03
2 B.356+01 | 1.126-(2 | 9.286-04 | 1.R2E-01 | 2.566-02 | 3.37E+00 | 7.01E-0G
3 | 9.026+01 | 2.856-00 | 3.80E-02 [ 2.76E-01 | 1.736+00 | 2.99-02 § 7.67E-03
4 1.276+02 | 7.876-03 | 1.606-02 | 8.666-02 | 2.456-02 | 1.276-01 | 2.996-02
Total
° 287602 | 557602 | 3.286+01 | 1.47E+01 | 1.876+01 | 5.008-02
{Mode Sum)
Total
4280401 | 4.28E401 | 4.286+01 | 2.04E+01 | 2466401 | 4.50E+01
(System}
Percent(%) 0.07 0.13 76.48 72.16 76.07 o.n
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Table 3 Random vibration test requirement Table 4 Random vibration test results
Frequency Minimum Equi ; Sensor | GRMS Max. Test Limit
H Lquipmen
Range (Hz) PSD GRMS (g} | Duration Rol-Off P No. (g) Value (PSD) (Acceptance)
IMUX | 101-Z | 3471 | 0097 @ 704 Hz
20 ~ 100 +6dB/oct
DCDC | 102-Z | 2983 | 0.103 @ 614 Hz 009 (PSD)
100 ~ 450 | 0.0075 IFA 103-Z | 3275 | 0.108 @ 605 Hz '
450 ~ 712 | -6dB/oct 2.55 60 sec | +12dBloct IMUX | 104-Z | 3471 | 0.097 @ 605 Hz
Panel | 105-Z | 5738 | 0.162 @ 1679 Hz N/A
712 ~ 1000 0.0030
OMUX | 106-Z | 3311 | 0166 @ 605 Hz
1000 ~ 2000 | -6dB/oct TWT | 107-Z | 1517 | 0057 @ 79 Hz
0.09 (PSD)
TWT | 108-Z | 2590 | 0052 @ 88 Hz
‘D“ Acceptence Level Rendom Vitwation Test for Ku-bend Transponder : +Z Direction
T T T EPC 109-Z | 1713 | 0023 @ 155 Hz

Fig. 6 Random vibration test level
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Fig. 7 Random test results of Ku-band CBS

transponder
Table 5 Test and analysis results
- IH JET (Hz) o =
2= A e 3 (%) | AANE
1 36.0 334 84
2 84.4 825 2.3
> 25 Hz
3 91.3 8.0 74
4 128.0 1225 45
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Sine vibration test results
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k
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(b) Correlation analysis of sine vibration

Fig. 9 Sine vibration test & analysis
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Table 6 Comparison of Pre/Post Low Level O

Random Vibration Test

(1) MSC/NASTRAN  RELEFASE  GUIDE  USER
we = g5 M) A (%) MANUAL, ver. 2001, McNeal-Schwendler Corporation,
Pre Post Los Angeles, CA.
1 195 15 0 (2) MSC/NASTRAN Basic Dynamic Analysis, ver. 68,
McNeal-Schwendler Corporation, Los Angeles, CA.
2 825 813 15 (3) Meirovitch, L., 1986, "Elements of Vibration
3 850 8.0 0 Analysis," Second Edition, McGraw Hill Book Co.,
New York.
4 1213 1225 10 (4) Seo, H. S., Choi, J. S, Woo, H. J. and Park, I.
H.,, 2003, "Estimation of Structural Reliability for the
CBS Ku-band Transponder Panel using Environmental
HML P53, Vibration Test," Proc. of the KSAS Spring Annual
Kuth® ZA719 7144 294 2 7234 < Meeting 2003, pp. 686~689.
AL A=FnR £33 AFY dEAZAY (5) Guyan, R. J, 1965, "Reduction of Stiffness and
AE Table 63 oo, WPINZAY oA Mass Matrices,” AIAA4 Journal, Vol. 3, p. 380.
o|Fo) BEANESF WFFLE FAHr AAVE (6) O'Callahan, J., 1989, "A Procedure for an Improved
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o} &= glt} AA WAF Aol WHAZAHL & International Modal Analysis Conference, Las Vegas,
A5 =P AAH BEol FNAY ving  NEpp 1721
e @ao] BASHA FH4  Hol(Frequency (7) Kammer, D. C., 1987, "Test-Analysis Model
Shify7} ZAEE=, Kudl) FA47) didy AL Development Using an Exact Model Reduction,”
STEAL BEFLS ¢ 5 AUk Db, Ku International Journal of Analytical and Experimental
Q Z=A7] HEL =83} FAL sx1 9o Modal Analysis, Vol. 2, pp. 174~179.
o 7|ARoE zdUAMo] FFITL o &= g} (8) Chung, Y. T. and Sernaker, M. L., 1994, "Assess-
ment of Target Mode Selection Criteria for Payload
5.4 = Modal Survey," Proceedings of the 12th International
Modal Analysis Conference, Honolulu, HI, pp. 274~279.
B d7e EAuEA 7S oZ2nd g (9) Woo, H. I, Kim, H D. and Choi, C. Y., 1999,
Aute] Agoz +a¥ HAZA FF uPza “Mechanical Design of Koreasat-3 Ka-band Payload
d Bem 94 FEE sLolg: BAEA Subsystem,” KSAS Journal, Vol.27, No.1, pp. 135~144.
ou7} Uk B mFolMiE $3 wAlaAAw (10) Choi, J. S., 2002, "AIT Plan for the CBS Payload
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mdo AEE £ys¥T 2+ TEo 2ed & (11) Lee, S. P, Chung, T. J, Park, J. H, Yom, 1 B,
FABA5 ARS AESHATL w3 ol H Eun, J. W, Choi, W. S, and Kim, J. M, 2002,
Ty AEZ wgozm AEAYL o Ao "Satellite Conmmunication Payload System Development
AYNE AASGADG. Kudld A7) @Qeo Technology," Proc. of APSCC 2002 Conference, pp.
22238 A4 A43 @AY Hysm 0P
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