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Abstract

In this paper, the structural analysis of the Geostationary Korea Multi-Purpose Satellite-2
(GEO-KOMPSAT-2) tubing system is discussed, and the structural integrity of the tubing system is assessed
by comparative analysis with the results of overseas partner AIRBUS. Securing structural reliability of the
tubing system is a very important key element of the propulsion system of the GEO-KOMPSAT-2 satellite.
Therefore, FE modeling of the propulsion tubing was carried out directly using the CAE program, and
structural analysis was performed to evaluate the stress state under launch conditions. Hoop stress, axial
stress, bending stress, and torsion stress were calculated according to diverse load conditions by using
pressure stress analysis, thruster alignment analysis, sine qualification load analysis, and random qualification
load analysis. From the results, the Margin of Safety (MoS) of the tubing system is evaluated, and we can

verify the structural integrity of the tubing system when subjected to various launch loads.
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Table 3 Defined Inner pressure of tubing parts

N part Thickness | Radius | Pressure
(mm) (mm] (MPa)

1 | 38LP FU13 THEQ 0.4064 4.7625 1.3

2 | 38LP OX13 THEQ 0.4064 4.7625 1.3

3 | 38LP HE4 THEQ 0.4064 4.7625 0.4

5 | 14HP HE310_THEQ 0.7112 3.175 31

6 | 14LP FU13 THEQ 0.4064 3.175 1.3

8 | 14LP OX13 THEQ® 0.4064 3.175 1.3

9 | 14LP HE13 THEQ 0.4064 3.175 1.3

10| 14LP HE4 THEQ 0.4064 3.175 0.4

14| 18LP HE4 THEQ 0.254 1.5875 0.4

15| 38LP_HE4 0.4064 4.7625 0.4

16| 14HP_HE310 0.7112 3.175 31

20| 14HP HE28 0.7112 3.175 2.8

21| 14LP_HE22 0.4064 3.175 2.2

22| 14LP_HE13 0.4064 3.175 1.3

23| 14LP HE4 0.4064 3.175 0.4

24| 18LP _HE1 0.254 1.5875 0.1
oy= \/O’fm‘i’d U”Uyy+372 (3a)
T=1Tg5 (3b)

M,
Tr= TTrmax ) Tmax — 7o

M= Momentof torsion

i, , |
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2 2
r To
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My = Momentof bending

T, )
Iy = Z(#O—TJ})

% dlolHE eo]&3te wldEe Hoop stresset

Axial stress& T3 ¥, 2(3a)9 #°] von Mises &

#He A 5 Sl




50 At A AFY DG

von Mises 58& T3 %, 2(4)9} Zo] kdoff
(MoS, Margin of Safety)E A4Fsle] Y52 A
ZANAM Y Fx2A kS HrFE 4 ok
MoS|%] Ta 1[x100% (€Y)

= —2—|-1|x

ool O o X SF ’

A7IA, o, wEEe 7} "ozl Ad 4 e
&8sl g, HWe= Qs A= 288H
olt}. QHH A4 (SF, Safety Factor)yx REE F-Eo|A
FE(Yieldd A9+ 1.12, T3 (Ultimate)d A5+

1.255 AR&sglth o g2 AIRBUSSE wizi7pA=

of gttt ol& 3
(RCT, Reaction Control Thruster) 778l z+Z+ 271
Ao FY717F FAE o] 9l 7} FYTluith Al R
o] " M4 9 (Shimming) #¢io] 7Hs 23 ==
g}, olgek A ES st =gl el
o] AT = glom olE P FRIME HA
ofglt}. Fig.2v FE719 AF-A<l 43 & ¢
TH-FHIZAE HER AT

RCT xH¢ts 5, F=H719 23U Es AAsHI
24387 YA e FEZol AH 3 shime] 2= o
of gt} x40l £ F¥7]= shime] FFo= X=H
of Hof 1°= 7]Zo XAl €t webA Y] 0°4%-H
360°714] X
of 4= oth ¥ Aol A= shime] FA9 XFo| 7]
ZolAlE Y& W
Hste] FxaAS Ao, &
7} g5 AL m#Hsle] Fig.33 2o YES 0°RE
180°7kA1 5°% 7HAE Fw ARSIt F, 79
RCTOl 2784 ¢ F=77]¢k Y=
A 36719 A5 aelstel & 504709 SFxz
gk $388 &3 Table 42 A /e Aake
(A, B, O°l 1°% shimming #4S & o 7=
A8 AzxAE 7 I9].

@ g2Eo] £

A
o
~N
o
)
o
o
=
=)
AL
=
X
N
o
)
e

(£ el

Fig. 3 Direction of displacements

Table 4 Displacement boundary condition of
alignment load cases

1.0° Alignment shimming

Shim | Shim | Shim Shim | Shim | Shim
[yo] A B C [yo] A B C

(mm) | (mm) | (mm) (mm) | (mm] | (mm)
0 | -0.44 | -0.44 | 0.44 90 | 044 | 0.44 0.11
5 | -047 | -04 0.45 95 | -0.40 | 0.47 0.08
10 | -0.51 | -0.35 | 0.45 | 100 | -0.35 | 0.51 0.04
15 | -0.53 | -0.31 | 0.45 | 105| -0.31 | 0.53 0.00
20 | -0.56 | -0.26 | 0.45 | 110 | -0.26 | 0.56 | -0.04
25 | -0.58 | -0.21 | 0.44 | 115| -0.21 | 0.58 | -0.08
30 | -0.60 | -0.16 | 0.44 | 120 | -0.16 | 0.60 | -0.12
35 | -0.61 | -0.11 | 0.42 | 125| -0.11 | 0.61 | -0.16
40 | -0.62 | -0.05 | 0.41 130 | -0.05 | 0.62 | -0.19
45 | -0.62 | 0.00 0.39 | 135 | 0.00 0.62 | -0.23
50 | -0.62 | 0.05 0.37 | 140 | 0.05 0.62 | -0.26
55 | -0.61 | 0.11 0.34 | 145 | 0.11 0.61 | -0.29
60 | -0.60 | 0.16 0.32 | 150 | 0.16 0.60 | -0.32
65 | -0.58 | 0.21 0.29 | 155 | 0.21 0.58 | -0.35
70 | -0.56 | 0.26 0.26 | 160 | 0.26 0.56 | -0.37
75 | -0.53 | 0.31 0.22 | 165 | 0.31 0.53 | -0.39
80 | -0.51 | 0.35 0.19 | 170 | 0.35 0.51 | -0.41
85 | -0.47 | 0.40 0.15 | 175 | 0.40 0.47 | -0.43
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Fig. 4 Boundary condition of sine and random
vibration

Table 5 Power spectral density of random vibration

Frequency (Hz) PSD(¢?/Hz)
10 0.008
100 1.5
400 1.5
590 0.5
700 0.5
710 0.3
1200 0.3
2000 0.108
Total gRMS 31.8
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Fig. 5 PSD profile at input point
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Table 6 MoS Result due to pipe inner pressure

Ny part vMises MoS
(MPa) (%)
1 38LP FU13 THEQ 12.7 »1000
2 38LP OX13 THEQ 12.7 »1000
3 38LP_HE4 THEQ 3.9 »1000
5 14HP HE310 THEQ 109.2 329
6 141.P FU13 THEQ 8.3 »1000
8 141.P OX13 THEQ 8.3 »1000
9 141.P HE13 THEQ 8.3 »1000
10 141.P HEA THEQ 2.6 »1000
14 18LP HEA THEQ 3.9 »1000
15 38LP_HE4 109.2 329
16 14HP_HE310 9.9 »1000
20 14HP_HE28 14.0 »1000
21 14LP_HE22 8.3 »1000
22 14LP_HE13 2.6 »1000
23 14LLP_HE4 0.5 »1000

Table 7 MoS Result due to RCT alignment

vMises MoS
N part (MPa) %)
26 RCT-1A 134.9 86
27 RCT-1B 113.8 121
28 RCT-2A 170.7 47
29 RCT-2B 114.1 120
30 RCT-3A 103.0 144
31 RCT-3B 115.4 117
32 RCT-4A 107.9 132
33 RCT-4B 83.8 199
34 RCT-5A 106.4 136
35 RCT-5B 97.3 158
36 RCT-6A 119.6 110
37 RCT-6B 82.6 204
38 RCT-7A 143.1 75
39 RCT-7B 91.9 173

g MoS #t& =F38to] Table 7 WAL
Table 7o YERA MoS ZA¥ glo] BF 49 #s
ERH 7] wZoll A d ol M wjdie] RCTH-E

e Fa¥or A A% % 5 Ak
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Table 8 CBNU MoS result due to sine vibration 3.3 ¥§urlssio Hat
vMises MoS Ao = 5 HzHH 150 Hz7FA 20G2]
N oA [MPa) %) S5 S AuA X, ¥, 7 $e we 247
1 | 38LP_FU13_THEQ 5.53 »1000 o] A von Mises <8 S =31 MoS ZAFE
2 | 38LP_OX13 THEQ 9.38 Y1000 )
3 | 38LP_HE4 THEQ 9.45 Y1000 Table 8 YebiIth. B9k, AIRBUS®] dxpe} wlal
5 | 14HP_HE310_THEQ 9.33 1000 sl 7z} FiEol ddels S8 YYS Fig. 83 o] y
8 | 14LP_OX13 THEQ 9.73 Y1000 ~ Slaer o or o o
9 | 14LP HE13 THEQ 14.16 Y1000 T oz dAshs s & Atk
10 | 14LP_HE4 THEQ 34.05 Y1000
15 | 38LP_HE4 7.64 Y1000 34 AR EHA Zo}
16 | 14HP_HE310 10.17 Y1000
20 | 14HP HE28 797 1000 A A FA A NAM = A AF3IR el 7H 534
21 | 14LP HE22 13.81 Y1000 ol A9 57 BAZEmo] o3 von Mises <8 zHe
22 | 14LP HE13 10.84 Y1000 e ]
TZ3la MoS Z#E Table 99 . ES
23 | 14LP_HE4 2.90 51000 Estal MoS 4 able 9ol HFERHISIT
24 | 18LP HE1 81.53 208 AIRBUS®] ZAze} njuste] 7+ HEd st 59
26 | RCT-1A 9.18 »1000 FALS Fig. 99 7ol e, 713 $3o] & x 3
27 | RCT-1B 7.70 Y1000 ] e
ol et oF 8~11% & oW dX3s AL
28 | RCT-2A 5.63 )1000 14 22 b $F o2 dAHE A
A<
29 | RCT-2B 9.15 Y1000 & ok
30 | RCT-3A 4.41 Y1000
31 | RCT-3B 10.85 »1000 o
32 | ROT-4A 1292 51000 Table 9 CBNU MoS result due‘to random vibration
33 | RCT-4B 19.17 »1000 Nr PART V[mllj:]s 1?@/0?
0
g‘; Egg_g‘g 292'6588 ﬁggg 1 | 38LP FU13 THEQ 140.98 232
' 2 | 38LP_OX13_THEQ 190.17 146
36 | RCT-6A 5.04 21000 3 | 38LP HE4 THEQ 119.76 291
37 | RCT-6B 11.54 »1000 5 | 14HP_HE310_THEQ 150.88 210
38 | RCT-7A 6.57 Y1000 6 | 14LP FU13 THEQ 161.75 189
39 | RCT-7B 14.38 Y1000 8 | 14LP OX13_THEQ 157.87 197
9 | 14LP HE13 THEQ 228.32 105
10 | 14LP_HE4 THEQ 303.55 54
. 15 | 38LP_HE4 72.61 545
e 16 | 14HP_HE310 155.29 201
—6—cany 20 | 14HP _HE28 70.75 562
» 21 | 14LP HE22 250.94 87
& 22 | 14LP_HE13 155.23 202
= 23 | 14LP HE4 57.71 711
o 24 | 18LP HEI 107.05 134
3 26 | RCT-1A 145.64 72
= 27 | RCT-1B 212.58 18
£ 28 | RCT-2A 113.91 120
=4 29 | RCT-2B 103.52 142
30 | RCT-3A 74.49 237
31 | RCT-3B 127.24 97
32 | RCT-4A 164.67 52
Part Number 33 | RCT-4B 204.86 22
34 | RCT-5A 177.98 41
Fig. 8 Comparison of von-Mises stress by sine 35 | RCT-5B 118.53 112
vibration 36 | RCT-6A 64.25 291
37 | RCT-6B 134.80 86
38 | RCT-7A 68.61 266
39 | RCT-7B 93.88 167
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Fig. 10 Comparison of von Mises stress by sine

vibration, inner pressure and alignment

Table 10 CBNU MoS Result due to sine
vibration, inner pressure and alignment

vMises MoS
Nr PART (MPa) (%)
1 | 38LP_FU13 THEQ 13.5 »1000
2 | 38LP_OX13_ THEQ 15.4 »1000
3 | 38LP_HE4 THEQ 9.8 »1000
5 | 14HP HE310 THEQ 108.4 332
6 | 14LP FU13 THEQ 14.7 »1000
8 | 14LP OX13 THEQ 12.3 »1000
9 | 14LP_HE13 THEQ 12.3 »1000
10 | 14LP HE4 THEQ 65.9 611
15 | 38LP_HE4 8.4 »1000
16 | 14HP_HE310 108.3 332
20 | 14HP HE28 11.5 »1000
21 | 14LP_HE22 18.3 »1000
22 | 14LP_HE13 12.6 »1000
23 | 14LP_HE4 3.8 »1000
24 | 18LP_HE1 70.0 258
26 | RCT-1A 140.1 79
27 | RCT-1B 115.5 117
28 | RCT-2A 172.7 45
29 | RCT-2B 111.1 126
30 | RCT-3A 104.9 139
31 | RCT-3B 114 .4 119
32 | RCT-4A 115.9 117
33 | RCT-4B 92.8 170
34 | RCT-5A 110.5 127
35 | RCT-5B 113.3 121
36 | RCT-6A 118.4 112
37 | RCT-6B 83.9 199
38 | RCT-TA 144.1 74
39 | RCT-7B 96.7 159

teoR WS HaY, 2UgaNY, AdAE R

S
o stz o3 &9 ZA3}ES drtéete] von Mises

o¥= Tetlth. 1 A¥E AIRBUSS Axe <
&= vlaste] Fig.1lel Wepisich
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w3k, H3EF 3 von Mises &9
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Fig. 11 Comparison of von Mises stress by
random vibration, inner pressure and

alignment

Table 11 CBNU MoS Result due to random

vibration, inner pressure and alignment

vMises MoS
Nr PART (MPa) %)
1 | 38LP_FU13 THEQ 123.4 280
2 | 38LP_OX13 THEQ 185.4 153
3 | 38LP_HE4 THEQ 106.1 341
5 | 14HP_HE310_THEQ 167.4 180
6 | 14LP FU13 THEQ 158.7 195
8 | 14LP_OX13 THEQ 152.5 207
9 | 14LP HE13 THEQ 225.1 108
10 | 14LP_HE4 THEQ 326.9 43
15 | 38LP_HE4 68.5 583
16 | 14HP _HE310 175.8 166
20 | 14HP_HE28 58.4 702
21 | 14LP_HE22 242.5 93
22 | 14LP_HE13 147.9 216
23 | 14LP_HE4 49.8 840
24 | 18LP_HE1 101.5 147
26 | RCT-1A 277.1 -9
27 | RCT-1B 299.8 -16
28 | RCT-2A 179.1 -10
29 | RCT-2B 199.9 26
30 | RCT-3A 169.4 48
31 | RCT-3B 227.0 11
32 | RCT-4A 264.3 -5
33 | RCT-4B 262.0 -4
34 | RCT-5A 277.0 -9
35 | RCT-5B 202.6 24
36 | RCT-6A 175.9 43
37 | RCT-6B 191.3 31
38 | RCT-TA 198.8 26
39 | RCT-7B 149.8 67

Table 12 Comparison of RCT MoS Result by
CBNU and AIRBUS

MoS

Nr PART AIRBUS CBNU

(%) (%)
26 | RCT-1A -5 -9
27 | RCT-1B 35 -16
28 | RCT-2A 9 -10
29 | RCT-2B 92 26
30 | RCT-3A 42 48
31 | RCT-3B 100 11
32 | RCT-4A 2 -5
33 | RCT-4B -2 -4
34 | RCT-5A 1 -9
35 | RCT-5B 6 24
36 | RCT-6A 61 43
37 | RCT-6B 46 31
38 | RCT-7A 72 26
39 | RCT-7B 22 67
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