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Abstract

The two—axis actuation system for the geostationary electro—optical payload is applied to succeed the
existing mission and enhance observation performance. In this study, structural analysis was conducted to
verify the structural safety of the two-axis actuation system under design loads, launch shock
environments, and orbital conditions. First, a modal analysis was performed to predict the dynamic
response characteristics of the drive system during launch. Additionally, a quasi—static analysis was
conducted to evaluate the structural safety of the actuation system, and the integrity of the bolts used in
the interface between the actuation system and the satellite body was examined. For the system,
structural safety was verified through shock analysis under launch conditions. Finally, a thermal stress

analysis was performed to assess the thermal structural safety of the system in an orbital environment.
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Table 1. Requirement for structural analysis

Classification Requirement
Stiffness 120 Hz < Natural frequency
Quasi-static 0 < MoS
Strength Shock 0 < MoS
Thermoelastic 0 < MoS

Main Frame

Main Frame
Supporter

Encoder Ym Motor Ym

Main Flexure L (2EA)
Mirror Flexure (3EA)

Main Base

Motor Xm

Encoder Xm

Main Flexure S (2EA)

Fig. 1. Finite element model of two—-axis actuation system.

Table 2. Description of finite element model

Node or element Qty. Total gty.
Node 3,009,135 3,009,135
RBE2 568
RBE3 16
1D
CBUSH 223
Element 1,967,025
CONM2 538
2D CQUAD4 15,077
3D CTETRA10 1,951,083

RBE2, rigid body element, Form2; RBE3, rigid body element, Form 3.
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Table 3. Material properties for two—axis actuation system

Young's modulus Poisson’s ratio Density
Material
(GPal (-] (kg/m?]
Al6061-T651 68.3 0.33 2,700
Al7075-T6 71.7 0.33 2,800
SUS304 190.0 0.30 8,000
SUS440C 200.0 0.27 7,650
Ti-6AI-4V 113.8 0.34 4,430
Copper 110.0 0.34 8,930

[Mode 1: 145.29 Hz] [Mode 2: 146.26 Hz] [Mode 8: 261.72 Hz]  [Mode 9: 282.00 Hz]

Fig. 2. Mode shape of two—-axis actuation system.
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Fig. 3. Stress contour of the two—axis actuation system.
Table 4. Quasi-static analysis results for two—axis actuation system
. . Oyie, Oult, Omax.
Axis  Component Material S.F. MoS
[MPa] [MPa] [MPa]
Bearing Yie. 1256 218
X SUS440C  450.0 760.0 113.1
holder Uk, 140 3.79
Yie. 1.25 049
Y Flexure Ti-6AI-4V  848.1 944.6 240.3
ut. 140 1.25
Dummy Al6061- Yie. 125 1.30
Z 276.0 310.0 156.4
mirror T651 Uit. 140 247

EEE Tables 5, 63} 0] Ti-6Al-4V &S] M8 &ECo|H, Fig. 4= F-sAAHS A2F
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Table 5. Fastener information

A, Strength [MPa] S.F.
Fastener type Material
[mm] Yie. Ult. Yie. Ult.
M8 Ti-6AI-4V  36.6 848.1 944.6 1.25 1.40
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Table 6. Fastener preload

Preload [N]
Fastener type Material %y, % unert
|DO |DO_min |:)O_max
M8 Ti-6AI-4V 0.6 0.1 18,227 16,404 20,049

Y

17

Fig. 4. Information for attachment on mounting interface.

Fastener Axial = \/(F,)? @
Fastener Shear = \/(F,)? + (F,)? (3)
Orastoner = \/((Fastener Axial +P0_Max)2 +3x (Fasten:: Shear)2 (4)
_ Tallow. _
Mos = S.FXOFastener 1 =0 (5)
Table 7. Bolt analysis results
Fastener shear [N] Fastener axial [N] Max. MoS
No. fastener
X Y z X Y z stress Yie. Ult.
[MPa]
1 2,697 1,771 1,217 1,706 1,327 674 608 0.09 0.05
2 1,246 774 1,396 838 757 921 576.8 0.15 01
3 601 904 107 410 837 3 572.3 0.16  0.12
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Table 7. Continued

Fastener shear [N] Fastener axial [N] Max. MoS
No. fastener

X Y z X Y VA stress Yie. Ult.

[MPa]

4 1,768 1,451 694 1,165 1,065 522 585.4 0.13 0.09
5 220 982 313 148 802 242 571.6 016  0.12
6 934 282 169 690 255 142 568.4 0.16  0.13
7 958 328 180 887 345 185 573.8 0.15  0.12
8 380 130 78 512 63 99 562.1 0.18 0.14
9 104 117 233 122 175 305 556.3 0.19 0.15
10 437 737 269 410 713 234 568.4 0.16  0.13
11 345 525 123 691 315 15 567.2 017 013
12 651 572 537 1,182 306 849 580.9 0.14 0.10
13 2,839 1,802 1,125 1,806 1,342 591 612.1 0.08 0.05
14 1,243 819 1,405 837 789 904 576.4 0.15 0.1
15 636 867 87 432 813 15 571.5 0.16  0.12
16 1,962 1435 752 1,283 1,060 539 590.2 0.12 0.08
17 313 934 385 219 766 296 570.4 0.16  0.12
18 1,015 312 208 743 276 171 570.1 0.16  0.12
19 1,087 293 209 1,016 315 207 577.9 0.14 0.1
20 428 134 109 564 99 140 563.6 017 0.14
21 129 89 269 147 138 349 557.5 019 0.156
22 538 699 3562 513 679 314 567.3 017 013
23 380 539 97 764 340 118 569.2 016  0.12
24 663 558 595 1,220 277 910 582 0.14 0.10
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Table 8. Shock analysis specification
Frequency [Hz] Acceleration [g]
10 10
1,300 200
200 T T
Generated Shock Profile
150
100
E 50
g
-?: 0 UJ'L'
b
¥ 50 |
=
-100
-150
-200
0 0.01 0.02 0.03 0.04 0.05
Time [s]
Fig. 6. Acceleration—time curve base on shock response spectrum.
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1000 -

Acceleration [g]

— — High Limit (+6dB)
— — Low Limit (-6dB)

Shock Test Profile 4
Shock Analysis Profile

10 100 1000
Frequency [Hz]

Fig. 7. Shock test & analysis shock response spectrum.

(X dir.] [Y dir ] [Z dir]

Fig. 8. Shock analysis results.

Table 9. Shock analysis results for two—-axis actuation system

Oie. Ou. Omax.
Axis  Component  Material i " S.F. MoS
[MPa]  [MPa]  [MPa]
Al6061- Yie. 1.25 2.00
X Bracket 276.0 310.0 73.4
1651 Ut. 140 2.0

Yie. 125 1.85
ut. 140 184

Yie. 125 1.71

Y Flexure Ti-6AI-4V  848.1 944.6 2374

VA Yoke Ym SuS440C  450.0  760.0 132.8
utt. 140 3.08

2,525 F3ALH 23HaHA

AF2(QF 200)0A 2HH 2= TLB5AIAEL Non-Operation(-20C—+55C)%] 2= 33
ZAqA F2AFAZE AESIIH. AA| 2EX= ATE 35C0H, B4A90 42 Yo
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Fig. 9. Thermal stress analysis results.
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Table 10. Thermal stress analysis results for two-axis actuation system

. 0 yie. 0 ult. Y max.
Component Material S.F. MoS
[MPa] [MPa] [MPa]

Yie. 1256 154
Main frame Ti-6AI-4V 848.1 944.6 266.4
Ult. 140  1.53

Rotation plate Al6061- Yie. 1.25 0.06
276.0 310.0 208.3
Xm T651 Ult. 140  0.07

Yie. 1256 073
Shaft Ym Al7075-T6 503.0 572.0 2314
Ult. 1.40 0.76

Yie. 125 0.05
Yoke Xm SUS440C 450.0 760.0 341.3
Ult. 1.40 059

ZiAfo| 2

2 A7E I |Eg AR AHStA N EARIQ] ‘AHo]A mlo] QU ojAtd o] 9
3 Y= ASFUTHAIREIAA S 2021M1A3B9094415).

References

1. Song BS, Suk BS, Park SM, Shim YJ, Yong SS, et al., The space key technology development
trend through Korea space pioneer program, Curr. Ind. Technol. Trends Aerosp. 21, 112-
120 (2023).

2. Jeon SH, Kwon SC, Kim TH, Oh HU, Enhancement of microjitter attenuation capability for
a stepper-actuated two-axis gimbal-type antenna by using a spring-blade isolator, J.
Aerosp. Eng. 30, 04017017 (2017). https://doi.org/10.1061/(ASCE)AS.1943-5525.0000714

3. Jeong SY, Oh HU, Lee K], Kim BS, Mechanical stability analysis of PCB and component for
launch and on-orbit environment based on fatigue failure theory and FEM, J. Korean Soc.
Aeronaut. Space Sci. 39, 952-958 (2011). https://doi.org/10.5139/JKSAS.2011.39.10.952

4. Space Engineering, Mechanisms (Buropean Cooperation for Space Standardization,
Noordwijk, the Netherlands, 2009).

5. Space Engineering, Threaded Fasteners Handbook (European Cooperation for Space
Standardization, Noordwijk, the Netherlands, 2010).

6. Steeve BE, Wingate R], Aerospace threaded fastener strength in combined shear and tension
loading (2012) [Internet], viewed 2025 Feb 26, available from: https://ntrs.nasa.gov/
archive/nasa/casi.ntrs.nsa.gov

7.Irvine T, Shock Response Spectrum Synthesis via Damped Sinusoids Revision B
(Vibrationdata, Catarina Mesa, AZ, 2012).

https://www.jstna.org | 71



MRt

BRI 25 TSAAHO et RE OHHY T

Author Information

agm

hmkim@steplab.co.kr

AEieta 7| A EASsHRoA 20189 SHA

3915 FE3t 7, 2019WHE ANH Structure
oA FAQ] LA A dE= 2559l

= @aolA SR T 2

A2 8 wycha@steplab.co.kr

AEdiet 7| Al eelA e 9 71A%
T AFoE HARIE HSS9eH, 2012
AHE glofojx]oA0A ANSYS?} Recur-
DynZ &-&sto] Fx/5g}] tigt siA] &

ATE FPsioitt. AR @AHHNA 9
A 71AANAE, 8 HAUS 5 TRt
a7e ot Aot
4 X Z  jhkim@justek.com
RArfshE 1ABSIlA 19964 St
912 HET T, QWAINA 2HeT7

o AR A @ALHA 54
Q7o st glom, ATEoR: 9
2 gtk e,

72 | https://doi.org/10.52912/jsta.2025.5.2.61

Z| S 4 dschoi@justek.com
AEtiehal 7188kl 1996\ shAkete
£ 35S & Ay A71EFEsH
oA 19983t 20020l 247t AALR; HhA
SHE S A= @xAH A o
FoJAtR AJAstaL glom, AtEok= HA
@ Ao} o]&& 583t FYojnHo g

i

_l

4] Aofo]et,

2 ohul29@kau.ackr
19929 g=akadishn F5-933s St
9], & AFeR dE FHH oA
19979 AAFsE], 19999 HAEHE HE
et JAXA(199%2005) %%*ﬂﬂﬂ%i
(2005-2012)°f4 AFeog LRSI om,
ZAYEHL(2012-2023) AU}EolExﬂ A
WE PPAAY] Fof ALE Fsiqich A g
714
sk ek,

IS L
Tt FF9FEE BHE AT, /EAA

A, 229914,

AsAR 5 st d7E 5



