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ABSTRACT: The deployable reflector antenna consists of 24 unit main reflectors, and is mounted on a launch vehicle
in a folded state. This satellite reaches the operating orbit and the antenna of satellite is deployed, and performs a
mission. The deployable reflector antenna has the advantage of reduce the storage volume of payload of launch
vehicle, allowing large space structures to be mounted in the limited storage space of the launch vehicle. In this paper,
structural analysis was performed on the main reflector constituting the deployable reflector antenna, and through
this, the initial conceptual design was performed. Lightweight composite main reflector was designed by applying a
carbon fiber composite and honeycomb core. The laminate pattern and shape were selected as design variables and a
design that satisfies the operation conditions was derived. Then, the performance of the lightweight composite
reflector antenna was analyzed by performing detailed structural analysis on modal analysis, quasi-static, thermal
gradient, and dynamic behavior.
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Fig. 2. Deployed configuration of deployable antenna



232 Dong-Geon Kim, Kyung-Rae Koo, Hyun-Guk Kim, Sung-Chan Song, Seong-Cheol Kwon, Jae-Hyuk Lim, Young-Bae Kim

= =wol A= ol Bt YA 54 & aEEte] % SUE Fo}E 715202 A}, 150 CFRP Laminate Facesheet
Aol eka A8 9 FUF 2AS 283 MEA] BA o] EAsHE FxEo|th

NS Hiab QHELRe] ERRAES: A 9 EAsllch Facesheet = wljElo] w2 Lz|o] Lo nwslr] <

/50 TR A ZRS 918l Facesheeto]] 2]-8-5+= 3 AT 9)%] BalAjo] soli Ealgt olahu|= Hoj@ 7}

A= 7340 500 GPa o] 4FQl $-5+& 5_7_71-/\61 A3},

i
F](‘

Fﬂ
B>
oﬁ‘. jaod
HJ of Jo rf -

2l YSH70AR A7 o}@‘ om, MELA] 34+ Table 13} o] E3A FHARRE] A5 215 W42 5

3= fl8 WErh W ofepu| = A 9 :10101 ECK ] [0, 30, 45, 90]deg®| 4Z Zt=7} 285 7HA] A&

of AL 1905, 7t Caseol] gt 7144 4%-& wlel7] e
Fol= Q) M=¢|x] Eat CLT(Classical Laminate Theory)E 53

Ug mofel AAE e 5 AsheicHa),

fst, & =fof = ko] Zt Alo| Ao thgt 7k A3 2o w1, 23839k A (EL E2), A (G12),

A Facesheet.,l A= g 4 &
1% ol&
PR U AL Sl

FATt 3EoEH|(v12), 87 (Bfx, Efy)S A4kt Ak, [0/90] &

2 HEE H-83 Case#l.2= 1, 2 W 7ol =A Alite

2.3 Facesheet MA[0f| }E FUIALE ME 24 o}, Ak AAo] AjH oz A AAbE| Q). [45/-45]

Aol Al B4 9] a5Asgd g AT HHS A8 Case#l.3= A7} do] G127} 7]Er &

2] Aol wet LA 9] 71AH EAJo] Aol 4= Qlrk. F si|e) vldl =A AAE e, 1, 237F 7 (EL, E2)
2 =AM 5g L8 S RE B A5k A o] 7|e 5 sElof H|s 50% o]/ A Al4tE ATk

%% YSH70A Fabric &7& A&t o, B3 7 5 o|E41E ol At 73S vt A [0/45] A5 Tf

AP S U F MELA] Aol & 283 MEQX] EAY S 483 Case#1.1 9 [0/30] AT Tl 4831 Case#1.4

2 A2t 7 ekl A=A Eab gt MELQ A O] & HieF 7 9 Aw o] HatA o ® = ALkE it

Table 1. Laminate stacking sequence and effective modulus

Effective Modulus (unit : Pa)
Case Stacking Sequence
El E2 G12 V12 Efx Efy

#1.1 [0/45/ core ], 2.09E+09 2.09E+09 5.28E+08 0.31559 4.85E+08 4.85E+08
#1.2 [0/90/ core ], 2.93E+09 2.93E+09 1.01E+08 0.040141 6.91E+08 6.91E+08
#1.3 (45/-45/ core ], 6.2E+08 6.42E+08 9.55E+08 0.78949 1.13E+08 1.13E+08
#1.4 [0/30/ core ], 2.34E+09 2.34E+09 3.22E+08 0.2339 5.46E+08 5.46E+08
#1.5 [30/-30/core ], 1.48E+09 1.48E+09 6.43E+07 0.51638 3.28E+08 3.28E+08

Table 2. Results of modal analysis for laminate

Natural Frequency
Flexural 1¥ mode Flexural 2™ mode Torsional 1°* mode

Case Stacking Sequence

#1.1 [0/45/ core ], 27.93Hz 78.09Hz 94.81Hz
#1.2 [0/90/ core ], 30.75Hz 70.22Hz 41.73Hz
#1.3 [45/-45/ core ], 16.15Hz 48.75Hz 57.97Hz
#1.4 [0/30/ core ], 28.28Hz 76.39Hz 80.03Hz
#1.5 [30/-30/ core ], 24.37Hz 71.94Hz 116.95Hz
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Fig. 3. Main reflector design under honeycomb core
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Table 3. Results for modal analysis under honeycomb core

Case #2.1 #2.2 #2.3 #2.4
Mass 2.725 2.487 2.512 2.714
1** Mode Frequency 3.66 3.86 3.89 3.59
2" Mode Frequency 11.29 11.95 11.97 10.96
Manufacturability 10 10 6 6
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Fig. 5. Thermal gradient contour under on-orbit condition
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Table 4. FEa results of petal sclale structural analysis

#2.1 #2.2
Mass [kg] 2.725 2.487
1** modal Frequency [Hz] (Stowed) 93.42 97.94
2" modal Frequency [Hz] (Stowed) 123.24 130.95
1* modal Frequency [Hz] (Deployed) 3.66 3.84
2" modal Frequency [Hz] (Deployed) 11.29 11.77
Maximum Displacement @ 1G [m] -2.09E-05 -1.89E-05
RMS Displacement @ Thermal Gradient 0.49E-04  8.59E-04

(m]
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Fig. 6. Modal analysis for low density Core Model(#2.2)
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Table 5. FEA results of full sclale structural analysis

#2.1 #2.2
Mass ; Full Scale [kg] 100.250 94.538
1** modal Frequency [Hz] (Stowed) 35.38 36.47
2" modal Frequency [Hz] (Stowed) 51.76 54.26
1" modal Frequency [Hz] (Deployed) 3.345 3.475
2" modal Frequency [Hz] (Deployed) 3.410 3.550
Quasi-static MOS @ Facesheet (SF = 2) 0.52 0.67
g;azi-zs)tatic MOS @ Honeycomb Core 481 6.98
RMS Displacement @ Attitude Control | 1.390E-05 | 1.198E-05
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Table 6. Quasi-static analysis and MOS for Case#2.1 ; High density honeycomb core applied
[unit : MPa] | Case#2.1 ; High Density Core Model (Disp_max: 2.835mm) MOS (Margin of safety)
O Tonsile 56.70 01, Comp -39.92 O Tensite 2.47 01, Comp 0.52
Laminate O Tomsil 37.85 O Comp -33.29 O Tomsite 419 Oy Comp 0.82
Oprear 1.54 Ohear 6.31
L-dir. 0.129 W-dir 0.077 L-dir. 4.81 W-dir 8.74
Core thickness-dir. 0.013 thickness-dir. 56.69
Table 7. Quasi-static analysis and MOS for Case#2.2 ; Low density honeycomb core applied
[unit: MPa] | Case#2.1 ; High Density Core Model (Disp_max: 2.835mm) MOS (Margin of safety)
O Tonsit 50.87 Oy Comp -36.15 O\ Tomsil 2.86 O} Comp 0.67
Laminate 0 Tensile 32.83 03 Comp -29.71 O Tonsile 4.99 03, Comp 1.04
Oghoar 1.44 Oohoar 6.81
Core L-dir. 0.097 W-dir 0.054 L-dir. 6.98 W-dir 12.89
thickness-dir. 0.009 thickness-dir. 92.75
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Fig. 13. Modal analysis results for stowed condition(#2.2)

1st :3.4759Hz 2nd : 3.5508Hz

Maximum Displacement : 2.667mm  Compression Stress : -36.25MPa

3rd : 3.7418Hz

4th : 3.7783Hz
Fig. 14. Modal analysis results for deployed condition (#2.2)

Fig. 15. Quasi-Static analysis results for deployed condition full
model(#2.2)
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Fig. 16. Displacement under attitide control analysis(dynamic

analysis)
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Table 8. Results of deployable antenna structural analysis
Case#2.1; Case#2.2 ; Performance
Analysis Case High Density Low Density Improve Ratio
Honeycomb Core Honeycomb Core
Mass ; 1 Petal [kg] 2.725 2.487 8.73%
Modal 1st mode [Hz] 3.66 3.84 4.92%
(Clamped) 2nd mode [Hz] 11.29 11.77 4.25%
Petal Scale Modal 1st mode [Hz] 93.42 97.94 4.84%
(Stowed) 2nd mode [Hz] 123.24 130.95 6.26%
Gravity(1G) Disp. max [m] -2.09E-05 -1.89E-05 9.57%
Thermal Expansion Disp. z RMS[m] 9.49E-04 8.59E-04 9.58%
Mass ; Full scale 100.250 94.538 5.70%
Modal 1st mode [Hz] 3.345 3.475 3.89%
(Deployed) 2nd mode [Hz] 3.410 3.550 4.11%
Modal 1st mode [Hz] 35.38 36.47 3.08%
Full Scale
(Stowed) 2nd mode [Hz] 51.76 54.26 4.83%
Quasi-static Facesheet MOS (SF=2) 0.52 (Gl,Comp) 0.67 8.73%
(15G) Core MOS (SF=2) 4.81 (04,0 6.98 8.73%
Jitter RMS[m] 1.390E-05 1.198E-05 13.81%
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