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Thermal Design and Analysis for Two-Axis Gimbal-Type X-Band
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ABSTRACT

A two-axis gimbal-type X-band antenna for CAS(Compact Advanced Satellite) transmits
large amount of image data to ground station regardless of satellite attitude and orbital
motion. This antenna mounted on the external surface of the satellite is directly exposed to
the extreme space with thermal environment during the orbital operation. Therefore, a
proper thermal design is needed to maintain the antenna itself as well as other main
components within allowable temperature range. In this study, the thermal design
effectiveness of two-axis gimbal X-band antenna was verified through the thermal analysis.
In addition, required power and duty cycle of heater were estimated through the thermal
analysis under conditions of system level thermal vacuum test and on-orbit thermal
environment. The thermal analysis results indicated that all the main components of
X-band antenna satisfy the allowable temperature requirement.
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.M = A7 % 17t FEE weldl WA SE S
A4 2 FE AolEFS EEEglon, qheEn
2% AWy XM el AAg Fasy 08 T THAED 9 Hees evxd 3
of BAEE geF Gagn s ehegzA, o ATE A
A=l SdHo 7Msrhssin, 3840 =
AT AFsI] AT NFe e Ao 9 . = =
Hue] B9 (Azimuth; AZ)Z3 1274 (Elevation;
EL) o] dFololgel] o& A FEaiA Ak 2.1 X-HE StE|Lt i
[1-8]. 7] X-Wi= cbejus cteid 23b oS Figure 1> At 8940 gA=E 25 A
A At F2A, B4y 2745S A% A e X me obgL}e] el sAro 2 obgLlo
GOV 2RRE, FEF A WRA AW Vo gpnn wa @R FRA9y #0F 9
A5 F% wMold 7, AdTE AdE HHE g wmagga g6 o4 o]-];ﬂL}g,] upel 7} W 3
A71A Aogas A 6, MY 7IE91A 2 = 519 wge) ot peEe Bolaia A%
%oHAn AR 958 S AN AR T g0 14 A48 Az Hgsokg; 360°, El
BT 7] XS A A9A AT o 15014570 FEE ANSA A 2
g0l F3te] A I3 2o =¥, d o] & A= 11 kgolw, =LA EohEu (A=
Wb =2 galEdl otevelE gy Wz 2 o8t obg} FERUY A A 2 AR &%
azE s AR VAU Tl A SHEYel o) maaA g uE AekEts] e Az W
A7 A ool T B T8 vAFE S8 55 Bl mEe pAEOEL oL pREE
S WelE wEsts dAAVE Fastt B9, & olgust AZ2EE oty BYR, 239 9
TEA HACME gHHUe] FEAl dWPEeR gao MAEE= 7AW (Base Plate) 02 7AE
ANFF A gt Has) 5l A EeAE A3sks o Az & o Az = 7|o]2 wEEly] 939
e BeAzk WS BES ks dAAZE sy Aoz, A A AL WA HE5e
HAls ol oF A A8 9L Fely TR Az S B
belvte] Fa FAEe FE2E=E ATl Fr) 9 Hlo]lx J)o), Az = 7)o}, ~HY T
g3t dAel NPorE 55EY F53 A0 = pyEg w3 Bl S Pol= A3 A4S
71Wol Atk & FAlol 7MW SEFCOIEZ o8 Zuoly, ZET ZQE, ElL & o] B
HEZ SSA = S H, 7AE d47] ToE & =2 93 J)o] uwtaw AU L Wakow A
L5 Adste Beln, £5d dAlol 7ME & Rosly] 938 Bl & 7)o @ x®E REZ T
dA4 Y, thSetebd A (Multi-layer Insulator; A€ol ojw), obe|u} 2+ &= Yo 2He¥ ~HI
MLID), °o]xH (Second Surface Mirror; SSM), T o= ATLES s}y 98 ZE 7]
SIEAA o& #FES 272ES FASES o7t W] Utk A7) ¢tHue 7 & e
stE Al Zigelth dA wull AEHEe 4 mE 9 so= dATEo] vre gey d A
T, drd o Alxdl AFgw 9 @est T Holw, Bulolye ~€ AFE AFHALh o]
olffE FE FEY dAol WS AEE A o otHY FLTAHEL AR =S IFy
oun, A2oA9 FHE2E 27xH TFL Y F T AAZ AZLFHYL.
& TEd dA 7IWE E4st Hgstn o

Ball Bearing

S
‘;}[4] Antenna Bracket
: IRotary Joint

El. Gear Box

Antenna Horn
El. Motor Gear

El Motor
Yoke

Az. Motor Gear Pinion Case

Az. Motor
Base Plate

Fig. 1. Thermal Model Configuration of
2-axis Gimbal X-band Antenna
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Table 1. Allowable Temperature Range of
X-band Antenna

Temperature [TC]
Component Remark
Min. Max.
Horn Ant. -150 250
Ant. Bracket -150 250 Ant.
Structure
Yoke -150 250 Section
Base Plate -150 250
El Gear -150 200
El Motor =70 140
Bl Motor Gear -70 75 Elevation
Ball Bearing -150 250 Section
El Gear Box -150 250
Rotary Joint -150 250
Az Gear -150 200
Az Motor =70 140
Az Motor Gear =70 75
0 20 Azimuth
lio-ri N Section
Slip-ing (Non: -60) | (Non: 80)
Pinion Case -150 250
Base Gear -150 250

Ao e FHE=HY FAE H3l 3EHAEF
SB444002, Zoppas Industries RICA)E #8349
own, Azl A S Y A E2~E(4702BH
015005, COMEPA)S- o]&3}o] Zt& EE7]o]9]

YHLEE FAHES SEANE A AT
E

StEfLtel Fald 2E o

=

X-we <teElve] 444 Ass ¢
(TMM, Thermal Mathematical Model)
gom SINDA/FLUINTE &3 &%
< F 33ttt SINDA/FLUINTE =
Uiz dHy Ho=mky dixe
d=3tA HoH7]. X-w= Qe

U

A5 ol Axg SEe AuF MY
=
o= ]
=

Kl

e o ue
o oft
X oX
o

o8l AE dades HAHo
Desktops ©]&3to] Fig. 13 22
A FEeit 5 dRd F wrIe
163070019, RE o9 F FEHe qES T

8

U FAEe 8= 2 A8 FE3 . TMM
T35 A 488 44 242 2 A8 B4
Table 20 YeEF I 2™, Table 3& <re L}
F 29 A HAsE AT e =
vebdTh M-S 93] Fig. 201 =A% <F
7F FREE gAY AA -2 %

2 3ASs FPstg o, Table 40] Worst Hot
3} Cold®# % Safe Hold A9 AA =%
A& YeEbdT of&d, rHVS] EE Id =y
3B 9] On/Off d4x %2 WddAFS Table 590
A28t Ak

ol I o I
[0 T o ox

15(Nadir Platform)

Internal MLI

\

11 (Heater Panel)

Fig. 2. Boundary Condition of 2-axis
Gimbal X-band Antenna
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Table 2. Material & Thermo-optical Properties
Material Properties
. Conductivity Density Specific Heat
Material Remark
W/m-k] lkg/m?] [J/kg-k]
Al-6061-T4 170 2700 900.0 Horn Ant., Rotary Joint, Slip-ring
A-7075-T5 120 3100 910.0 Ant. Bracket, Yoke, Base Plate, Pinion
Case, El. Gear Box

Steel 16 7800 500.0 Motor, Motor Gear, Ball Bearing

Titanium 6.7 4430 526.3 Az. Gear, El. Gear, Base Gear
Thermo-optical Properties
) Solar IR Emissivity
Material Absorptivity [a] 6] ale Remark
Black Paint 0.95 0.95 1.00 Az. Motor, Az. Motor Gear, Slip-ring
Horn Ant.(E 1), Ant. Brack
White Paint 0.20 050 0.40 orn Ant.(External), Ant. Bracket
El. Motor
Anodizing 0.47 0.47 1.00 Yoke, Base Plate
Chromate 028 0.05 560 Horn Ant.(Internal), Base .Plate(Mounnng
I/F), Ball Bearing

Table 3. Thermal Coupling Information

Table 5. Heat Dissipation & Heater Set-point

Coupling Between Value Remark
Ant.
H Ant. 2461
omn Ant Bracket 6.18
Ant Ba!l 227.97
Bracket Bearing Constant
Rotary Ball Coeff.
Joint Bearing 145.35 [W/m2-K]
Gear Box Yoke 71.49
PInion 1 56 Plate | 227.26
Case
Az. Motor Base Plate 0.0285
Az. Motor Gear 0.0285
El. Motor Yoke 0.0263
El. Motor Gear 00263 | Conduct
Nad Coeff.
adir Base Plate | 0.1012 (w/Cl
Platform
Yoke Base Plate 0.1254
Slip-ring Base Plate 0.2273

Table 4. Boundary Temperature of TMM

Boundary Temp. [TC]
Boundary Worst Worst Safe
Hot Cold Hold
15
(Nadir Platform) 20 10 o7
13, 14, 15
(Internal MLI) 20 10 0
11
(Heater Panel) 45 15 °

tem Heat On/Off Set—point
Dissipation [W] Temp. [T]
El. Motor 5 -
El. Heater 38 5/15
Az. Motor 5 -
Az. Heater 38 5/15

2.4 dalM e ¥ MHa

241 NA" =ZF AAF AE 54
A28 AAF AHS

Al drda ]

U7t Ao 489 =(Shroud) ®wWol| <3 aiA

A s 2k S’ Ao H

&3 F71H4

oy 7lel A=

At A 8

1 o

X-band Antenna

Vacuum Chamber
(Shroud Temp. = -190°C)

Fig. 3. Configuration of System Level
Thermal Vacuum Test Analysis



310 AR - F3E - G5

2

N
flo
Ar
to
o
olo

Azimuth Section

——Base_| GEar

Temperature [°C]

60 |-

-80

i I ! i
[} 210" 410* & 10* 810* 110°

Time [sec]

(a)

Temperature [°C]

Elevation Section

——E1_Gear

| |
0 210" 410*

|
810*

Time [sec]

I
810" 110°

(b)

Fig. 4. Analysis Results of System Thermal Vacuum Test Analysis

((@) Azimuth Section,

ot mebA] 2 Al S F3) Az.9k El 2E 7ol
AeH slHe AA §FS AEeIon, o&
sl sy Al ol AP FHoke] <l
Table 49 Safe Hold ZAA=Z=x71stedA 9 3|
As st T8l

Figure 4% Safe Hold ZAAIZ7olA 3]E &=
o] 3.8W¢Y wleo] thdk Az, El § F8 3st=9 9]
S Aanz, 3E On/Off A 5°C~15°Col
] Heater Duty 80% w|whe] Q@ FZHS w3}
= 38We gFoww 7t BE R} %5—3]
Alol7b A JFS & F Atk B =
A8 ARl = HERN L A Fou T|E
Abdoll A 2838 Az, El ZE-E 3]E 25W A&
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(b) Elevation Section)

A= Heater Duty’} 100%%2 STFZ2AS 1
&S ATt T3, 7 gHy 8 F
AAE did e HY FHAF A3 4
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Table 6. System Thermal Vacuum Test Analysis Results Summary

Temp. Req. Predicted Temp. Margin
Component Min. Max. Min. Max. vS. T [C]
Horn Ant. -150 250 -101.85 -101.85 48.15
Antenna Structure Ant. Bracket -150 250 -101.89 -100.66 48.11
Section Yoke -150 250 -92.04 -100.25 57.96
Base Plate -150 250 -57.50 -52.90 92.50
El. Gear -150 200 2.50 6.50 152.50
El. Motor -70 140 -37.95 -37.60 32.05
Elevation Section El. Motor Gear -70 75 5.00 15.00 75.00
Ball Bearing -150 250 -102.00 -94.00 48.00
El Gear Box -150 250 -95.40 -93.50 54.60
Rotary Joint -150 250 -100.70 -100.70 49.30
Az. Gear -150 200 -4.10 1.20 14590
Az. Motor -70 140 -0.70 0.90 69.30
. . Az. Motor Gear -70 75 5.00 15.00 75.00
Admuth Section | g fing (Non-oper) | 60 80 4610 | -4592 13.90
Pinion Case -150 250 -62.20 -60.00 87.80
Base Gear -150 250 -47.75 -47.65 102.25
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Table 7. Orbit Parameter of X-band Antenna

Orbit Condition
Worst Cold
/Safe Hold
98.13

5907.55

Parameter Worst Hot

Inclination [deg.]
Period [sec]
Solar Flux [W/m?]
Albedo
IR Flux [W/m?
Season

1420

0.35

249
Winter

1287
0.3
227
Summer

Feex ez
;A A A=z
Table 73 }3 } o (8], <tElLY
+& et ugEHdA Y] AE ==
Fig. 591 Z7t YEw (8], Table 71 A
Worst Hot#} ColdZ71 % Safe Hold 4 <]
A exzxAs nygow §4S 13 Fig.
5¢] =AIgE vRe} Zo] X-wlt Qb U] AR
€ ZERde AAEEEREY Gy HAdERE
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Fig. 5. Orbit Profile of X-band Antenna
((a) Normal Mode, (b) Safe Hold

Mode)
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Fig. 6. Analysis Results of On-orbit Thermal Analysis at Worst Hot Case
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(b) Elevation Section)
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Fig. 7. Analysis Results of On-orbit Thermal Analysis at Worst Cold Case
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Fig. 8. Analysis Results of On-orbit Thermal Analysis at Worst Safe Hold
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Table 9. Analysis Results Summary of On-orbit Thermal Analysis
Temp. Req. (C) Predict Temp. (TC) Margin (C)
c i Worst Worst Safe Worst Hot Worst Cold Safe Hold
omponen Min. Max. Hot | Cod | Hold | [IMax. - [IMin, - [IMin. -
[ Tmax] [ Tm/'n] [ Tml'n] Tmaxl] Tm/'n | ] Tmin |]
Horn Ant. -150 250 -28.80 -39.50 -67.04 278.80 110.50 82.96
SAtr: Li?lﬁ Ant. Bracket -150 250 -28.75 -39.40 -66.98 278.75 110.60 83.02
Section Yoke -150 250 -22.95 -38.60 -65.45 272.95 111.40 84.55
Base Plate -150 250 13.78 -4.70 -52.34 236.22 145.30 97.66
El. Gear -150 200 7.40 410 3.61 192.60 154.10 153.61
El. Motor =70 140 44.30 540 -30.25 95.70 75.40 39.75
Elevation Bl G'\e/lao:or =70 75 15.20 500 500 59.80 75.00 75.00
Sedtion e Bearing | 150 250 | 2435 | -3920 | 6662 | 27435 110.80 83.38
El Gear Box -150 250 -22.10 -40.20 -63.98 272.10 109.80 86.02
Rotary Joint -150 250 -29.10 -39.00 -65.70 279.10 111.00 84.30
Az. Gear -150 200 19.85 -3.90 -3.18 180.15 146.10 146.82
Az. Motor =70 140 40.90 21.20 048 99.10 91.20 70.48
Az. Motor
AZimuth Gear =70 75 24.32 1890 500 50.68 88.90 75.00
Sedion | io-ring -40 70 1443 | 165 | 3834 5557 4165 2166
Pinion Case -150 250 11.30 -14.40 -56.15 238.70 135.60 93.85
Base Gear -150 250 11.95 -0.04 -39.05 238.05 149.96 110.95
28 A FAY 2 xS 3yt Materials and Structures, Vol. 25, No. 5, pp.
Alz~dl 933 Al A5, 11d 3" F9 H 1~14.
2~ E3|HE 8% %Eﬂh}iiﬂ F7HAl dew 2) Jeon, S. H, Kwon, S. C, Kim, T. H. and
o Asto] dEo] Az El EE7|o]Fo o 3 Oh, H. U. “Enhancement of Microjitter
HE Z&3t3oH, o] EHGP 38 A7A &%  Attenuation Capability for a Stepper—actuated
AEE 98] Safe Hold AAIZAANA & 4+  Two-axis Gimbal-type Antenna by using a
gt 43 dE On/Off AA A ollA Spring-blade Isolator”, Journal of Aerospace
3.8We 3y fHor IAojrt rteds el Engineering, Vol. 30, No. 4, 2017, pp. 1~9
kAT ob&d, A7) s AT &% 3H 3) Kim, D. K, Oh, S. H, Kim, H. B, Lee,
g 7]dsle] A= FeAe g e, W. B. and Yong, K. L., “Micro-vibration Test

A= Z2gde] wE Worst Hot, Worst Cold,
Safe Hold ZAAIZ7A0A 3]E FFE Alo]&S =

Z3l9r A A3 sE FE AlolEFe9 AA and Space Sciences Fall Conference, 2010, pp.
LFZEAA 8% olUE TWEFS FIsA 927~930

ELh AaE d3E Al B4 2 AERSANA 4) Roh, O. H. and Kim, J. H, “Thermal
X-w= oteY $8 FAE EF HE2=H9  Analysis of the Communication Satellite
g F5%E Q%@Ei’ﬂ 7] orelvtell tid  Antenna”, Journal of The Korean Society for
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