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ABSTRACT

EQM Model Digital transponder applying the Korean’s own designing and manufacturing technology has gone
through a series of trials and errors during the development. In particular, lack of thermal designs expedience for
the vacuum causes variety of errors in designing, assembling transponder and setting up the test at the first
thermal vacuum test (TVAC). Since the first TVAC test could not accomplished its aims successfully, so the
second TVAC should be performed as make up test with revised Digital transponder. In this paper, the defects
that identified in the first TVAC are analyzed and applied solutions and its results at the second TVAC are
presented. Using the lessons from the first and second TVAC, we will be able to make more reliable digital
transponders in the next phase of project. In addition it also be useful as a reference when we design another

satellite payloads.
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) % (Thermal Vacuum Test)<
A4 =HAAE 34]1-:5’1]*% =Y R oiEe
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Qe o) 94 e Srzm A4
A4 Ay AR 3 AP

II. CIXESAY| FFUSZE TR

2.1. 7

= 71Es ol8sted A H ARE AAA=
& UAE FAVE F e AdS Auls s,
ZF Ade FHo 2570 FAdE AlES) sl RAd
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EZ A Stk o] F EWEQ_ A7} A=
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719l Aol 2z mEe] AelE Ak 2719
CMC(Control/Monitor Computer) 252 A3} 1}
Mz 13708] BES o W 7]ee] A8l A
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2.2. OX|& SA7| (Digital Channel Amplifier)

2.2.1. PSU (Power Supply Unit)
PSUE ElAI9 FAPIel el ARe ga
F71908 wERA, SPARRE 100ve] slal
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2.2.2. LOU (Local Oscillator Unit)

LOU= HAE FA7]el s MHz9| 7|5Al=
5 AlFslTe] oAE AsAEEDCP)H FF
FI AR B (FP)°] T2 TE HE T 3

5§t mEolth

2.2.3. IFP
Processor)
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HFalpql Sl MHz] SHF thedo g wWsia)y):=
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(Intermediate Frequency

2.2.4. DCP (Digital Channel Processor)
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wEoleh IFP &S Tai4 7IAtd R vty
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2.2.5. CMC (Control/Monitor Computer)

CMC= A=Al 418 TCE 143 A12] Al
Z15E]¢l On Board Computer(OBC)E E3l &
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715 TFAE Xﬂﬂ'd"ﬂr/]' Thof Teod)
ECSS- Digital
Parameter E-10-03A ES3000 Transponer
dT/dt
(Temperature < 20 °C/min < 2 °C/min < 2 °C/min
rate of change)
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Fig. 1. Digital Channel Amplifier(EQM) & EGSE Qualification 4 4
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Table 1. Thermal Vacuum Test Parameters (Qualification)

ECSS- Digital
Parameter E-10-03A ES3000 Transponder
Vacuum Lv. < 10”torr < 10”torr < 10 torr
n
(Number of | 1 cycles 1 cycles 10 cycles
Cycle)

Fig. 2. Temperature definition< s for unit thermal design

o15A1%)(Qualification Test)> UF7|7Hsqt =
=4 AR 7lERE 276l AldE AlASl
FAZIE BE 71s Asel 8PS WSSk
e A Akt A" =

(Qualification temperature range) + L9 2| 3%
AlEle] gl A Zo] AdsRAL] dAA 2 A
3 2EHSE d8AY LAY AIA(Thermal
Control System, TCS) S 42 245E ZEEvh
A 5% (Acceptance test temperature
range)= BRI FM)ol] HE== FHo2 UdE
Al(workmanship)oll g+ 755 FAo® 3ghr) o]
71—£ TCS_O,] /\El-/qiﬂ QEQ} ‘?,]/H Fﬁ]-;(Hjﬂ7]_ EDE_}
& = el dRE JFIRE T A golAF]
e FHdEs 2= ‘ﬂﬂi i e
THele) dZAE exmezle] 7FAL QlZmix|
(Qualification margin)o]2}a 3pu, o] Fro] F4=
ASAEe 7dErt EHolxich dubgoR o] Fhe
5CE AR kP gzed FA7) $-Felende)
Ae, ol £ o HpHoR 10CE Aldste] gl
A1 25 H9E -20TollA +65CE A3sick

o

3.3. El7}A =i (Bakeout process)

g7}~ zke](Bakeout process) A EE
FH sl=sele] AxE fEA AR EAE
ol Az} EdE] s & 9JE Tl
7], 44 BEes zladelel d& 7P3}°5|

l>£¥~1

1161

www.dbpia.co.kr



Qe ez Arse] S Holi Fgolt 914
A A 2B ABF SRl
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Fig. 4. TVAC Thermal profile
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Table 2. 1st Thermal Vacuum Test Temperature
Sensor Position

No Position
TC1 PSU#1 Upper

TC2 PSU#1 Side

TC3 PSU#1 PowerPack(M1)
TC4 PSU#1 Diode(D11)
TC5 IFP#1 Upper

TC6 LOU Upper

TC7 CMC#1 Upper

TCS8 DCP#1 Upper

TC9 DCP#2 Upper

TC10 DCP#3 Upper

TC11 DCP#4 Upper

TCI12 DCP#4 FPGAI1

TC13 DCP#4 FPGA2
TC14 DCP#4 FPGA3
TCI15 DCP#4 ADCI1(U6)
TC16 DCP#4 DAC1(U2)
TC17 DCP#4 DCDC(PM3)
TC18 Baseplate
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Ao AAHES 3h= ZAAE otk olE Bl 1
2 Azl Alge] 2577|17F AlsE]= 5] frHEE
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o 2 -{n
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Fig. 6. Assembly Fig. 7. Digital Transponder
Configuration of Unit and ( Bottom Side )
Sateillte Bus

Fig. 8. Ist Theraml Vacuum Test JIG, Thermal Filler
Attachment Configuration
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Table 3. 2nd Theraml Vacuum

A Aol Fs] A

pus

Test Temperature Sensor

position
No. Position No. Position
TCO1 Baseplate, DCP#2 Front TC22 DCP#2 FPGA1 Case
TCO02 Baseplate,PSU#1 Side TC23 DCP#2 FPGAl PCB
Baseplate, BPU Mid.
TCO03 TC24 DCP#2 FPGA2 Case
(DCP#2) Back
TCO04 DCP#4 FPGA1 Case TC25 DCP#2 FPGA3 Case
TCO5 DCP#4 FPGA1 PCB TC26 DCP#2 FPGA3 Heat  Sink
TCO06 DCP#4 FPGA2 Case TC27 DCP#2 ADC#1 Case
TCO07 DCP#4 FPGA2 PCB TC28 DCP#2 DAC#1 Case
TCO08 DCP#4 FPGA3 Case TC29 N/A
TCO09 DCP#4 FPGA3 PCB TC30 DCP#2FPGA1DC/DCCase
PSU#15V_APack(SE4486)
TCI0 DCP#4 ADC#1 Case TMO1 .
Upside
PSU#15V_APack Backside
TCI11 DCP#4 DAC#1 Case TMO02 .
Housing
DCP#4 FPGA1 DC/DC PSU#15V_BPack(Stycast)
TCI12 TMO3 .
Case Unside
) PSU#15V_BPack Bacside
TC13 DCP#4BasePlate Backside TMO04 .
Housing
PSU#115VPack(Chosum)
TC14 DCP#3 FPGAI1 Case TMO5 )
Upside
PSU#115VPack  Back  Side
TC15 DCP#3 FPGA1 PCB TMO06 .
Housing
TC16 DCP#3 FPGA2 Case TMO7 PSU#1ORINGDIODE Upside
PSU#1ORINGDIODE Backside
TC17 DCP#3 FPGA3 Case TMO8 .
Housing
TC18 DCP#3 ADC#1 Case TM09 PSU#15V Housing Upside
TC19 N/A TM10 PSU#1 Base Plate
TC20 DCP#3 DACH#1 Case TMAO1 PSU#1 Housing
DCP#3 FPGAl DC/DC .
TC21 TMAO02 IFP#1 Housing
Case
TCD DCP#1 FPGA1 Case TMAO3 IFP#2 Housing
TC® DCP#1 FPGA1 PCB TMAO4 LOU Housing
TCH DCP#1 FPGA2 Case TMAOS CMC#1 Housing Upside
TC®D DCP#1 FPGA3 Case TMAO06 CMCH#2 Housing Upside
TCO® DCP#1 ADC#1 Case TMAO7 DCP#1 Housing Upside
TCW DCP#1 DAC#1 Case TMAO8 DCP#2 Housing Upside
, DCP#1 FPGAl DC/DC R .
TCB TMA09 DCP#3 Housing Upside
Case
_ IFP CH#1 DC/DC . .
TCH TMA10 DCP#4 Housing Upside
Reg#l Case
. IFP CH#3 DC/DC X .
TC® TMAI11 DCP#5 Housing Upside
Regi#l Case
_ IFP CH#5 DC/DC 5 .
TC2 TMA12 IFP#3 Housing Upside
Reg#l Case
IFP CH#7 DC/DC . .
TC(22) TMAI3 IFP#4 Housing Upside
Regi#l Case
TC (24) LOU PLL#1 Case TMA14 IFP#5 Housing Upside




No. Position No. Position

TC (26) LOU Regulator #1  Case TMAL15 PSU#1PSU Side

TC (28) DCP#2 Mounting ~ Feet TMA14 IFP#5 Housing Upside

TC (30) BasePlate,PSU#2%

BPU Center

TC (32) .
(DCP#2)MountingFeet

Fig. 9. DCP4 Internal Module Temperature
Sensor Position

4.3.1. SANds L5t

AAL] el BalEl= AARE(o]7 )4 = H

ALFAZN} S B =2 Hd FE2EES
dubd o2 =& thermal emittances 53 & 9)
T2 9 ARk o)l EAMGS iz
2EZE dEAE B9 dugks slsi] 4
o2 & thermal emittancesS ZH=  EAUA)
(paint) ARl 8= ik A oigt 5
SRR glot dnbdor Hods IAZ A
A w7 Qe ARt
A" SAZ] GA] 5 isiA = wlsied
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25 AL3hA] =tk wEbA 12 GAFAES o
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A=)k AR 231 GR1F AP 13F A1gell

Fig. 11. Surface Treat Fig. 12. Surface Treat

ment using Golden Kapton ment using Goledend
Tape Kapton Tape
(side) (Upside)

Table 4. Properties of Common Thermal Surface
Finishes

Surface Finish absorptance emittance
i Remark
Materials (a) (e)
Nickel plating 0.92 0.08 1" TVAC
Kapton Tape nd
0.923 0.909 2" TVAC
(146587)
Flight
Chemglaze Z306 0.92 ~ 0.98 0.89
Model
4.3.2. dxds 4E
A" AP FelA sk e oFE
BTN A F b ERe Telslel dk
A YA SAZ] el a2 AA<l FPGA

(Field Programmable Gate Array)®} =E2]
Housing 7Fe] G, =4 2-E°| Housing¥ ¥
2|7k e s iAok

221 Az1F Aol 4t fAE Als =]
REDCP) 5, 4 =AAL] Tl S1Ag 2W
& o] FPGAS] del 18] 133 Zre] Heat
sinkE §-23lo] FPGAol4] Ash= odo] &9
7FER o] E3ES 39tk FPGA= UAYE T4
7l 7P w4 WAshs H¥22 Heat
sinkg F3je] do| MAkEl= Fp) =8 A, ol
= 29A RIS REPMHEQM2) Al A-43 AlE

Ict.

(o]
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Fig. 13. FPGA®ll Heat Sink %2
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Fig. 14.
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Stycast-TC4 Fig. 15. filler painting

Fig. 16. Transponder and Base plate Assembly
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Fig. 17. 2* Thermal Vacuum Test Configuration

¥ 5. Thermal Vacuum Test Summary

Ist TVAC 2nd TVAC
# of Sensor 18 71
Current All  the Major
L. PSU Only

Monitoring Modules
Filler Sigraflex StyCast-TC4

. . Black/Golden
surface treatment | Nickeplating

Kapton tape

# of Test itme 15 15
# of Cycle 10(9) 3

5.2. 7|s/Ms AESAIHE=

22} Gz x]st,] A gFEe 13}

|

A3t
[e)

sjek AgEEe AR e Az
) S % 5 301 %, el ol meby
sl A5l WAE A7k ol @EoR 157) A

‘ﬂéb‘]—,‘,\gﬂ%, W82 % 63 k.

Table 6. Digital Transponder Function/Performance Test
Items

No Test Item FT-1 |[FT-2| ST |LT-1|LT-2| Remark
5 Gain Flatness (6] O

6 SubCH Switching (o} (0]

7 Interference Rejection [e) o

8 Inband Spurious (] (6]

9 Outband Spurious (o] (0]

10 Amplitude Linearity [¢) (0]

11 Phase Noise o o (6]
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No Test Item FT-1 |FT-2| ST |LT-1|LT-2| Remark
12 SubCH (I;\eli/gl) Control o o

13 Noise Figure (e] (e] [¢]

18 Out of band Response (o] (6]

21 Power Consumption (6] O] O

25 Group Delay Variation o *
26 (Group Delay Variation Slope| (e] *
27 | Gain Variation Over Temp.| O (6] (0]

28 Return Loss(In/Out) (¢] *

( * : Manual Test , Others : Auto Test using EGSE )
( FT : Full Test, ST : Switching Test, LT : Limited Test )
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|

TNF min (-35°C)

R - Vacuum (107 tor) IEN

Fig. 18. 2" TVAC Thermal profile
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Table 7. DCP 2 &% = Z3}

Device Max. Temp. [TC]
DCP#2 FPGA1 Case 110.0
DCP#2 FPGA2 Case 110.2
DCP#2 FPGA3 Case

. 94.0
( Heat Sink )

DCAMP DCP2 FPGAs Temp. (deg)

1200

100.0

80.0 ;
= WP A Iy
\ [

@
=
=

—=—DCP2 FPGA1
===DCP2 FPGA2
—e—DCP2 FPGA3

e
—+
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|
I

Temperature (deg)
(=) E
==
P
A
e
—
]
=

DCAMP Test Cycles

Fig. 19. DCP 2 Temperature Monitoring
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