KARI

A= A5 slERlolE A3 SR PAaTE o] HA

ANE FE949) FAHANE 9T AN PETEQe] 4A

OIAEH, AAT, HFL, o] [

Design of Flight Software for Heater Control in LEO Satellites
Jae-Seung Lee*, Hyun-Kyu Shin**, Jong-Wook Choi***, Yee-Jin Cheon****

Abstract

LEO satellites have many heaters for thermal control, such as bus module heaters, payload
heaters and battery internal heaters. Some of these heaters are controlled by thermisters, and
others can be controlled by flight software.

These heaters are divided into various types of group according to the location, telemetry
variables, flight software logic, power distribution, etc. Thus, it is difficult to find out which
heaters are inlcuded in a certain group and modify heater control logic for a new/other software
developers.

This document describes about the general/special control logic for satellite heaters and
groups/arrays for heaters.
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1. Introduction
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2. Heater Groups and Arrays
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2.1 Heater Groups
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- Primary Heater Groups : Bus-P, Bus T/S-P,
Payload-P, etc.
: Bus-R, Bus T/S-R,
Payload-R, etc.

- Red. Heater Groups
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- Battery, Star Tracker Assembly, Reaction

Wheel Assembly, Battery Internal, GPS,
Payload, Camera Assembly, STA (Star
Tracker) Optical Head, etc.
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- gl : Heater Board #1, TLM #1 ON/OFF
Status
- g2 : Heater Board #1, TLM #2 ON/OFF
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- g1 (Heater_Status_g1
= Power_Telemetry[0])

T —
A B5AAEY SHAIE A S/dHIBATES o] A

- g2 (Heater_Status_g2
= Power Telemetrv[1])

bit 00 : P1 Group Switch ON/OFF Status bit00 : GPS Heater ON/OFF Status

bit 01 : P3 Group Switch ON/OFF Status [BTE0T - Memory Heater ONJOFF Status

bit 02 : P6 Group Switch ON/OFF Status bit02 : Payload Heater #1 ON/OFF Status

bit 03 : R2 Group Switch ON/OFF Status bit03 : Payload Heater #£2 ON/OFF Status

bit 04 : R4 Group Switch ON/OFF Status bit04 : Payload Heater #£3 ON/OFF Status @
bit 05 : R5 Group Switch ON/OFF Status bit05 : Payload Heater #4 ON/OFF Status

bit 06 : Spare bit06 : Spare

bit 07 : Battery Heater ON/OFF Status bit07 : Payload Heater #5 ON/OFF Status

bit 08 : STA1 Heater ON/OFF Status bit08 : Pavload Heater #6 ON/OFF Status

bit 09 : STAZ Heater ON/OFF Status bit09 : Camera A (Red) Heater ON/OFF Status
bit 10 : RWA #1 Heater ON/OFF Status bit10 : CameraB (Red) Heater ON/OFF Status
bit 11 : RWA #2 Heater ON/OFF Status bit11 : Camera C (Red) Heater ON/OFF Status
bit 12 : RWA #3 Heater OM/OFF Status bit12 : STA1-O (Red) Heater ON/OFF Status

bit 13 : RWA #4 Heater ON/OFF Status bit13 : STA2-O (Red) Heater ON/OFF Status

bit 14 : Battery Internal (Pri) Heater ON/OFF Status bit 14 : CameraD (Red) Heater OM/OFF Status
bit 15 : Heater Board #1, TLM #1 FPGA P/R Status it15 : Heater Board #1, TLM #2 FPGA P/R Status

- g3 (Heater_Status_g3
= Power_Telemetry[16])
bit 00 : P2 Group Switch ON/OFF Status
bit 01 : P4 Group Switch ON/OFF Status
bit 02 : P5 Group Switch ON/OFF Status
bit 03 : R1 Group Switch ON/OFF Status
bit 04 : R3 Group Switch ON/OFF Status @
bit 05 : R6 Group Switch ON/OFF Status
bit 06 : Camera A (Pri) Heater ON/OFF Status
bit 07 : CameraB (Pri) Heater ON/OFF Status
bit 08 : Camera C (Pri) Heater ON/OFF Status
bit 09 : STA1-0 (Pri) Heater ON/OFF Status
bit 10 : STAZ-O (Pri) Heater ON/OFF Status
bit 11 : CameraD (Pri) Heater ON/OFF Status
bit 12 : Spare
bit 13 : Spare
bit 14 : Spare
bit 15 : Heater Board #2, TLM #1 FPGA P/R Status

- g4 (Heater_Status_g4
= Power Telemetrv[17])

@ |bit 09 : Battery Internal {Red) Heater ON/OFF Statusl

bit 15 : Heater Board #2, TLM #2 FPGA P/R Status

a2l 1, dMEEE e ERlo wE gitgd SIEOE =F

Status
Heater Board #2, TLM #1 ON/OFF
Status
Heater Board #2, TLM #2 ON/OFF
Status

-g3:

- g4
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2.2 Arrays for Heater Status

AAE BZAHNN S/W AE Fayshe
S olgeln, SEANE Astel
e e YRS WEY WrE IY
1b YT Be WeEe] BLRDE 5UB
YREL bl Wds PaAsa wge
~% 74 SEwE ggstel Agss Wy
1o WgaTEGels] SEA] 21
Bowgel a7E A5 ML H3
3t
°l

J}L&V
N
££r{r

I Lo
o ro

9 9 o\ ok
el

_m_mmguorogqm N
fdr o 2 o

[rt rulo )

A7) el 7k ez d e

2Q91AE Hetajor dr. B AoA
Bl AgHE WASH 7 wdel 2
olgate] BBl FRaE Wl talel

i 1% e oh T
o o

oL ¥

s o i
:L

wazzEgels SEAe] 24¢ 2 Bus
3]E A|o]R-E3} Payload 31E AlojFEo=Z 1}

Folx glom JE AHRE A=

Busst Payload= vbrol4 it
Bus$} Payload 3]E #Alol& $s =4

o 3E AA EAel & Holut

Aol Aol Adz A WHe AR

717

HEE—J—

<} Payload 3B Ao
o 24 +3 A HAue] EHoR A A4
o 2FAE WASY] 93t Bus @ Paylaod
sEe B WSES ¥R wdR 489
T} HE3 'heater_on[]" ¥ “heater_off[]"= <
H #dol= ON/OFF Statuse} &7 3|3 3]H

144 - F=ge9-5d9l

°] ON/OFF W#& HEst=d AHEHE e
E3stal 917] W) ON3} OFFd| uhg} ¥Ex 9
HEE dgEolA Aot
WA Bus 3B HEE AAgstr] 98 oot
22 wd 2 FERAE Jddsted &8 & 3
=3
- UINT16 Bus_heater_on[N],
Bus_heater_off[N]
: N7} Bus 3|E]5 9 ON/OFF HHEAH
- UINT16
Bus_temp_lower_limit[N]
: N7} Bus S|HE Z74<S 2% 4AM A
®o| wa ON/OFFél7] 93 upper
limit?} lower limit 2% #t (RTo W&

Key Parameter Database #t< A7

UINT16

Bus_temp_upper_limit[N],

- struct Bus_heater_data_struct
{
UINTS8 sensor_select;
UINTS8 sensor_error;
UINTS control_flag;
UINT16 temp;
} Bus_heater[N]
: N7l Bus 3|E1E° g 2%, <&, A
ol JRE A7 AT 7=2A

AellA AAE Bus_heater[],
Bus_heater_off[],
Bus_temp_lower_limit[] H] € <]
U SIES G 2923 2 ghe 2E

ol S Ak AT Aol 2o
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Bus_heater_on[],
Bus_temp_upper_limit[],

e =8 g

00 = Battery 08 = GPS 16 = STA1 Optical Head-P
01 =STA1 09 = Memory 17 = STA2 Optical Head-P
02 = STA2 10 = Payload1 18 = STA1 Optical Head-R
03 = RWA1 11 = Payload2 19 = STAZ Optical Head-R
04 = RWA2 12 = Payload3 20 = Battery Internal (Red)
05 = RWA3 13 = Payload4

06 = RWA4 14 = Payload5

07 = Battery Internal(Pri) 15 = Payloadé
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Payload 3/ BRE #73s}7]
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- UINT16 Payload_heater_on[M],
heater_off[M]
: M7 FAA SEEo] dlgk ON/OFF %
HER

- float Payload_temp_upper_limit[M], Payload

Payload_

_temp_lower_limit[M]
: M |AA SHE A4S 25 AA A
Ho| w2} ON/OFF3l7] /& upper limit
7 lower limit &% Z (2= wE Key
Parameter Database #t& A3
- struct Payload_heater_data_struct
{
UINTS8 sensor_error;
UINTS8 control_flag;
float temp;
} Payload_heater[M];
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00 = Camera A (Pri)
01 = Camera B (Pri)
02 = Camera C (Pri)
03 = Camera D (Pri)

04 = Camera A (Red)
05 = Camera B (Red)
06 = Camera C (Red)
07 = Camera D (Red)
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3. Heater Control Logic
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3.1 General Heater Control Logic
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3.2 FET(Field Effect Transistor) Short

Error
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