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Presentation Qutline

e Requirements

e Instrument Summaries

e Changes Since PDR

* Design Overview

e Thermal Model Description & Analysis Parameters
e Detailed Battery Analyses Results and Testing
* Heat Pipe Analysis

 Launch Mode Analyses

e Results

* Thermal Hardware Status

e JIssues & Concerns
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Thermosphere * Ionosphere * Mesosphere * Energetics and Dynamics

S/C Thermal Design Requirements

TIMED S/C attitude:
+Y side solar keep-out. Yaw Maneuver
+Z to Nadir
+/- X to ram (solar array)

One RPO
2 year design lifetime.
Orbit: circular 625 km, 74.1° inclination (2 deg/day precession)
Package temperature limits.

Instrument interface temperature limits.
.Package internal heat dissipations.
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e TIMED
Thermosphere » Ionosphere « Mesosphere * Energetics and Dynamics

S/C Thermal Control Design Summary

TIDI profiler Optical bench
(Component not

shown for clarity)

SEE instrument

Solar arrays Ram " : it Su;-f;cmg l\t/ﬂ_,{
dampers (+X) '!b i ateryradintor (Silver Teflon outer layer)
\ .' ¢2)

‘\‘
.."' GaAs solar arrays
ilted 20°
'. . tilted 2
S/C shown in Beta 0 configuration
Sun in Orbit Plane BDW-3




el Thermosphere * Ionosphere » Mesosphere » Energetics and Dynamics

S/C Thermal Control Design Summary

Startrackers

\- / / GNS tntonna

TIDI profiler

TIDItelescopes

SEE instrument

S/C top Deck (Beta O orientation)

S/C +Z Deck and Optical Bench With Attached Components
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S/C Thermal Control Design Summary

SEE instrument
(Beta 88 orientation)

Optical bench
(Components not
shown for clarity)

\\\\

S/C shown in Beta 88 configuration
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TIDI profiler

Detailed Yoke
and Dampers

AN N NN

AN NN NN
ANANANANANAN

o

S/C shown in launch configuration

Optical bench
(Components not
shown for clarity)

\ SEE instrument

(Apertures down toward deck)

BDW-6



Thermosphere » Ionosphere * Mesosphere * Energetics and Dynamics

Temperature Limits and Margins

Test range defines the package baseplate test temperature limits
(e.g. -29 to +55 °C).

Reduce test range by 10 °C to obtain Thermal Control Design
Range. (e.g. -19 to +45 °C). This is the margin. A 5 °C margin can
be used on the cold end with heaters.

Thermal Control Design Range defines the maximum and
minimum on-orbit allowable temperature prediction range, which
is the worst case combination of environments, dissipations, optical
properties and blanket effectiveness.

Thus, temperature predictions can be as wide as the Thermal
Control Design Range and be acceptable.

Derived temperature requirements result from worst case
analyses, then adding 10 °C to each end to reach test range.
(e.g. Optical Bench, Solar Arrays)
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TIMED

Thermosphere « Ionosphere » Mesosphere * Energetics and Dynamics

Temperature Limits and Margins

290 +55 °C
Package Operational "
“ Design/Test Range
40 o +45 °C
19°C S/C Operational |
g S Therrpal Control —™ 10 °C
Margin <> Design Range «* Margin
S/C Max./Min.
' Predicted Range g
_ (Passive)
5°C Margin | _ |
with Heaters S/C Max./Min
Predicted Range |—»
24 °C (Active)
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TIMED

Thermosphere » Ionosphere » Mesosphere  Energetics and Dynamics

S/C Temperature Limits By Panel

Location Thermal Control Design Range Package TestRange
Operating Non-Operating Operating "Non-Operating
Temperature Temperature Temperature | Temperature
(Deg. C) * (Deg. C) * (Deg. €) (Deg. ©)
+X Panel -14 to +45 -19 to +50 -24 to +55 -29 to +60
-Y Panel -19 to +45 -24 to +50 -29 to +55 -34 to +60
-X Panel -19 to +45 -24 to +50 -29 to +55 -34 to +60
+Y Panel (@ IEM) -19 to +45 -24 to +50 -29 to +55 -34 to +60
-Z Deck (@ IMU) -20 to +60 -30 to +65 -30 to +70 40 to +75
+Z Deck -13 to +45 <19 to +50 -23 to +55 -29 to +60
Optical bench* -5 to +35 -20 to +30 -15 to +45 -30 to +40
Star Trackers -25 to +40 -30 to +45 -30 to +50 -35 to +55
Batteries Sto +10 -15 to +20 -10 to +20 -20 to +30
Solar arrays ° -70 to +90 70 to +90 -80 to+100 | -80 to +100
Antenna -90 to +65 -90 to +65 -100 to +75 -100 to +75

* 10 °C margin for passive thermal control. Except Battery and Star Cameras which use 5 °C with heaters.
d - Derived based on worst case analyses plus 10 C margin.
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" Thermosphere  Ionosphere  Mesosphere » Energetics and Dynamics

- Instrument Interface Temperatures

Instrument Thermal Control Design Range Testl/F Range
Operating UF | Non-Operating UF | Operating IF | Non-Operatingl/F
Temperature Temperature Temperature Temperature
(Deg. C) ** (Deg. C) ** (Deg. ©) (Deg. ©)
SABER - Kolated -19 to +20 -29* to +50 -29 to +30 -34 to +60
SEE - Isolated ~10 to +45 -24 to +50 -20 to +55 -34 to +60
TIDI telescopes - Isol. -5to +35 -20 to +30 -15to +45 -30 to +40
TIDI profiler - Isolated -19 to +30 -24 to +50 -29 to +40 -34 to +60
TIDI E-box - Cond. -19 to +45 -24 to +50 -29 to +55 ~34 to +60
GUVISIS - Isolated -14 to +45 -19 to +50 -24 to +55 -29 to +60
GUVI electronics -14 to +45 -19 to +50 -24 to +55 -29 to +60

* 5 °C margin applied with heaters
** 10 °C margin applied to test range to obtain thermal design range.

Instrument designers use the Test I/F Range to design and test instrument thermal control.
S/C uses Thermal Control Design Range as max, allowable prediction at S/C interface to instrument.
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TIMED COMPONENT TEMPERATURE LIMITS

Thermal Design Range Test Range —
Operating Noa-Operating Operating Non-Operating )
COMPONENT (Deg. ©) (Deg. ©) Deg. O) (Deg. C) 3
INSTRUMENTS m
GUVI SIS E-box(Outside) -4 to +45 -19 to +50 -24 1o +55 -29 to +60
GUVI FPE #1 (Outside) -14 to +45 -19 to +50 24 w0 +55 -29 to +60
GUVI FPE #2 (Outside) -14 to +45 -19 w0 +50 -24 to +55 29 to +60
GUVI HVPS, 2 stacked (Outside) -14 o +45 "~ -19t0 +50 24 tp +55 -29to +60
GUVI SIS interface® -14 to +45 -19tw +50 24 to +55 -29 to +60
GUVI ECU (Inside) -14 to +45 <19 to +50 -24 to +55 -29to +60
GUVI Op. Heater N/A N/A N/A N/A
IGUVI Surv. Reater N/A N/A N/A N/A
ISABER Instrument interface * -19 to +20 -29 to +50 -29 to +30 -34 to +60
ISABER Op. Heater N/A N/A N/A N/A
SABER Surv. Heater N/A N/A N/A N/A
IDI Profiler Interface * -19to +30 -24 to +50 29 to +40 3410 +60
TIDI E-Box -19to +45 .24 to +50 -29 to +55 -34 to +60
TIDI Telescope interface * -5 to +40 -20 o +30 -15 1o +50 30 to +40
TIDI Op. Heater - N/A N/A N/A N/A
TIDI Surv. Heater N/A N/A N/A N/A
ISEE Intesface * -10to +45 24 to +50 20 to +55 34 1o +60
SEE Op. Heater N/A N/A N/A N/A
SEE Surv. Heater N/A N/A N/A N/A
POWER SUBSYSTEM
Power System Electronics -19to +45 -24 to +50 2919 +55 34 to +60
Peak Power Tracker Conv. Mod. -19t0 +45 -24 to +50 29 to +55 -34 to +60
Battery 1% -Sto +15 -15 to +20 -10to +25 20 to +30
|Battery 2+ -5 t0 410 -15t0 +20 -10 10 +20 -20 10 +30
{Solar Array Drive Electronics -19 to +45 -24 10 +50 29 to 455 3410 +60
tSolar Arrey Drive Motor #1 -19 10 +45 24 to +50 -29 to +55 -34 to +60
Solar Array Drive Motor #2 -19 to +45 -24to +50 -29to +55 34 to +60
Solar Array #1 -70 to 490 -70 to +90 -80 to +100 -80 to +100
[Solar Array #2 0 to +90 -70to +90 -80 to +100 -80 to +100
JATTITUDE SUBSYSTEM
|MU (Gyros) -20 to +60 -30 to +65 -30t0 +70 40 to +75
JAIU (1 &2) 19 to +45 24 to +50 29t0 +55 34 to 160
JReaction Wheels (All 4) -13 to +45 24 o +50 -23 to +55 -34 to +60
Reaction Wheel Electronics -13to +45 -24 10 +50 -23to +55 -34 wo +60
Torque Rod #1 () -30 to +50 -40to +70 -40 to +60 -50 to +80
Torque Rod #2 (Y) -30to 450 -40te +70 -40 to +60 -50 to 480
Torque Rod #3 (Z) -30 to +50 -40to +70 -40 o +60 -50 to +80
Flight Computer 1 & 2 -19to +45 24 to +50 -29 to +55 -34 to +60
tar tracker 1% -25 to +40 -30t0 +50 -30 to +50 40 to +60
|Star tracker 2* -25t0 +40 -30 to +50 -30 to +50 -40 to +60
IRF SUBSYSTEM
[Nadir S-Band Asteana 1 & 2 (Outside) 90 to0 +65 -90 to +65 -100 to +75 -100 to0 +75
|Zexith S-Band Anteana 1 & 2 -90 to +65 90 to +65 -100 to +75 -100 to +75
|GPS Antenna i, 2 & 3 {Outside) -90 to +65 -90 to +65 -100 to +75 -100 to +75
GPS filter/pre-amp 1,2 (In IEM) -19t0 +45 -24 to +50 -29to +55 34 to +60
RF Switch t &2 (Outside) -19 to +45 24 to +50 -29 o +55 -34to +60
[EM # 1 -19to +45 -24to +50 -29 to +55 -34 to +60
1EM # 2 -19 10 +45 -24 to +50 -29 to +55 _-34 to +60
ical Bench (Qutsidc)* -5 to0 +30 -5 to +30 -15 to +40 -15 w0 +40
THERMAL SUBSYSTEM ,
{HEATERS: OPERATIONAL N/A N/A N/A N/A
|BEATERS: SURVIVAL N/A N/A N/A N/A
* Thermally isolated from S/C .
11/6/97
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TIMED

Thermosphere « Ionosphere » Mesosphere » Energetics and Dynamics

S/C and Inst. Internal Heat Dissipation by Panel

Component Hot Case Internal | Hot Case Internal | Cold Case Internal | Cold Case Internal
Heat Diss. Beta=0 | Heat Diss. Beta=90 | Heat Diss. Beta=0 | Heat-Diss. Beta=90
(W atts) (W atts) (W atts) (W atts)

+X Panel 62.7 45.5 48.7 35.1

-Y Panel 1.0 1.0 0.0 0.0

-X Panel 51.6 35.8 47.1 34.8

+Y Panel 54.7 54.7 42.4 424

+Z Deck 333 333 33.3 333

-Z. Deck 43.6 43.6 43.6 43.6
Corner Panels 2.6 2.6 1.6 1.6
Optical bench * 1.5 1.5 1.5 1.5

Star cameras (2) * 25.0 25,0 25.0 25.0
Batteries (2) * 33.0 16.0 33.0 16.0
GUVISIS Motor 4.0 4.0 4.0 4.0
GUVISIS* 04 0.4 0.4 0.4
SABER * 56.7 56.7 56.7 56.7

SEE * 15.3 153 144 14.4

TIDI teles copes * 1.2 1.2 1.2 1.2

TIDI profiler * 0.8 0.8 0.8 0.8

Total Heat 382.2 332.2 348.5 305.6

* Thermally isolated from S/C.
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TIMED HEAT DISSIPATION SUMMARY

Design Case A Design Care B Design Case C Design Case D Peak
Heat Dissipation Heat Disslpatl Heat Dissipat! Heat Dimipation Heat
COMPONENT (Hot, Orbit Max.) (Hot, Orbit Max.) {Cold, Orbit Min) (Cold, Orbit Mix) Dis.
Betam() Bela=90 Beta=( Beta =90
(WATTS) (WATTS) WATTS) (WATTS) (WATTS)
Peak Power Tracker Coav. Mod, 1 *** 23.4 7.5 19.8 7.5 60.0
Flight Compualer | &2 10.0 10.0 10.0 10.0 10.0
RIU #2 (11 1/121) 0.3 0.3 0.3 0.3 0.3
Uv1 ECU 170 17.0 17.0 17.0 17.0
‘orque Rod #2 (Y) 10 LO 0 0.0 3.0
Solar Array Drive Motor #1 0.0 0.0 0.0 0.0 6.3
Solar Areey #1 0.0 0.0 .0 0.0 0.0
=X 5/C Panel Subtotal 51.6 385.8 47.1 348 96.5
Baticry #2 =, ++ 16.5 8.0 16.5 8.0 37.5
=X Battery Subtotal 165 1.0 16.5 5.0 37.5 |
(EM # 1 36.5 36.5 365 3.5 66.0
IEM £2 1 182 182 5.9 59 66.0
+Y 5/C Panel Subtotel] 547 54.7 Y 2.4 131.9
ER Instrument * I $6.7 56.7 56.7 6.7 70.7
4+Y SABER Panel Sublotal 36.7 56.7 $6.7 56.7 70.7
Red #1 (X) 1.0 1.0 0.0 0.0 3.0
- Y Panel Sulslotal 1.8 1.0 0.0 (X} 3.0
Peak Power Tracker Conv. Mod. 2 *** 23.4 1.5 19.8 1.5 60.0
Power System Electropics *= 28.3 21.0 17.% 16.6 30.0
142 1.0 11.0 1.0 11.0 22.0
Solar Array Drive. Mator 2 0.0 0.0 0.0 0.0 6.3
Amy 2 0.0 0.0 6.0 0.0 0.0
+X 8/C Panel Subtotal 62.7 48.5 48.7 35.1 118.3
— Lo —
1%, 16.5 8.0 16.5 8.0 37.5
+ X Battery Subtotal 16.5 $.0 16.5 8.0 37.5
[Reaction Wheels (All 4) w/ Elect 26.0 26.0 26.0 26.0 40.0
Magoctometcs Sensors 1 & 2 (Outside) 0.0 0.0 0.0 0.0 0.0
RIU #3 (112/122) (Outside) 0.3 0. 0.3 0.3 0.3
+Z S-Band Anterma 1 & 7 (Outelde) 0.0 0. 0.0 0.0 0.0
UIVI 518 E-box (Ouiside) 0.3 0. 0.3 0.3 0.3
UVI FPE #1 (Quisidc) 1.3 1.7 0.0 0.0 1.7
LrVI FPE £2 (Ootsidc) 0.0 0.0 1.7 1.7 1.7
UVI HVPS, 2 stacked (Outside) 1.0 1.0 1.0 1.0 2.0
UVI SIS Scen Mator (Outside) 4.0 4.0 4.0 4.0 5.0
UV SIS (Outalde)™ 0.4 0.4 0.4 0.4 1.0
+Z Panel Subtota] 323 333 333 33 51.0
[RU (Gyros) 31.3 313 313 31.3 31.3
I E-Box $2 9.2 9.2 9.2 9.2
Solar Army Electronics Control Unit 2.8 2.8 2.8 2.3 20.0
RIV 25 (114/124) 0.3 0.3 0.3 0.3 0.3
-Z 5-Bazd Aniconsa ) & 2 (Oulside) 0.0 0.0 0.0 0.0 0.0
RF Switchs and Diplexen 0.0 0.0 0.0 0.0 12.0
SEE (Outsidc) * 153 153 14.4 14.4 18.0
I Profiler (Outxide) * 0.8 0.8 0.8 0.8 2.8
Beach (Outside)* K] 1.5 [K] [ [K]
-Z 5/C Panel Subtotalf 8.6 £3.6 &3.6 £3.6 728
Trackes 1+ 12.5 [FX] 12.5 12.5 16.5
Trueker 2+ 12.5 12.5 12.5 12,3 16.5
¥ (s 0.3 0.3 a.3 0.3 0.3
TID] Telescopes (ALl £)* 1.2 1.2 1.2 1.2 1.2
Anlesna | & 2 (Outside) 0.0 0.0 0.0 0.0 0.0
— Optical Bench Subtotal 1.5 15 L5 [ 1.5
Rod 13 (2) _ 1.0 1.0 0.0 0.0 3.0
RIU #4 (113/12%) 1 0.3 0.3 0.3 0.5 0.3
+ X/-¥ Corner Sublotat] 1.3 13 83 83 33
RIU #1 (110120) 0.3 0.3 0.3 0.3 0.3
Magneiometes Elecironics 1 & 2 1.0 1.0 1.0 1.0 1.0
~X/+Y Corner Subtotal 13 1.3 13 1.3 13
5.9 0 0.0 8.0 0.0
I8 4.5 17 198.8 5494
00 480 37.0 74.0 167.6
374.5 1%0.5 2757 272.8 717.0
— =L L i
24.4 24.4 24.4 24.4 28.7
0.0 0.0 0.0 60 13.6
244 U4 244 304 423
56.7 56.7 56.7 56.7 0.7
0.0 0.0 8.7 9.7 219
56.7 56.7 654 6.4 2.6
153 153 14.4 14.4 18.0
5.0 10.0 50 10.0 2.6
203 83 194 244 40,6
112 1.2 1.2 112 13.2
60 10 5.0 10.0 2.6
173 182 2032 212 35.8
107.5 107.6 106.7 106.7 130.6
11.0 17.0 2.7 357 80.8
118.6 D46 129.4 1404 211.4
_ $/C & loal. Internal Subtotal 35z.0 32.0 3484 308.5 680.0
8/C & nat, Hester Sublotal 11.0 63.0 £9.7 109.7 248.4
& INST. TOTAL 393.0 950 408.1 4152 928.4
HARNESS LOSSES (1.5%) L) 5.9 6.1 6.2 13.9
AL 398.9 401.0 414.2 821.4 9423

* Thermally isolated from S/C. Heat NOT included in subtotals, only in 1otal beat, All other heat is thru conductive monnts

= * Heat Dissipations wre Beis sngle dependant
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LAUNCH Attitude SAFE Attitude SAFE Hard Power “Hard Power Feak
MODE MODE MODE SAFE MODE SAFE MODE Heat
COMPONENT (Cold, OrbitMIn) | (Cold, OrbitMin) | (Cold, Orbit Min) | (Cold, OrbitMin) | (Cold, Orbit Min.) Diss.
Beta=9) Beta=0 Beta=90 Betn=0 Beta =90
(WATTS) {WATTS) {WATTS) (WATTS) {WATTS) (WATTS) | -
Peak Power Trecker Coav. Mod, | *+% 7.5 19.8 7.5 19.8 7.5 60,0 -
Flight Computer 1 & 2 0.0 10.0 10.0 0.0 0.0 10.0 ¥
RIU 92 (1114121) 0.3 0.3 03 0.0 0.0 0.3 w
UV ECU 0.0 0.0 0.0 0.0 0.0 17.0 =}
Red £2(Y) 0.0 0.0 0.0 0.0 .0 3.0 0
Solar Atray Drive Motor #1 0.0 0.0 0.0 0.0 0.0 6.3
Solar Array #1 0.0 00 0.0 0.0 0.0 0.0
=X 8$/C Pancl Subtotal 7.8 30.1 1735 19.8 7.5 9.5 |
Bactery 2 =, w4« 1.7 16.5 8.0 16.5 8.0 37.5
-X Battery Subtotal 1.7 6.5 8.0 _16.8 8.0 37.5
IBM 71 3%.5 [T X] 36.5 5.9 5.9 £6.0
IEM #2 1 8.2 5.9 5.9 5.9 59 66.0
+¥ S/C Panel Sublotal 547 £2.4 a4 1Le LS 131.5
SABER Instroment * 0.0 0.0 0.0 0.0 0.0 0.7
+Y SABER Panel Subtotsl] 0,0 8.0 0.0 0.0 6.0 70.7
Rod #1 (X) 1 X 0.0 0.0 0.0 0.0 30
<Y Pane] Sublotal I 0.0 0.0 [X] 0.0 30
Peak Power Trackee Conv. Mod. 2 *+ . 19. X 19.8 1.5 60.0
Power Systers Hlectronics = 233 17, 16.6 17.9 16,6 30.0
(Y] 0.0 11.0 110 11.0 1.0 2.0
ar Aseay Drive Motor £2 0.0 0.0 0.0 0.0 0.0 6.3
Ay 22 0.0 0.0 0.0 0,0 0.0 0.
+X B/C Panel Sublotal 2.8 8.7 35,1 48.7 35.1 118.3
Rattery 1 =, 1 1.7 16.% 2.0 16.5 [X]] 31.5
+ X Battery Suhictal 11.7 16.8 Y 16.5 5.0 37.5
Resction Wheels (All 4) w/ Elest *see 0.0 26.0 260 26.0 26.0 40.0
Magneiometer Scasors | & 2 (Outxide) 0.0 0.0 0.0 0.0 0.0 00
RIU #3 (112/122) (Outside) 0.3 0.3 0.3 0.0 0.0 0.3
+Z S-Band Astenna 1 & 2 (Outxide) 0.0 0.0 0.0 0.0 0.0 0.0
UV SIS B-box (Ootside) 0.0 0.0 X 0.0 0.0 X
FPE #) (Ouside) 0.0 0.0 X .0 0.0 1.7
UVI FPE £2 (Outside) - 6.0 0.0 X 0.0 0.0 LY
UV HVPS, 2 macked (Ouiside) 0.0 .0 0.0 0.0 0.0 2.0
UV SIS Sosn Motor (Outaidc) 0.0 1.0 0.0 0.0 0.0 5.0
SIS (Outside)* 0.0 .0 0.0 0.0 0.0 1.0
+Z Panel Sublotal 03 263 263 26.0 26.0 46.0
[IRU Gyroe) 0.0 313 313 3Ly 33 31.3
1 E-Box 0.4 0.0 0.0 0.0 0.0 9.2
ar Array Electronics Control Unit 0.t X] 2.9 2. 2.8 200
RIU #5 (114/124) 0. 0.3 .3 0.0 0.0 0.3
-Z 5-Band Antcona 1 & 2 (Outxide)} 0.0 0.0 .0 0.0 0.0 0.0
RF Switchs sod Diplexers 0.0 0.0 0.0 0.0 0.0 12.0
(Oatside) * 0.0 0.0 0.0 0.0 0.0 18.0
[ Profilee (Outside) * 0.0 0.0 0.0 0.0 0.0 2.8
Bench (Outside)* 0.0 0.0 0.0 0.0 0.0 1.5
<Z 8/C Panel Sublotal 03 344 34 341 M1 7.3
Tracker 1+ 0.0 1.5 125 0.0 D.C 16.5
Trecket2¢ 0.0 0.0 0.0 0.0 0.0 6.5
RIU #6 (115129) 0.3 0.3 0.3 0.0 0.0 0.3
[ Telesoopes (All 4)* 0g 0.0 0.0 .0 0.0 1.2
PS Asterma | & 2 (Outside) 0.0 0.0 0.0 0.0 0.0 0.0
Bench Subtotsl] 0.3 0.3 03 0.0 . 0.3
: Rod 3 (Z) X 0.0 0.0 0. [X 0|
RIU #4 (113/123) ). 0.3 0.3 0. [X 0.3
Misc Subtots] E 03 03 [ 0.0 33
RIU #1 (L10/120) .3 0.3 0.3 0.0 0.0 0.3
Maguctometer Blectronics | & 2 1 0 1.0 1.0 1.0 1.0 1.0
Misc Subtotal| 3 13 1.3 1.0 1.0 13
1
Mise Bubtotal X 0.0 0.0 20 X} 0.0
141.1 202 1863 174.4 1.5 5494
80 62.0 2.0 4.0 114.0 258.2
149.1 291.2 266.3 268.4 245.5 807.6
0.0 0.0 0.0 0.0 0.0 0.0
0.0 3.0 3.0 3.0 30 6.8
0 3.0 3.0 3.0 3.0 13
0.0 0.0 0.0 0.0 0.0
[X] 253 253 253 253 51.3
[X] 153 253 253 253 513
0.0 0.0 0.0 0.0 0.0
0.0 140 14.0 14.0 14,0 31.7
.0 14.0 14.0 140 - 4.0 N7
0.0 0.0 0.0 0.0 0.0
00 7.0 7.0 7.0 X 159
0.0 7.0 7.0 7.0 T4 15.9
o - L.
0.0 0.0 0.0 00 0.0 0.0
0.0 49.3 49,3 49.3 49.3 111.7
L — L L LA
9.0 453 45.3 493 49.3 111.7
— §/C & Inst. Interna] Subtotal] = 1411 1292 186.3 1744 1315 5494 ﬂ
S/C & Inst. Hester Subtota) 2.0 113 129.3 143.3 163.3 369.9
& INST. TOTAL 149.1 340.5 315.6 17 2948 M3
HARNESY LOSSES (1.5%) 22 5.1 4.7 4.8 4.4 13.8
AL 1513 5.6 3203 an.s 295.2 933.1

TIMED HEAT DISSIPATION SUMMARY

* Thenmally isolmed from S/C. Heat NOT incinded in sublotals, only in total beat. Al other heat is thru conduciive mounts

*=* Heat Dinsipations are Beta angle dependant

+e=* Reaction Wheels and Electronics will be turned on tsep-3min

1WSHT
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~ Thermosphere » Ionosphere * Mesosphere » Energetics and Dynamics

Instrument Thermal Summary

All instruments have completed successful Preliminary Design
Reviews. SABER has completed CDR.

Instrument internal heater dissipation, heater power and interface
temperature requirements have been incorporated into the S/C
design.

Instrument teams are performing their own thermal control designs.
All instrument thermal design requirements have been met to date.

Preliminary models have been exchanged with the instrument thermal

engineers. Will update S/C model with instrument models closer to
instrument CDR’s.
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el Thermosphere * Ionosphere « Mesosphere « Energetics and Dynamics

SABER Thermal Control Interfaces

MLI blankets

4 bolts on
main plate

Aperture

« SABER is thermally Optics radiator

isolated from S/C +Y side.
» Interface temperatures are:
-29 to +30 °C Operating
-34 to +60 °C Survival
~+ $/C Internal Radiation
Temp.:
-29 to +50 °C Operating
-34 to +60 °C Survival
+0.1 C/min. rate at I/F

Electronics radiator

Refrigerator radiator

Mounting

\ 2 bolts on interface

bottom edge plate BDW-16




TIMED

Thermosphere » Ionosphere « Mesosphere » Energetics and Dynamics

SEE Thermal Control Interfaces

Main radiator

Heat Pipes
MLI blankets

Platform
Thermal Isolated
Apertures due to Bearings
""""" Gimbal platform system
\ Mounting
« SEE is thermally isolated from S/C top deck. interface to
« Interface temperatures are: S/C top deck
-20 to +55 °C Operating -34 to +60 °C Survival (Hard Mounted)
*Deck Gradient Between Feet =16 °C

BDW-17



TIMED

| Thermosphere ¢ Ionosphere » Mesosphere * Energetics and Dynamics

TIDI Thermal Control Interfaces

Telescope MLI blanket/, Mounting
interface to
top deck \
Gimbal system

radiator

Apertures

Mounting MLI Blankets TIDI E-b
L _._.JE_' - OX CCD
I]ltf?rface to — on stands radiator
Optical Bench

TIDI telescopes (4) (inside)

MLI blankets

*Telescopes are assumed isolated from bench at Bearings.
*Telescope interface temperatures are:
-15 to +45 °C Operating -30 to +40 °C Survival

*TIDI E-Box is conductively tied to underside of top deck.
*E-Box interface temperatures are:
-29 to +55 °C Operating  -34 to +60 °C Survival

*Profiler is thermally isolated from top side of top deck. TIDI proﬁler Profiler/ouard
» Profiler interface temperatures are: 5

-29 to +40 °C Operating  -34 to +60 °C Survival radiator

BDW-18
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GUVI Thermal Control Interfaces

MLI blankets MLI blankets MLI blankets
FPE #2 .

ECU FPE #1 HVPS 1&2 SIS E-box

Aperture

SIS

» All GUVI E-boxes conductively tied to S/C bottom deck, inside adapter ring.
| * ECU is conductively mounted to inside of the S/C +X panel.
* SIS is thermally isolated from deck with at least 20 °C/W resistance.
* SIS Scan Motor is conductively strapped to +Z deck. Motor heat is 4 watts.
» All interface temperatures are:

-24 to +55 °C Operating 29 to +60 °C Survival
* Temperature gradient of 15 °C between SIS mounting feet.

BDW-19
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Thermal Changes Since PDR

o Instrument Changes:

Instrument Currently Was
TIDI telescopes| Isolation is Bearing only. No G10 G10 in bracket
SEE Isolation is Bearing only. No G10 G10 at deck
GUVI SIS Scan| Copper strap to deck. Isolated Conductive to SIS housing
Motor from SIS Housing

e S/C Changes:

Component Currently Was
+Z h/c deck Heat Pipes added to Wheels were mounted in corners of
' cool wheels S/C machined deck |
Optical Bench | No MLI between bench |  MLI between bench and deck
and deck
Adapter Ring Use as radiator for All MLI
wheels

BDW-20
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S/C Thermal Design Overview

Star tracker radiator

TIDI telescope
; / baffle radiator

-----

()
Saui]

N\

it
A r e
. T
.

N

Solar Arrays

Removed For Clarity \

NI

+X panel radiator

A

NNANANANAN

[J] MLI blanket

B Silver Teflon
Radiators

AN NN VA NAANAN

+X Battery radiator

Ram Nadir 2
(+X) (+Z) ¢ & BDW-21
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S/C Thermal Design Overview

SEE radiator
Startrackers
T N TIDI profiler
Optical bench
1&2
Solar Arrays Edl}\.i t::
Removed For Clarity
-X panel radiator SABER optics-
radiator
. / SABER electronics
-X Battery radiator radiator

S Cold

Anti-Ram / " l +Y)
A r
-X) +2)

BDW-22
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S/C Thermal Design Overview

. TIDI Telescopes
SEE instrument £ /

TopDeck

) | Optical bench
S-Band antenna :
A | -X solar array
/ - PSE yoke and dampers
) R | &2 Solar Arrays
4 N ' i Removed For Clarity
Adapter ring radiator ; -
(-Y inside) \ -X Panel radiator
GUVI instrument -X Battery radiator

Nadir Cold i / 9
(+2) (+Y) Adapter ring radiator

(+Y outside) BDW-23
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S/C Thermal Design Approach

e The Following Components are Isolated from the S/C with the listed
isolation values:
Battery Halves: 12 °C/W predicted.
Optical Bench: 10 °C/W predicted.
Star Trackers: 45 °C/W predicted
TIDI Profiler: 20 °C/W predicted.
TIDI Telescopes: TBD based on bearing test. Assume 20 °C/W
SEE: TBD based on bearing test. Assume 11 °C/W
SABER: 5.5 °C/W predicted.
GUVI SIS Housing: 20 °C/W predicted.

BDW-24
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S/C Thermal Design Approach

*Cho-therm placed under conductively mounted boxes.

*Ground straps used to electrically tie boxes to S/C.

*Ground all MLI inner layers to S/C chassis with straps.

Silver Teflon used as outer layer of MLI blankets.

*Silver Teflon used as S/C radiator surfaces.

*Antenna radomes painted with Aeroglaze A276 White.

*Star tracker sun shades painted with A276.

*No ESD coatings on S/C external surfaces. See charging analysis.
*Use adapter ring as radiator. Account for clamp band keep out zones.

BDW-25
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S/C Thermal Analysis Parameters

Parameters Hot Case Cold Case
Beta angle (degrees) 0 to 88 0 to 88
Solar constant (Btu/hr-ft?) 450 408
Albedo 0.4 0.2
Earth shine (Btu/hr-ft?) 85 60
Optical properties EOL BOL
MLI effective emittance (sun side) 0.03 0.01

MLI effective emittance (cold side) 0.01 0.03
ML! effective emittance (Small blankets) 0.05 0.05
Inteal heat dissipations Max. orbit awg. |Min. orbit awg.

PSE, Battery and PPTCM internal heats varies with time and beta angle.
Environmental fluxes vary with time and beta angle.
IEM internal heat varies with transmitter operation (15 min/orbit)

BDW-26
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PPTCM Time Dependant Heat Dissipation

PPTCM Heat Dissipation versus Orbit Position
Beta = 0, S/A Tilt=20°, 2000 W Peak @ 5% Loss

120.00

1 i 1 1
Power 1 =1000 * 0.05 * cos{Theta+Til) + 756 W |
Power 2 = 1000 * 0.05 * cos(Theta-Tilt)) + 7.5 W
Peak power =Power 1 + Power 2 \\

100.00

) SN

Peak Heat Dissipation (W)
3
3
\

20,00 , A,
—0— b 4/ \¢ »—& b
0.00
-180 -140 -100 .60 -20 20 60 100 140 180

Orbit Postion (degrees) "Theta"
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- PSE Time Dependant Heat Dissipation

PSE Heat Dissipation versus Orbit Position -
Beta = 0, S/A Tilt=20", 410 W load, 1%Loss
PSE Side 1& 2
35.00
30.00
|
g 25.00
.§, {Orbit Average Power |
2 20.00
[
a 15.00
5 15
)
L .
8 1000 Power1 =410 0.01 * cos(Theta*Til) + 13.51 W
Power2 =410*0.01 * cos(Theta-Tilf) + 13.51 W
5.00 Peak power = Power 1 + Power 2 —
0.00
-180 -140 -100 -60 -20 20 60 100 140 180
Orbit Postlon (degrees) "Theta"
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Battery Time Dependant Heat Dissipation

Whole Battery Heat Dissipation versus Orbit Position )
Beta = 0, S/A Tilt=20°, 410 W Load @ 18% Loss
Charge for 36 min., Trickle charge at C/100 for 26 min.
80.c0 T T — T I
Heat1=410*0.18, for cos(Theta+Tilt) > 0
70.00 Heat2=410*0.18 for cos(Theta-Tilt) > 0 i i
HeatDiss.=410*0.18 forHeat1 & Heat 1 > 0
Trickle Charge = 2000/100 for sun time > 35 min.
g 60.00
§ 5000
2
4 40.00
a
L [
30.00 ;
% |Orbit Average Power
& 2000
10.00
0.00 W
-180 -140 -100 -60 -20 20 60 100 140 180
Orbit Postion (degrees) "Theta"
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IEM Time Dependant Heat Dissipation

IEM Heat Dissipation versus Orbit Position
Beta = 0, S/A TiIt=20° 40.12 W +15.3 W for TX & Conv.
Transmitter On for 15 min.

60

o o
[=] (i

i

|Orbit Average Power | \

|

Peak Heat Dissipation (W)
-
[3)]

(9]
(4]

30
-180 -140 -100 -60 -20 20 60 100 140 180

Orbit Postion (degrees) "Theta"
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S/C Detailed Thermal Model Description

* Detailed S/C geometry model contains 894 surfaces. -

 S/C environments generated for beta angles 0, 30, 40, 50, 67 & 88.
 Simplified instrument geometry included.

* S/C thermal model contains 975 nodes.

* Bulk instrument nodes included.

* Conduction only. No internal radiation connections, except under Bench.
* Steady state orbit average and transient analyses completed.

*Cases run with S/C Detailed model include:
Launch Scenario (Worst Case Cold, Qenv=0, Tfansient)
Safe Modes (Hot and Cold, S.S. and Transient, Attitude and Hard)
Normal Operations (Hot and Cold, S.S. and Transient)

BPW.-31
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Other Detailed Thermal Models Created

eSeveral separate detailed models were created, which include:
Battery Halves (On-Orbit and Test)
Solar Arrays with Dampers and Yokes (Stowed and Deployed)
Adapter Ring/Bottom Deck with Embedded Heat Pipes
Optical Bench

*Box/Card level thermal design and analyses performed:
Power Switching Electronics (PSE)
Peak Power Tracker Converter Modulé (PPTCM)
Integrated Electronics Module (IEM)
Flight Computer
Attitude Interface Unit (AIU)
Remote Interface Unit (RIU)
*Box analyses use 55 °C mounting plate test condition as interface.

«Junction temperatures maintained below 100 °C. BDW-32
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Detailed Battery Thermal Design

* Requirements:
Cell operating temperature range: -5 to +10 °C
Cell top to bottom maximum AT: 5°C
Cell to Cell maximum AT at same height location: 3 °C
Battery heat dissipation:
Beta 0 to 50 =33 W orbit average
Beta 67 to 88 = 16 W orbit average
Heat varies with orbit position due to charge & discharge.

*Thermal control approach:
Thermally isolated battery halves from the S/C with 12 °C /W
Use heaters to control stability and minimum temperature.
Require 8 heater circuits, 2 bulk and 2 differential with
- 2 primary and 2 redundant.
Require small dead band (<1.0 °C)

BDW-33
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Detailed Battery Thermal Design

+X Panel

+X panel radiator

+X Battery radiator —

ot o Sl
Nadir(+Z) *

BDW-34
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Detailed Battery Thermal Design

* Preliminary results:
Each battery radiator area is 2.75 ft2.
Maximum cell temperature is 8.2 °C at Beta = 40.
Maximum cell top to bottom AT is 3.2 °C <5°C
Cell to Cell maximum AT is 1.8 °C < 3 °C.

*Require 40 Watts of heater power at Beta=0.
*Require 75 Watts of heater power at Beta=88.

*The baseplate thickness, cell sleeve thickness and bolt interface
resistance were optimized.
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Detailed Battery Thermal Design

+X & -X Battery Cell Temperatures versus Beta Angle
Steady State Orbit Average Hot and Cold Cases. Radiator Area=2.75 f v
10 mil Silver Teflon Radiators. Op. heaters Used.
10 : ]
— 8 — -X Tmax, Hot
8 = —a— +X Tmax, Hot [
” .-:-'_'d"“.' }~. 5 ---A-'--XTﬂi'l.l'ht
& o r !.' Ny s | |
/ R SN —- & = +X Tmin, Hot
- s
4 o RN —3¢— +X Trrin, Cold
/ ’.’-,-' \ \\ e Tmax, Cokd
g A r -X Trmin, Cold
2 7 H K
g DY = —3¢~— +X Tmax, Cold
E ot NP,
8 o MNNY
: \:; N Y
L] / Y 4‘: ——————
© A N e
L Cold [ R N = —=
{ R RRSREESLENS EREETERT 25
-8
-10
0 10 20 30 40 50 60 70 80 90
Beta Angle (Deg.}
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Detailed Battery Thermal Design

+/- X Battery Half Heater Power versus Beta Angle
$.S. Orbit Average Hot & Cold Cases. Rad. Area = 2.75 ft*
10 mil Silver Teflon on Radiators

35.0 T __._+x ccu ‘ /
3 -X Cold |_ /
30.0 H—%—-X Hot

. L

—&— +X Hot /\/
% 25.0 ‘ -
& 200 e r
g ¥ ———= ' e / Hot
% 15.0
< - Qint=16.6 W - Qint=8.0 W

N\
Y

10.0

50 ' /
0.0 % — % /

o 10 20 30 40 -50 60 70 80 20
Beta Angle (Deg.)
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Detailed Battery Thermal Design

+/- X Battery Maximum Temperature Difference versus Beta Angle
8.S. Orbit Average Hot & Cold Cases. Rad. Area = 2.75 f©*
10 mil Silver Teflon on Radiators

3 |
—e——+X Cokl OT - \
—¥¢—-X Cold DT o .

25 J—|—%— X HotOr 3 °C Maximum AT _
—a—+X Hot OT

I
\
\
\

05

0 10 20 0 40 50 80 70 80 %0
Beta Angle (Deg.)
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Detailed Battery Thermal Vacuum Testing

s Top thermal shroud

Battery 1 internal MLI

Batte_ry side
mounting plate Battery 2 internal MLI
1 (
%
d
d
v
Rightthermal shroud % N)
Battery bottom Batteryradiator
mounting plate Battery bottom Ve
mounting plate
Test Battery External Model Test Battery Internal Model
(Chamber Not Shown) (Top, Left and Right Shroud Not Shown)
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Detailed Battery Thermal Vacuum Testing

eBattery thermal vacuum balance test on Flight-Like Ni-H, cells to be
completed in December 1997,

*Test will verify thermal control design of battery, which includes:
Required heater power
Required radiator area
Maximum internal temperature differences

«Test will validate heater controller circuit under vacuum conditions.

*Test results will be used to correlate detailed battery model.
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‘Bottom Deck Heat Pipe Thermal Design

Reaction Wheels on
‘Brackets on opposite side
from GUVI

Heat Pipes Embedded Reaction Wheels Brackets
in H/C Deck

RoundH/CDeck | | MH77/177 Pipe 4

(Inside adapter) N AN ”' %

Adapter used
as radiator
(inside)

Pipe 1

GUVI instrument =
Machined Deck ,
(Outside adapter) gl =M An:gl{l)am
Round H/C Deck
(Instde adapter) :
Nadir Cold J Adapter used Cold i
+7 as radiator
(+2) (+Y) (outside) ¢Y)
: Sketch of Wheel Locations
External Model Of Adapter Ring with GUVI Top View
Bottom View
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Bottom Deck Heat Pipe Thermal Design

* Reaction Wheels used to be on brackets in the corner of the S/C
on the bottom machined deck (+Z). Since heat was distributed
around deck, no thermal control required.

* However, due to volume constraints, the reactions wheel and their
attach brackets were moved to the round honeycomb deck inside the
adapter ring.

 To maintain the reaction wheels below their inaximum allowable
predicted operating temperature of +45 °C, 4 heat pipes are required
to transport the 26 Watts orbit average heat to +Y adapter ring
radiator.

BDW.-42
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Bottom Deck Heat Pipe Thermal Design

Number of Lost Heat Pipe Versus Wheel Temperature
Beta=67, Hot Case, Steady State Orbit Average
55

——WHEEL 4

——WHEEL 3

——WHERL 1 Can lose 1 pipe and
_ —i—WHEEL 2 [ still meet spec.
G 50
£
8
2
E Max. Allowable .
% Hot Prediction /
g 45

40 4 }
0 1 2 3 4
Number of Lost Pipes
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S/C Launch Analysis

eLaunch cool down for heater power predictions. Set Qenv=0.
-Solar arrays
-Battery Halves
-Star trackers
-Dampers

eBattery halves require no heater power.
Star trackers require 10 watts for the last 2 hours of 5 hour run.

*Dampers require 8 watts of heater power.
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S/C Launch Analysis - Solar Arrays

+X S/A Panels, Stowed, Qenv=0, Launch Mode
GaAs Cells, Cells inside , 94 Ib/Wing (Detailed S/A)
20
TIMED.901 (DEG C)
— — — — TIMED.903 (DEG C)
------- TIMED.905 (DEG C)
: e | === TIMED.207 (DEG C)
6 -40 \_\‘ 4 — "§\.‘ S——
g - B T e R ey
g -60 i = ===
- ~, S~ T~ —
~.! | | |[TTrrtre-es]
-80 S e
~e.
-100 B A
-120
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (Hours)
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S/C Launch Analysis - Battery

+X Battery Half, Qenv=0, Launch Mode
S/A Stowed, Qint=11.7 W, Qheater=0. (Detailed S/A)
20 ' I [ t
TIMED.1105 (DEG C)
18 — — — —TIMED.1103 (DEG C) [
16 j e N W N N LT TIMED.1101 (DEG C) | _
7 - . ."--\:\ g
14 " - L -\\__\
.
12 ) I \_‘\
) e ™~
g 10 1- el R N
[T} . -
s ) S -
6 i 58 -
4
2
0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (Hours)
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S/C Launch Analysis - Star Trackers

Star Tracker Bulk Nodes, Launch Mode .
Qenv=0, Stowed Solar Arrays, Qheater=10 W at t=3 hrs.
20
15
~ { ! | t | | [ TWED.50509 (DEG C)
10 s — — — = TVED.50009 {DEG C) |—
|
-
5 B
\\.
0 b/
-
&
% _5 “'ﬁa
5
¢ .
)
-15 Sundval Thermostat | ™.
Setpoint = -25 C \ hi oW
-20 h
N wo
L
‘\
.ﬁ \ sl -—-l.rl-q.r;u.__-_-é._.-._.____. _______
-30
] 05 1 15 2 25 3 35 4 45 5
Time (Hours)
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S/C Launch Analysis - Dampers

Damper Temperatures, Launch Mode
Qenv=0, Qheater=1 W Peak/damper, Stowed Arrays

17

—— TIMED:821 (DEG C) \Y/ \V%
—— TIMED.831 {DEG C) ’
—— TIMED.941 (DEG ©)

doot Dampers Panel Dal'npers \
AN f A

-
[+~

Temperatuer (C)
\\
\

-]

—— TIMED.851 (DEG ©) |
—— TIMED.1921 (DEG C) ' .
7 | —— TIMED.1831 (DEG ©) Damper Thermostat Setpoints -
—— TIMED.1941 (DEG C) are +15 to +10 C.
. TIMED. 1951 (DEG C) 1 | | | | |
54 F 3 4 t } } } }
0 0.5 1 15 2 25 3 a5 4 45 5
Time (Hours)
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Optical Bench Thermal Design

*Requirements:
Maintain thermal distortions of bench below 30 arcsec

*Thermal Design Approach:
Thermally isolate bench from S/C.
Thermally isolate TIDI Telescopes and Star Trackers from bench.
Recommend a totally passive thermal design.
No heaters or radiators. Cover bench externally with MLI.
Allow Bench to radiate to top deck. (Paint top deck under bench)

Current configuration: ;51‘\

Two 0.03” Graphite Epoxy facesheets 2"

Aluminum core (3.1 Ib/ft3) L \7
23” X 46” X 1.75” thick. s )

Attachment isolation > 10 °C/W

RDW-49



TIMED

" Thermosphere » Ionosphere  Mesosphere » Energetics and Dynamics

Optical Bench Thermal Design
*Currently predicting a bulk orbit average operating temperature change
over the beta angle cycle and hot to cold of +33.8 to -0.2 °C.

*Currently predicting a bulk orbit average SAFE mode temperature
change over the beta angle cycle and hot to cold of +13 to -17 °C.

*Currently predicting the following temperature gradients in the bench:
AT, (max) = 3.2 °C (across 23”)
AT, (max) = 13.5 °C (along 46”)
AT, (max) = 0.71°C (thru 1.75”)

*Thermal distortion calculations predict 11.3 arcsec << 30 arcsec.

*Transient analysis reveals 4 °C Peak-to-Peak variation at Beta 0 . Beta
88 has no variations.
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Optical Bench Thermal Design

Opticil Bench Temperatures versus Beta Angle
Hot Case, Steady State Orbit Average
Silver Teflon ML1, No Radiators or Heaters, No MLI Under Bench

Y End of Bench N
30 ' el /\§

= | N

i)

| | ==Y [+X Corner, Top
=f~-Y+X Corner, Bot +Y End of Bench
—¥—-Y/-X Corner, Top
ay¢~=-Y/-X Corner, Bot

| | =—w—+Y /X Corner, Top
—3— +Y/+X Corner, Bot
—+—+Y-X Corner, Top
—&— #Y/.X Cotner, Bot

10 '

o] 10 20 30 40 1] 60 70 80 a0
Beta Angle (Deg.)

8

Bench Temperature (C)
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S/C Thermal Results Summary

e Design meets all instrument and S/C thermal requirements
with margin.

e All required heater power has been accounted for in the
power system design.

« Heaters, thermostats, temperature sensors and relay designs exist.

» Heat pipes provide required cooling for reaction wheels with some
redundancy.
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S/C Operating Temperature Predictions
S/C Orbit Average Temperatures

Max, Oper. | Max, Temp. | Min. Oper. Min:Temp.
Component Temp. (C) | Pred.(C) | Temp. (C) | Pred. (C)
+X Panel 45.0 34.5 -14.0 -10.9
-Y Panel 45.0 38.3 -19.0 -4.9
-X Panel 45.0 43.1 -19.0 -7.9
+Y Panel (@ IEM) 45.0 26.6 -19.0 -16.8
-Z Deck (@ IMU)” 60.0 47.0 -20.0 5.5
+Z Deck 45.0 40.8 |__-13.0 -12.0 |
Optical bench 35.0 33.8 -5.0 -0.2
Batteries (2 halves) 10.0 8.2 -5.0 4.5
Star Trackers (2) 40.0 30.4 -25.0 -1.6
Solar Array 90.0 77.6 -70.0 -13.6
Nadir S-Band antenna 65.0 -5.7 ~90.0 -46.0
Zenith S-Band antenna 65.0 -1.4 -90.0 -57.0
GNS antenna 65.0 -16.0 -90.0 -76.6

*1 Temperature predictions with heater power

*2 Doubler added to spread heat.
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S/C Operating Temperature Predictions

Instrument Interface Orbit Average Temperatures

Max. Oper. | Max. Temp. | Min. Oper. | Min. Temp.
Component Temp. (C) | Pred.(C) | Temp.(C) | Pred.(C)
SABER I/F 200 184 ||| -19.0 -12.0
SEEVF - 45.0 39.0 -10.0 0.5
TIDI telescope U'F | 35.0 335 || 50 0.7
TIDI profiler I/F 30.0 243 -19.0 -5.5
GUVISIS Hsg I/F 45.0 40.8 -14.0 8.0
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S/C and Instrument Operational Heater Power

Orbit Average | Orbit Average
Heater Power, | Heater Power,
Beta=0 Beta=90
(Watts) @ 26 | (Watts) @ 26
Component Volts Volts
Batteries (2 halves) 37.00 74.00
Star Trackers (2) 0.00 0.00
$/C subtotal 37.00 74.00
SABER 8.70 9.70
SEE 5.00 10.00
TIDI telescopes (4) 5.00 6.00
TIDI profiler/CCD 4.00 4.00
GUVISIS Housing 6.00 6.00
Inst. subtotal - 28.70 35.70
Total 65.70 109.70
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TIMED

S/C Operating Temperature Predictions

S/C Max./Min. Transient Temperatures

Max. Oper. | Max. Temp. | Min. Oper. | Min. Temi). Heater Duty
Component Temp. (C Pred. (C) | Temp.(C) | Pred.(C) | Cycle (%)
+X Panel | 45.0 45.1 I -14.0 -11.0
-Y Panel 45.0 38.3 -19.0 -5.0
-X Panel 45.0 41.6 -19.0 -10.5
+Y Panel (@ IEM) 45.0 32.0 -19.0 -16.9
-Z Deck (@ IMU)** 60.0 46.2 -20.0 5.5
+Z Deck 45.0 415 |[_-13.0 120 |
Optical bench 35.0 35.6 5.0 -0.5
Batteries (2 halves) 10.0 9.7 5.0 5.4*% 64
Star Trackers (2) 40.0 33.2 -25.0 -1.8
Solar Array 90.0 78.2 -70.0 -66.2
Nadir S-Band antenna 65.0 0.6 -90.0 -57.0
Zenith S-Band antenna 65.0 1.5 -90.0 -65.0
GNS antenna 65.0 -11.8 -90.0 -77.2

* Temperature predictions with heater power
** Doubler added to spread heat.
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| Thermosphere » Ionosphere « Mesosphere ¢ Energetics and Dynamics

S/C Operating Temperature Predictions

Instrument Interface Max/Min Transient Temperatures

Max. Oper. | Max. Temp. | Min. Oper. | Min. Temp.
Component Temp. (C) | Pred. (C) | Temp.(C) | Pred.(C)
SABER I'F L 20.0 19.8 | -19.0 -12.1
SEELF 45.0 39.6 -10.0 0.5
TIDI teles cope VF 35.0 33.5 -5.0 03
TIDI profiler I'F 30.0 24.5 -19.0 -5.5
GUVISIS Hsg VF 45.0 41.5 -14.0 83
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Thermosphere + Ionosphere » Mesosphere * Energetics and Dynamics

S/C Operating Transient Predictions

+X & -X Battery Half, Hot case
BETA=40, S/A Tlit=20, Qint=16.5 W/half, Qheater=0.
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S/C Operating Transient Predictions

+X & -X Battery Half, Cold case, BETA=88
S/A Tiit=20, Qint=8.0 W/half, Qheater=60W peak/half
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Thermosphere * Ionosphere » Mesosphere * Energetics and Dynamics

S/C Operating Transient Predictions

+X Panel, Hot case
BETA=40, Tilt=20, Transient Powers
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Thermosphere * Ionosphere « Mesosphere * Energetics and Dynamics

S/C Operating Transient Predictions

+X/-X S/A Panels, Hot Winter case, White back
BETA=0, Tilt=20, GaAs Cells, n=12%, 94 Lb/Wing ,
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S/C Safe Mode Temperature Predictions
| S/C Orbit Average Temperatures

Max. Safe | Max, Temp. | Min. Safe | Min. Temp.

Component Temp (C) | Pred.(C) | Temp.(C) | Pred. (C)
+X Panel 50.0 229 -19.0 -14.7
-Y Panel 50.0 17.4 -24.0 -13.2
-X Panel 50.0 0.8 -24.0 -22.2*
+Y Panel (@ IEM) 50.0 23.1 -24.0 ~23.8*
-Z Deck (@ IMU) 65.0 34.9 -30.0 10.1
+Z Deck 50.0 2.6 -19.0 -24.0*
Optical bench 30.0 13.5 -20.0 -16.7
Batteries (2 halves) 20.0 -4.5*% -15.0 -4.5*
Star trackers (2) 45.0 26.0 -30.0 -25*
Solar array 90.0 78.1 ~70.0 15.6
Nadir S-Band antenna 65.0 ' 6.3 -90.0 -45.2
Zenith S-Band antenna 65.0 3.5 -90.0 -35.0
GNS antenna 65.0 -25.3 -90.0 -73.0

* Temperature predictions with heater power
Note: Max. Safe Temp.. predicts are from Attitude Safe Hot
Min. Safe Temp predicts are from Hard Power Safe Cold
Safe mode is defines as -Y to sun, -Z north, Inertially Fixed, Solar Array rotated to 88° BDW-62
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S/C Safe Mode Temperature Predictions

Instrument Interface Orbit Average Temperatures

Max. Surv. { Max. Temp. | Min. Surv. | Min. Temp.
Component Temp. (C) | Pred.(C) | Temp.(C) | Pred. (C)
SABER I'F 50.0 -12.8 -29.0 -29*
SEEI/F 50.0 17.4 -24.0 -10.2
TIDI telescope VF 30.0 15.0 -20.0 -16.7
TIDI profiler I/F 50.0 12.9 -24.0 -13.5
GUVISIS Hsg I'F 50.0 2.5 -19.0 -14.2

* Heater power used to protect minimum interface temperature.

Note: Max. Safe Temp. predicts are from Attitude Safe Hot
Min. Safe Temp predicts are from Hard Power Safe Cold
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S/C and Instrument Safe Mode Heater Power

O rbit Average | Orbit Average
Heater Power, | Heater Power,
Beta=0 Beta=90
(Watts) @ 26 | (Watts) @ 26
Component Volts Volts
+X Panel 0.0 0.0
-X Panel 5.0 5.0
+Y Panel 10.0 14.0
+Z Deck 10.0 10.0
-Z Deck 0.0 0.0
B atteries (2 halves) 55.0 75.0
Star Trackers (2) 14.0 10.0
S/1C subtotal 94.0 114.0
SABER ‘ 25.3 . 253
S EE 14.0 14.0
TIDItelescopes (4) 3.0 3.0
TIDI profiler/CCD 4.0 4.0
GUVISIS Housing 3.0 3.0
inst. subtotal 49.3 49.3
Total |  143.3 | 163.3

Note: Heater power predicts are from Hard Power Safe Cold
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s Thermosphere » Ionosphere « Mesosphere * Energetics and Dynamics

S/C Thermal Hardware - Thermostats
*Thermostats: Total = 44 thermostats. (prim/red)

— 2 heater circuits on the star trackers = 4 thermostats

— Survival heater zones on the following panels:
+X and -X panels = 4 thermostats
+Y panel (on each IEM) = 4 thermostats
-Z panel (near IMU)= 4 thermostats
+Z panel = 4 thermostats

— Damper heater circuits (2 each X 10) = 20 thermostats
— Battery high/low mechanical backup = 4 thermostats
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Thermosphere * Ionosphere » Mesosphere » Energetics and Dynamics

S/C Thermal Hardware - Heaters

*Heaters: Total = 76 dual-element heaters.
— 3 survival heaters per thermostat = 20 heaters.
— 2 heaters per battery cell = 44 heaters.
— 1 heater per solar array damper = 10 heaters.
— 1 heater per star trackers = 2 heaters
— All heater resistances sized to 26 V. Peak Power reported @ 35 V.

«Deutsch blocks for thermostats and heaters connections.

Instruments are purchasing their own thermostats and heaters.
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Thermosphere * Ionosphere » Mesosphere * Energetics and Dynamics

S/C Thermal Hardware - Temperature Sensors

e 61 S/C temperature sensor pairs are required for the S/C
housekeeping and thermal assessment on-orbit. Currently using a
1000 Ohm platinum thermistors for all S/C temperature sensors,
which provide -100 to +100 C range (#S100480PFY72B).

o Instruments will be supplied 13 S/C-monitored temperature
sensors mounted to the instrument:
GUVI-2
SABER -4
SEE - 2
TIDI -3
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Thermosphere » Ionosphere * Mesosphere * Energetics and Dynamics

S/C Thermal Hardware - Relays

 Total of 8 S/C thermal relays.

e 2 Battery heater relays required:
- Primary/Redundant heaters ( 10 A).

2 Damper heater relays required (2 A):
- Primary/Redundant relays for solar array deployment.

e 2 survival relays required, Prim/Redund (10 A):
- Mechanical thermostats on critical components and
distributed around S/C bus to provide minimum survival
temperatures (Always enabled).

2 S/C operational heater relays required:
- Primary/Redundant for star trackers (2 A).
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"~ Thermosphere * Ionosphere « Mesosphere « Energetics and Dynamics

S/C Thermal Hardware - Heat Pipes

* 4 flight and 1 spare heat pipe will be used.
*Heat pipes will be embedded in +Z honeycomb deck.
*Heat pipes are designed to leak before burst.

*Heat pipes are designed to operate between -40 and +40 C
with 0 to S0 Watts of heat transport.

*Heat pipes are designed to survive exposure to -55 and +125 C.
(pipes must survival panel cure temperature)

*Heat pipes are on schedule for delivery to panel developer.
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el Thermosphere » Ionosphere » Mesosphere » Energetics and Dynamics

Instrument Thermal Hardware - Relays

eAll instruments will be provided one survival heater relay to
protect instrument when unpowered =4 relays.

*SABER requires 1 operational heater relay.
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~ Thermosphere * Ionosphere » Mesosphere * Energetics and Dynamics
S/C Future Thermal Tasks

Purchase most thermal hardware in the next 2-3 months.
(Heat pipe contract already in place)

«Update instrument models with CDR versions.

*Perform battery thermal vacuum balance test.

Correlate battery thermal balance test results with model.
eIntegrate thermal hardware onto S/C as required.

*Prepare for S/C Thermal Vacuum testing over a GSFC.
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Thermosphere « Ionosphere » Mesosphere * Energetics and Dynamics

S/C Thermal Issues and Concerns

eLaunch environments are schedule for delivery to APL by

Dec. 5,1997. APL will perform launch transient analysis based on
new DPAF environment.

*To date, worst case heater power estimates have been used for S/C
design with Qenv=0 for 4.5 hours for launch phase. (see cool downs)
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