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Problem Statement (1/2) &

A critical tool for identifying subsystem
architecture is the block diagram

No associative database capability to define
types and quantities of subsystem resources.

A protracted and manual process must occur
to tabulate these resources and transfer them

\ to appropriate cost estimating tools. j




TEAN X \
Jet Propulsion Laboraﬁory

CRUISE STAGE |— | |
PROP
CSS CEM ScSATlﬁfEn :g;:ﬁ -TANKS {2) e RAD MOTORS (3) TIR MOTORS (3)
- B 7 -PDM ..':' Beoss L L
. -LINES L TR
-TCAVALVES (2) ®e--
Vent Port 3 TI 1
:" P -TCA CATBEDS @+ Ba;:;?,} BPSA BIMU
HRS i "*T’ S @ L T
- _
CRUISE STAGE ; -?: CsL Crulse_ Shunt
HES - Radiator
RADIATOR [ ﬁ L
B
= ry
| —
HR S Inlet to Fower LAHDER
T 3_:__ SR ~ Vs hunt Radiator
1 =| | | RHU | 1 Avionics LEM B‘:.*:"e‘“' DRL GAS
Solar Amay D eploy, | =1 BT I [Rower Bt @ Pl B GENERATOR (3)
PanCamFilter Wheel| || pEm & (@ 1 Radizdors &+ CuD
RAT, & Mobility |i| g~ [S|[3 BATTERY T Parachute
Actuators 1 : = § .8 | Mortar Canister
[ Taa] = E SOLAR P LEM ARA {4
: ol (= Thermal ARR AY m:er - o LPA {3}
: = |2 Switohes < %4 CHD DIMES CCD ® o0
PMA Mast Deploy | Rocker Deploy
2 IDD Actuators :J E‘ ay i Aktimlor
=
HGA (rm‘tor&ge_arbox) 1 = E E 1 & NI LAHDER RADAR LPSA ]
PMA AZ (bearings) | | I S reem— PRI BATTERY {5} LPA Electronics (3)
e CMD
il o : : TARGETS - Lander Basepdal & CMD
FrAA Azimotor & gearbo:) MTES
: 1
HGA (bearing & rotanr !_ == 1 CAMER AS R owver Lift Mech RADAR ALTI!“E TER RLM Electronics
joint @styp (FT0—0T—T = WEB [— = — = = =— &t @ 43D Electronics ® CMD
® Cruise Heater Si FSW Cortrolled “#* Mechanical Thermostat (Dual Redundancy) #  PRT (Read by the CSID/CPCU)
®  wsrmeup Hester ED Command Sble Mechanical Thermostat (Single String) PRT (Read by the LEMRE U}
® PrcEDLEDL Heater 1 Nighttime heater usage 3 o yer Temp Mechanical Themostat (wi Thermostat Box) *  PRT Read bythe REM Payload IF Board)
® Surf Op Heater (X! HRS VentPyro #  PRT (Read by the CEM REU) PRT (Read by the BCB}




SOIUtion Approach (1/3) JJJJJJJJJJ » g ¥ X

Block diagram templates for typical JPL
missions and instruments (e.g., Orbiters,
Landers, Rovers) will be developed

User will have capabillity to select thermal
subsystem resources as icons and locate each
icon in appropriate engineering subsystem or
payload element
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SOIUtion Approach (2/3) JJJJJJJJJJ » g ¥ X

User will have capability to edit thermal block
diagram as needed

Block diagram tool produces graphical
depiction of thermal subsystem, compiles
thermal subsystem resources, and determines
mass & cost estimates using a JPL Thermal
Cost Database

J
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Solution Approach (3/3) 22
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Master Name Quantity
Heaters (Catalogue)

Multilayer Insulation (MLI)

Tempsensor (Thermisters)
Thermostats (Mechanical)
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\ Automated compilation of thermal hardware resources that is then/

used for subsystem costing & mass estimation




Requirements (1/2) o

Use existing COTS software that can be adapted to our
purpose
MS Visio is an example of such software

The tool shall be compatible with Team X workstations

Block diagram development shall consider typical JPL
missions & instruments (e.g., Orbiters, Landers,
Rovers)

References to engineering subsystems &payload
elements shall be consistent with the JPL standard
WBS
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Requirements (2/2) T

Thermal subsystem resources shall be mapped one-to-
one with the existing JPL Thermal Cost Database

Output shall be directly usable or importable into the
Thermal Cost Estimating Tool
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Telecom Subsystem Sheet
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Telecom Subsystem rearX
Thermal Control Elements Usedse”

Components

Master Name Quantity
Heaters (Catalogue) 1
Multilayer Insulation (MLI) 1
Tempsensor (Thermisters) 2
Thermostats (Mechanical) 1
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Thermal Cost Tool Hardware Mag.;@?\

- Jet Propulsion Laboratory
& Power Required e
Power
Consuming CBE +
? Mass Contingency | Contingency
Unit (YIN) [kl % kgl
TOTAL 41.22 29% 53.06
Thermal (Spacecraft only) 41.22 29% 53.06
Multilayer Insulation  (MLI) 1.0 N 34.28 30% 44.56
Thermal Surfaces N 1.33 30% 1.73
Paints/Films 0.0
Chemical Processes 0.0
Thermal Conduction Control N 1.69 30% 2.19
Isolation G-10 0.0
High Cond 0.0
Heaters \ Y
Catalogue 1.0 0.05 15% 0.06
Custom 0.0 0.00 30% 0.00
Temperature Sensors
Thermistors 2.0 Y 0.02 10% 0.02
PRT's \ 0.0 0.00 10% 0.00
2 Wire 0.00 10% 0.00
4 Wire 0.00 10% 0.00
Thermostats Y
Mechanical 1.0 Y 0.05 30% 0.07
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Thermal Hardware Cost

The same hardware tally information was
Imported into a JPL thermal hardware cost
database & an estimate was computed

Results were withheld due to the propietary
nature of this information
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Conclusions o

A block diagram tool was developed & it produces
graphical depiction of thermal subsystem,
compiles thermal subsystem resources, and
determines mass & cost estimates using the JPL
Thermal Mass & Cost Databases

This results in a rapid & controlled process for Pre-
Phase A thermal design conceptual definition

J
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