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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.
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Problem Statement (2 /2)
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Solut ion Approach (1 /3)

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

User will have capability to select thermal 
subsystem resources as icons and locate each 
icon in appropriate engineering subsystem or 
payload element
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Solut ion Approach (2 /3)

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
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Solut ion Approach (3/3)
Power 

Consuming
? Ma ss Contingency

CBE + 
Continge ncy Powe r [W] NASA

Unit (Y/N) [kg] % [kg] Launch Cruise Mnvr Mode
Jupite r 

Syste m Tour
Encounter 

Mode

Ga nymede 
(Science+Tele

com)
Ganymede 
(Science)

Ganymede 
(Tele com)

Sa fe Mode 
w/Prop

Sa fe Mode 
w/out P rop TRL Comments

TOTAL 41.22 29% 53.06 19.1 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2 7

Thermal (S pacecraft only) 41.22 29% 53.06 19.1 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2 38.2 Assumes 3% of Tota l Syste m dry Mass for thermal control mass [kg]

Multilayer Insulation     (MLI) 1.0 N 34.28 30% 44.56 Assumes 5% of Tota l Syste m dry Mass for thermal control power [W]

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 0.75 kg/m^2  <---   

High Cond      0.0 Type 1

Heaters Y 0.025 kg/m^2  <---   

Catalogue 1.0 0.05 15% 0.06 0.001 kg/kg      <---

   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 0.975 kg            <---

Thermostats Y   

Mechanical 1.0 Y 0.05 30% 0.07 10.5 kg/m^2  <---

   Electronic 0.0 Y 0.00 30% 0.00 0.05 kg            <---

Relay Switches (Heater Control 0.0 Y 0.00 30% 0.00 0.05 kg            <---

Thermal Louvers 0.0 N 0.00 30% 0.00 0.006 kg            <---

Thermal Radiator (Area=m2) 0.0 N 0.00 30% 0.00 0.01 kg            <---

Heat Pipes  (Room Temperature)
   CCHP 0.0 N 0.00 10% 0.00 0.01 kg            <---

     Straight 0.0 N

     2-D Bends 0.0 N

   VCHP 0.0 N/Y

   Loop HP 0.0 N/Y

Heat Pipes  (Cryogenic) 0.0

Phase Change Material N

   Wax 0.0

   Water 0.0

Cryogenic Coolers
   Passive (JPL In-house) N     

Single Stage 0.0

     2 Stage 0.0

     3 Stage 0.0

   Passive (Contrator) 0.0 N   

Mechanical Y     

Stirling 0.0 Y     

Sorption 0.0 Y

     Gas-Standing Wave 0.0 Y

Thermal Switch 0.0 N

Mechanical Pump Loop System 0.0 Y

Aero-Shell TPS N

     PICA 0.0 N

Parachute N     

Viking 0.0 N

     MER N

          1-ST 0.0 N

          2-d 0.0 N

RHU's 0.0 N 0.00 15% 0.00 0.1 kg            <---

Propuls ion Tank Heaters 12.0 Y 1.20 20% 1.44 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 0.1 kg            <---

Propuls ion Line Heaters 26.0 Y 2.60 15% 2.99 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 0.1 kg            <---

Ins trument Thermal Mas s /Power Y

Mass
Estimate

Fis cal Year 2007

     

Grass Root Costing Phase A Phase B

                                                   

Phase C

                   

Phase D Su;m
Detail Design S S Fab SS I & T Proj.  I & TLaunch Ops(1mo p La)Cost($M) WF(WY)

WBS
Calender time (month) 15 15 24 7.5 7.5 18 4
06.07.01 Management 0   

Mgmt Support Cost 0 0 0 0 0 0 0 0 0.0000
WF   

Sec Support Cost 0.1 0.125 0.125 0.2 0.0625 0.0625 0 0.033333333 0.6083
WF   

Comp Hw/Sw S upport * 0.024 0.09375 0.13125 0.816 0.0609375 0.065625 0.243 0.002666667 1.413229167

Sum Of Co s t / WF
Wo rkFo rce 3.125 4.375 17 4.0625 4.375 6.75 0.333333333 40.02083333
Labo r Co s t 1.016411989 1.368321086 5.013197655 1.066837116 1.135622821 1.829288302 0.126050024 11.5557
Hardware / Tes t Equipment / Mis c. 0 0.1 0 0.55 0 0 0 0.6500
Flig ht Hareware 1.4025

06.07.02 Entineering   
Thermal Project Engr Principle Cost 0.318996307 0 0 0 0 0 0 0 0

WF 0   
Thermal Lead Engr S enior Cost 0.270150072 0.33768759 0.33768759 0.540300145 0.168843795 0.168843795 0.405225108 0.090050024 2.0486

WF 1 1 1 1 1 1 1 7.583333333   
Thermal Sys Engr S taff Cost 0.232904483 0 0 0 0 0 0 0 0.0000

WF 0   
Thermal Sys Engr Associa te Cost 0.205114255 0 0 0 0 0 0 0 0.0000

WF 0
06.07.03 Analysis/Design   

Thermal Ana lysis Engr S r Sr Cost 0.270150072 0.168843795 0.33768759 0.540300145 0 0 0 0 1.0468
WF 0.5 1 1 3.875   

Thermal Ana lysis Engr S taff S taff Cost 0.232904483 0.291130604 0.291130604 0.931617932 0 0 0 0 1.5139
WF 1 1 2 6.5   

Thermal Ana lysis Engr Associa te Cost 0.205114255 0 0 0.410228509 0 0 0 0 0.4102
WF 1 2

Development Testing 0.1 0.1000

Plane ta ry Protection  
PP Lead Engineer S enior Cost 0.270150072 0 0 0 0 0 0 0 0.0000

WF 0  
PP Ana lysis / Design S taff Cost 0.232904483 0 0 0 0 0 0 0 0.0000

WF 0  
PP Testing / HW Cost

06.07.04 Hardware   
HW Support Engineering Sr Cost 0.270150072 0 0 0 0 0 0 0 0.0000

WF 0
S taff Cost 0.232904483 0 0.145565302 0.465808966 0.145565302 0.145565302 0.174678362 0 1.0772

WF 0.5 1 1 1 0.5 4.625
Associa te Cost 0.205114255 0 0 0 0 0 0 0 0.0000

WF 0
Flight HW Testing Hw 0.3 0.3000

06.07.05 BCE/AHSE/GSE   
Thermal H/WTest Engineer Sr Cost 0.270150072 0 0 0 0 0 0 0 0.0000

WF 0
S taff Cost 0.232904483 0 0 0.232904483 0.145565302 0.145565302 0.349356724 0 0.8734

WF 0.5 1 1 1 3.75
Associa te Cost 0.205114255 0 0 0 0 0 0 0 0.0000

WF 0
BCE/AHSE/GSE 0.25 0.2500

06.07.06 Integration And Test   
Subsystem Integra tion and Test           

Thermal I&T Engineer Sr Cost 0.270150072 0 0 0 0 0 0 0 0.0000
WF 0

S taff Cost 0.232904483 0 0 0.465808966 0.145565302 0.145565302 0 0 0.7569
WF 1 1 1 3.25

Associa te Cost 0.205114255 0 0 0.410228509 0.128196409 0.128196409 0 0 0.6666
WF 1 1 1 3.25     

System Integrtion and Test           
Thermal I&T Engineer Sr Cost 0.270150072 0 0 0 0 0 0 0 0.0000

WF 0
S taff Cost 0.232904483 0 0 0 0.145565302 0.145565302 0.349356724 0 0.640487328

WF 1 1 1 2.75
Associa te Cost 0.205114255 0 0 0 0.064098205 0.128196409 0.307671382 0 0.499965996

WF 0.5 1 1 2.4375

Cost
Estimate

Automated compilation of thermal hardware resources that is then
used for subsystem costing & mass estimation
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Requirements (1/2)

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)

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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Block Diagram for Earth Orbiter
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Thermal Control Elements Used
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Thermal Cost Tool
Hardw are Mass Est imate
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Thermal Hardw are 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 proprietary 
nature of this information
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Conclusions

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


