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Executive Summary:
Two independent cost estimating methods in TruePlanning

B Space Missions (TPSM)

- Best for NASA Projects
= Estimates by NASA Mission Class
= Default outputs in NASA Std. WBS format

= Specific cost objects for Electric Propulsion, lon Thrusters, Lasers, Parachutes, Radar Altimeters and Thermal Protection

B Space Hardware Equipment Types

- Best for DoD Service / Agency Space Missions, but very useful as a ‘cross-check’ for other estimating
methods, including TruePlanning Space Missions

= Flexible WBS outputs, including MIL-STD-881

= Historical DoD Spacecraft Bus database




Case Study Overview




Case Study 1: LEO UV Optical
Telescope (LUVOT)

Explorer-class UV telescope for Astrophysics

LEO payload with commercial low-cost spacecraft

Uses a cluster of 4 telescopes tuned to cover different ranges
in the UV spectrum

MASS SUMMARY Total M
Subsystem/Component ° ;(l;BEaSS’
TOTAL

UV Optical Telescope
UVOT Spacecraft

LUVOT Schedule, months

Phase A-D (Total Development) =4.6 years

Design, mo Fab, mo 1&T, mo
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Case Study 1: LUVOT Master Equipment List

Unit Mass, Unit Mass,
Current Current
Best EMs & Other characteristics/issues Best EMs & Other characteristics/issues
Estimate | Flight Flight ~ Proto- |Total Mass, |Description (Vendor, Part #, Heritage  (volume, power, other Estimate | Flight Flight Proto- | Total Mass, |Description (Vendor, Part #, Heritage  (volume, power, other
Subsystem/Component (CBE) Units  Spares  types CBE |Basls) Ific items) (CBE) Units  Spares  types CBE |Basis) component-specific items)
TOTAL 485.5 UV Optical Telescope 96.1
UVOT Spacecraft 389.4 Telescope Optical Assembly
Structure Primary mirror 1.3 4 0 1 5.0 Lightweighted design, Adv Mat'l 25cm diameter
Primary Structure 90.0 1 0 0 90.0 |Standard design Aluminum Primary mirror mounts 0.5 4 0 1 20 Modified past design Titanium
Secondary Structure 25.0 1 0 0 25.0 |Standard design Aluminum Secondary mirror 0.8 4 0 1 3.0 Lightweighted design, Adv Mat'l 12cm diameter
Gimbal 15.0 1 0 0 15.0 |Modified from past program Secondary mirror mounts 0.3 4 0 1 10 Modified past design Titanium
Thermal 0 Detectors & Electronics
Multi-Layer Insulation, Coatings 5.0 1 0 0 5.0 [Standard materials, new design Detectors, CCDs 10 4 4 4 4.0 |CCDMart Part #2021
Heaters, Thermistors 2.0 1 0 0 2.0 |Standard materials, new design Readout Electronics 1.0 4 1 1 4.0 |Modified Past Design
Radiator 3.0 1 0 0 3.0 Minor mod of past design Composite Focal Plane Asembly Housing 1.5 4 1 1 6.0 Aluminum
ACS Filter Wheel Assembly
Coarse Sun Sensor 0.0 10 0 1 0.1 Entrance filters assembly 0.5 4 1 1 20 Minor mod from past design
Inertial Reference Unit 2.0 3 0 1 6.0 COTS part Filter wheel mechanism 0.8 4 1 1 3.0 Minor mod from past design
Magnetometer 0.5 2 0 1 1.0 |coTspart shutter 05 4 1 1 2.0 [Minor mod from past design
Magnetic Torque Rod 1.5 3 0 1 45 COTS part baffles 0.5 4 1 1 20 Minor mod from past design
Star Tracker 5.0 2 0 1 10.0 |Modified COTS part secondary mirror 0.5 4 1 1 20 Minor mod from past design
Reaction wheels 9.0 4 0 1 36.0 |Modified standard design focus mechanism 0.3 4 1 1 10 Minor mod from past design
Power image motion compensation actuators 2.0 4 1 1 8.0 Minor mod from past design
Solar Array, Cells/Electrical 7.0 2 0 0 14.0 |COTS cells, custom wiring High efficiency, Multi-junction Structure, Mechanical, Thermal
Solar Array, Substrate/Structure 15.0 2 0 0 30.0 |Modified past design Composite door Assembly 0.8 4 1 1 3.0 |Minor mod from past design
Solar Array Drives 5.0 2 0 0 10.0 |Modified past design door hinge assembly 0.5 4 1 1 20 Minor mod from past design
Battery 40.0 1 1 1 40.0 |Standard cells w/ new configuration  Li-lon, 80 Amp-hrs aperture selector 0.5 1 1 1 0.5 |cOTS part
Power Distribution Unit 20.0 1 0 1 20.0 |Modified past design Telescope Tube 4.0 4 1 1 16.0  |New design Composite
CDH 0.8 4 1 1 3.0 Standard parts/processes, custom
Backplane 1.0 1 0 1 1.0  |COTS part spider structure design
Single Board Computer 0.8 1 0 1 0.8  |COTS part w/ custom software Rad750-based 0.4 4 1 1 16 Standard parts/processes, custom
UL/DL Board 0.5 1 0 1 0.5 [Modified past design heaters design
Bus Control I/F Board 0.8 1 0 1 0.8 Modified past design 0.5 4 1 1 20 Standard parts/processes, custom
ACS Electronics Board 0.8 1 0 1 0.8  |Modified past design telescope harnessing design
Gimbal Drive Board 0.5 1 0 1 0.5 |Modified past design kinematic mounts 0.8 12 3 3 9.0 Minor mod from past design Aluminum
General Purpose Board 0.5 1 0 1 0.5  [Modified past design Electronics Box
Power Control Unit 1.0 1 0 1 1.0 Modified past design Control Electronics 0.5 1 0 1 05 COTS part w/ custom software Rad750-based
Solid State Recorder 5.0 1 0 1 5.0 COTS part Power Management 1.0 1 0 1 10 Modified past design
Chassis 8.0 1 0 0 8.0  [Modified past design power switching card 1.0 1 0 1 1.0 Modified past design
Communications PCI backplane 0.5 1 0 1 05 COTS part
X-band Transponder 3.0 2 0 1 6.0 |cOTS part housing 7.0 1 0 1 7.0 Aluminum
Solid State Power Amplifier 3.0 4 0 1 12.0 |COTS part Harnessing 4.0 1 0 1 4.0 Custom harness, new design
Antennas 1.0 4 0 1 4.0 Modified past design
Misc RF Electronics 2.0 1 0 1 2.0 Standard design, modified COTS
Waveguides/misc 5.0 1 0 1 5.0 |Standard design, modified COTS
Harness 30.0 1 0 0 30.0 |Custom harness, modified design
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Case Study 2: Marscopter — Helicopter for Mars

ENTRY, DESCENT, & LANDING

- Provides protection during
Mars entry & initial
deceleration

- Uses a mini “Sky Crane”
based idea to lower the
Helicopter to the Mars
surface

CRUISE STAGE

Earth-to-Mars transport

*New Frontiers or Flagship-class mission
to land & fly a medium-sized helicopter
on Mars

*Uses MSL/Mars 2020 Sky Crane concept

for entry, descent, & landing

*Primary power in flight at Mars is from
batteries, which are recharged by
deployed arrays when landed

MARS HELICOPTER/LANDER

- Helicopter is powered by batteries
during flight

- Solar Arrays are used when landed to
recharge batteries between excursions

- Multiple excursions can be conducted;
Lifetime driven by battery
charge/discharge cycles
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Case Study 2: Marscopter — Helicopter for Mars

Marscopter Schedule, months
30
MASS S U M MARY Total Phase A-D (Total Development) =6.1 years

Subsystem/Component Mass, CBE 25
TOTAL 2,228.9 o
PAYLOAD 87.9
Mapping Spectrometer 70.5 B
Visible Camera 79 o
Meteorological Suite 9.5
FLIGHT SYSTEM 1,625.8 5
Mars Helicopter/Lander 515.2 0 -
EDL Assembly 940.0 Design, mo Fab, mo 1&T, mo LO, mo
Cruise Stage 170.6
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Case Study 2: Marscopter Master Equipment List

[t Maseh, i ‘Current Total Misa. ANMACIEISICS/Issues
e . Yot e g Beat Ee ... olume power, othar
- Esomate | Fight  Fignt  Prom. | Tell  Contingém Coningsn componentapecinic
stmiemiCompomat E::’;‘E'J" Tt ::“-“r: :";: s Pog ':“:_"J""" 5“"":"‘" . ;ﬁ:“""‘""""“ foubaystem Component {CBE) | Units  Spares  fypes  Mass,C o ¥ Daseription (Vendor, Part 8, Hesitage Basis) Hems)
TOTAL 22289 FoL el
1ees. Structures & Mechanisms
FLIGHT SYSTEM 16258 Mii Sky Crane Primary Strusture | 150.0 1 0 ] 150.0 ‘Sealad-Gown hertage design At
M;"mn:::;mi::::m b2 ;'r'::c‘?:fcc""“ Secontary 50.0 1 o B 50.0 ‘Staled-soan herilage BN Auminum
Primary Strusture 350 Heatshield Structure 75.0 1 o o 75.0 Scaled-doan hevilage design Aburminur
40 1 4.0 N Heatshield TPS 300.0 1 ] ] 300.0 Scaled-gown heritage design
Tap Deck o . (Cusiom Besian. siandan mateias/procH Compaste Backshall Structurs 500 | 1 o 0 50.0 Scaled doan heritage design Jrm—
Battern Deck 40 1 ] [} 40 Custom desagn, slardard materiaisiprocesses. Comgasite ki) B 1500 1 ] & 150.0 Scalad-doun haritzge dasign
Struts 10 '3 o 0 18.0 Custom design, standand mabwiktlproceses Composie Parachute {w' mortar) 75.0 1 1 1 75.0 Scaled-doan heritage design
Landing Legs 30 3 o [ 9.0 Custoen fesgn, slandard materials/processes Camposie P"T‘:“:”m"l":: 20 - N . 260 st larcing Bruser chasers, COTS
Sacondary Stnictures 240 et =
BracketsMounts 18.0 1 o 0 18.0 ‘Gustorn design, slandard materais/processes Compasite :;:::;;E:::wwahuers f: g f g : ?E g ::m“::ﬂmn':::"ﬁ ml'muws amriden
Fasteners 6.0 1 o 0 6.0 Custom desgn, standard materis/processes Titanium : J - J
Mechanisms 30.0 Avionics -
Landing Leg Lock 4.0 3 o o 12.0 Cuslom design, slandard materials processes Aluminam Inertial Measurement Unit 50 1 ] 1 50 Modified COTS device
Visible Carmera Gimbal 60 1 o [} 6.0 Custom desgn, stardard matenals/processes A Single Baard Computer 0 1 o ! 10 COTS part wf custo sotware RaIro-based
Mapping Spectrometer Cover &0 1 o 0 60 Custom desgn, stardard materals/processes .
Salar Asray Deployment Device 30 2 o ] 6.0 ‘Cusiom design, slandard materials/processes Aluminum [Cruise Stage 170.6
Thermal Control Structures & Mechanisms . . - u .
. . y - uminum-horeycom)
Mol Layer st Caatings 100 1 . . 10.0 ustom esin. siandand maleraioosssss Primary Structure o A Scaled heritage design s
Heaters. 30 1 o [ 30 ‘Custom desagn, slandard materiaisiprocesses m‘;ﬁ:’lﬂi""“""’ :g'g : s g :g g :’g.;";e;':’:e danign
Pewer Balance Mass 50 1 o 0 50 Auminum
Sus‘:;”“’: 23‘: 2 4.7 cots T GGG, e Thermal Control
alls/Electrical ! o [] : colls. custom witng bt g —
SA SubstrateMechanical 104 2 o [ 208 Modibed past design Camgasie :""' c“‘l‘““‘s_r z gg 1‘0 g : 2 g :::: ::’“: ::‘::‘:: :::::“““:i
Battory 2000 1 1 1 2000 Standard cells wi new configuration 200 Amp-hir Lidion h::f."‘;‘;“‘" b ¥ . S L
Pawer Supplies 80 1 o 1 a0 Cusion desagn. changes K HY operaton "
Power Management & Distribution | 8.0 1 o 1 8.0 ‘Custom design, charges for HY operation ::::n [r“‘l'::m“ g-gg : : 3 3;-2 :;:II’:I::W Tank Titanium
High Voitage Box 16.0 £ 8
Hi Pawer Conversion System | 9.0 1 0 1 90 Custom design, changes for HY operation AC8 Tirmiecs o 8 4 g b e e
HV ChassisiFrame 7.0 1 o 1 7.0 Custom desgn, standard matenala/iprocesses Auminum o 028 N Fr " e T
Hamensas 200 i o N 300 Custom hemess, modsied desion wessure Transducer o ] ! Madified dosign. standard matenals/processes
Guldance, Navigation, & Control TCM Theuster Brackets 0.13 4 o 0 05 Modifisd design. standard matensis/processes
\nertial Measurement Linit 50 3 o s 10.0 Modied COTS part ACS Theuster Brackets 025 8 [} ] 20 Muodiied design. standand matenalsiprocesses
Landing AMimeter 100 2 1 1 200 (Custom desxgn, charges for unique application — RO - = AFR e L U MM L E A D—
Cammand & Data Handiing
RADTS0 Single Board Computer | 0.5 1 ] 1 05 COTS part wh application-specific software Rad750-based
Payload Intertace Card 05 1 0 1 05 Modited past design
Other Cards 05 4 o 4 20 Modibed st designs
Communications
X-band Deep Space Tra 40 2 ] 1 8.0 COTS part
Solid State Power Amplifier 20 2 o 1 6.0 COTS pan
High Gain Antonna 120
HGA Dish 80 1 o 1 8.0 Modibed past design
HEA Support Structurn 40 1 o 1 40 Modibed past design Compeste
Lew Gain Antennas 04 3 o 1 12 COTS pant
Misc RF Electronics 1.0 1 0 1 1.0 Moditid design, standad matensisprocesses
Waveguidas 25 1 o 1 25 Moditied design. standard materiats/processes
Helicopter
Rotors 1.0 4 1] 1 4.0 Cuslom Ightweight cesin AQVAreed compasie
Rofors Suppart Structure 05 4 o 1 20 Custorn housings: Titanium
Mator 40 4 1 1 16.0 Custom meator, New design New technology
Motar Controlier 0
Motar Cantrosier Electronics 20 1 o 1 20 Custom cards with " devioes
rirclar Ch 10 " 2 Aurinum
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Case Study 2: Marscopter Master Equipment List

Current Total Mass characteristicassues
Best EMs & W [¥olume, pawer, other
Estmate | Fught  Fight  Proto- | Total  Contingen Comingenc component-specific
SubsystemiComponent (CBE) | units  Spares  types |Mass,CBE ey ¥ Description (Vendar, Part 8, Herltage Basis) Homs)
PAYLOAD 87.9
Mapping Spectrometer 705
Spectrometer Assembly
Optical elements 50 1 0 1 50 Oplics use advanced malerials/coatings w! heritage:
Grating 20, 1 0 1 20 Modified past design
Filters 20 1 o 1 20 Modified past design
Sensor, CCO os| 4 0 1 20 CGOMan Part # 1969
Telescope Assembly
Main Body 100 1 ] 1 100 Custom design, heritage processes/materials. Compasite
Baffles 5o 1 [ 1 50 Modified past design
Primary Mirror 40 1 0 1 40 Modified past design
Scan Mimrar
Sean Mirrer Optics 20, 1 0 1 20 Modified past design Standarg opties.
Scan Mirror Actuator 1.0 1 ] 1 10 Madified past design
Telescope Secondary Structure 50 1 0 1 50 Custom designs, hefitage processesimaterials Composite
Sean Platferm
Scan Platform Structure 50 1 0 1 50 Gustom design, heritage prosesses/materials. Compasite
Scan Platform Molor 50 1 0 1 50 Modified past Gesign
Standard
Scan Platform electranics 25 1 0 1 25 Modified past design microprocessar
Scan Platform cabling 10, 1 o 1 10 Modified past design
Thermal Control
Multi-Layer Insulation/Coatings 40 1 0 1 40 Standard materials, new design
Radiator 20, 1 0 1 20 Custom design, hesitage processes/materials. Composite
Temperature Sensors 10, 1 0 1 1.0 Standard materials, new design
Gommand & Data Handling
Read-Out Electronics 10 1 0 1 1.0 Modified COTS item with custom software
Solig-state Memory 10 1 0 i 10 COTS ilem
CDH Chassis 20, 1 0 1 20 Moified past de: Alumirum
Pawer
Power Supplies 20, 1 [ 1 20 Modified past design
Power Management & Distribution 20 1 0 1 20 Maociied past design
Harmessing 40 1 0 1oL se Custom hamess, new design
Visible Camera 7.9
Housing a0 1 [ 1 40 Custom design, hentage processes/materials. Composite
Primary Optic 20, 1 [ 1 20 Modified past design
Secondary Optics os| 1 0 1 05 Modified past design
Detector, CCD 04 1 0 1 04 CCOMart Part # 1963
Readout elecironics os| 1 0 1 05 COTS item with custom programming
Visitle Camera Internal Hamessing os| 1 0 1 05 Modified past design
Meteorological Suite 95
Sensors
Temperature Sensor os| 2 [ 1 1.0 Modified past design
Wind Sensor os| 2z 0 1 10 Modified past design
Pressure Sensor 0s| 2 0 1 1.0 Modified past sesign
Seismometer os| 2 0 1 1.0 Custom design with new technalogy
Electronics
Readout Electronics 10, 1 0 1 10 Modified past design
Power Conditioning 1.5 1 [] 1 15 Modified past design
Power
Power Conditioning 20 1 o 1 20 Maodified past design
- - - L —
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The PRICE Space Hardware
Equipment Types and Resulting Cost
Models




Data Sources

B The current Equipment Type calculator includes an updated table of TruePlanning
manufacturing complexities using a combination of three sources:

1) PRICE KnowledgeNetwork (KN): Specific product information provided to PRICE Estimating Suite
(PES) customers from approximately 1995 through 2005. KN is approximately 12,000 records of
individual software and hardware product information for PES estimating purposes.

2 Spacecraft Bus Component Calibrations: Selected Unmanned Space Cost Model (USCOM) data
dealing with spacecraft bus components, supplied to PRICE Systems by the US Air Force Space
and Missile Command (SMC), sent to PRICE in April 2014.

3) Calibrated Complexity Values Embedded in PRICE tools: 30 years of heritage as some of the
values originate with PES from its beginning in 1975. Since then, the content of the embedded
tables has grown and matured and been inherited by TruePlanning.

B These three data sources contain publicly available as well a proprietary data. As a result,
individual records of the sources are not used for table publication. Rather, statistical
metrics are used to categorize component complexity values for estimating purposes. The
average complexity over all instances of a component is used.



Space Equipment Types — 119 New Types + Legacy

Structures & Mechanisms

Actuator/Drive Ass'y
Hinges

Latch

Mechanisms
Pyrotechnics
Pyrotechnics Ass'y
Solar Array Yokes/Booms
Structure, Panel
Structure, Payload
Structure, Primary
Structure, Solar Sail
Structure, Wheel

Thermal Control

Altitude Control / GNC

Propulsion

Accelerometer

ACS Control Electronics
Earth Horizon Sensor

GPS Receiver

IMU/IRU

Magnetic Torquer
Magnetometer
Momentum/Reaction Wheel
Nutation Damper/Despin Ass'y
Rate Gyro

Star Tracker

Sun Sensor

Torque Coils

Heat Pipes
Heater/Thermistor/Thermostat
Mirror

Miscellaneous Passive Thermal

MLI Blanket/Insulation/Paint/Shroud

Optical Solar Reflector
Radiators/Louvers

Filter

Lines/Fittings,Latch/Isolation Valves

Manifold

Motor, Apogee Kick

Motor, Solid Rocket
Plumbing

Plumbing, XIPS

Power Processor

Regulator

Squib Valve, Fill/Drain Valve
Tank, Auxilliary

Tank, Chemical

Tank, Flight System

Tank, Helium

Tank, Launch System

Tank, Liquid

Tank, Manned Space Mission
Tank, MUPS

Tank, Oxidizer/PMD

Tank, Pressurant

Tank, Propellant/Propulsion
Tank, XIPS

Thruster Module, Dual
Thruster, ARCJET

Thruster, Cold Gas
Thruster, High Level
Thruster, LAE

Thruster, Liquid

Thruster, Low Level Spin Control

Thruster, REA
Thruster, XIPS
Thruster:.1 LB. - 110 LB.
Transducer




Space Equipment Types — 119 New Types + Legacy

TT&C / C&DH / Communications

Antenna

Antenna, Hi-Gain

Antenna, Horn

Antenna, Low-Gain/Medium Gain
Antenna, Omni

Antenna, S-Band

Antenna, VHF

Command Receiver
Command Telemetry Unit
Communication Security
Data Handling

Data Interface

Data Recorder
Demodulator

Diplexer

Filter/Coupler

Frequency Downconverter
Harness/Cabling/Waveguide
Memory

Modulator

Oscillator/Clock

Power Amplifier
Premodulator Processor

RF Distribution

RF Ferrite Device

RF Plumbing

Signal Conditioner

Signal Switch

Spacecraft Control Processor
Thruster Firing Electronics
Transmitter

Transponder

Transponder Telemetry Unit
TWTA

Valve Driver

Electrical Power

Battery

Battery Voltage Limiter

Battery Voltage Pressure Monitor
Battery,NiH

Cabling/Wiring Harness
Ordnance/Charge Power Controller
Power Conditioner/Controller
Power Control Electronics

Power Converter

Power Dissipators/Shunts

Power Distribution Unit

Power Regulator

Power Supply Electronics

Solar Array

Solar Array Drive

Solar Array -GaAs

Solar Array -Si

Squib Driver

Switching Unit

Payload / Instruments

Optics (Average Complexity)

Digital/Analog Electronics

Power Supply Electronics

Power Connectors/Harnesses

Optics (Simple)

Optics (Complex Assy.)

Digital/Analog Electronics (Simple Circuit)
Digital/Analog Electronics (Complex Circuit)
Sensor, Electronic, General

Payload and Bus

Electronic Chassis/Housing
Electronic Chassis/Housing (Simple / Mechanical part)
Electronic Chassis/Housing (Sophisticated / Complex)




Building the Product Breakdown Structure

Product Breakdown Structure

Simple | Detailed

i I H Top Level
- l.:z ESS10N
3 - @ WBS 10 ATLO .
; 5 A.M;_ = System & Assembly Object
5 =-Cl WES 05 Payload Bl
6 =@ Pajoad instrument 1 = Missions PMO & ATLO
7 =3 Structures and Mechanisms
8 Primary Structure
; ol G B Payload Level
10 £ Blectronics Boxes

Theanl Cortrl Asserbly - System Object for Payload PMO

3

Ca Command & Data Handling Assembly
ca Power Assembly
(|
ca

Optics Assembly / - Assembly Object at each Payload
Sensor Systems Assembly .
= 4~ e Summary for Integration

27 £
49 + g Patioad Instrument 3

HoH Fo*

68 Z§3  WBS 06 Spacecraft System n Spacecraft Level
69 SR ] SC Bus Assembly-
: b = E:ET;\ - System Object for S/C PMO

72 =g Structures and Mechanisms Assembly .

7 B Pimay Sruchre - Assembly Object for S/C I&T
74 B Secondary Structure

z : S e = Assembly Objects at each

7 # @  Theml Cortrol Assembly Subsystem Level for I&T

81 = i@ GNC Assembly

87 [+ ‘@ Communications Assembly

- LMD Tomrt s i it Component Level

103 # &  Power Assembly

109 & Sensor Systems Assembly - Hardware Objects




Equipment Type Calculator:

Enhanced with Unmanned Space Mfg Complexities

&3 PRICE TruePlanning 14.2 - [AIM Proposal va FY$15+]
Fle Edit View Reports Tools Window Help X
% G b B Bk @ Bus Component ing C
Input Sheet: Star Tracker CT- Hafd_wm omplexy, = _r_ = Percentage
simple | Detailod Reference f] Component Definition etk e ety CEeils Planetay | structure weight
i | Detailad d 1[Attitude Control [Accelerometer 525 578 100%
2|artiude control lACs Control Eectronics 736 sa2 1029 1089 7%
24| attitude control earth Horizon sensor 815 263 1056 preed as%
28|Attitude Control |GPS Receiver 7.60 8.04 9.83 10.40 40%
1 =0 AIM Proposal va FY$15 A | [cost 33atitude Control iMU/iRU 978 1034 100%
sefattitude control Magnetic Torquer 715 760 100%
o : Project Cost s7{Attitude control Magnetometer 726 768 939 933 %
2 =] 1-3 AIM Mission ¥ . whee! oo oo o0%
) ag|Attitude Control [Nutation Damper/Despin Ass'y 8.29 877 100%
3 =@  10AMATLO Worksheet Set: _Spaq ofatitude conto e oyro s 1015 100%
_ s2|attitude control star Tracker 965 1020 100%
4 B-5 05 AIM Payload System s8|Attitude Control lsun sensor 816 863 1055 1116 35%
113]attitude Control Torque coils 725 767 100%
38 =G 06 AIM Spacecraft Bus System 124{Bus & Payload Elect An typically
rectangular, made of Aluminum, o s oo
e 1 StartDate ‘with up to 6 bolt down fasteners
2 @ Assembly B
B o (i} 127[Bus & Payload Electronic Chassis/Housing A simple electronic housing,
40 @  Attitude Control (ADC) Assembly 2| ¥ Quantity Per (simple / Mechanicalpart) typically made of aluminum with o o oo
- 2 no more than four sdes and 4 bolt
41 ot RW 3 Additional Unit down fasteners
) 125|Bus & Payload Electronic Chassis/Housing An electronic housing made with
42 = RW Electric 4 Number of Ac Complex) h
itanium or composttes,
43 o Torque Rods 5 © NumberofAc sometimes with unusual shape 800 800 100%
\with more than four sides, o with
a4 A Mag & CostSharing U added stffeners, orwith more
than o fasteners
3 11fetectrical Power pattery 813 813 100%
45 = Star Tracker CT-633 7 Total Number of | 12|Electrical Power Battery Voltage Limiter 7.06 7.06 9.13 9.3 70%
13|Electrical Power Battery Voltage Pressure Monitor 809 809 1046 1046 70%
46 = Coarse Sun Sensor 8 Total Number of Frototypes Froduced oy [LX0) i)
47 & LN-200S rate sensor 9 Technical Description
57 =&  CDH Assembly 11 Operating Specification 200 20 B8 i@
69 “ @  Stucture Assembly 12 O weight of Structure 20617 kg lw ®d )
o . -
gz % Thermal Assembly 13 O weignt of Electronics 00000 kg [™ @4 )
® @  COMM Assembly 14 Volume 1.945 (4] 1w @& i)
15 Manufacturing Complexity for Structure 9.647 [+3) Y i)
16 Percent of New Structure 20% (<5 % ®3] k)
17 Percent of Design Repeat for Stucture 0% [« % [ i)
18 Manufacturing Complexity for Elactronics 0.000 [+ [0 i)
19 @ percent of New Electronics 20% [+ % ] i)
20 Percent of Design Repeatfor Electronics 0% =3 % g )
21 Engineering Complexity 0.200 [+ () i)




Equipment Type Calculator:

Completed Calculator Inputs

== =)

ﬁ PRICE TruePlanning 14.2 - [AIM Proposal v9 FY$15%]
’ @ Fle Edit View Reports Tools Window Help
Simple | Detailed
! 1 =0 AIM Proposal va FY$15
2 =&  1-3AMMission
3 @ 10AMATLO
II 4 (=] 05 AIM Payload System
: 38 =g 06 AIM Spacecraft Bus System
39 =@ Assembly
40 - i@ Attitude Control (ADC) Assembly
41 B RW
42 - B RW Electric
43 £ Torque Rods
44 B Mag
45 - B Star Tracker CT-633
| 46 £ Coarse Sun Sensor
1] 47 - B LN-200S rate sensor
Il 48 =) Power Assembly
il 57 S CDH Assembly
|| 69 - i@ Structure Assembly
W 72 G Thermal Assembly
M| 79 @ COMM Assembly
L
|
|

Project Cost

[ ] Tables and Calculators !

Equipment
The Equipment Type

typical that are commonly developed and produced

When you select an Equipment Type from the available values, values are lly calculated for Operating Sp . Total Weight, Weight of Structure,
Volume, Manufacturing Complesxity for Structure, and @ for E based on industry standard values from PRICE System's cost

research on equipment types. These values may be changed by the user if their organizational specific database indicates better values

Worksheet Set:  Space v4f

Show Descriptions

1 StartDate

3 Additonal Unts |
4 O Number of Additiq
5 O Number of Additiq
& Cost Sharing Units
7 Total Number of Prog

8 Total Number of Pro

11 Operating Sp

20 Quantity Per Next| |

- I

10 Equipment Type

Section Name Input Field Ds

Operating Environment Unmanned Space - Earth Orbiting [

Function Spacecraft Attitude Control [
Equipment Type Star Tracker [¥]
Total Weight 2.062

Heritage Structure to Print [w]| Copy refers to a componentthatis offthe

Copy/Bu

12 © weight of Structur
13| @ weight of Electro
14 Volume

15 Manufacturing Compl

16 Percent of New Struc

Operating Specification 2.00
Total Weight 2.062 kg
Weight of Structure 2062 kg
‘Weight of Electronics 0.000 kg
Volume 3218 |
Ci ity for 9647
Manufacturing Complexity for Electronics 0.000
Percent of New Structure 20.00% %
Percent of New Electronics 2000% %

Engineering Complexity 0.20




The Space Missions Catalog and
Resulting Cost Models




TruePlanning Space Missions (TPSM) History

1988 — 1992 1992 - 2010 2010 — Today

* An improved method for * The PRICE H approach was * Migrated methodology from
estimating NASA Planetary refined to include Earth orbiting PRICE H to TruePlanning

missions was identified as a missions in addition to Planetary + Used to support multiple

need to support the upcoming * Additional refinements were instrument and mission Standing
Discovery Program made to capture science Review Boards (SRBs)

* A new approach based on PRICE instruments and approaches demonstrating accuracy and
H was developed leveraging an used by more recent missions applicability throughout all

extensive amount of past Goal was to focus on perceived mission development phases

planetary data (going back to cost drivers versus non-causal
the early 1970s) options
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TPSM Methodology Overview

) 1) Payload Inputs 2) Spacecraft Inputs 3) Schedule Inputs 4) Project-Level Inputs

g Define inputs Define inputs Define schedule Platform, Parts Class, International

&' characterizingall [ characterizing all —> milestones for all —> role, Contracting Fees/Burdens,

> Payload Flight Spacecraft Flight Flight Elements Number of Flight Units, and

<L Hardware Hardware Mission Class assignments

©

=

= Modification of ‘Resource Costs by Activity’ for WBS

% Load all analysis Automatically component 1/2/3/4/7/9/10;

© inputs into Excel generated from allocations to ‘Cost Object Costs by Activity’ for WBS 5/6;

E the Excel Interface subsystems Fees/Burdens and International impacts
captured in Excel Interface




TPSM Inputs

4 Analysis Steps Needed to Define Inputs:

B Step 1: Allocate all payload Master Equipment List (MEL) items to a subsystem & component type
B Step 2: Allocate all flight system MEL items to a subsystem & component
B Step 3: Define schedule milestones for each flight element and the individual instrument elements

B Step 4: Assign project-level inputs as needed
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TPSM Components (Steps 1 & 2)

Subsystem | Subsystem | Subsystem

* TPSM builds up a cost estimate component | component | component

STRUCTURE & MECHANISMS | GUIDANCE, NAVIGATION, & CONTROL

. . « e, | ENTRY & DESCENT
Sta rtl n g Wlt h d efl n It I O n Of S u bsyste m S Primary Structure Star Tracker Themal Protection System *
Sun Sensor Parachute *

Secondary Structure
Reaction Wheel

& com ponents Shielding

Solar Array Substrate/Structure Torque Rod
. . . HGA Structure Gimbals Optical Bench
* Each item in a MEL can be assigned Fectronics Boes WGy oprc
echanisms ctuators ratings
to a ‘Subsystem’ and ‘Component’ Motor/Actiator Rodar Altimeter e W e
using the Subsystems/Components  rrsmrm Transponder

Robotic Arm - Limb Laser *

Robotic Arm - Joint/Actuator

|

|

|

|

|

|

|

|

|

|

|

Transmitter |

S h OW n h e re Amplifier | = Sensors-Detectors
Misc RF Electronics | = CCD Detectors
THERMAL CONTROL HGA | Magnetometer

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

MLI, Paints, Coatings

 Subsystems can use items shown

MGA/LGA TOF Spectrometer

. Heaters, RHUs, Thermostats Waveguide/Comm Cabling ESA sensor
u n d e r a d |ffe re nt S u bsyste m' Radiatt.)rs/Louvers Photodiode
Heat Pipes COMMAND & DATA HANDLING Bolometer

Cryocooler Command/Data Processing lon Source

maximizing flexibility to track
different project categorizations

Solid State Memory Gamma Sensor
PROPULSION
Propulsion Lines/Valves/Fittings

Pressure Regulator

* Instruments can use items in ‘Optics’ e

Thrusters

and Sensor Systems’ as well as items  prrrrrmers

lon Thruster *

from other Subsystems Power rocessing Unit*

Neutron Sensor
Dust Detector
Power Management and Distribution Readout Electronics
Solar Cells/Electrical
Pyrotechnics
Batteries

Harness

* Modeled using custom TPSM relationships
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TPSM Component Type Inputs
(Steps 1 & 2)

* There can be up to 5 different type inputs tailored
to each ‘Component’

* The type inputs are generally arranged from lower
cost (1) to higher cost (5)

* Component type inputs are used differently for
each ‘Component’ and are used to estimate lower-
level cost drivers (part volumes, electronics density,
parts complexity, integration complexity, and
others)

Type
3

Subsys_Component Tech Parameter 1 2 ) s
Structure and Mechanisms
Primary Structure Material Aluminum Stainless Steel Titanium Composite xx
Secondary Structure Material | Aluminum Stainless Steel Titanium Composite xx
shelding Material Aluminum Stainless Steel Titanium ; High-Density xx
Solar Array Substrate/Structure Material | Aluminum Honeycomb Titanium Composite xx
High Gain Antenna Structure
Flectronics Boxes Material | Aluminum Stainless Steel Titanium Composite xx
Mechanisms Complexity simple Standard Advanced Very Advanced xx
Motor-Actuator Complexity | simple Standard Advanced Very Advanced X
Booms Complexity simple Standard Advanced Very Advanced xx
Thermal Control
ML, Paints, Coatings
Heaters, RHUs, Thermostats Material | Aluminum Stainless Steel Titanium Composite xx
Radiators/Louvers Material Aluminum Stainless Steel Titanium Composite xx
Heat Pipes, Material | Aluminum Stainless Steel Titanium Composite xx
Cryocooler Material Aluminum Stainless Steel Titanium Composite xx
Propulsion
Propulsion - Lines/Valves/Fittings Material Aluminum Stainless Steel Titanium Composite. xx
Pressure Regulator - Transducer Complexity | simple ndar Advanced Very Advanced xx
Tanks Material Aluminum Stainless Steel Titaniur Composite xx
Theusters Material Aluminum Stainless Steel Titanium Composite xx
fon Thruster Specific Impuise.
Electric Propulsion Power Processing Unit Maximum Power
Command and Data Handing
Command/Data Processing Complexity Simple, Non-  Most Microprocessors,  RAD750, PPC Advanced Devices xx
Programmable RADG000
Solid State Memory Complexity X Simple Solid State  Nominal Space-based  Complex Solid State  Rad-+ard Complex
Solid State
communications
Transponder Frequency Band Uk S-band X-band Xa - band Optical
Transmitter Frequency Band UHF 5-bend X-band Ka - band Optical
Amplifier Frequency Band TWIA UHF, Simple $/X- band S5PA Ka - band SSPA Advanced Device
Miscellaneous RF Electronics Frequency Band Uk band X-band Ka - band Optical
High Gain Antenna Frequency Band uHF 5-band X-band Ka - band Optical
Medium Gain Antenna/Low Gain Antenna Frequency Band unr S-band X-band Ka - band Optical
Waveguides - Comm Cabling, Frequency Band UHF 5-band X-band Ka - band Opical
Guidance, Navigation and Control
Star Tracker Complexity Simple Standard Advanced Very Advanced xx
Sun Sensor Complexity. Simple Standard Advanced Very Advanced xx
Reaction Wheel
Torque Rod
Gimbals Material Aluminum Stainless Steel Titanium Composite xx
MU-Gyro
Actuators
Power
Power Management and Distribution Complexity | Simple or Large-Scale  Nominal Space-based  Complex Device, Adv  Very Complex Rad- X
v Switching or 18T Hard Device
Solar Calls/Electrical Complexity Silicon Solar Cells Multiunction  Multi- Junction and  Low Intensity and Low. xx
High Effciency Temperature or
Advanced
Pyrotechnics Complexity. simple Standard Advanced Very Advanced xx
Batteries Chemistry Non-rechargable Nicd or NiH Lidon Advenced Chemistry XX
Power Harness/Cabling
sensor systems |
Sensors/Detectors Complexity simple Nominal Complex Very Complex X
Charge Coupled Device Detectors Complexity | Most Visible, Si-based  Adv Vis, Most UV/IR  Adv Multi-Spectral Very Complex xx
ccos (HgCaTe)
Magnatometer Complexity Simple/standard Advanced Very Advanced X« xx
Time OF Flight Spectrometer Complexity simple Standard Customized/High Advanced X
Performance
Electro-Static Analyzer Sensor Complesity simple Standard Customized/High Advanced xx
Performance
Photodiode Complexity simple Standard Customized/High Advanced xx
Performance
Bolometer Complexity simple Standard Customized/High Advanced X
Performance
fon Source Complexity simple Standard Customized/High Advanced X
Performance
Gamma Sensor Complexity simple Standard Customized/High Advanced X
Performance
Neutron Sensor Complexity simple Standard Customized/High Advanced xx
Performance
Dust Detector Complexity simple/standard Advanced Very Advenced xx xx
Read Out Electronics. Complesxity simple Standard Advanced Very Advanced X
Laser
optcs |
Optical Bench Material Aluminum Stainless Steel Titanium Composite X
Optics Complesity simple Standard Advanced Very Advanced X
Gratings Complexity imple Standard Advanced Very Advanced xx
Filter Wheel ter Aluminum Stainless Steel Titanium Composite. X
Optic Filters/Miscellaneous Complexity simple Standard Advanced Very Advanced X
Arm
Robatic Arm - Limb Material Aluminum Stainless Steel Titanium Composite xx
Robotic Arm - Joint-Actuator Complexity simple Standard Advanced Very Advanced X
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TPSM Component
Type Input Matrix

Medium Gain Antenna/Low Gain Antenna Frequency Band UHF 5-band X- band Ka - band Optical
1 2 Waveguides - Comm Cabling Frequency Band UHF 5-band X- band Ka - band Optical
Guidance, Navigation and Control
Star Tracker Complexity Simple Standard Advanced Very Advanced XX
Sun Sensor Complexity simple Standard Advanced Very Advanced XX
Reaction Wheel
Torque Rod
Gimbals Material Aluminum Stainless Steel Titanium Composite XX
IMU-Gyro
Actuators
Power
Power Management and Distribution Complexity simple or Large-Scale  Nominal Space-based ~ Complex Device, Adv  Very Complex Rad- xx
Device Switching or I&T Hard Device
Type Solar Cells/Electrical Complexity silicon Solar Cells Multi-junction Multi- Junction and  Low Intensity and Low xx
Subsys _Component Tech Parameter 1 2 3 4 5 High Efficiency Temperature or
Structure and Mechanisms Advanced
Primary Structure Material Aluminum Stainless Steel Titanium Composite XX Pyrotechnics Complexity Simple Standard Advanced Very Advanced xx
Secondary Structure Material Aluminum Stainless Steel Titanium Composite XX Batteries Chemistry Non-rechargable Nicd or NiH Li-ion Advanced Chemistry xx
Shielding Material Aluminum Stainless Steel Titanium Other; High-Density XX Power Harness/Cabling
Solar Array Substrate/Structure Material Aluminum Honeycomb Titanium Composite XX Sensor Systems
High Gain Antenna Structure Sensors/Detectors Complexity Simple Nominal Complex Very Complex XX
Electronics Boxes Material Aluminum Stainless Steel Titanium Composite XX Charge Coupled Device Detectors Complexity Most Visible, Si-based  Adv Vis, Most UV/IR  Adv Multi-Spectral Very Complex XX
Mechanisms Complexity simple Standard Advanced Very Advanced XX ccos (HgCdTe)
Motor-Actuator Complexity Simple Standard Advanced Very Advanced XX Magnetometer Complexity Simple/Standard Advanced Very Advanced XX XX
Booms. Complexity Simple Standard Advanced Very Advanced XX Time Of Flight Spectrometer Complexity Simple Standard Customized/High Advanced XX
Thermal Control Performance
ML, Paints, Coatings Electro-Static Analyzer Sensor Complexity Simple Standard Customized/High Advanced XX
Heaters, RHUs, Thermostats Material Aluminum Stainless Steel Titanium Composite XX Performance
Radiators/Louvers Material Aluminum Stainless Steel Titanium Comp XX Photodiode Complexity Simple Standard Customized/High Advanced xx
Heat Pipes Material Aluminum Stainless Steel Titanium Composite XX Performance
Cryocooler Material Aluminum Stainless Steel Titanium Compo xx Bolometer Complexity Simple Standard Customized/High Advanced xx
Propulsion performance
Propulsion - Lines/Valves/Fittings Material Aluminum Stainless Steel Titanium Composite XX lon Source Complexity Simple. Standard Customized/High Advanced XX
Pressure Regulator - Transducer Complexity simple Standard Advanced Very Advanced xx performance
Tanks Material Aluminum Stainless Steel Titanium Composit xx Gamma Sensor Complexity Simple. Standard Customized/High Advanced XX
Thrusters Material Aluminum Stainless Steel Titanium Composite xx performance
lon Thruster Specific Impulse Neutron Sensor Complexity Simple Standard Customized/High Advanced XX
Electric Propulsion Power Processing Unit Maximum Power Performance
Command and Data Handling Dust Detector Complexity Simple/standard Advanced Very Advanced XX XX
Command/Data Processing Complexity Simple, Non- Mot Microprocessors, ~ RAD750, PPC Advanced Devices XX Read Out Electronics Complexity Simple Standard Advanced Very Advanced XX
Programmable RADE000 Laser
Solid State Memory Complexity XX Simple Solid State  Nominal Space-based ~ Complex Solid State ~ Rad-Hard Complex Optics
Solid State Optical Bench Material Aluminum Stainless Steel Titanium Composite XX
Communications Optics Complexity Simple Standard Advanced Very Advanced XX
Transponder Frequency Band UHF S-band X - band Ka - band Optical Gratings Complexity Simple Standard Advanced Very Advanced XX
Transmitter Frequency Band UHF S-band X-band Ka - band Optical Filter Wheel Material Aluminum Stainless Steel Titanium Composite XX
Amplifier Frequency Band TWTA UHF, Simple S/X - band SSPA Ka - band SSPA Advanced Device Optic Filters/Miscellaneous Complexity Simple Standard Advanced Very Advanced XX
Miscellaneous RF Electronics Frequency Band UHF 5-band X- band Ka - band Optical Robotic Arm
High Gain Antenna Frequency Band UHF S - band X - band Ka - band Optical Robotic Arm - Limb Material Aluminum Stainless Steel Titanium Composite XX
Robotic Arm - Joint-Actuator Complexity Simple Standard Advanced Very Advanced XX
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TPSM Space Missions Objects

Space Missions
C 0 EEDODEE R
ud — =

Space Space Spa COTS | Space Electric ~ Space Ion Space Laser Spce Spacé Radar Space System | Space Thermal
Assembly Component Used for Propulsion P... Thruster Parachute Altimeter Subsystem Protection
t / Pass-thrus i t TPSM-unique
/ Hierarchy: Space System-Space Subsystem-Space Assembly components

Used for most components
* These are the TPSM Objects

* Each Flight Element and Instrument is represented by a ‘Space System” that is made up of
‘Space Assemblies’

* ‘Space Component’ is used for most items
* ‘Space COTS’ can be used for pass-thrus

* There are 7 component types that have TPSM-unique estimates — PPUs and Thrusters for
lon Propulsion, Lasers, Radar Altimeters, Parachutes (including mortar), and TPS; These
items have inputs tailored to capture their associated cost drivers
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TPSM Schedule Milestones (Step 3)

B Projects are organized into 4 phases:
= DESIGN + FABRICATION + I&T + LAUNCH OPS
B 5 milestones are used to define these phases
= Authority to Proceed (typically start of Phase B)
= Critical Design Review (CDR); DESIGN = CDR - ATP
- Systems Integration Review (SIR); FABRICATION = SIR - CDR
- Pre-Ship Review (PSR); I&T = SIR - PSR
= On-orbit Checkout (OOCO); LAUNCH OPS = O0OCO - PSR
B Schedule inputs can be refined in TPSM

- Typically, dates for Instrument & Subsystem (latest component) deliveries to System I&T are used in place of
SIR
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TPSM Project-Level Inputs (Step 4)

There are 7 Project-Level Inputs:
Platform: Earth Orbiting (= Near Earth) or Planetary

Parts Class: S, S1, B, B1, B2, D; These classifications relate to parts quality, where S/S1 are the highest
quality parts, B/B1/B2 include COTS items with varying levels of qualification, and D covers purchases
from Home Depot or Radio Shack

International: Yes or No; If there is international contributions to any of the space flight elements,
costs are added to the management, systems engineering, and mission assurance functions to
capture associated complexities (this is added outside TPSM)

Contracting Fees & Burdens: These have been stripped from the data used to develop TPSM and
need to be added to the estimate (this is added outside TPSM)

Number of Flight Units: The MEL should represent a single flight unit for each element, and multiple
units is captured here

Mission Class: A/B or C/D; This drives the percentages used for PM, SE, MA, MOS/GDS, & I&T
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TPSM Output (Step D)

®High-level TPSM outputs are shown here along
with their associated estimating methodology

®TPSM Results using “Cost Object Costs by
Activity” are used to populate WBS 5 & 6 costs;
Output for individual Flight Elements and
Instruments can be copied into Excel

®TPSM results using “Resource Costs by Activity”
are used to populate WBS 1/2/3/4/7/9/10

Mission Name

WBS RYSK DES FAB 1&T LOCO TOTAL
1 PM 0
These items are estimated as "wrap" factors
2 SE . o . . 0
driven by the Mission Risk Class input
3 MA (A/B or C/D) 0
4 SciTm 0
5 Pyld 0 0 0 0 0
Instrument 1 0
Instrument 2 0
Instrument 3 Subsystem-level 0
Estimated directly in factors used to
Instrument 4 ) . . 0
TPSM (with applicable estimate Instrument-
Instrument 5 Project-level inputs) level costs during I&T 0
Instrument 6 and LOCO 0
Instrument 7 0
Instrument 8 0
Instr PM/SE/MA | Portion of WBS 1/2/3 estimate can be moved here 0
Instr I&T/GSE Portion of WBS 10 estimate can be moved here 0
6 s/C 0 0 0 0 0
Flight System 1 Subsystem-level 0
Flight System 2 Estimated directly in factors used to 0
Flight System 3 TPSM (with applicable estimate Instrument- 0
Flight System 4 Project-level inputs)  level costs during I&T 0
Flight System 5 and LOCO 0
S/C PM/SE/MA Portion of WBS 1/2/3 estimate can be moved here 0
S/C I&T/GSE Portion of WBS 10 estimate can be moved here 0
7/9 MOS/GDS These items are estimated as "wrap" factors 0
10 1&T driven by the Mission Risk Class input 0
TOTAL 0 0 0 0 0
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Case Study 1: LUVOT (Step 1)

#OF UNITS FLIGHT HARDWARE MASSES OTHER COMPONENT INFORMATION TPSM COST MODEL INPUTS
Unit Mass, Y 3
Current Best EMs & Total Mass
Estimate Flight Flight Proto- | Total Mass, Contingen wi Other characteristics/issues (volume, power, other component- New or Advanced
(CBE) Units  Spares  types CBE cy%  Contingency (Vendor, Part #, Heritage Basis) specific items) Heritage Tech Subsys Comp Type
UVOT Tel Optical Assembly 11.00 #H#
Primary mirror 1.25 4 0 1 5.00 Lightweighted design, Adv Mat'l 25cm diameter Major Mod Optics Optics 3
Primary mirror mounts 0.50 4 0 1 2.00 Modified past design Titanium Minor Mod Optics Optical Bench 3
Secondary mirror 0.75 4 0 1 3.00 Lightweighted design, Adv Mat'l 12cm diameter Major Mod Optics Optics 3
Secondary mirror mounts 0.25 4 0 1 1.00 Modified past design Titanium Minor Mod Optics Optical Bench 3
Detectors/Electronics 14.00 #iHHHE
Detectors, CCDs 1.00 4 4 4 4.00 CCDMart Part # 2021 Copy Sensor Systems 1arge Coupled Device Detectc
Readout Electronics 1.00 4 1 1 4.00 Modified Past Design Minor Mod Sensor Systems Read Out Electronics
Focal Plane Asembly Housing 1.50 4 1 1 6.00 Aluminum New Structure and Mechan Electronics Boxes 1
Filter Wheel Assembly 20.00 #i
Entrance filters assembly 0.50 4 1 1 2.00 Minor mod from past design Minor Mod Optics Optic Filters/Miscellaneous 2
Filter wheel mechanism 0.75 4 1 1 3.00 Minor mod from past design Minor Mod Structure and Mechan Mechanisms 2
shutter 0.50 4 1 1 2.00 Minor mod from past design Minor Mod Optics Optic Filters/Miscellaneous 2
baffles 0.50 4 1 1 2.00 Minor mod from past design Minor Mod Optics Optic Filters/Miscellaneous 2
secondary mirror 0.50 4 1 1 2.00 Minor mod from past design Minor Mod Optics Optics 2
focus mechanism 0.25 4 1 1 1.00 Minor mod from past design Minor Mod Guidance, Navigation and Actuators 1
image motion compensation actuators 2.00 4 1 1 8.00 Minor mod from past design Minor Mod Guidance, Navigation and Actuators 1
Structure, Mechanical, & Thermal 37.10 -54% 17.00
door Assembly 0.75 4 1 1 3.00 Minor mod from past design Minor Mod Structure and Mechan Mechanisms 2
door hinge assembly 0.50 4 1 1 2.00 Minor mod from past design Minor Mod Structure and Mechan Mechanisms 2
aperture selector 0.50 1 1 1 0.50 COTS part Copy Optics Optic Filters/Miscellaneous 2
Telescope Tube 4.00 4 1 1 16.00 New design Composite New Optics Optical Bench 4
spider structure 0.75 4 1 1 3.00 Standard parts/processes, custom design Major Mod Structure and Mechan Mechanisms 2
heaters 0.40 4 1 1 1.60 Standard parts/processes, custom design Major Mod Thermal Control Heaters, RHUs, Thermostats 3
telescope harnessing 0.50 4 1 1 2.00 Standard parts/processes, custom design Major Mod Power Power Harness/Cabling 1
kinematic mounts 0.75 12 3 3 9.00 Minor mod from past design Aluminum Minor Mod Structure and Mechan Secondary Structure 1
UVOT Electronics Box 10.00 #HiHHHE
Control Electronics 0.50 1 0 1 0.50 0% 0.00 COTS part w/ custom software Rad750-based Minor Mod Command and Data HaCommand/Data Processing 1 3
Power Management 1.00 1 0 1 1.00 0% 0.00 Modified past design Minor Mod Power ver Management and Distribu 2
power switching card 1.00 1 0 1 1.00 0% 0.00 |Modified past design Minor Mod Command and Data HaCommand/Data Processing 2 2
PCI backplane 0.50 1 0 1 0.50 0% 0.00 COTS part Copy Command and Data HaCommand/Data Processing 8 1
housing 7.00 1 0 1 7.00 0% 0.00 Aluminum Minor Mod Structure and Mechan Electronics Boxes 1
Harness 4.00 #HHHH
Harnessing 4.00 1 0 1 4.00 Custom harness, new design New Power Power Harness/Cabling 1
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ase Study 1: LUVOT (Step 2)

#OF UNITS FLIGHT HARDWARE MASSES OTHER COMPONENT INFORMATION TPSM COST MODEL Il‘JPUTS
cﬂ'r'.':.'.fa;f;( EMs & Total Mass New or
Estimate Flight Flight Proto- | Total Mass, Contingen w/ Other characteristics/issues (volume, Advanced
Subsystem/Component (CBE) Units  Spares  types CBE cy%  Contingency [Description (Vendor, Part #, Heritage Basis) power, other component-specific items) Heritage Tech Subsys Comp Type
LUVOT Spacecraft 389.4 #itt
Structure 130.0
Primary Structure 90.0 1 0 0 90.0 Standard design Aluminum Minor Mod Structure and Mechanisms Primary Structure 1
Secondary Structure 25.0 1 0 0 25.0 Standard design Aluminum Minor Mod Structure and Mechanisms Secondary Structure 1
Gimbal 15.0 1 0 0 15.0 Modified from past program Minor Mod Structure and Mechanisms Gimbals 1
Thermal 10.0
Multi-Layer Insulation, Coatings 5.0 1 0 0 5.0 Standard materials, new design New Thermal Control MLI, Paints, Coatings 1
Heaters, Thermistors 2.0 1 ] 0 2.0 materials, new design New Thermal Control Heaters, RHUs, Thermostats 3
Radiator 3.0 1 0 0 3.0 Minor mod of past design Composite Minor Mod Thermal Control Radiators/Louvers 4
ACs 57.6
Coarse Sun Sensor 0.0 10 0 1 0.1 Copy Guidance, Navigation and Contr Sun Sensor 2
Inertial Reference Unit 2.0 3 0 1 6.0 COTS part Copy Guidance, Navigation and Contr IMU-Gyro 1
Magnetometer 0.5 2 0 1 1.0 COTS part Copy Sensor Systems Magnetometer 1
Magnetic Torque Rod 1.5 3 0 1 4.5 COTS part Copy Guidance, Navigation and Contr Torque Rod 1
Star Tracker 5.0 2 0 1 10.0 Modified COTS part Minor Mod Guidance, Navigation and Contr Star Tracker 2
Reaction wheels 9.0 4 0 1 36.0 Modified standard design Minor Mod Guidance, Navigation and Contr Reaction Wheel 1
Power 114.0
Solar Array, Cells/Electrical 7.0 2 0 0 14.0 COTS cells, custom wiring High efficiency, Multi-junction Minor Mod Power Solar Cells/Electrical 3
Solar Array, Substrate/Structure 15.0 2 [} 0 30.0 Modified past design Composite Minor Mod Structure and Mechanisms Solar Array Substrate/Structure 4
Solar Array Drives 5.0 2 0 0 10.0 Modified past design Minor Mod Guidance, Navigation and Contr Actuators 1
Battery 40.0 1 1 1 40.0 Standard cells w/ new configuration  Li-lon, 80 Amp-hrs Minor Mod Power Batteries 1 3
Power Distribution Unit 20.0 1 0 1 20.0 Modified past design Minor Mod Power Power Management and Distribution 2
CDH 18.8
Backplane 1.0 1 0 1 1.0 COTS part Copy Command and Data Handling Command/Data Processing 8 1
Single Board Computer 0.8 1 ] 1 0.8 COTS part w/ custom software Rad750-based Minor Mod Command and Data Handling Command/Data Processing 1 3
UL/DL Board 0.5 1 0 1 0.5 Modified past design Minor Mod Command and Data Handling Command/Data Processing 2 2
Bus Control I/F Board 0.8 1 0 1 0.8 Modified past design Minor Mod Command and Data Handling Command/Data Processing 3 2
ACS Electronics Board 0.8 1 ] 1 0.8 Modified past design Minor Mod Command and Data Handling Command/Data Processing 4 2
Gimbal Drive Board 0.5 1 0 1 05 Modified past design Minor Mod Command and Data Handling Command/Data Processing 5 2
General Purpose Board 0.5 1 0 1 0.5 Modified past design Minor Mod Command and Data Handling Command/Data Processing 6 2
Power Control Unit 1.0 1 0 1 1.0 Modified past design Minor Mod Command and Data Handling Command/Data Processing 7 2
Solid State Recorder 5.0 1 0 1 5.0 COTS part Copy Command and Data Handling Solid State Memory 1 3
Chassis 8.0 1 0 0 8.0 Modified past design Minor Mod Structure and Mechanisms Electronics Boxes 1
Communications 29.0
X-band Transponder 3.0 2 0 1 6.0 COTS part Copy Communications Transponder 1 3
Solid State Power Amplifier 3.0 4 0 1 12.0 COTS part Copy Communications Amplifier 1 3
Antennas 1.0 4 0 1 4.0 Modified past design Minor Mod Communications ledium Gain Antenna/Low Gain Antenn 3
Misc RF Electronics 20 1 0 1 20 Standard design, modified COTS Minor Mod Communications Miscellaneous RF Electronics 3
Waveguides/misc 5.0 1 0 1 5.0 Standard design, modified COTS Minor Mod Communications Waveguides - Comm Cabling 3
Harness 30.0 1 0 0 30.0 Custom harness, modified design Major Mod Power Power Harness/Cabling 1
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Case Study 1: LUVOT (Steps 3 & 4)

Deliver to Ship to Launch On-Orbit Chect-
Phase B start PDR' CDR System I&T Site Launch Out (L+30d)
Project 1/2/2022 11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
LUVOT Spacecraft 1/2/2022 11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
UVOT Telescope Optical 1/2/2022 11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
Detectors/Electronics 1/2/2022  11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
Filter Wheel Assembly 1/2/2022  11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
Structure, Mechanical, & 1/2/2022  11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
UVOT Electronics Box 1/2/2022 11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
Harness 1/2/2022 11/17/2022 10/2/2023 10/1/2024 4/2/2026 8/1/2026 8/31/2026
Y Parts Class. Internatio. Y Contract | h
Platform  (S,51,B,B1, nal ("Y" or Contractin Monitor  # of Flight
("EQ" or "P") B2,D) "N") g Fee Burden Units  Notes Mission Class

LUVOT Spacecraft P B N 1 Class C/D
UVOT Telescope Optical Assemb P S1 N 1 Class C/D
Detectors/Electronics P r S1 N 1
Filter Wheel Assembly P o1 N 1
Structure, Mechanical, & Therm P " os1 N 1
UVOT Electronics Box P ! N 1
Harness P r S1 N 1
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Case Study 1: LUVOT (Step D — Output)

Case Study 1: LUVOT
RYSK DES FAB I&T LOCO TOTAL
1 PM 2,303 11,131 1,210 266 14,910
2 SE 2861 | 3277 | 998 | 321 | 7,458
3 MA 1,960 3,517 2,084 442 8,003
4  SciTm 389 2,454 1,957 476 5,277
5 Pyld 14,814 19,357 6,179 1,151 | 41,501
UVOT Telescope Assembly 1,374 1,509 407 108 3,398
Detectors/Electronics 4,019 9,472 2,847 570 16,908
Filter Wheel Assembly 1,968 4,329 757 114 7,168
Structure, Mechanical, & Thermal 2,625 2,064 666 149 5,503
UVOT Electronics Box 4,250 1,939 1,332 186 7,708
Harness 579 45 170 23 817
Instr PM/SE/MA 0
Instr 1&T/GSE 0
6 S/C 35,761 23,647 11,766 2,051 73,225
LUVOT S/C 35,761 23,647 11,766 2,051 73,225
S/C PM/SE/MA 0
S/C I&T/GSE 0
7/9 MOS/GDS 490 2,959 3,080 631 7,160
10 1&T 3566 | 7,008 | 7,936 674 | 19,184
TOTAL 62,145 73,350 35,211 6,012 | 176,718
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Case Study 1: LUVOT (TruePlanning Output)

&R PRICE TruePlanning 16.2 - [LUVOT.tpprj] - o X
| File Edit View Project Reports Tools Window Help x
DE-HalS | & cutlacopyBraste#d (9575
Product Breakdown Structure Results x
Simple | Detailed Cost Objects B Input Sheet [ Attributes B Results| AChart ] Metrics B Schedule [ Uncertainty Analysis
N e ~ sl 5|7 | Resource Costs by Activity -
1 [ causersimkjaciOneDrive\Documents\TPSMruns\LUVOT.tpprj Cost $176,717,614 100.00% Labor Requirement 653,843.53 hours
2 CE seececrat Project Cost $176,717,614 Project Labor Requirement 653,843.53 hours
3 S [2 WS 6 Spacscraft Subsystems Phase Set: A ~  Worksheet Set: Chicomo -
sts Total Design Fabrication  Assembly Launch
4 3 Luvort spacecratt C:\Users\mkjac\OneDrive\Documents\TPSMrunsiL Integration  Operations
° “ B stetres andMechanisms System Felderl Gosts : C:UsersimijaciOneDrive\Documents\TPSMruns\LUVOT.tppr - [System Folder] [ 1=
urtency in USD (S
urrency in USD ($) (as spent)
6 Structures and Mechanisms Assembly
7 0 Primey Structure 1 01. Project Management 2303481 11131424 1,209,902 265,502
s ] secondery Stucure 2 020, Mission Analysis 2150209 1073788 cozett 286867 187,08
9 B cimoal 3 02b. System Engineering 5.307.246 1,787,492 2,674,241 711,453 134,060
10 Thermal Control 4 03. Safety & Mission Assurance 8003334 1960372 3516971 2083555 442,437
1 I Themal Control Assembly 5 04. ScienceTechnology 5276775 9438 2453992 1952175 476170
12 [ ] MLI, Paints, Coatings 6 07. Mission Operation System 7,159,842 489,861 2,958,643 3,080,197 631,141
13 F?  Heaters, RHUS, Thermostats. 7 10a. Assembly and Integration Support 2,499,624 682,505 1,202,203 525,933 83,803
14 [ Radiatworsiowvers 8 10b. System Test 12,347,262 1680982 3616639 6602709 448,933
15 - Guidance, Navigation and Control 9 10c. Ground Support 4,337,065 1,202,447 2,188,817 807,742 138,059
16 = GNC Assembly 10 Design o o
17 T sterTracker 11 Fabrication o 0
18 ! sunsensor 12 Assembly Integration and Test 17,845,485 17,045,485
19 E?  Reaction Wheel 13 Launch Operation 3,201,348 3,201,348
20 E? Toquera 14 Design Enginering 26580006 26177940 402057
2 ! mue 15 Project Systems Engineer 408206 408208
22 | Magnetomeber 16 Support Engineering 20,208,948 15,248,289 4,960,659
23 B Communications 17 Test Engineering 7,627,066 1,557,797 6,069,268
2 Communications Assembly 18 Assembler 6631051 1175961 5455000
2 El xand Trensponder 19 Material 174843 2755018 8988520
26 1 sold State Power Ampifier 20 Tooling and Test Engineering 8,730,142 580950 8,140,192
a7 1 Misceleneous RF Electronics 21 Tooling and Test Material 1,345,445 401,168 944,278
= Y Vedium o Antennaton Gein Anemna 22 Wanufactung Enginesring sasaa22 samaez
Waveguides - Comm Cabli
30 Command & Data Handling
24 System Engineering 2,250,365 2,259,365
31 = Command & Data Handling Assembly
25 Contractor 4 o 0
2 F?  Single Board Computer
26 Total 176,717,614 62,144,969 73350052 35211018 6011575
33 I} uubLBoard
34 I Bus Control UF Board
35 T Acs Electronics Board
36 T Gimbal Drive Board
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Case Study 2: Marscopter (Step 1)

# OF UNITS FLIGHT HARDWARE MASSES OTHER COMPONENT INFORMATION TPSM COST MODEL INPUTS
Unit Mass, Y 1
Current Best EMs & Total Mass Other characteristicsissues
Estimate | Flight  Flight  Proto- | TotalMass, Contingen W/ (volume, power, ot New or Advanced
(cBE) Units  spares _types cBi cy%  Contingency Description (Vendor, Part #, Heritage Basis) component-specific items) Heritage Subsys Comp Type
Mapping Spectrometer 70.50 #i#H
Spectrometer Assembly
Optical elements. 5.00 1 0 1 5.00 Optics use advanced materials/coatings w/ heritage Major Mod Optics Optics 3
Grating 2.00 1 0 1 2.00 Modified past design Minor Mod Optics Optic Filters/Miscellaneous 2
Filters. 2.00 1 0 1 2.00 Modified past design Minor Mod Optics Optic Filters/Miscellaneous 2
Sensor, CCD 0.50 4 0 1 2.00 CCDMart Part # 1969 Copy Sensor Systems yarge Coupled Device Detectc 3
Telescope Assembly
Main Body 10.00 0 1 10.00 Custom design, heritage processes/materials Composite New Optics Optical Bench 4
Baffles 5.00 0 1 5.00 Modified past design Minor Mod Optics Optic Filters/Miscellaneous 2
Primary Mirror 4.00 0 1 4.00 Modified past design Minor Mod Optics Optics 3
Scan Mirror
Scan Mirror Optics 2.00 1 0 1 2.00 Modified past design Standard optics Minor Mod Optics Optics 2
Scan Mirror Actuator 1.00 1 0 1 1.00 Modified past design Minor Mod Guidance, Navigation and Actuators 1
Telescope Secondary Structure 5.00 1 0 1 5.00 Custom designs, heritage processes/materials Composite New Structure and Mechan  Secondary Structure 4
Scan Platform
Scan Platform Structure 5.00 1 0 1 5.00 Custom design, heritage processes/materials Composite New Structure and Mechan Primary Structure 4
Scan Platform Motor 5.00 1 0 1 5.00 Modified past design Minor Mod Structure and Mechan Motor-Actuator 2
Scan Platform electronics 250 1 0 1 2.50 Modified past design Standard microprocessor Minor Mod Command and Data HaCommand/Data Processing 1 2
Scan Platform cabling 1.00 1 0 1 1.00 Modified past design Minor Mod Power Power Harness/Cabling 1
Thermal Control
Multi-Layer Insulation/Coatings 4.00 1 0 1 4.00 Standard materials, new design New Thermal Control MLI, Paints, Coatings 1
Radiator 2.00 1 0 1 2.00 Custom design, heritage processes/materials Composite New Thermal Control Radiators/Louvers 4
Temperature Sensors 1.00 1 0 1 1.00 Standard materials, new design New Thermal Control Heaters, RHUs, Thermostats 3
Command & Data Handling
Read-Out Electronics 1.00 1 0 1 1.00 Modified COTS item with custom software Major Mod Sensor Systems Read Out Electronics 3
Solid-state Memory 1.00 1 0 1 1.00 COTS item Copy Command and DataHa  Solid State Memory 1 3
CDH Chassis 2.00 1 0 1 2.00 Modified past design Aluminum Minor Mod Structure and Mechan Electronics Boxes 1
Power
Power Supplies 2.00 1 0 1 2.00 Modified past design Major Mod Power ver Management and Distribu 2
Power Management & Distribution 2.00 1 0 1 2.00 Modified past design Major Mod Power ver Management and Distribu 2
Harnessing 4.00 1 [ 1 4.00 Custom harness, new design New Power Power Harness/Cabling 1
Visible Camera 7.90 i
Housing 4.00 1 0 1 4.00 Custom design, heritage processes/materials Composite New Optics Optical Bench 4
Primary Optic 2.00 1 0 1 2.00 Modified past design Minor Mod Optics Optics 2
Secondary Optics 0.50 1 [ 1 0.50 Modified past design Minor Mod Optics Optics 2
Detector, CCD 0.40 1 0 1 0.40 CCDMart Part # 1963 Copy Sensor Systems 1arge Coupled Device Detectc 2
Readout electronics 0.50 1 [ 1 0.50 COTS item with custom programming Minor Mod Sensor Systems Read Out Electronics 2
Visible Camera Internal Harnessing 0.50 1 0 1 0.50 Modified past design Minor Mod Power Power Harness/Cabling 1
Meteorological Suite 9.50 #H#
Sensors
Temperature Sensor 0.50 2 0 1 1.00 Modified past design Minor Mod Sensor Systems Sensors/Detectors 1
Wind Sensor 0.50 2 0 1 1.00 Modified past design Minor Mod Sensor Systems Sensors/Detectors 1
Pressure Sensor 0.50 2 0 1 1.00 Modified past design Minor Mod Sensor Systems Sensors/Detectors 1
Seismometer 0.50 2 0 1 1.00 Custom design with new technology New New Sensor Systems Sensors/Detectors 2
Electronics
Readout Electronics 1.00 1 0 1 1.00 Modified past design Minor Mod Sensor Systems Read Out Electronics 2
Power Conditioning 1.50 1 0 1 1.50 Modified past design Minor Mod Power ver Management and Distribu 2
Power
Power Conditioning 2.00 1 0 1 2.00 Modified past design Minor Mod Power ver Management and Distribu 2
Harnessing 1.00 1 0 1 1.00 Custom harness, new design New Power Power Harness/Cabling 1
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Case Study 2
Marscopter
(Step 2)

—
#OF UNITS

—_
FLIGHT HARDWARE MASSES

'OTHER COMPONENT INFORMATION

“TPSM COST MODEL INPUTS.

"
Current Best Total Mass. New or
stimat Flight Flight Proto-  Total Mass, Contingen Other characteristics/issues (volume, Advanced
subsystemiComponent ese) spunes ot %" contingency Descrpon Vendor, P ortage ot s componéntapece fs) Heritage Toch Subsys comp Type
Marscopter 51520 #HH
Srucuraechnicl
Primary Struc 120.8
Top Deck 4.00 1 0 0 40 Custom design, standard materials/processes Composite New Structure and Mechanisms Primary Structure 4
Sottom Deck 400 | 1 o o 40 Custom design. standard materialsprocesses  Composte Now Structure and Mechanisms Primary Structure p
Struts 3.00 6 0 0 18.0 Custom design, standard materials/processes Composite New Structure and Mechanisms Primary Structure 4
Landing Legs 30 3 0 o 90 Custom design, siandard materialsprocesses  Composie Now Structure and Mechanisms Primary Structure i
Secondary Strctures
Brackets/Mounts 18.00 1 0 0 18.0 Custom design, standard materials/processes Composite New Structure and Mechanisms Secondary Structure 4
astoners 600 | 1 o o 60 Custom design. standard materialsprocesses  Titanium Now Structure and Mechanisms Secondary Stnucture p
Vocharioms
Landing Leg Lock 400 | 3 o o | 120 Custom design, standard materilsiprocesses  Aluminum New Structure and Mechanisms Mechanisms 1
Visible Camera Gimbal 6.00 1 0 [ 6.0 Custom design, standard materials/proce Aluminum New Structure and Mechanisms Mechanisms 2
Mapping Spectrometer Cover 6.00 1 0 0 6.0 Custom design, standard materials/processes Aluminum New Structure and Mechanisms Mechanisms 1
Solar Aray Deployment Derics 30 2 o0 o 60 Custom design. standard materialsprocesses  Aluminum Now Structure and Mechanisms Mechanisms B
Thermal Control
Multi-Layer nsulation, Goatings,etc 1000 | 1 o o | 100 Custom design, standard materialsprocesses Minor Mod Thermal Conrol ML, Paint, Coatings 1
Heaters 3.00 1 0 0 3.0 Custom design, standard materials/processes Minor Mod Thermal Control Heaters, RHUs, Thermostats. 3
Power
Solar s
SA Cells/Electrical 2083 2 0 0 417 COTS cells, custom wiring High efficiency, Multi-junction Minor Mod Power ‘Solar Cells/Electrical 3
SA SubstrateMecharical ez 2 o o | 28 Vodified past design e Minor Mod Structure and Mechanisms  Solar Array Substrate/Sinucture 4
Battery 0000 | 1 1 1 2000 Standard cells w new configuration 400 Amp-hr Lizon Mefr Moé Power teries 1 5
Power Supplies 1 o 1 60 Custom design, changes for HV operation Mor boa New - Power Management and Distrioution 3
Power Management & Distibuton so0 | 1 o 1 80 Custom design. changes for H operation Mior Mod New Pover Power Management and Distroution 3
High Voliage B
"V Power Conversion System 900 | 1 o 1 90 Custom design, changes for HV operation New New Power Power Management and Distrioution 3
HV Chassis/Frame 7.00 1 0 1 7.0 Custom design, standard materials/processes Aluminum Minor Mod Structure and Mechanisms Electronics Boxes 1
Hamesses 30.00 1 0 0 30.0 Custom harness, modified design Major Mod Power Power Harness/Cabling 1
Guidance, Navigation, & Gontrol
Inertial Measurement Unit 5.00 2 0 1 10.0 Modified COTS part Minor Mod ‘Guidance, Navigation and Contri 1
Landing Atimeter w0 2 1 1 20 Custom design, changes for unique appication New Guidance, Navgation and Contri  Space Radar Atimeter 1
Command & Data Handing
"RAD750 Single Board Computer 0.50 1 0 1 05 COTS part w/ application-specific software Rad750-based Minor Mod New ‘Command and Data Handling Command/Data Processing 1 3
Payload nertace Card 0s0 | 1 o 1 05 Viified past design Minor Mod Command and Data Handing  Command/Data Processing 2 2
Other Cards 0.50 4 0 4 20 Modified past designs. Minor Mod ‘Command and Data Handling Command/Data Processing 3 2
Communications
Yoband Deep Space Transponder w00 2 o 1 80 coTs part Minor Mod Communications Transponder 1 s
Solid State Power Amplifier 3.00 2 0 1 6.0 COTS part Minor Mod Communications Amplifier 1 3
o Ganena
8.00 1 0 1 8.0 Modified past design Minor Mod Communications High Gain Antenna 3
HoA Sugpo Stucture a0 | 1 o 1 40 Vodified past design Composie Minor Mod Structure and Mechanisms  High Gain Antenna Structure i
Low Gain Artenna o0 3 o 1 12 COTS part Minor Mod unications  fedium Gain AntennalLow Gain Antenn 3
Misc RF Elncvmmns 1.00 1 [ 1 10 Modified design, standard materials/processes Minor Mod ‘ommunicatior Miscellaneous RF Electronics 3
w 250 | 1 o 1 25 Mocified design, standard materalsprocesses Minor Mod Communications Waveguides - Cormm Cabing 3
Helicopter
Rotors w0 4 0 1 40 Custom lightweight design Aaances composte New New  Structure and Mechanisms Primary Structure .
Rotors Support Sructure oso | 4 o 1 20 Custom housings. Tianiu Now Structure and Mechanisms Secondary Sinucture B
Motor 4.00 4 1 1 16.0 Custom motor, New design New technulogy New New Structure and Mechanisms Motor-Actuator 3
Votor Cortrller
Motor Controller Electronics. 2.00 1 0 1 20 with devices. Major Mod ‘Command and Data Handling Command/Data Processing 1 3
Voor Controller ChassisiBox oo | 1 o 1 1o Auminum Minor Mog Structure and Mechanisms Electronics Bores 1
| B 940.00 it
swucures  echnisms
 Crane Primary Stucture 5000 | 1 o o | 1500 Scalecdown heritage design Auminum Mior od Structure and Mechanisms Secondary Structure 1
mn: Sky Crane Secondary Structure. 50.00 1 0 [ 50.0 Scaled-down heritage design Aluminum Major Mod Structure and Mechanisms Secondary Structure 1
Heatshield Structure 75.00 1 0 0 750 Scaled-down heritage design Aluminum Major Mod Structure and Mechanisms Secondary Structure 1
Hoatshicld TPS 0000 | 1 o o | 00 Scalec-down heritage design Minor Mod Structure and Mechanisms TPS 3
Backshell Structure 50.00 1 0 0 50.0 Scaled-down heritage design Aluminum Major Mod Structure and Mechanisms Secondary Structure 1
Sackshell PS 5000 | 1 o o 1500 Scalec-down heritage design Minor Mod Structure and Mechanisms TPS h
Parachute (w/ mortar) 75.00 1 1 1 75.0 Scaled-down heritage design Major Mod Structure and Mechanisms Parachute 1
Propulsion
Thrusters 200 12 0 o | 240 Multple landing thruster lusters, COTS ooy Propuision Thrusters 1 s
Propellant Tanks 25.00 2 0 0 50.0 Multiple custom tanks (for balance) Titanium New Propulsion Tanks 1 3
Propulsion LinesValesfFilers 00 1 o o | 100 Modified design, sandard materals/processes Mior oa Propuision Propulsion - LinesValves Fitings 3
vionics
Inertial Measurement Unit 5.00 1 [ 1 50 Modified COTS device Minor Mod ‘Guidance, Navigation and Contri 1
Singlo Board Computer T 1 o 1 10 COTS part w custom software Rad750-based Minor Mod Command and Data Handing  Command/Data Processing 1 B
Cruise Stage 170.60 #i##
Srucues s Necharisms
Primary Stru 7500 | 1 o o | 7o Scale hertage design Auminum-honeycomb panels Minor Mod Structure and Mechanisms Primary Structure :
Sec(mdary smmum 10.00 1 [ 0 10.0 Scaled heritage design Minor Mod Structure and Mechanisms Secondary Structure 1
Mechansi 1500 | 1 o o | 10 COTS devices cony Structure and Mechanisms Mechanisms :
Balance 5.00 1 0 0 5.0 Aluminum Minor Mod Structure and Mechanisms Secondary Structure 1
hermal Control
LI, Coat 800 | 1 o o 80 Modified design, standard materialsprocesses Mafor oé Thermal Control ML, Paints, Coatings p
Temperature Sensors. 0.20 10 0 0 20 Modified design, standard materials/processes Major Mod “Thermal Control Heaters, RHUs, Thermostats. 3
Propulsion
Fuel Tank 8.00 4 0 [ 320 Mono-prop fuel tank Titanium Copy Propulsion Tanks 1 3
Trajectory Conecton Maneuver trusters o0 4 o o 24 COTS ftems copy Propuision Thrusters 1 3
Atituce Conto System thrusers o0 8 o o 32 COTS ftems opy Propuision 5
/esiFilters. 3.00 1 0 0 30 Modified design, standard materials/processes Major Mod Propulsion Propulsion - Lines/Valves/Fittings 3
Prossue Transducer 055 | 2 o o 05 Modifed design, standard materialsfprocesses Major Mo ropuision Pressure Regulator - Transducer 3
TCM Thruster Brackets 0.13 4 0 [ 05 Modified design, standard materials/processes Major Mod Structure and Mechanisms Seeondiry Structure 1
ACS Thruster Brackets 0.25 8 0 0 20 Modified design, standard materials/processes. Major Mod Structure and Mechanisms Structure 1
Srackets, Tuves, Ftings, etc 200 | 1 o o 120 Mocifled design, standard materals/processes Majr Moé Propuision Propulson- LnesNaosFitings 3
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Case Study 2: Marscopter (Steps 3 & 4)

Deliver to Ship to Launch On-Orbit Chect-
Phase B start PDR ' CDR System I&T Site Launch Out (L+30d)
Project 1/2/2022 4/3/2023 7/2/2024 1/1/2026 10/1/2027 1/31/2028 3/1/2028
Marscopter 1/2/2022 4/3/2023 5/17/2024 12/16/2025 10/1/2027 1/31/2028 3/1/2028
EDL 1/2/2022 4/3/2023 6/2/2024 12/16/2025 10/1/2027 1/31/2028 3/1/2028
Cruise Stage 1/2/2022 4/3/2023 5/2/2024 12/16/2025 10/1/2027 1/31/2028 3/1/2028
Mapping Spectrometer 1/2/2022 4/3/2023 4/2/2024 12/1/2025 10/1/2027 1/31/2028 3/1/2028
Visible Camera 1/2/2022 4/3/2023 4/2/2024 12/1/2025 10/1/2027 1/31/2028 3/1/2028
Meteorological Suite 1/2/2022 4/3/2023 4/2/2024 12/1/2025 10/1/2027 1/31/2028 3/1/2028
YParts Class Internatio Y Contract | h
Platform  (S,51,B,B1, nal ("Y" or Contractin  Monitor  # of Flight
("EO" or "P") B2,D) "N") g Fee Burden Units  Notes Mission Class
Marscopter P S1 N 1 Class A/B
EDL p ' s N 1
Cruise Stage P " os1 N 1
Mapping Spectrometer P S1 N 1 Class A/B
Visible Camera P o1 N 1
Meteorological Suite P oSt N 1
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Case Study 2: Marscopter (Step D — Output)

Case Study 2: Marscopter

RYSK DES FAB 1&T LOCO TOTAL
1 PM 26,759 79,069 9,171 1,827 | 116,826
2 SE 29,081 | 21,849 6842 | 1,781 | 59,553
3 MA 22,773 24,982 15,793 3,045 66,593
4 SciTm 1,562 3,687 4,751 1,148 11,148
5 Pyld 49,627 23,362 15,000 2,776 90,765
Mapping Spectrometer 26,208 13,226 7,625 1,380 48,439
Visible Camera 5,609 2,702 1,617 333 10,261
Meteorological Suite 17,810 7,434 5,759 1,063 32,066
Instr PM/SE/MA 0
Instr 1&T/GSE 0

6 s/C 293,749 174,586 75,679 11,914 | 555,929
Marscopter 134,510 76,193 44,849 8,037| 263,589
EDL 147,475 94,286 28,555 3,515| 273,830
Cruise Stage 11,764 4,107 2,276 363 18,510
S/C PM/SE/MA 0
S/C 1&T/GSE 0

7/9 MOS/GDS 3,794 14,011 15,564 2,896 36,265
10 1&T 34,126 41,749 56785 @ 4,118 | 136,777
TOTAL 461,470 383,295 199,586 29,506 1,073,857
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Case Study 2: Marscopter (TruePlanning Output

@ PRICE TruePlanning 16.2 - [Marscopter.tpprj]

2| File Edit View Project Reports Tools Window Help x
Q- & curdacopyBpaste #h 953
Product Breakdown Structure Results x
Simple | Detailed ost Objects [ Input Sheet B Attributes Bl Results (AChart B Metrics B Schedule [\ Uncertainty Analysis
& ~ ol B e 75 | 7 | Resource Costs by Activity M
1 kjac\OneDrive\D: Cost $1,073,856,938 100.00% Labor Requirement 2,233,330.87 hours
2 Spacecratt Project Cost $1,073,856,938 Project Labor Requirement 2,233,330.87 hours
3 WBS 6 Spacecrah Subsystems Phase Set A ~  Worksheet Set: Chicomo -
- Total Design Fabrication  Assembly Launch
4 =[O  MARSCOPTERFLIGHT SYSTEM Ci\Usersimkjac Integration  Operations
- [system and Test
5 Structures and Mechanisms Folder]
Currency in
6 Structures and Mechanisms Assembly =
7 ! Frimary Structure 1 01.Project.. 26,758,074 79,069,326 9,170,579 1,827,453
3 El  Secondary Stuctre 2 oza.Misso. 13477414 5315054 2866 144950 85823
9 ! oA Support Structure 3 02b. Syste 46,075,939 20,764,850  18,995814 5,392,534 922,733
10 F?  Solar Array SubstratelStructure 4 03.Safetys.. 66592915 22773160 24981035 15702523  3,045207
1 I? Y Electonics Chassis/Frame 5 04 Science.. 11,148,100 1561684 3686623 4751341  1,148451
12 Il LondingLogLock 6 O7.Mission.. 35264939 3793731 14010650  15564éds 2896100
13 T Visible Camera Gimbal 7 10a.Assem.. 14,044,600 5285661 5693461 2657578 407,900
14 T Mapping Spectrometer Cover 8 10b. Syste 98,339,622 19527556 25689904 50045918 3076244
is E0  Solr Ay Deployment Device o 100 Ground. 24392569 931235 10385148 4081575 633508
16 = Thermal Control 10 Design 0 0
17 Thermal Control Assembly 11l| Fabrication 0 0
18 E? MU Paints, Coatings 12 Assemblyin.. 90,679,782 90,679,782
19 F?  Heaters, RHUS, Thermostats 13 LaunchOpe.. 14,689,939 14,680,939
20 = Guidance, Navigation and Control 14 DesignEngi.. 123,223,731 121,941,044 1,282,687
21 GNG Assembly 15 Project Syst. 1210766 1210766
22 Inertial Reference Unit 16 SupportEng.. 81,755,304 69,031,181 12724123
23 Landing Radar Attimeter 17 Test Engine. 18,768,867  4,175869 14,502,998
24 Communications 18 Assembler 16,187,575 3150215 13,037,360
25 = Communications Assembly 19 Material 26324975 6819865 19,505,110
26 T xband Desp space Transponder 20 Toolingand.. 14,017,984 2140996 11,876,998
27 ET  xcvand Power Ampiiier 21 Tooling and 2001475 1328923 672,553
2 EY  iscolencous Rr Eleciorics 22 Mandactun.  14439.937 14430597
High Gain Antenna
&) 0 9 23 Fabricator 8,552,349 8,552.349
30 | owGainAntonnas
i 24 System Engi. 8022230 8022230
Waveguides - Comm Cablin
i L o d 25 Contactor o o o
32 = [  command & Data Handiin
g 26 NonRecuri.. 125,555,046 125,555,048
33 [ Command & Data Handing Assembly
27 RecuringC... 101,264,513 101,264,513
34 F?  RAD750 Single Board Computer
28 Total 1,073,856,... 461,470,072 383,295,169 199,585837 29,505,860
35 ! PayoadiFcad
36 [ orercass
37 - Power v
Ready

£ Type here to search
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Validation Study Results




TP Result Comparisons

* Result comparisons from the 2 different approaches are shown here:

LUVOT Estimate Comparison, RYSM Marscopter Estimate Comparison, RYSM
5200 51,200
5180
$160 $1,000
5140 5800
5120
5100 5600
SB0
460 3400
> ]
520
0 s B ==
S/C+I&T Payload Total S/C+I&T Payload Total
W Space Equipment Types  m Space Missions W Space Equipment Types  ® Space Missions

© 2021 Unison. All Rights Reserved.



Application Considerations

B Space Missions (TPSM)

- Best for NASA Projects
= Estimates by NASA Mission Class
= Default outputs in NASA Std. WBS format

= Specific cost objects for Electric Propulsion, lon Thrusters, Lasers, Parachutes, Radar Altimeters and Thermal Protection

B Space Hardware Equipment Types

- Best for DoD Service / Agency Space Missions, but very useful as a ‘cross-check’ for other estimating
methods, including TruePlanning Space Missions

= Flexible WBS outputs, including MIL-STD-881

= Historical DoD Spacecraft Bus database
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