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Components of LCC (FY06)
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NASA FY06 Exploration-Related Budget

Engineering Economics Group (EEG)

The EEG utilizes advanced modeling techniques, stat e-of-the-art 
software tools, expert market forecasts, and a know ledgeable technical 
staff to help our clients with:

- Strategic insight into the global aerospace industr y 
- Flight and ground systems life-cycle cost estimatin g (non-recurring and recurring) 
- Programmatic risk assessment 
- Reliability quantification, uncertainty, and fault prevention/tolerance strategies 
- Top-level safety evaluation and probability quantif ication (loss of crew, expected 

casualty rate) 
- Operations assessment including high-fidelity discr ete event simulation 
- Technology investment cost-to-benefit assessments 
- Market size and demand estimation 
- Financial analysis (net present value, break-even p oint, return on investment, etc.) 
- Rapid integrated assessment of cost and risk in the  early design phase
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Traditional early design process does not fully consider cost and risk concurrently 
with system performance

Reasons why designing to cost and risk is challenging at the conceptual level:
- Very large trade space with limited time to evaluate options
- Difficult to quantify affordability, reliability, and other “ilities”
- Fear of reporting figures that exceed the available budget

The Integrated Risk and Cost Model (I-RaCM) is a collection of tools in ModelCenter 
to synchronously evaluate life-cycle cost and reliability

Benefits of I-RaCM to the conceptual designer include:
- Complete cost picture
- Ability to combine new and existing tools
- Improved analytical consistency
- Ability to interface with other design disciplines 
- Efficiency and automation
- Investigation of uncertainty
- Optimization
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INTEGRATED COST & RISK (I-RaCM)
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NAFCOM
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I-RaCM: Integrated Risk and Cost Model Legend:
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Future
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Technology Cost Estimator (TCE)

Function: Estimate early (pre-TRL 6) technology 
development costs

Platform: MS Excel®
Summary: Relates a simple set of inputs to an 

underlying data set of historical technology 
development programs. Inputs include current 
TRL, length of the research activity, degree of 
funding availability, and extent of revolutionary 
innovation. 

Facilities and Ground Operations 
Analysis (FGOA) Tool

Function: Estimate ground and infrastructure costs

Platform: MS Excel®
Summary: Outputs land, facilities, and equipment 

costs given definition of launch architecture.  
Based on NASA KSC Real Property database 
and other technical databases of GSE costs.

Technology Development Cost Timelines
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Reliability Calc

Function: Estimate early (pre-TRL 6) technology 
development costs

Platform: MS Excel®
Summary: Uses a Fault Tree Analysis (FTA) and 

Event Sequence Diagram (ESD) approach to 
quantify top-level reliability metrics such as 
Loss of Mission (LOM) and Loss of Crew 
(LOC). Features an automatic “wrapper 
generator” to facilitate integration with PHX 
ModelCenter®.

NASA Air Force Cost Model (NAFCOM)

Function: Estimate development and production 
costs for hardware, engineering, integration, 
and program management

Platform: Windows Executable
Summary: Government-sponsored cost tool 

maintained by SAIC that uses cost estimating 
relationships derived from actual costs of 
various historical space systems.
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SpaceWorks Software’s commercially available Remix “Wrapper Generator,” written in Java, 
automatically generates ModelCenter® wrappers for any saved NAFCOM (Microsoft Excel®) file

Works with NAFCOMv2004, NAFCOMv2006, and NAFCOMv2007

Supports weight-based and multivariable CER methodologies, and can run NAFCOM models both 
with and without “risk.”

Outputs hardware costs at subsystem and system level, and outputs project management/integration 
costs

DEMONSTRATION
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Includes 
new in-
space 
pressure 
suit, EVA 
suit, and 
various EVA 
tools and 
mobility 
aids.

Enables crew 
to safely 
traverse 
approximately 
10-15 km from 
the landing 
site.

Designed to 
support 4 
crew 
members for 
30 days on 
the lunar 
surface.

Designed to 
transport 4 
crew 
members to 
and from the 
lunar surface 
from low 
lunar orbit 
(LLO).

Uses 
LOX/CH4 
propellants. 
Performs 
propulsion, 
thermal 
control, and 
power 
functions for 
the CEV.

Designed for 
4 crew on 
lunar 
mission. 
Reusable 
blunt-body 
capsule with 
ablative 
TPS.

Uses 
LOX/LH2 
propellants.

Shuttle-
derived 
vehicle using 
2 SRBs and 
a LOX/LH2 
core stage.

Shuttle-
derived 
vehicle using 
solid rocket 
booster 
(SRB) plus 
LOX/LH2 
upperstage.

Other

201520142015201620152016201420152014IOC

201020102008200820132013200720072007DD Start Year

-7,100 lbs9,457 lbs8,812 lbs17,712 lbs42,450 lbs637,465 lbs226,650 lbsDry Mass

1

Lunar 
Surface 
Access 
Module 
(LSAM)

1

Surface 
Habitat

2

Unpressurized
Rover

2

Lunar Crew 
Exploration 

Vehicle 
(CEV) Crew 
Module (CM)

2

Lunar Crew 
Exploration 

Vehicle 
(CEV) 

Service 
Module (SM)

2---Pre-Phase A 
Duration

EVA and 
Surface 
Systems

Earth 
Departure 

Stage (EDS)

Cargo 
Launch 
Vehicle 
(CaLV)

Crew Launch 
Vehicle (CLV)

Element 
Name

Includes 
new in-
space 
pressure 
suit, EVA 
suit, and 
various EVA 
tools and 
mobility 
aids.

Enables crew 
to safely 
traverse 
approximately 
10-15 km from 
the landing 
site.

Designed to 
support 4 
crew 
members for 
30 days on 
the lunar 
surface.

Designed to 
transport 4 
crew 
members to 
and from the 
lunar surface 
from low 
lunar orbit 
(LLO).

Uses 
LOX/CH4 
propellants. 
Performs 
propulsion, 
thermal 
control, and 
power 
functions for 
the CEV.

Designed for 
4 crew on 
lunar 
mission. 
Reusable 
blunt-body 
capsule with 
ablative 
TPS.

Uses 
LOX/LH2 
propellants.

Shuttle-
derived 
vehicle using 
2 SRBs and 
a LOX/LH2 
core stage.

Shuttle-
derived 
vehicle using 
solid rocket 
booster 
(SRB) plus 
LOX/LH2 
upperstage.

Other

201520142015201620152016201420152014IOC

201020102008200820132013200720072007DD Start Year

-7,100 lbs9,457 lbs8,812 lbs17,712 lbs42,450 lbs637,465 lbs226,650 lbsDry Mass

1

Lunar 
Surface 
Access 
Module 
(LSAM)

1

Surface 
Habitat

2

Unpressurized
Rover

2

Lunar Crew 
Exploration 

Vehicle 
(CEV) Crew 
Module (CM)

2

Lunar Crew 
Exploration 

Vehicle 
(CEV) 

Service 
Module (SM)

2---Pre-Phase A 
Duration

EVA and 
Surface 
Systems

Earth 
Departure 

Stage (EDS)

Cargo 
Launch 
Vehicle 
(CaLV)

Crew Launch 
Vehicle (CLV)

Element 
Name

4 crew
First Lunar Landing in 2018
16 Missions over a 10 year period
Maximum Lunar stay duration of 28 days ����	��	� 
�����	�����"�������
�

����<	��
�=
�
�!�	������� ����=����
3���	���
���
�3���=�
��!����
��=���
���



��������	
��
��
����
�
����
�������

�1

��������
!�>�
3����������

Optimization of development and production expenditures to fit available budget by 
Stack’em (coordinate pattern search algorithm)
Constraints on start year for individual elements and campaign mission dates must be 
met
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Integrate with performance disciplines 
enabling holistic design approach and full 
trade space exploration

Conduct probabilistic analysis to assess 
uncertainty associated with cost and 
reliability results

Cost as independent variable (CAIV) 
studies and optimization

Enable reliability/cost iteration

Generate metamodels to further speed 
analysis

Evaluate schedule impacts

Perform technology injection trades

Compare results from competing tools

Optimize to multiple competing criteria

Sensitivity studies and parametric sweeps
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I-RaCM enables consideration of cost and risk in 
conjunction with system performance during conceptual 
design

I-RaCM is a continuing development, evolving to include 
more analysis tools and visualization capability

Remix allows for NAFCOM, an industry standard cost 
estimation tool, to be easily integrated within 
ModelCenter®

I-RaCM and ModelCenter® data collection and 
visualization features facilitate decision-making based on 
cost and risk
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Business Address:
SpaceWorks Engineering, Inc. (SEI)
1200 Ashwood Parkway
Suite 506
Atlanta, GA 30338   U.S.A.

Phone: 770-379-8000
Fax: 770-379-8001

Internet:
WWW: www.sei.aero
E-mail: info@sei.aero


