Space Systems Engineering

Topic: Cost Estimation and Use of Monte Carlo

HOMEWORK #7
Due: Two weeks from assigned

Type: Individual, written
Please submit in hard copy, including your code.

Documents to use in this assignment:

Small Satellite Cost Model (Aerospace Corp) – pdf file

NEAR Spacecraft and Instrumentation Data – pdf file

NASA Inflation Index Table – xls file

Aerospace Corp Development of the SSCM (paper for added reference) – pdf file

Part 1 – point estimate (40 points)

a. Produce a cost estimate for the NEAR spacecraft (instruments not included). Show the detailed estimates for each subsystem and wrap factor.

b. Populate a table with the cost estimate in (a) including the total cost, non-recurring cost, and recurring cost. This table should include the entire spacecraft, subsystems and wraps.

c. Inflate the total spacecraft cost estimate to 2008 dollars using the NASA Inflation Index Table.

d. Note any groundrules and assumptions for this part of the assignment.

Part 2 – probabilistic estimate (50 points)

a. Using the table below, run a Monte Carlo on the NEAR spacecraft cost estimate in 2008 dollars. Use 10,000 for the number of runs. Document the nominal value for your input (this was needed in part 1 of the assignment).

	Monte Carlo Parameters and Variations
	
	
	

	
	
	
	
	

	Parameter
	Nominal
	Distribution
	Range
	

	
	Value
	
	
	

	Satellite wet mass
	
	Uniform
	±20%
	min/max

	Pointing Knowledge
	
	Normal
	0.001 degrees
	3-sigma

	ADCS Subsystem mass
	
	Uniform
	±20%
	min/max

	Propulsion Subsystem mass
	Uniform
	±20%
	min/max

	Beginning of life power
	
	Uniform
	±10%
	min/max

	C&DH Subsystem mass
	
	Uniform
	±10%
	min/max

	Structural mass
	
	Uniform
	±20%
	min/max

	Solar array area
	
	Uniform
	±10%
	min/max

	Thermal Subsystem mass
	
	Uniform
	±20%
	min/max

	Design Life
	
	Normal
	24 months
	3-sigma

	Bus dry mass
	
	Uniform
	±20%
	min/max

	Development Time
	
	Normal
	7 months
	3-sigma


b. Plot the Monte Carlo results as a PDF and a CDF (or “S” curve).

c. Show the point estimate on the CDF and compare to the 65% confidence level.

d. How much reserve (also known as margin) should be added to the point estimate to meet a 65% confidence level?

Part 3 – discussion (10 points)

Discuss the use of the Small Satellite Cost Model. 

· Any concerns applying it to the NEAR spacecraft?

· Was the point estimate what you expected? Was its probability of occurrence what you expected?

· How would you recommend checking the reasonableness of your point estimate?

Notes and Hints:

· The solar array panel dimensions are incorrectly stated in the NEAR technical paper. The dimensions should be 1.83 x 1.22 m.

· Select the correct CERs for the NEAR mission type.

· Watch your units.

· Watch for wet vs dry mass.

· CER for C&DH accounts for cost of telecom subsystem, but does not include telecom subsystem mass.

· Suggestion: you may want to do Part 1 in Excel as a check on your programming the equations correctly in Matlab. You will need to use Matlab for Part 2. The Monte Carlo lecture notes provided a framework for the code.
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