
16.842 (16.899) Fundamentals of Systems Engineering 

Assignment 1 
Grading Rubric

Out: September 25, 2009
Due: October 9, 2009 

Systems Engineering Overview, Stakeholders and Requirements

(Note: Questions 1-3 are based on the 2007 doctoral qualifying exam question on 
vehicle design and performance). In total do not spend more than 4 hours.

1. Describe the phases of vehicle design. For each phase, state the objectives of
that phase and describe the deliverables. Cite any relevant standards or 
guidelines. 

Cite phases pre-A, A,B,C,D,E,F 
Discuss milestones SRR, PDR, CDR, ARR and what is required at them 
Cite NASA-SE handbook, and should mention NPR 7120.5, NASA Space 
Flight Program and Project Management Processes and Requirements. 
and/or NPR 7123.1, Systems Engineering Processes and 
Requirements. 

15 points 

2. Not all budgets are financial. Describe the various budgets that are tracked
during vehicle design as well as the process by which margins are allocated. 

Mass budget: track C.G., total mass (wet, dry), inertia matrix 
Power budget: peak versus average power [W], on-board storage etc… 
TPMs: technical performance measures such as range, data bandwidth .. 
Other budgets depending on particular system 
Nominal total budget is calculated for the entire vehicle, then a reserve 
is removed about 30% at SRR, 20% at PDR, 10% at CDR etc.. 
The remainder is allocated to the various subsystems by a process that 
includes trade studies as well as negotiation 

15 points 

3. Describe the role of prototyping in vehicle design. Note: Prototyping is
defined here as the process of developing a model (software, hardware or 
operational) of a vehicle or a subset of its subsystems or components. How 
does prototyping relate to waterfall versus spiral development approaches? 



(Note: the following questions relate to stakeholder needs identification)

Prototyping is done to learn about unkown or poorly understood 
system interactions, i.e. to discover potential rework early, to refine lower 
level requirements based on experimental results and to obtain a higher 
degree of confidence that the mission is feasible. The more prototyping is 
done, the more “front leaded” or spiral development-like the project is. A 
classical waterfall project does not build much hardware/software upfront, 
but does so only after CDR. 

15 points.

4. What does “bidirectional traceability” mean in NASA’s stakeholder

expectations definition process?


Every requirements should be derived from a higher level stakholder need 
(no orphan requirements). All stakeholder expectations should lead to the 
formulation of specific requirements that lead to functional implementation 
of these expectations. 

5 points

5. Draw an approximate stakeholder network map for a new meteorological
satellite mission whose function it is specifically to track hurricanes in the
Atlantic Ocean. Show the stakeholders as nodes and identify the various 
types of flows in the network. 

Public

American Meteorological Society (AMS)

Congress

NOAA – National Weather Service (NWS)

Satellite Manufacturer (Prime Contractor)

FEMA

Others ….


This map should not look like a hub—spoke diagram but a network map that

shows the complex web of value flows. The public receives weather news from

AMS meterologists on their TV stations or from the web via NOAA NWS or 

other private sites. NOAA operates the wather satellites and contracts a

satellite manufacturer to design, build and lauch a new satellite system based

on funds provided by Congress. Other organizations such as FEMA are also

consumers of weather data products. The public benefits from weather 

information and elects members of congress.


20 points




(Note: the following questions relate to requirements definition)

6. What is a requirements verification matrix? 

Appendix D of NASA SE Handbook 
p. 283 
This matrix shows in detail how each requirement will be verified 

10 points

7. A jet aircraft is expected to achieve a transcontinental range of 2,700 statute
miles while carrying a payload of 20 metric tons. Allocate requirements for 
the dry mass, fuel mass, specific fuel consumption and any other quantities 
you think are relevant. For each derived or allocated requirement explain
how you arrived at the requirement. 

Recognize that this is an isoperformance problem 
Properly write down Breguet’s range equation and all the variables along with 
consistent units: SFC, Wo, Wf etc… 
Give at least one numerical answer that satifies BR equation 
Show other solutions that would also meet requirements 
Discuss how one would choose the best allocation. This is a tradeoff between 
structural light-weighting, aerodynamic optimization for L/D and propulsive 
efficiency. 

20 points 

Total : 100 points 
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