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Problem 1 (5 points)
For the systems engineering Vee Diagram below:

(a) Describe the intent of the arrow on the left and the arrow on the right.

(b) How does the Vee relate to the system life cycle?

(c) What aspects of the Vee are the responsibility of the systems engineer?

[image: image1.emf]
Problem 2 (6 points)
(a) Draw and label the “Bathtub” Failure Rate Curve. 

(b) Explain the meaning of the curve.

(c) Explain the application of the exponential function that models the probability distribution of reliability as it relates to the curve.

Problem 3  (6 points)
For space system verification, testing is the preferred means for evaluating a system’s performance and compliance with requirements. For each of the 3 types of environmental test, describe at least 2 purposes for the test. 

(a) Structural dynamics test 

(b) Space simulations test

(c) Electromagnetic test

Problem 4 (8 points)
A program has a set of activities (A through G) to accomplish before completion. The diagram below shows the network of these activities and their estimated duration. Answer the following questions: 

(a) Designate, by activity letters, the critical path for the program, from program start to program completion. How long is the critical path in days?

(b) How much float exists for each of the remaining paths? Designate each path by the activity letters, and express the float in days.



Problem 5  (2 points each; 20 points total)

Match definitions with key systems engineering terms, using the word bank below.        

WORD BANK: 

a) Gantt chart
b) Monte Carlo
c) technology readiness level 

d) trade study
e) demonstration
f) analog model

g) bottoms-up estimating
h) fault tree 
i) beta distribution

j) SEMP 
k) normal distribution
l) iconic model

m) peer review 
n) inspection 
o) simulation 

p) project plan
q) Taguchi method
r) parametric estimating


s) event tree
t) milestone chart
u) mission concept review

A measure used to assess the maturity of evolving materials, devices, components, etc. prior to incorporating into a system.
A graphical representation where successive subordinate failure events are identified and logically linked to the top event.

Estimate is based on the cost of materials and labor to develop and produce each element, at the lowest level of the WBS possible.

A computational algorithm where input parameters are randomly selected.

A graphic portrayal of a project that shows the events to be completed on a timeline.

Determines conformance to system/item requirements through the operation, adjustment, or reconfiguration of a test article.

Document that defines for all project participants how the project will be technically managed within the constraints established by the project. All other technical documents, like a configuration management plan, must comply with it.
A review by individuals selected from outside the project according to their expertise in the applicable disciplines. These reviews help you take advantage of other engineering experience from colleagues who have worked on different missions.
The probability distribution function often used in schedule analysis, where a most likely estimate, an optimistic estimate, and a pessimistic estimate are required.

A model that behaves like the real system; often used to compare something unfamiliar with something that is familiar. 

Problem 6

Design margins calculation (10 points)

The end-of-mission life capability of a spacecraft power system is 200 watts. Your instrument is expected to use 50 watts, including 25% contingency. You are allotted 75 watts by the satellite provider. 

· What is the instrument’s power contingency in watts?

· What is the instrument’s power margin in watts and as a percentage (%)?

Problem 7

General questions (4 points each):

(a) What’s the difference between PDF and CDF; how are they related?

(b) What’s the difference between Preliminary Design Review (PDR) and Critical Design Review (CDR)?

(c) What is the difference between measures of effectiveness and measures of performance? Give one example of each.

Problem 7 (continued)
General questions (4 points each):

(d) What does it mean to have a closed design?

(e) What is the relationship between the TRL scale and risk?

Problem 8 (15 points)

You are an engineer tasked with estimating the reliability of the communications subsystem for the NEAR spacecraft (schematic shown in Figure 1). Specifically, you are asked to report the probability that the communication subsystem will be capable of successfully transmitting data through the high gain antenna. Recalling all the useful things you learned in your systems engineering class, you use the communication system schematic from in Figure 1 to draw the block diagram shown in Figure 2. Use the block diagram and reliability data shown in Figure 2 to estimate the reliability of the NEAR communications subsystem.
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Figure 1.  Schematic of communications subsystem for NEAR spacecraft.

[Ref: Santo, A.G., Lee, S.C., and Gold, R.E., “NEAR Spacecraft and Instrumentation,” The Johns Hopkins University Applied Physics Laboratory.]
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Figure 2.  Block diagram for reliability calculations.

Workspace for Problem 8 (continue on back of page if necessary)

 

Problem 9 (10 points)

You are helping design the descent stage for a lunar lander. Although your team’s design uses three identical engines, only two must function for a safe landing. Each engine has a reliability of 0.97. What is the probability that at least 2 of the 3 engines will function properly? 

E : 2 days





G : 10 days





F : 10 days





D : 5 days





C : 7 days





B : 8 days





A : 8 days
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