MissioN DESIGN

Your team:

Date;

Introduction

Your team will design a spacecraft mission to explore another world in the Solar System. You must decide
which world you want to explore, what you want to learn about your target world, and how you want to
accomplish your mission. It can be tricky because space exploration is expensive and hazardous. Along the
way, you may need to re-examine your mission goals based on available funding and other constraints, At
the end, you must prepare a comprehensive proposal that you could submit to NASA. In your proposal, you

must make a convincing argument why your mission should be selected for funding. Good luck!

L. Choose a World to Explore

Within your team, choose a world you would like to explore. You can use the Mission Log to find an
interesting world to examine. If you are operating with a limited budget, you may also want to look at Table
51 in the Mission Cost List to help decide which world to investigate, since some worlds are more expensive

to explore than others,

Your target world:

A) The basic cost to explore this world (table S1, Mission Cost List):

This includes the approximate cost associated with building the spacecraft, sending it on the journey to

explore your target world, communicating with the spacecraft, as well as receiving and analyzing the data,

2. Mission Goals
Fxamine the Mission Log to see what is known about this world already. Think of three questions which
previous missions have not found out, or additional questions which the previous explorations may have

raised and which your mission might be able to answer, These are vour mission goals:
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Mission Goal 1:

Mission Goal 2:

Mission Goal 3

3. Type of Mission
Now that you understand what your mission needs to accomplish, you can decide what type of mission

(fly-by, orbiter or lander) will best help you meet your goals. Remember the pros and cons of each type
of mission, and what you can learn through the different methods. You may also want to check the costs
in Table 52 in the Mission Cost List, since some types of missions cost more than others. Also, the more
complicated the mission you want to perform, the more chances there are for something to go wrong.

The possibility of failure can be estimated by using a risk factor: the higher the factor, the riskier the

mission.
Your mission will be {circle one): Fly-by Orbiter Lander

Because:

B Additional cost for this mission (Table 52, Mission Cost List):

B1) Risk Factor (Table 52, Mission Cost List):
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4. Length of Mission

Once you have selected the type of mission, you need to consider the length of the mission. The longer
the mission, the greater the cost due to:

- Communications with ground control on Earth to operate the spacecraft and transmit data for

analysis;

- Spacecraft operations to make course corrections that may be necessary, to maintain the well-bein
pe ) 8

of the spacecraft, and to respond to any emergencies that may arise;

Data analysis by scientists on Earth; the more data that is gathered, the more time (or more scientists)
are needed for analysis; even after the spacecraft has ceased functioning, there usual ly is additional

time scheduled for data analysis;
- Extra fuel that may be necessary to make course corrections, et

The length of the mission depends on the time it takes to travel to the target world, as well as the time
spent observing the world. The cost of traveling to the world was considered in cost item A. You must
now decide how long your spacecraft will operate once it arrives to your target world. See Table S3 in
the Mission Cost List to determine how much the length of your mission affects your plan. A longer
mission also means that there are more chances to fail before meeting all mission goals. Mark the

appropriate risk factor below, as well.

Time spent to explore the world: years

C) Additional cost for the length of the mission (Table S3, Mission Cost List):

C1) Risk Factor (Table $3, Mission Cost List):

5. Payload

Now you have to decide which instruments to include in your spacecraft to help you accomplish your
mission goals. See Table 54 in the Mission Cost List for the different kinds of instruments available for
your spacecraft. You can pick up to five instruments. Explain why the instrument is necessary to meet

your mission goals.

il ) ¥4
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Instrument 1:

Cost (Table 54, Mission Cost List):

Reason for choosing the instrument:

Instrument 2:

Cost (Table S4, Mission Cost List);

Reason for choosing the instrument;

Instrument 3:

Cost (Table 54, Mission Cost List);

Reason for choosing the instrument:

[nstrument 4:

Cost (Table S4, Mission Cost List);

Reason for choosing the instrument:

Instrument 5:

Cost (Table S4, Mission Cost List):

Reason tor choosing the instrument;

D) The total cost of your instrument suite (add up the cost of individual instruments:
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6. Spacecraft Construction

The cost of building the spacecraft depends on how complicated the spacecrait is due to the kind of
exploration it will conduct or the environment in which it will operate, Spacecraft and its instruments
are often developed together so that each component can fit in their allotted space aboard the spacecraft.
As a result, the size of the spacecraft and the size and types instruments must be considered in building
a spacecraft. There are also additional costs involved in testing the instruments and the spacecraft. The
base price for building your spacecraft has been included in cost item A. However, it is possible to make
some savings if you can use similar (or perhaps even spare) components from previous spacecraft. In
this case, you don’t have to engineer new spacecraft components from scratch, Review the Mission Log
to see if a similar mission has been performed in the past to your target or another world. If it has, you

can deduct some construction costs.

Is there a similar previous mission (circle one): Yes No

If “Yes":

The name of the similar previous mission:

E) Price reduction for using similar components from previous spacecraft: — $10 million

E1) Using similar components and design from a previous mission reduces the risk, so the risk factor is: 0.5

7. Spacecraft Launch

Launching the spacecraft is a significant cost item, since vou have to lift a massive spacecraft from the
surface of the Earth to space, and then give the spacecraft a boost toward its target. As a result, the cost
of the launch depends on the target world and the mass of the spacecraft, which in turn can depend on
many factors, such as the number of instruments, the environment in which the spacecraft has to operate,
as well as the type and length of the mission. You can reduce the mass of the spacecraft by building
your components smaller; for example, by creating miniature versions of vour instruments. The basic
cost of launching spacecraft to different worlds on missions of different lengths and types are included
in the previous cost items. However, if you have many instruments in your spacecraft, your spacecraft
may be heavier than the basic model. You may also want to spend some additional engineering funds

to reduce the size of the spacecraft to make the mass of the spacecraft smaller.

Your spacecraft has more than three instruments (circle one): Yes No
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[f“Yes":
F) Add $50 million  for extra launch costs.

You want to spend additional engineering funds to create a smaller version of your spacecraft

(circle one): Yes No

If “Yes":

G) Cross out cost item E and risk factor E1), but you gain ~_ 350 million__ for launch cost
savings. Note, however, that miniaturized instruments may not be as reliable, and your risk factor is
increased.

G1) Risk factor for miniaturized components: 2

8. Total Cost and Risk

Write down the cost items for your mission:
A)
B)
<)
D)
E)
F)
G)

Add A)-G) together ta calculate the total cost of your robotic spacecraft mission:

Write down the risk factors tor your mission:
B1)
C1)
1)
Gl)

Multiply B1)-G1) with each other to calculate the total risk factor for your robotic spacecraft mission:

( (‘\ i
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9. Human Spaceflight versus Robotic Spacecraft Mission

The costs above are calculated for a robotic spacecraft exploring vour target world. If you want to have
human beings aboard the spacecraft to do the exploration, the costs are much higher. This is because
there are significant additional costs associated with keeping the astronauts alive and healthy, such
as making sure there is enough food, water, and air for the entire expedition. The astronauts must be
protected from the harsh space environment, especially from the vacuum, damaging radiation, and
freezing cold or scorching hot temperatures (depending on how far from the Sun the expedition goes.)
The mission will also take longer to complete, because you not only need to take the astronauts to your
target world and give them time to perform their exploration, but you also must return the crew safely
back to Earth. To estimate the additional costs involved with a human spaceflight mission instead of
using robotic spacecraft, multiply the total cost from Step 8 by 1,000. Estimating how risky a human
spaceflight mission would be compared with robotic spacecraft is difficult, but, for the present purposes,

multiply the risk factor from Step 8 by 1,000.

Total cost of a human spaceflight mission:

Risk factor for a human spaceflight mission:

10. Final Cost
Make final choice between a human spaceflight or robotic spacecraft mission, and write the conclusions

here:

Your mission will be done with (mark one):

[0 Robotic spacecraft [ Human spaceflight

Final cost of your mission:

Final risk factor for your misston:

11. Reconsider Mission Details and Mission Goals
Look back at your mission goals or other details and decide if you want to change them. For example,
if you think your mission costs too much, you might want to change your mission goals to create a less

expensive mission.

{ <2 7
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Do you want to change the details of your mission? (Circle one)
Yes No

If “Yes,” explain how your mission will change, If "No,” explain why you want to keep the mission

the way it is.

12. NASA Proposal

Prepare a proposal of your mission to NASA using the tools provided by your teacher. Be sure your
proposal includes:

- Where your spacecraft is going and why;

- The goals of your mission; why are these goals important?

- What type of mission (fly-by, orbiter, lander); why?

- Payload selection and why you chose these instruments;

- Total cost and justification for the costs.

Remember, you are competing with other mission proposals, and not all can be selected for funding. You

must be convincing in vour argument that your mission offers the best bang for the buck, Good luck!
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MISSION COST LIST

Table S1. The basic cost to explore different worlds.

Destination Cost
Mercury $200 million
Venus B V $100 milli(;ni - -
Mars .n:c:i./ or its moons; ASi;'mids and : $100 million 7 -
comets in the inner Solar System
Jupiter and /or its moons $300 milli;)l\ - ]
Saturn and/or its moons- » $350 million W
Uranus an:/ or its moons $400 million
Neptune and/or its moons $450 mill;;rn—
Pluto, other dwarf planets, Kuiper Belt | $500 million “
Objects, and comets far from the Sun

Table 52, Considerations associated with different types of missions.

Type of Mission Additional Cost Risk Factor
Fly-by (none) 1
Orbiter SlDO—miIlion R - 2 s
Lander ) $200 million 5

Table 53: Considerations associated with missions of different length.

Time Spent Exploring the World
{in addition to the time it takes to Additional Cost
travel there)
I vear (none)
2 years $1 million
5 years $5 million
seE__ S
10 yvears $10 million

Risk Factor
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