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MDA Space Missions

MDA Space Missions is a division of MacDonald, Dettwiler and
Associates (MDA) Inc. MDA has a heritage of creating advanced
robotics, automation, and other system solutions for over 30 years

- Manned Space Flight

— On-orbit Servicing

- Planetary Exploration

- Medical Robotics

- Military/Security Solutions

-~ Mining Automation

- Hazardous Environment (e.g. Nuclear) Inspection and Servicing
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Background / Relevance

New global vision
- US VSE 2004
- 14 Space Agencies: GES 2007

International Consensus
- Moon as stepping stone to Mars
- Sustained surface exploration
- Evolutionary robotic - human exploration

Ongoing Discussions

- International Reference Architectures

- Coordinated National programs

- User Requirements Working Groups

Strong Canadian representation
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Fact Sheet: Moon

Surface gravity: 1.62 m/s? (vs. 9.80 m/s?)

Distance from Earth:
— Perigee: 0.3633 x 10% km
— Apogee: 0.4055 x 10% km

Revolution period: 27.3 days

Diurnal temperature range: >100 K to <400 K (roughly -157 deg-C to
+121 deg-C)

Surface pressure (night): 3 x 10-15 bar (2 x 10-12 torr)
Meteorite and micrometeorite bombardment

Radiation (cosmic rays, solar energetic particles, etc.)
Unattenuated solar spectrum (highly irradiated with ultra-violet)
Charged dust
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Fact Sheet: Mars

Surface gravity (m/s?): 3.71 (vs. 9.81)
Distance from Earth:

—  Minimum: 55.7 x 10°% km

—~  Maximum: 401.3 x 10% km

Distance from Sun: ~228 x 10% km
Revolution period (1 sol): 24.7 days
Average temp: ~210 K (-65 deg-C)
D_j[u;nal temp range: 184 K to 242 K (-89 to -31 deg-C) (Viking 1 Lander
site

Wind speeds: 2-7 m/s (summer), 5-10 m/s (fall), 17-30 m/s (dust storm)
(Viking Lander sites)

Atmospheric composition (by volume):
- CO, (95.32%), N, (2.7%), Ar (1.6%), O, (0.13%), CO (0.08%)
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Planetary Comparison

MERCURY

VENUS

EARTH

MOON

Mass (10%*kg)
Diameter (km)
Gravity (m/s?)
Rotation Period (hours)

Length of Day_(hours)

Distance from Sun_ (10° km)
Perihelion (108 km)

Aphelion_ (108 km)
Orbital Period (days)

Axial Tilt (degrees)

Mean Temperature (C)

Surface Pressure (bars)
Global Magnetic Field?

0.330
4879
3.7
1407.6
4222.6
57.9
46.0
69.8
88.0
0.01
167
0

Yes
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4.87
12,104
8.9
-5832.5
2802.0
108.2
107.5
108.9
224.7
177.4
464
92
No

5.97
12,756
9.8
23.9
24.0
149.6
147.1
152.1
365.2
235
ils
1

Yes

0.073
3475
1.6
655.7
708.7
0.384*
0.363*
0.406*
27.3
6.7

0



Key Drivers for Space Missions

The typical space mission:
- Requires development and operation of a complex system
— Must withstand harsh environments
- Products must be lightweight, in spite of many variables and uncertainties
- Production volume is low (or one-of-a-kind)
- Must meet manifest and schedule constraints
—  Must work first time
- Customer with a huge stake in success
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Power Systems for Space Missions

Key trade is mass (and volume) vs. power generation capability
Power sources often compared based on Specific Power metric (W/kg)

Beyond mass and volume:
— Average / peak power requirements
— Life / mission duration
- Orbital parameters / recharge potential (e.g. length of “day”)
- Physical configuration

- Environment:
Dust and/or ice accumulation
Meteorite and micrometeorite bombardment
Radiation
Temperature
Wind
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Power Systems for Space Missions

Electrical power system elements
- Power source
- Energy storage
- Power distribution
- Power regulation and control
Key functions
-~ Supply continuous source of power during mission
— Control/distribute power
- Support average and peak load
- Provide converters (AC, regulated DC)
- Command and telemetry capability
- Failure protection
- Transient suppression and fault protection

Source: Spacecraft Mission Analysis and Design
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Power Systems for Space Missions

Power source design
parameters include:
- Power range

- Specific power

- Hardness

- Degradation over life

- Storage required?

- Sensitivity to sun angle
- Fuel availability
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Common power sources

Solar photovoltaic
Solar thermal dynamic
Radio-isotope

Nuclear reactor

Fuel cell

Source: Spacecraft Mission Analysis and Design



Power Systems for Space Missions

Energy storage design Primary batteries

parameters include: ~ Ag-Zn
- Power use profile — Li Thionyl Chloride
Voltage — Li Sulphur Dioxide
Duty cycles _ Li Monofloride
Storage tlme _ Thermal
Depth of discharge
- Charge/discharge cycle limits Secondary
_  Capacity - Ni-Cd
- Transmission efficiency - N_'HZ
- Lilon

—  Sodium-Sulphur

Source: Spacecraft Mission Analysis and Design
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Past and Current Missions

Past
— Lunokhod
— Apollo Lunar Roving Vehicle (LRV)

- Mars Pathfinder
Sojourner

- Mars Phoenix Lander*
Current
- Mars Exploration Rovers (MER)
Spirit
Opportunity
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Lunokhod

Mission: 2 (Luna 17, 21)
Mass: 840 kg

Power generation: Solar panel +
rechargeable batteries

Thermal: Polonium-210 isotopic heat source

Distance:
-~ 10.5 km (11 months)
- 37 km (4 months)

Source: www.astronautix.com
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Apollo LRV

Missions: 3 (Apollo 15, 16, 17)
Mass: 210 kg + 490 kg
Power:

- X2 non-rechargeable batteries

- 36 Vdc silver-zinc, potassium hydroxide
Thermal Control: Passive

Distance;

— 27.8 km (3 hours, 2 minutes)
12.5 km max

— 26.7 km (3 hours, 26 minutes)
11.6 km max

- 35.9 km (4 hours, 26 minutes)
20.1 km max

Limitations
— Sortie duration (2h)
- Parking orientation

10/9/2009




Apollo Lessons

Dust degradation effects
- Vision obscuration
- False instrument readings
- Loss of foot traction
-~ Dust coating and contamination
- Seal failures
- Clogging of mechanisms
- Abrasion of materials
- Thermal control problems
- Inhalation and irritation risks

“I think dust is probably one of our greatest

inhibitors to a nominal operation on the Moon.

| think we can overcome other physiological or

physical or mechanical problems except dust.”
- Gene Cernan

Source: NASA
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Apollo Lessons

LRV batteries exceeded temperature limits
- Exposure for dust covers and radiators
- Power switching required on Apollo 16
Ability to seal suits for EVA’s compromised

Apollo 12 higher than normal suit pressure
decay
— Dust could not be completely cleared off of
fittings
All Apollo environmental, gas, and regolith
sample seals failed
- Samples contaminated before reached earth

Source: NASA
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Mars Pathfinder: Sojourner

Launched on December 4, 1996

Landed on July 4, 1997
- Bounced at least 15 times up to 12 m high

Sojourner driven down the ramp on sol 2
Primary mission: 8 sols

Total mission: 83 sols

Distance: ~100 m
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Mars Pathfinder: Sojourner

Solar Cells Batteries (x3):
- Type: Gallium Arsenide on — Lithium-Thionyl Chloride (Li-
Germanium (GaAs/Ge) SOCI2)
- Size: 2 x4 cm, 5.5 mil thick - D-Size
- Efficiency: >18% efficiency - 118¢g
Solar Array — Capacity: +25C, 12 amp-hrs; -
_ Configuration: 13 parallel _ 2_0C’_8 amp-hr_s _
strings, 18 series cells per string Distribution Architecture: Single
_  Power: 16.5 watts on Mars at string w/graceful degradation
noon User Voltages:
- Operating Voltage: 14-18 volts _ Main bus: 8 to 18 volts
- Weight: 0.340 kg - Secondary: +/-12 V, 9V, +/-7.5
— Size: 0.22 m? V,5V, +-5V, 3.3V

-~ Survival Temp: -140 to +110 C
Source: NASA/JPL
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Sojourner Lessons

Software: command/telemetry, reconfigurable + onboard
debug/diagnostics capability

- Conflict between low, medium, and high priority tasks resulted in watchdog
error causing repeated total system resets

— Ability to debug the deployed flight system was key to troubleshooting and
correcting the behaviour

- Recognition post-flight that team focus was on the critical landing subsystem,
with non-critical subsystems fixable through resets

Other key lessons related to vehicle navigation and autonomy

Ultimate mission termination due to likely lander electronics failure from
cold temperature (Ag-Zn batteries exceeded recharge capability)
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Mars Phoenix Lander

Landed on Mars in May 2008

Not a rover...Mars lander mission to
Martian high latitudes

But...Canada’s first hardware on
another planet

- Phoenix MET
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Mars Phoenix Lander

Currently believed to be encased in a solid CO,, the Phoenix Mars
Lander was the first mission to explore the Arctic region of Mars at
ground level

Landed near Mars's northern polar cap on May 25, 2008 in an area
known as Vastitas Borealis, where it continued to operate successfully
for more than five months (far beyond its planned 90-day lifespan)
Significantly different environmental conditions from lower latitudes
where prior landers/rovers explored

The Canadian weather station measured Mars' temperature and
pressure, and probed clouds, fog and dust in Mars' lower atmosphere

10/9/2009




Phoenix Lessons

The Phoenix was follow on to Mars Polar
Lander, which failed after insertion into
Mars atmosphere

Actual failure not known - radio silence
during entry

Fault believed to be premature shut
down of the descent engines
- Engines were supposed to shut down on

contact with the ground, sensed via
switches on the lander’s legs

- Legs were deployed 40m above the
surface, but the switches were not de-
bounced during this period

- This would then lead to premature
shutdown of the descent engines
The verification plan had included testing
of the before and after states, but not the
State transition

10/9/2009
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Mars Exploration Rovers

Landed January 3 and January 24 PST,
2004 (January 4 and January 25 UTC,
2004).

- Spirit: 7.7 km as of Sol 2028 (Sept. 16,
2009)

—  Opportunity: 17.5 km as of Sol 2008
(Sept. 17, 2009)

174 kg
0.6 kilowatt hours per day
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Mars Exploration Rovers

Like Mars Pathfinder, the Mars Exploration Rovers are solar-powered

Triple Junction Gallium Arsenides (three-layered solar cells)

“Field tested” on Deep Space 1 mission
Able to absorb more sunlight than the single cell versions sent on Sojourner

Stacked in three layers on the rover's solar arrays
— Able to supply more power to the rover's re-chargeable lithium batteries

The Mars Exploration Rovers carry two 8-amp-hour lithium batteries
Produced ~900 watt-hours of energy per martian sol during prime missions
Provided up to 410 watt-hours per martian sol well into the extended mission,
by driving Spirit and Opportunity strategically through and toward solar-rich

areas
Using solar power limits the places on Mars that landed rover missions

can explore

Restricted to landing and traveling around the equatorial region where they
can get enough sunlight to re-energize their batteries

Alternate power sources are required to increase the area on Mars that might
be studied, opening up the whole planet to exploration
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Mars Exploration Rovers

Software: command/telemetry,

reconfigurable + built-in diagnostics

capability

- Flash anomaly

Design error that resulted in an out-of-
memory event, causing a processor
reset followed by another out-of-
memory event when accessing flash
memory
Rover experienced repetitive resets
Difficulties communicating with Earth,
as well as the inability to shutdown the

solar-powered rover’'s electronics at
night to save power

- Contributing factors included
compressed design schedule,
incomplete development, inadequate
telemetry and limited testing
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Mars Exploration Rovers

Dust accumulation was seen to have

an effect on power generation

capability over time

— Also observed dust removal through
atmospheric events (i.e. dust storms)

Performance also affected by factors
such as atmospheric opacity, sun
distance and inclination

Source: NASA
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Future Missions

Key rover missions that Canada has (or may have) a stake in:
- NASA — Mars Science Lab (MSL)
- ESA - ExoMars
- JAXA - Selene-2
- CSA - In Work*

Many other nations have recently expressed intentions of landing on the
Moon and/or Mars, including China, India, and Russia
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Mars Science Lab — Curiosity

Scheduled to launch in 2011

— Arriving at Mars in 2012
Long-range mobility: 5-20 km
900 kg

Radioisotope (plutonium) power
system

- 2.5 kilowatt hours per day
Operating lifespan on Mars'
surface of at least a full Martian
year (687 Earth days)

Canadian APXS instrument
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Mars Science Lab — Curiosity
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ESA Aurora: ExoMars

Planned to launch in 2016

ESA rover mission now joint with
NASA, dedicated to search for
signs of past and present life on
Mars
MDA involved since inception in
2003

- Ph A Rover vehicle

- Phase B1 Rover Locomotion
Design and BB

- 2009 Ph B2, major re-baseline

Source: ESA

10/9/2009




CSA: In Work

Source: MDA
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Future: Roadmap

MSR Mars

Precursor - Sample
Mars Return
v v AAAAAAAAAA it: ESA v ccccccccc v v
2007 2011 2013 2016 2018 2020 2025+
A A A
Precursor Human
Lunar Lunar
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Terrestrial Spinoffs

sssssssss
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Conclusions

Success of future missions based on learning from past
- Opportunities to optimize hardware, software, operations, ,etc.

Understand and design for the application making appropriate trades
- Mission (tech + science) requirements
- Environment

Build in ability to diagnose and reconfigure

Verification is key

- Interfaces, subsystem interactions, transitions

- Early testing and prototyping
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Questions?

10/9/2009




