
C.A.S.P.E.R. Mission
Collect, Analyze, Store, Process & Explore Rover

MISSION OBJECTIVE

C.A.S.P.E.R. ROVER/ LANDER

Primary: To extract, analyze and process lunar water extracted on the Moon’s south 
pole.
Secondary: Build a distribution map of water concentration around the Moon’s south 
pole. Demonstrate water storage methods on the Moon. 

MISSION PURPOSE

COMMUNICATION
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MISSION TIMELINE

TRAJECTORY

Requirements: Ability to transfer 2100 kg CASPER from Earth to the Moon with 
launch window flexibility, total ∆V = 4400  m/s for major and minor burns
Orbital Mechanics: 300 km Low Earth Orbit, Hohmann Translunar Injection, 100 
km Polar Low Lunar Orbit (LLO)

POWER

• Rover: Required power of 80-105W
• Power generation: 118W w/solar panels 
• Power Storage: >350 Wh (Li-ion)
• Total Subsystem Mass: 7.07 kg
•  It can survive entire ellipses for up to 52 

days and can venture into sun devoid 
craters for up to 8 hours while performing 
various activities

PAYLOAD

STRUCTURES

• Lander: Required power of 300-400W
• Power generation: 315W w/solar panels
• Power Storage: >500 Wh (Li-ion)
• Total Subsystem Mass: 13.2 kg
• The lunar lander’s power needs are 

designed towards its payload activities and 
keeping an active communication link 
between the rover and Earth
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MISSION SUMMARY

Demonstrating water extraction and storage methods from the lunar surface will 
establish a foundation for future manned missions to the Moon. 

GUIDANCE NAVIGATION & CONTROL

Requirements:
● Extract lunar samples from 

around 1 m deep
● Obtain water samples that yield 

~10% 
● Water detection 10 ppm, 
● Collect 4 deep samples 250 

meters apart 
● Store 0.25 to 0.5 L of water. 

PROPULSION

THERMAL

Time Elapsed 
During Launch (s)

Acceleration 
(m/s^2)

Total Force (N) Max Von Mises 
Stress (MPa)

Min F.S. G-Force 
Acceleration (g)

120 47.50 99,750 45.92 11.00 4.84

110 51.82 108,822 50.06 10.09 5.28

100 57.00 119,700 55.05 9.17 5.81

90 63.33 133,000 61.17 8.26 6.46

Requirements: The rover must maintain operational 
temperatures during extreme lunar conditions, 
including sustained exposure to 75 K in permanently 
shadowed crater regions. Solution: Thermal 
simulations were conducted in SolidWorks, and 
Radioisotope Heater Units (RHUs) were integrated to 
passively maintain survivable internal temperatures 
and ensure rover temperatures remain above 168 K
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Requirements:
• Main engine must have a throttle range of 10:1 and 

to be gimbaled.
• RCS (Reaction Control System) thrusters to control 6 

degrees of freedom.
• Main engine used in lander need to produce a ΔV of 

2000 m/s for a descent from ~100 km. And at least a 
total thrust of 47 kN.

Requirements:
• Max. available Thrust:  47 kN
• Land with 400 m precision on moon
• Lander speed no greater then 4 m/s on 

touchdown

Components:
• Star Tracker
• Sun Sensor
• Navigation Doppler Lidar (NDL)
• Inertial Measurement Unit (IMU)

Lander Descent:
• From 100 km LLO, elliptical insertion 

cruise phase (∆V = 1,246 m/s)
• Proportional Derivative (PD) Controller 

to control descent starting at 45 km 
altitude and 22 km away

Landing Conditions:
• Max Thrust: 40.029 kN
• Distance: 0.162 m
• Velocity: 1.540 m/s

Scientific Instruments:
● Near-Infrared Volatile 

Spectrometer (left) 
● Lunar Prospector 

Neutron Spectrometer 
(middle)

● TRIDENT Lunar drill 
(right)

The mission architecture consists of a rover and lander

Subsystem Mass Power Costs Dimensions (m)

Rover 123 - 189 kg 77 - 105 W $107 - $250 
million 

2 x 2 x 1.5 

Lander 1,300 - 1870 
kg

220 - 360 
W

$366 - $438 
million

4 x 2 by 2.2

Total 1,423 - 2,059 
kg

290 - 465 
W

$473 - $688 
million

4 x 2 by 2.2

Requirements: The system must withstand combined 
launch and descent forces acting on a 2100 kg 
rover-lander assembly and avoid resonating with the 
launch vehicle's vibrational profile\
Solution:  
● Material: Aluminium 7075-T6 
● Analysis using Varying launch durations (90–120 

s) acceleration profiles (4.84–6.46 g) 
● Confirms loading cases remained below yield 

strength: maximum Von Mises stresses under 62 
MPa and minimum factors of safety above 8.2.

Requirements: 
● The rover needs 5 Mbps to communicate with 

the lander 
● The lander needs 20 Mbps for telemetry and 

data collection with Earth or the Lunar 
Reconnaissance Orbiter (LRO).

Components:
● X-band Transmitter (20 GHz)
● UHF Radio
● Low-gain antenna (.5 Meters) 
Solution: Link Budget Analysis with a .5 meter 
antenna, 10 W Power draw, 20 Mbps at 20 GHz

Components:
• Monomethyl Hydrazine and 

Dinitrogen Tetroxide as propellant 
MR of 1.65

• ISP: 301 s
• 4 quad sets of RCS thrusters (110 N)
• Main Engine Gimbal


