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Microgravity

• State of free fall

• Acceleration of 1 g 

• 1 g = 9.81 m/s2

• 𝐹 =
𝐺𝑚1𝑚2

𝑟2

Newton, I. Law of Universal Gravitation. Philosophiæ

Naturalis Principia Mathematica. 1687

What is Microgravity?



Current Technology

• “Vomit Comet”

• Aircraft

• Parabolic flight path

• 20-25 seconds microgravity

• Costly and time prohibitive

• To be discontinued

• Drop Tower

• Drag shield/vacuum chamber

• 2.2-5.2 seconds microgravity

• Quality of 1x10-3 - 1x10-5 g

• Costly with long experimental waitlist

NASA Glenn 2.2 Second Drop Tower. facilities.grc.nasa.gov. 

2013



Project Purpose

• Reduce cost and improve microgravity quality

• Provide for overflow microgravity experiments

• Increase Technical Readiness Level (TRL) for 

CubeSat orbital missions



Platform Design

• Drop methodology

• Weather balloon

• 30,480 m (100,000 ft.) AGL

• 20 seconds free fall

• Telemeter data during flight

• On board video capability



Experiment Bay

• Provides housing for space-

rated electronics

• 3000 cm3 (183.1 in3) of 3U 

CubeSat housing volume 

• 1000 cm3 (61.0 in3) of 

microgravity testing volume



Foam Core

• Polyethylene closed-

cell foam

• Ideal for shock 

absorption and 

vibration

• Durable and 

machinable

• Low density  Clockwise from top left:  Front Form, Center Form, Wireframe 

Zoom



• Light, rigid, durable frame 

(carbon fiber/fiber glass)

• Proven, aerodynamic shape

• Low coefficient of drag

• Minimal buffeting and vibration

• Constrained to 12 lb. by FAA

• Scalable up to 12U CubeSat 

with FAA wavier

Aerodynamic Body

Goldschmied, F. Aerodynamic Hull Design for HASPA LTA 

Optimization.  Vol 15, No. 9. 1978



• High Density Urethane 

(HDU)

• Available at no direct 

cost

• Required mechanical 

properties

• Machinability, little to 

no deflection Wire frame view of complete mold

Foam Mold 



Foam Mold Failure Analysis

High Density Urethane thickness required to prevent failure

• Coulomb-Mohr 

Theory 

• Negative Poisson’s 

ratio  of -0.135 

• more pressure, less 

deflection 

• (0.061” max at 100 psi)



Nose Cone

• Transparent acrylic

• Accommodates video and 

radio systems

• Impact resistant



Boom

• Carbon fiber tube

• Low mass 

• Length of 0.61 m (2 ft.)

– Separates centers of 

pressure and gravity

• Stabilizes flight



• Tapered, swept design

• Addition of slots

• Moderate airfoil shape

Fin Design



Recovery System - Parachute

Engelgau, Gene. Panel Parachute. Digital image. Types of Parachutes. N.p., n.d. Web. 

<https://fruitychutes.com/uav_rpv_drone_recovery_parachutes/uas-parachute-recovery-

tutorial.htm>.

• 1.83 m (6 ft.) panel 

parachute

• Geometry reduces shock

• 25.31 km/h (15.73 mph) 

decent rate for 6.80 kg 

(15 lb.) payload

• Single-stage parachute 

deployment



Recovery System – Stage Separation

Frangible Joint



Recovery System – Stage Separation

Pin Separation



Release Mechanism

Pin-Key Separation



Free Fall Environment

Cut Plot of flow at maximum velocity



Free Fall Environment

Flow trajectories of flow at maximum velocity. Max Cd=0.02



Free Fall Environment

• 30 seconds until sound barrier

• Terminal velocity:

• 540 m/s (1207 mph)

• Absolute pressure at altitude:

• 1116 N/m2 (0.162 lb/in2)

• Density at altitude: 

• 0.017 kg/m3 (0.33 x 10-4 slugs/ft3)

• Temperature at altitude: 

• -46.64 ◦C (-51.10 ◦F)
Predicted aerodynamic events during free fall



Budget: 2016-2018
Element Cost

Latex Balloons (x6) $900

Helium Tanks (x6) $2,400

Flight Computer $3,000

Composite Materials & Manufacturing $6,500

CubeSat Electronics Kit (x2) $42,000

Incident Supplies and Materials $5,000

Chase and Recovery Vehicle Rentals (x6) $450

Travel to CubeSat Developers’ Workshop $4,000

Undergraduate Fellowships $20,000

Grad Student Fellowships $25,000

Summer Internships $12,000

Program Coordinator $30,000

Indirect Costs – Space Grant $48,327

Total: $199,577



Systems Engineering – Work 

Breakdown Structure



Systems Engineering – Testing 

Methods
• Vacuum chamber

• Wind tunnel

– Cermak Peterka 

Petersen, Ft. Collins

– iFly Denver

• Tethered balloon drop

• Ordnance tests

– Release

– Parachute deployment

Pfeiffer Vacuum. Property of Direct Industry http://www.directindustry.

com/prod/pfeiffer-vacuum/product-14656-935971.html

CPP Wind Tunnel. Property of CPP http://www.cppwind.com



Risk Mitigation



Benefits

• Increase Technical Readiness 

Level (TRL) to 6-7

• CubeSat microgravity testing 

on demand

• Overflow functionality testing

• Further develop requirements



Next Steps

• Complete prototype construction

• Integrate CubeSats into aerobody

• Develop interdisciplinary team to program and 

implement pilot microgravity experiments



Q & A



Free Body Diagrams



Data Acquisition
• Up to 500k samples per 

second

• 256 KB programmable 

memory

• Ability to telemeter CubeSat 

data to ground station

• 16 analog channels 

• 85 I/O pins

• Self heating

Hart, D. Nodes. Digital image. CubeSats undergo final inspection at NASA's Ames 

Research Center in Moffett Field, California. www.nasa.gov/press-release. 2015



Scalability

• Fly up to a 12U CubeSat

• 10,000 cm3 (610.2 in3) microgravity testing 

volume

• Increase microgravity duration

• Increase velocity

• Launch Service Requirements Document (LSRD) 


