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CubeSats in the Quest for OOS

Rapidly
Attachable
Benefits Drawbacks Fuel
Transfer
* Small size = Low cost * Small size Interface
* Low mass = Less fuel usage * Small fuel quantities
e Rapid development cycles * Complex mechanisms difficult

* Ease of adoption to scale

e Standardized trusted launch
e Ride share
* Disaggregation
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Timeline of Missions Leading to RAET

CubeSat/Small Sat Formation Flying and RPOD

Refueling Missions

bedi

Mir
Space
Station

FURPHY (OrbitFab)

Orbital Express
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Robotics are Complex, Expensive ane
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Solution: Combine Docking and Fuell
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The Development Process at Orbit

Rapidly

¢ Provided by 18

customers Attachable

¢ Preliminary FueI

Requirements [RIESRIEEe :
* RPOD eDetailed Transfer
Requirements Requirements

determined Breakdown Interface
eDetailed
ConOps

Early Design Developed
eSolutions
Work Proposed

eSubsystems
Tested

e RPOD Verification

e Pressure testing
Prototype e Functional Testing
e NASA GEVs Testing

CUSt_Omer ¢ End to End Hot fire test on customer system
Trials e End to End RPOD test with Customer

4/24/2019 A CubeSat Compliant Interface to Enable Spacecraft Docking and Fuel Transfer - Orbit Fab, Inc. 9

James Bultitude, Daniel Faber, Jeremy Schiel, Dean Hawes, Wanda Sigur, John Carrico — Cube Sat Developers Workshop 2019



ORBITFAB

Gas Stations in Space

RAFTI System Boundaries s
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Inside the System Attachable
Coupling |
User Documentation (ICD, CAD, Fue
Specifications, App Notes, Mounting Transfer
White-papers, Materials list) Power Interface
- Heater conditioning Boom Dep|oy
Assembly & testing procedures Handshake
Pump/Blow- Piping
Marketing Technician Self-test down
Materials Trainin
: Kinetic Energy Flow Meter kg:gf:r
Storage Absorption
Ground _ Thermal
Assembly & Support Equip Blanket Redundant
testing jigs Valve Control Valve(s)
Qualification Alignment
inDi - Vent Valve(s
SPhlpkplng & & A;ceptance Electrostatic Indicators (s)
ackaging esting Qissipation / Thruster Disposal
. Customer Support Outside the System
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Misalignment of Docking Spacecrait ‘
X(+_.10 mm) @

Y (+ 10 mm) | Rapidly

Z (+ 10 mm) Attachable
Xdot (+_ 5 mm/s) Llp (9x, Oy) (92) E i Fuel
Ydot(+ 5 mm/s) (wz) i Transfer
Zdot(+_5 mm/s) | (wx, wx)(wz) Interface

System must maintain
this state till complete

Time -1 : Time 1
RPOD is Dominant After first possible contact .| RPOD+Coupler
RPOD+Coupler When Latching possible
X > Z=h=0 Time 2 (Not Shown)
Y OOP : Latching Complete
Z" (All Coupler)
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Misalignment - Z Axis View

@3
30 degrees tolerant
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1. . 3. Launch 4, 6.

Manufacture Integration and Early Inactive . Soft » Fuel . DiseZl- ape
/ shipping by Customer Operations On Orbit Capture transfer gag
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Primary Latch (Soft)

Rapidly
Attachable
* Makes the first docking contact. Fuel
Transfer
* Needed to capture the two S/Craft together. Interface

* Shouldn’t open the face valves.
* Allows the hard latch to be slower.
 Must ensure no bounce out.

MUST BE FAIL SAFE IN COMBINATION WITH SECONDARY LATCH.
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* Provides the force needed to hold the s/c together and allow for  Fuel

Transfer

fluid flow at 500 psi (low pressure) or 3,000+ psi (high pressure). | ierface

Secondary Latch (Hard)

* Must make the final alignment of any valves/connectors.
* Must be minimum power over attached time.

* Reconfigurability to change from Normally Open to Normally
Closed desired.

MUST BE FAIL SAFE IN COMBINATION WITH PRIMARY LATCH.
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RAFTI Current Config j&
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Expected Performance

Parameter
Max. Operating Pressure
Proof Pressure

Internal Leakage (GHe)
External Leakage

Cycle Life

Operating Temp Range

Weight (grams)

Size

Random Vibration

Pyro-shock

Media

High Pressure

500 psig

1,000 psig

< 1x10° scc/s

<1 x10° scc/s

>1,000 cycles

-40 to 120 °C

* 150 g (Service Valve)
* 250 g (Coupling Half)

* 0.25 U (Service Valve)
* 0.5 U (Coupling Half)

NASA GEVs
NASA GEVs

MMH, UDMH, Water, H202,

3,000 psig

4,500 psig

<1 x10° scc/s

<1 x10° scc/s

>1,000 cycles

-40to 120 °C

* 200 g (Service Valve)
* 400 g (Coupling Half)
* 0.25 U (Service Valve)
* 0.5 U (Coupling Half)
NASA GEVs

NASA GEVs

Nitrogen, Helium, Xenon,

Active Side 0.5 U
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Dual Service Valve and Passive Docking side
fits inside “Tuna Can’ Volume

Methanol Krypton
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