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CRYOTE Lite CRYOTE Pup CRYOTE Free Flier
Duration on orbit <17 hours ~1 year ~1 year

Lead Time to ILC 2 years 2 years ATP+2 yrs (minimum)

Power Centaur batteries Solar Arrays Solar arrays

Attitude Control Centaur hydrazine
Cold gas thrusters using 
vented hydrogen, storable 
propellants

Vented hydrogen, torque 
rods, control gyros, 
storable propellants

Telemetry Centaur MDU CRYOTE antennas CRYOTE antennas

Flight Computer Centaur - open-loop
Closed-loop Ball BCP 
avionics

Closed-loop Ball BCP 
avionics

Upper Stage LV 
Separation

No seperation from 
Centaur

No seperation from 
Centaur

Seperation from Centaur

LH2 Source* Centaur residual LH2 Centaur residual LH2 Centaur residual LH2

Tank Size 1000L; 48" dia 1000L; 48" dia Can be >1000L; 48 dia

��B�+-
�������

* Potential LOX transfer with modifications to Cent aur 
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access port

upper shell

lower shell

GSO battery
kit (2x)

CRYOTE 
Lite only

C-29

-Z propulsive venting

ESPA

cryogenic struts (6x)

valving (dome mounted)

cryogenic flanges (2x)

valving (dome mounted)

girth weld

C-29 mounting interface

propellant
management device

MLI not shown for clarity

TVS/vapor cooling (2X)
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L=16.3m
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L=

 9.6m

He & 
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LH2 Storage
(110 m3; 7.6 mT)

LO2 Storage
(48 m3; 53 mT)
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Vapor cool tank
GH2 ullage
Composite Strut
Transfer Valve
Pressurization line
Wiring

LH2 Tank (launched empty)

Integrated MLI blanket
-Vapor cooled shield
-Broad area cooling
-MMOD

Tether counter weight
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Transfer Port(s)
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&
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O

2

Purge shut-off valve
GH2 cool engine beam
Warm GH2 RCS

LH2 vapor cool tank 

Composite Adapter
O2 pres/vent line
LO2 Transfer Line

Integrated MLI blanket
-Vapor cooled shield
-Broad area cooling
-MMOD

Cryocooler

Existing Lines
New Lines

LH2 vapor cooling 
to condition LO2 
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Transfer Port(s)

ESPA structure
Avionics
Propellant control
Transfer pumps
Solar power
Grapple arm
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5 m LH2 tank enables 70 mT
depot capacity

5 m LH2 tank enables 70 mT
depot capacity

5 m ACES and LH2 tank enables 
120 mT capacity

5 m ACES and LH2 tank enables 
120 mT capacity

5 m ACES and 6.5 m LH 2 tank 
enables 200 mT capacity

5 m ACES and 6.5 m LH 2 tank 
enables 200 mT capacity
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Cryo Transfer Technology Current TRL TRL Post-CRYOTE
Lite

TRL Post-CRYOTE
Pup, Free Flier

0-g Stld 0-g 10-4 g 0-g 10-4 g
Transfer System Operation 4 5 4 9 9* 9
Pressure Control 4 9 6 9 9 9
Low Acceleration Settling N/A 9 N/A 9 N/A 9
Tank fill operation 4 5 4 9 9* 9
Thermodynamic Vent System 5 5 7 7 9 9
Multi-layer insulation (MLI) 9 9 9 9 9 9
Integrated MLI (MMOD) 6(2) 6(2) 9(7) 9(7) 9 9
Vapor Cooling (H2 para-ortho)* 9(4) 9(4) 9 9 9 9
Passive Broad Area Cooling (active) 9(4) 9(4) 9(4) 9(4) 9 9
Active cooling (20 – 80K)* 4 4 4 4 9 9
Ullage and liquid stratification 3 9 9 9 9 9
Propellant acquisition 2 9 9 9 9 9
Mass gauging 3 9 9* 9 9* 9
Propellant expulsion efficiency 3 9 9 9 9 9
System chilldown 4 5 4 9 9 9
Subcooling P>1atm (P<1atm) 9(5) 9(5) 9(5) 9(5) 9(5) 9(5)
Fluid coupling 3 3 3 3 9 9

* Additional experiment to CRYOTE Core
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CRYOTE Core implements 
Ball Aerospace heritage 

cryogenic strut technologies

CRYOTE Core implements 
Ball Aerospace heritage 

cryogenic strut technologies
Ball Aerospace cryogenic 

struts on Spitzer
Ball Aerospace cryogenic 

struts on Spitzer

CRYOTE ground test 
article conic section
CRYOTE ground test 
article conic section
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He & 
GO2

LH2 Storage
(110 m3; 7.6 mT)

LO2 Storage
(48 m3; 53 mT)

He & 
GO2

LH2 Storage
(110 m3; 7.6 mT)

LO2 Storage
(48 m3; 53 mT) Ullage

Liquid

Ullage

Liquid

Ullage

Liquid

Ullage

Liquid
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Aluminized
Mylar Layers

Polymer Spacers

Integrated MLI Concept
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Early CRYOTE Core concept 
with CryoTracker ®

Early CRYOTE Core concept 
with CryoTracker ®

CRYOTE Core diode rack for 
level measurement during 

settled transfer

CRYOTE Core diode rack for 
level measurement during 

settled transfer
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ULA, ILC-Dover and NASA have developed a 
pneumatically deployed sun shield to 
support long duration cryo-storage

ULA, ILC-Dover and NASA have developed a 
pneumatically deployed sun shield to 
support long duration cryo-storage

Conic sun shield shades the 
cryogenic upper stage to 

minimize boil-off

Conic sun shield shades the 
cryogenic upper stage to 

minimize boil-off
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The TCS concept for 
subcooling cryogens on the 
launch pad. Courtesy NASA

The TCS concept for 
subcooling cryogens on the 
launch pad. Courtesy NASA
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The integrated vehicle fluids 
module is designed to 

support RCS, pneumatic 
and power requirements 

(Courtesy ULA)

The integrated vehicle fluids 
module is designed to 

support RCS, pneumatic 
and power requirements 

(Courtesy ULA)

Testing has demonstrated 
the functionality of this low 

cost hydrogen/oxygen 
thruster (Credit Innovative 

Engineering Solutions)

Testing has demonstrated 
the functionality of this low 

cost hydrogen/oxygen 
thruster (Credit Innovative 

Engineering Solutions)
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