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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

d.  SUBSYSTEM: Pressure Systems e. HAZARD GROUP: Structural f. DATE: May 22, 2006 

i. HAZARD CATASTROPHIC X 
g.  HAZARD TITLE: Overpressurization of Orbiter Payload Bay 

CATEGORY: CRITICAL  

h.  APPLICABLE SAFETY REQUIREMENTS: 
NSTS 1700.7B, 200.1, 200.2, 200.3, 200.4a, 201.3, 202.6, 205, 206, 208.4, 208.4a, 208.4b, 

208.4c, 208.4e 

j.  DESCRIPTION OF HAZARD: 

Nominal or fault venting/release of stored gases (Superfluid Helium, Warm Helium, TRD 

Gas Supply (CO2, Xe) and the Thermal Control System (Ammonia, CO2, Propylene) 
generates excessive volume/pressure within the Orbiter payload bay during ascent or entry 

(doors closed) damaging the payload bay doors or aft bulkhead.  Damage of these critical 

structures can result in the loss of Orbiter safe entry capability. 

k. CAUSES 

(list) 

 

1.  Nominal boil off of cryogenic helium 

2.  Loss of Vacuum Case thermal isolation 

3.  Leakage of Warm Helium Gas Supply 

4.  Leakage of TRD Gas Supply 

5.  Leakage of Thermal Control Systems 

6.  Blockage of Payload Bay Vents with MLI 

 

 o.  APPROVAL PAYLOAD ORGANIZATION SSP/ISS 

  PHASE I   

  PHASE II   

  PHASE III   
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

l. HAZARD CONTROL (CONTROL), m. SAFETY VERIFICATION METHODS (SVM), n. STATUS OF VERIFICATIONS (STATUS) 
OPS 

CONTROL 

1.  CAUSE:  Nominal boil off of cryogenic helium  

1.1 CONTROL:  By design the nominal vent rate of the superfluid helium will be well below values that could threaten to 
over pressurize the Orbiter Payload Bay.  At launch, no venting will occur until a baroswitch or computer issued (timer) 

command is sent to open the vent valve.   This will occur at approximately 5 mbar (0.04 psia, approximately 3 minutes into 
flight).  The nominal venting rate of the super fluid helium system is approximately 3.2 liters/min @ STP.  This has taken 

into account the thermal transfer capabilities of the Cryosystem Support Straps and the thermal isolation of the vacuum 

case. 

 1.1.1 SVM:  Analysis/Test of AMS-02 nominal vent rate. 

 1.1.2 SVM:  Approval of AMS-02 potential gas release by Shuttle Integration Office. 

 1.1.1 STATUS: Open.  AMS-02 analysis of the worst-case nominal venting conditions for pressure has been 

completed.   

 1.1.2 STATUS:  Open.  Shuttle integration office has assessed the AMS-02 nominal vent rate of 3.2 liters/min @ 
STP (8.9mg/sec).  This is at worst case, without cryocoolers. 

 

2.  CAUSE: Loss of Vacuum Case thermal isolation  

2.1 CONTROL:  The super fluid helium cryogenic system has been established to not have any credible failure modes that 

can result in an emergency venting that can over pressurize the Orbiter Payload Bay.  The Loss of Vacuum failure mode has 

been controlled by the design of the vacuum case construction, a welded aluminum structure that includes four large sealing 
joints with two o-rings held between to flanges secured with minimum of 192 bolts (each large sealing joint has differing 

numbers) at a ~1 ¾ inch spacing.  Considering this design, a very conservative worst-case leak was postulated and 
presented to the PSRP for consideration at a series of Technical Interchange Meetings (TIMs).  This leak has been defined 

as a three-inch wide gap cause by pinching each of the o-rings, with a maximum gap space of 0.001 inch that equates to an 

effective hole size of 0.062 square inches.  Details of this analysis are attached to this hazard report.  Extensive testing and 
analysis support the loss of vacuum condition and monitoring of the vacuum case pressure and the Super Fluid Helium tank 

pressure and temperature will occur from approximately 12 months prior to flight to L-9 minutes.  (Note this is an 
equivalent fault tolerance approach documented and approved in PSRP Minutes of the AMS-02 Special Discussion Meeting 

held October 11, 2001, TIM held October 16, 2001 and the AMS-02 TIM held January 17, 2003) 
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

 2.1.1 SVM:  Qualification Testing of Structural Test Article (STA) as defined in AMS-02 SVP (JSC-28792C): 

• Vacuum Leak Test of STA Vacuum Case (VC) 

• Proof Pressure Test of STA VC 

• Full Assembly Static Test with STA VC 

• Full Assembly Modal Test with STA VC 

• Sine Sweep Test of STA VC 

• Acoustic Test of STA VC 

 2.1.2 SVM:  Acceptance Testing of Flight Vacuum Case as defined in AMS-02 SVP (JSC 28792C): 

• Vacuum Leak Test of Flight VC 

• Proof Pressure Test of Flight VC 

• Vacuum Leak Test of Flight SFHe Tank 

• Proof Pressure Test of Flight SFHe Tank 

 2.1.3 SVM:  Small Scale Venting Tests to validate emergency flow rate. 
 2.1.4 SVM:  Emergency Venting Analysis performed by AMS-02 organization and STS Integration for all mission 

events. 
 2.1.5 SVM:  Review of design to verify redundant pressure and temperature sensors in SFHe Tank and the vacuum 

case. 

 2.1.6 SVM:  Inspection of as built hardware to verify redundant pressure and temperature sensors in SFHe Tank and 
the vacuum case. 

 2.1.7 SVM:  Functional Testing of pressure and temperature sensors in the SFHe Tank and the vacuum case. 
 2.1.8 SVM:  Launch Commit Criteria for launch acceptability at L-9 minutes. Trend Data will be utilized to 

establish cryosystem health status prior to launch. 

 2.1.9 SVM:  Approval of AMS-02 potential gas release. 
 2.1.1 STATUS:  Open 

 2.1.2 STATUS:  Open 
 2.1.3 STATUS:  Closed.  Ref “Loss of Vacuum and Venting from the AMS-02 Cryostat,” dated 11 December 2002, 

S. M. Harrison. 

 2.1.4 STATUS:  Open 
 2.1.5 STATUS:  OpenClosed.  Reference ESCG Memo ESCG-4390-06-SP-MEMO-0008, “Loss of Vacuum in the 
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

AMS-02 Cryostat”, dated March 24, 2006. 

 2.1.6 STATUS:  Open 
 2.1.7 STATUS:  Open 

 2.1.8 STATUS:  Closed. Boeing Memo No. TS-TM-02-064, dated December 19, 2002. 

2.2 CONTROL:  The SFHe Tank emergency vent has three burst disks in series.  These relieve outside of the vacuum case.  
The vacuum case emergency vent has three burst disks in series.  The burst disks have a reverse acting circumferentially 

scored design with cutting teeth as redundant burst method.  These disks comply with the requirements of NSTS/ISS 18798, 
letter TA-88-074 (October 18, 1988) (reference AMS-02-F05) 

 2.2.1 SVM:  Review of design for inclusion burst disks for the SFHe tank and for the VC. 

 2.2.2 SVM:  Inspection of as built hardware burst disks for the SFHe tank and for the VC. 

 2.2.1 STATUS:  Open 

 2.2.2 STATUS:  Open 

 

3.  CAUSE:  Leakage of Warm Helium Gas Supply  

3.1 CONTROL:  During ascent and descent the Warm Helium Gas Supply does not nominally have a vent path.  Only the 

rupture of burst disks (320 bar high pressure and 10 bar low pressure) and a pressure relief device operating can release gas.  
The maximum flow rate out of the high pressure burst disk (worst case for system) is 0.24 kg/s and rapidly drops off.  Other 

possible vent paths could vent at a substantially reduced rate and required additional component failures to occur.  The total 
quantity of helium contained in the Warm Helium Gas Supply is 241 grams. 

 3.1.1 SVM:  Venting Analysis 

 3.1.2 SVM:  Filling Procedure on total quantity being less than or equal to 241 grams of helium. 

 3.1.3 SVM:  Approval of AMS-02 potential gas release. 

 3.1.1 STATUS:  Closed.  Space Cryomagnetics Ltd Memo dated November 11, 2005, titled “AMS-02 
Superconducting magnet - venting of warm helium vessel” 

 3.1.2 STATUS:  Open 

 3.1.3 STATUS:  Closed.  Boeing Technical Memorandum TS-TM-05-037 dated December 9, 2005 From HB2-
30/William R. Griebel. 
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

4.  CAUSE:  Leakage of TRD Gas Supply  

4.1 CONTROL: During ascent and landing phases, each of the TRD Xenon and Carbon Dioxide gas tanks are isolated by 
three valves and flow limiting orifices.  Valves are normally closed and close when power is removed.  If these valves are 

open, by three fault conditions in the valve mechanisms, and the gas pressure released through the vent line, protected by 

burst disk and pressure relief valves (will open under direct pressure of tanks), Xenon and Carbon Dioxide gas will be 
released into the payload bay.  Xenon will have the highest mass flow rate potential with a value of 0.29 kg/sec (0.64 lb/sec, 

1.12 ft
3
/s).  Carbon dioxide will have the highest volumetric flow rate at 0.06 m

3
/sec (2.2 ft

3
/s).  Operation of valves would 

require powering of AMS control systems that are unpowered during ascent.  Under nominal operations (installed on ISS) 

the worst case leakage through the sensor straws has been established by testing to be 4.3 x 10
-6

 l/sec.  During operations on 

the ISS, a mixed gas purge may be used to assure a known mix of gases within Box C.   

 4.1.1 SVM:  Review of design to confirm implementation of valves to isolate gas supply tanks. 

 4.1.2 SVM:  Inspection of as built hardware to confirm implementation of valves to isolate gas supply tanks. 

 4.1.3 SVM:  Functional testing of TRD confirms operation of valves to close with power removal. 

 4.1.4 SVM:  Environmental/vibration testing to confirm valves remain closed during ascent/descent conditions. 

 4.1.5 SVM:  Xenon and Carbon Dioxide Tanks will be filled with the appropriate gases per ground filling 
procedures. 

 4.1.1 STATUS:  Open 

 4.1.2 STATUS:  Open 

 4.1.3 STATUS:  Open 

 4.1.4 STATUS:  Open 

 4.1.5 STATUS:  Open 

 

4.2 CONTROL:  The construction of the TRD high pressure gas supply utilizes stainless steel lines, (orbital) welded joints 
and fittings.  Rupture of these DFMR lines would be required to release the pressure tank supply of gas.  Reference DFMR 

compliance in AMS-02-F05. 

 4.2.1 SVM:  Review of Design 

 4.2.2 SVM:  Inspection of As Built Design.  
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

 4.2.1 STATUS:  Open 

 4.2.2 STATUS:  Open 

4.3 CONTROL:  Fill and drain ports for the TRD tanks (Box S) and GSE interfaces (Box C) utilize check valves and dual 

sealed caps to preclude gas release. 

 4.3.1 SVM:  Review of design 

 4.3.2 SVM:  Inspection of as built hardware. 

 4.3.3 SVM:  Post filling inspection of cap installation 

 4.3.1 STATUS:  Open 

 4.3.2 STATUS:  Open 

 4.3.3 STATUS:  Open 

 

4.4 CONTROL:  The amount of gas that can be released from the TRD Box C, including the mixing tank is limited by the 

volumes and pressure of mixed gases present and will not present a danger of over pressurization of the Orbiter Payload 
Bay during ascent and entry as the system is unpowered and the supply of gas is isolated though unpowered closed valves.  

The entire box operates at pressures lower than 20.4 psia and the total gas volume is 0.011m
3
 (0.5 ft

3
).  The “straw” volume 

is divided into 41 segments, each is isolatable by redundant valves (provided for mission success reasons).  A leak in any 
segment would release approximately 0.007 m

3
 (0.25 ft

3
) of mixed gas.  If the volume of the entire straw system is released 

0.3 m
3
 (11 ft

3
) of mixed gas could be released.  Mixed gas is nominally a 4 to 1 ratio of xenon to carbon dioxide.  The TRD 

sensor straws have been tested for leakage, which easily enveloped by the fault condition, with an established leak rate for 

an operational TRD of 4.3 x 10
-6

 l/sec. 

 4.4.1 SVM:  Review of design  

 4.4.2 SVM:  Inspection of as built hardware. 

 4.4.1 STATUS:  Open 

 4.4.2 STATUS:  Open 

 

5.  CAUSE:  Leakage of Thermal Control Systems  

5.1 CONTROL:  The Tracker TCS (TTCS) utilizes two actively pumped carbon dioxide loops that contain approximately 
874 grams of CO2 per loop (approx 15.6 ft

3
 (0.442 m

3
) @ STP).  Loops operate in a sealed mode qualified under DFMR 
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

without nominal or fault venting, reference AMS-02-F05. 

 5.1.1 SVM:  Review of Design 

 5.1.1 STATUS:  Open 

5.2 CONTROL:  The Cryocooler Loop Heat Pipe utilizes 42 grams of propylene as a working fluid.  Loop operates in a 

sealed mode qualified under DFMR without nominal or fault venting, reference AMS-02-F05. 

 5.2.1 SVM:  Review of Design 

 5.2.1 STATUS:  Open 

 

5.3 CONTROL:  Radiator panels contain isolated heat pipe (and USS-02) elements with ammonia as a working fluid.  

Largest single heat pipe quantity of ammonia is less than 41 grams.  Heat pipes operate as closed systems qualified under 

DFMR and have no nominal or fault venting conditions, reference AMS-02-F05. 

 5.3.1 SVM:  Review of Design  

 5.3.1 STATUS:  Open 

 

5.4 CONTROL:  TTCS Oscillating Heat Pipe Experiment is a heat pipe that contains 2.56 grams of FC-87, a fully 

fluorinated liquid manufactured by 3M.  The loop heat pipe is a closed system qualified under DFMR and has no nominal 

or fault venting conditions, reference AMS-02-F05. 

 5.4.1 SVM:  Review of Design 

 5.4.1 STATUS:  Open 

 

5.5 CONTROL:  The CAB Loop Heat Pipe is an ammonia loop heat that contains 55 grams of ammonia.  The CAB loop 

heat pipe is a closed system qualified under DFMR and has no nominal or fault venting conditions, reference AMS-02-F05. 

 5.5.1 SVM:  Review of Design  

 5.5.1 STATUS:  Open 

 

5.6 CONTROL:  The Cryocooler is a Stirling Cycle heat pump that uses helium (275 cm
3
 @ 16 bar, .72 grams) as a 

working fluid.  The Cryocooler is a closed system qualified under DFMR and has no nominal or fault venting conditions, 

reference AMS-02-F05. 

 5.6.1 SVM:  Review of Design  

 



 

A
.4

-8
 

JS
C

 4
9
9
7
8

PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F04 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

 5.6.1 STATUS:  Open 

5.7 CONTROL:  TTCE Accumulator Heat Pipe  contains 3 grams of ammonia.  The TTCS Accumulator Heat Pipe is a 
closed system qualified under DFMR and has no nominal or fault venting conditions, reference AMS-02-F05. 

 5.7.1 SVM:  Review of the Design 

 5.7.1 STATUS:  Open 

 

6. CAUSE:  Blockage of Payload Bay Vents with MLI  

6.1 CONTROL:  All MLI and thermal blankets used on the AMS-02 will be secured to AMS using positive mechanical 
means.  “Soft”: techniques such as hook and loop fasteners (Velcro ®) will not be used as a primary means of retaining the 

MLI and thermal blankets. 

 6.1.1 SVM:  Review of design 

 6.1.2 SVM:  Inspection of as built hardware.  

 6.1.1 STATUS:  Open 

 6.1.2 STATUS:  Open 

 

Notes: 

Fluid/Gas (at STP) g/l lb/ft
3
 

Ammonia 0.7710 0.11135 

Carbon Dioxide 1.9769 0.12341 

Helium .1785 0.01114 

Xenon 5.85 0.365 

Propylene 1.783 0.1113 

FC-87 1650 103.0 

Superfluid Helium 145 g/l @ 1.8 K 

(-271.35 °C) 

9.053 lbs/ft
3
 @ 

-456.43 °F 
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ACRONYMS 

°C – Degrees Centigrade (Celsius) MDP – Maximum Design Pressure 

°F – Degrees Fahrenheit  mg/sec – milligrams per second 

AMS-02 – Alpha Magnetic Spectrometer 02 min – Minutes 

atm – atmospheres MLI – Multilayer Insulation 

C of C – Certificate of Compliance MUA – Material Usage Agreements 

CAB – Cryomagnet Avionics Box Ops – Operations 

CDC – Cool Down Circuit PGSC – Payload General Support Computer 

CHX – Cold Heat Exchanger psia – pounds per square inch absolute 

CO2 – Carbon Dioxide psid – pounds per square inch differential 

COTS – Commercial Off the Shelf  PSRP – Payload Safety Review Panel 

DDRS2 – Digital Data Recording System 2 QA – Quality Assurance 

DFMR – Design for Minimum Risk RTEF -  

DLCM -  SCL – Space Cryomagnetics Limited 

ft
3
 – Cubit Feet SCL – Superfluid Cooling Loop 

ft
3
/s – Cubit feet per second SFHe – Superfluid Helium 

g/l – Grams per liter STA – Structural Test Article 

He – Helium STA – Structural Test Article 

K – Kelvin STP – Standard Temperature and Pressure 

K – Kelvin SVM – Safety Verification Method 

kg/sec – kilograms per second SVP – Safety Verification Plan 
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ACRONYMS 

ksi – kilo pounds per square inch TCS – Thermal Control System 

lb/ft
3
 – Pound per cubic foot  TIM – Technical Interchange Meeting 

lb/sec – Pounds (mass) per second TRD – Transition Radiation Detector 

lbf – pound force TTCS – Tracker Thermal Control System 

M/OD – Meteoroid/Orbital Debris ult – Ultimate 

m
3
 – Cubic Meters USS-02 – Unique Support Structure 02 

m
3
/sec – Cubic meters per second VC – Vacuum Case 

mbar – millibar Xe – Xenon 
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Stored Gas Reservoirs 

System Working Fluid Quantity Gas Volume (at STP) Notes: 

Superfluid 

Helium Tank 

Superfluid 

Helium 

800 lbs (362.8 kg) ~2500 

liters@ 145 g/l @ 1.8 K 

Thermal design limits release rate with worst case failure, heat must 

be introduced to phase change the superfluid helium. 

Superfluid 

Helium Tank 

Superfluid 

Helium 

 Given worst case credible leak of VC, requires 23 minutes to warm 

up the cryogenic helium sufficiently to open burst disks and allow 
venting to begin. (Extremely conservative analysis, reference SCL 

Report on Loss of Vacuum.)  This conditioned is monitored to L-9 

minutes or less with a LCC in place if leak is detected. 

Superfluid 

Helium Tank 

Helium  At baroswitch operation at external pressure of approximately 5 

mbar, the nominal vent rate of 0.11 ft
3
/min begins. 

Warm Helium 

Gas Supply 

Helium  241 grams 47.68 ft
3
 (1.35 m

3
) Worst case flow rate after failure of 

qualified burst disk (300 bar) 

TRD Xenon Gas 
Supply 

Xenon (Xe) 99 lbs (44.9 kg) 271.2 ft
3
 (7.68 m

3
) Three failures to open valves during 

ascent/descent, worst case flow is 1.12 

ft
3
/s. 

TRD Carbon 

Dioxide Gas 

Supply 

Carbon 

dioxide (CO2) 

11 lbs (5 kg) 89.3 ft
3
 (2.53 m

3
) Three failures to open valves during 

ascent/descent, worst case flow is 2.2 

ft
3
/s. 

TRD Mixing 

Vessel/Box C  

4:1 Xenon: 

CO2 mix 

Quantity supplied from 

TRD Box S ⇒ 

0.011 m
3
 During ascent/descent this a non-

operational system that requires the 
Box S to charge Box C with gas 

pressure and a failure of a relief valve. 

TRD proportional 
counters 

“Straws”,  
manifold & 

delivery from 

4:1 Xenon: 
(CO2) mix 

Quantity supplied from 

TRD Box C ⇒ 

0.23 m
3
 total with 0.007 

m
3
 per straw segment with 

interconnecting tubing and 
connection to Box C 

Straw Modules are approximately 500 
m in length with six straw per module 

(dia. of 6 mm).  Interconnecting tubing 
and connection to the Box C account 

for less than 0.001 m
3 
each.  This value 
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Stored Gas Reservoirs 

System Working Fluid Quantity Gas Volume (at STP) Notes: 

delivery from 

Box C 

 for less than 0.001 m
3 
each.  This value 

is rounded up to 0.23 m
3
. 

Tracker TCS Carbon 
dioxide 

847 grams 

(Repeated in two loops) 

15.1 ft
3
 (0.428 m

3
) @ STP 

per loop 
Closed system design qualified under 
Design for Minimum Risk (DFMR) 

Criteria 

Cryocooler Loop 

Heat Pipe (x8) 

Propylene 42 grams each 0.83 ft
3
 (0.024m

3
) Closed heat pipe qualified under 

DFMR Criteria 

Heat Pipes 
(various) 

Ammonia Largest Quantity in 
single heat pipe is 41 

grams 

1.88 ft
3 
(0.053 m

3
) Closed heat pipe systems qualified 

under DFMR criteria 

CAB Loop Heat 

Pipe (x2) 

Ammonia 55 grams each 2.52ft
3 
(0.07 m

3
) CAB Loop Heat Pipe system qualified 

under DFMR Criteria 

USS-02 Heat 
Pipes 

Ammonia 3 pipes with 7 grams 
each 

0.19ft
3 
(0.005m

3
) Closed heat pipe qualified under 

DFMR criteria 

TTCS Oscillating 
Heat Pipe 

Experiment 

3M FC-87 2.56 grams Liquid at STP Closed heat pipe qualified under 
DFMR.  

TTCS 
Accumulator 

Heat Pipe 

Ammonia 3 grams 0.8ft
3 
(0.0023m

3
) Closed heat pipe qualified under 

DFMR. 

Cryocooler Helium 0.72 grams 0.15ft
3 
 (0.004 m

3
) Closed Stirling Cycle Heat Pump under 

DFMR. 

Note:  Bypass valves used in the Cryocooler Loop Heat Pipe and the CAB Loop Heat Pipe have a small argon volume required for 
operations.  The volume of argon has been calculated to be approximately 0.2 grams. 
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Cryogenic Superfluid Helium System (Note: Warm Helium Supply upper left corner, Cryosystem addressed in AMS-02-F03) 
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Cryosystem Warm Helium Gas Supply  

(See Legend from Cryogenic Superfluid Helium System Diagram) 
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TRD Box S (Pressures are nominal operating pressure) 
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TRD Manifold-Straw Representation 
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Tracker TCS Heat Pipe Layout 
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Components of the Tracker Thermal Control System 
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TTCS Oscillating Heat Pipe Layout 

(Stainless Steel 316L 0.5 mm radius tube with 0.1 mm 

thickness) 

TTCS Oscillating Heat Pipe Experiment Located Behind TTCS 

Accumulator.   

TTCS Accumulator Heat Pipe Projecting from Accumulator. 
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AMS-02 Wake and Ram Radiators 
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TCS – Wake Side Radiator for Avionics Crates TCS – Ram Side Radiator for Avionics Crates 
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TCS Wake and Ram Radiators Heat Pipe Methods of Mounting 
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Cryocooler Loop Heat Pipe (to Zenith Radiators) Schematic 
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Cryocooler Zenith Radiator – Four Sub-Panel Layout 

 

 

Cryocooler Zenith Radiator Sub Panel Four Cryocooler Loop Heat Pipes and Zenith Radiators 
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1 TOP HP 

1 WAKE HP 

2 LHP Condensers 

2 WAKE LHPs 

 

 

Cryomagnet Avionics Box 

Layout and Configuration 
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CAB USS Heat Pipes – Enveloped in 

Heat Pipe Analyses 
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