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Gemini IX-A pack, and all charging rigs. 

• The Gemini IX-A mission preparations continued at KSC with its chestpack. 
• The Gemini X altitude chamber run was delayed in order to await investigation 

findings. 
- Options to use externally supplied oxygen via hoses were rejected as a safety 

hazard 
• As an option, the Gemini XII chestpack was started into flow early; its use dependent 

on investigation findings. 
• Initial troubleshooting was carried out on DR, revealing the following (see next slides) 

- The procedures used were correct, and properly executed. 
- There were no environmental outages 
- Investigation of the charging system using a test receiver indicated no 

anomalies - no contamination or component malfunctions were found. 
- Attempts to charge the ELSS using the 2200 psi supply showed that upon 

disconnection of the supply, pressure was not maintained in the ELSS. 
- Further investigation revealed that oxygen was leaking back through the high-

pressure check valve of the ELSS. 
• A failure report was then written against the ELSS check valve. 
• Plans were then made to remove, dissassemble and inspect the check valve. 
• Update the Failure Recovery Plan; ACR plan; affected hardware list; IX-A plan; 

investigation plan; and backup plans, and postulate next actions in all these 
categories. 
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IP-1 Oxygen Charging Failure Investigation 
Plan 

High-Pressure Check valve details 
Loctite C thread 
locking compound 

applied to threads 304 SS threaded valve body 

304 SS stem 
__________________ ...__ _____ _ 

Through-hole in 
stem ________________________ _, 

1. 1.23 in. 

FLOW 
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304 ss 
Seat 

VitonA­
coated 
poppet 
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0.035 in. Dia 304 SS travel 

limit ~n 

NOTE: During filling, stem moves back and forth due to pulsing action of 
pump. Captured pin in larger through-hole in stem limits travel. 
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IP-1 Oxygen Charging Failure Investigation 
Plan 
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IP 2 - Oxygen Charging Failure 
• As a pathfinder, a spare check valve was first disassembled and photographed. 
• Next, the failed valve (see subsequent slide) was carefully disassembled, and findings 

noted: 
- The valve internal surfaces were liberally coated with combustion products 
- Parts of the SS body were severely eroded due to combustion 
- The SS travel limit pin was almost entirely consumed 
- The Viton coating on the poppet was completely gone 
- Analysis showed some residual Loctite C in the area of the bore around the valve 
- No contamination was found downstream of the fire site 

• A materials analysis of the as-designed valve was conducted 

• 

• 

- The Viton A material, although combustible in the standard 72 ft-lb L02 impact 
test, had successfully passed a configuration pneumatic impact test - it was a 
special formulation made by the contractor 

- Loctite C was found to be impact sensitive in the 72 ft-lb, L02 test 
- Other lubricants (for 0-rings) were found to be 02 compatible 

On May 22, during pre-flight operations at KSC, an instance of failure to hold pressure 
after charging was experienced on the Gemini IX-A chestpack. 
Teardown and analysis of the Gemini IX-A unit showed results similar to those 
encountered on the Gemini X chestpack, leading to a similar conclusion. 
Propose a failure mechanism; update all plans for Gemini IX-A and X; identify 
immediate, contributing and root causes with corrective actions, along with any 
SOF's 
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IP-2 Oxygen Charging Failure 

Failed High-Pressure Check valve details 

Loctite C thread 
locking compound 

applied to threads 

Combustion products 
found in this area 

304 SS threaded valve body 

304 SS stem 
__________________ ...._ ______ _ 

Through-hole in 
stem 

304 ss 
Seat 

VitonA­
coating 
burned 
from 
poppet, 
ash 
products 
present 

_________________________ __, 304 SS valve body showed 
evidence of combustion 

304 SS travel limit pin 
showed evidence of 

FLOW combustion 

NOTE: During filling, stem moves back and forth due to pulsing action of 
pump. Captured pin in larger through-hole in stem limits travel. 

3 



IP 3 

Check Valve Problem 

11-24-08 

1 



IP-3 Oxygen Charging Failure 
• The check valve was successfully redesigned, 

recertified and implemented (see previous slide for 
design details) on Gemini X, XI and XII 

• Gemini IX-A used a replacement valve of the existing 
design, with the bottle filled using a reduced fill rate 
(250 psi/min vs original 500 psi/min) and 100 deg. 
Max. Bottle temp. 
- There was no back-up plan, because the Gemini IV pack 

was not compatible with the Astronaut Maneuvering Unit 

• NO GENERALIZED MATERIALS AND 
APPLICATION SPEC FOR HPO2 WAS 
GENERATED AS A RESULT OF THESE TWO HIGH­
PRESSURE OXYGEN-RELATED FIRES - IT TOOK 
THE SHUTTLE EMU FIRE OF APRIL, 1980, TO 
FINALLY IDENTIFY AND IMPLEMENT A ROOT 
CAUSE SOLUTION! 2 



IP-3 Oxygen Charging Failure 

Redesigned High-Pressure Check valve details 

Thread locking 
compound 
eliminated 304 SS threaded valve body 

( used old body suitably 
modified 

_______________________ __, 

FLOW 

0.156 in dia 440 C SS ball, 16 
finish 0.006 in dia 
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304 SS spring; 
I-lb load on ball 

,304 SS screw­
on cap 
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