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Purpose of Trip-


Witness/Assist Qualification pressure tests for Option 2 spherical lens because original design failed pressure requirements.


	Qualification pressure test schedule- Attachment xx





Test Article- consisted of:


new design spherical lens of C temper (hardest)


new design titanium support ring bonded to the lens


new design delrin retainer which also provides lens protection at substantial weight savings over original design.


original Titanium housing- mates to lens ass’y and retainer


Aluminum non-standard shell piece.


Dummy electrical connector.


	


Notes:


Only 1 lens/support ring  assembly was available so this was used for all incremental tests (section 3) and subsequent 5 full cycle tests to 7000 psi.  Additional assemblies will be used for the 2 remaining full cycle tests required to complete the qualification testing as stipulated.





	7000 psi represents approx. 20% factor of safety for a 4000 meter dive (5830 psi).





Lenses come in 3 tempers- A, B, and C. C is the hardest.  Test article was of C temper. The 2 additional test lens assemblies will be 1 C temper and 1 A temper for comparison.





Test Apparatus-


16” Outside diameter battleship shell similar to MBARI’s  Hi Pressure Facility.  BIRN’s control system is entirely manual.  Test fluid is water mixed 5/1 with Sierra brand Antifreeze (environmentally friendly).  Pressure indication was a 0-20,000 psi mechanical gauge with 200 psi  per minor division.  Control of pressure change rate was difficult because of manual valves, low pressure resolution from the gauge, 30 psi per cycle delivered by the pump and the stiction/stalling character of the pressure pump at low pumping speeds.  Additional control problems resulted from junk (rust, broken glass, etc.) clogging the pressure release valve.  MBARI’s facility has some of these same problems.





The incremental tests were done at 230 psi/min rate (30 min to 7000 psi).  After these tests proved successful and the slow rate was shown difficult to modulate, a decision was made to up the rate to 500 psi/min.  for the remainder of the tests done on this trip.  This was a little easier to modulate and time effective.





Results-


The single lens/support ring assembly tested passed the qualification tests as stipulated without restriction.
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	Details of individual tests:





Notes:  


In the interest of time, it was decided to use 1000 psi increments starting at 3000 psi topping at 7000  psi  for the Incremental tests.  1000 psi jumps were sufficient for qualification tests.  This was decided prior to the trip by Mike Matthews, Bill Kirkwood and Jim Scholfield.  We also decided to limit rate of pressure change to 230 psi/min. in the interest of allowing maximum chance for the new lens/support ring ass’y to pass the tests.  i.e. allow time for the parts to self-relieve stress concentrations.





Careful inspection of all parts were made prior to actual start of tests.  Occlusions, chips, dimensions, etc. were noted .  Attachment  xx





	At each step test conclusion, the following was inspected and noted:


1.    Glass to Metal seal


Glass lens


O-ring


reflector housing


support ring


delrin retainer if something else fails


 


Incremental Cycle tests - section 3


3000 psi step


- difficulty of modulating 230 psi/min rate became apparent as Jose Maglaque,  BIRN’s pressure facility operator  started the test.


-At conclusion of this initial test, no faults or leaks were noted.  Dimensions of  the lens/support ring were taken to compare to dimensions taken prior to test.





4000 psi step


	-unit was dry inside of seal, easy to drip water inside when disassembling.


-O-ring was slightly extruded inward at 3 places.  O-ring was determined to be silicon for no functional reason, was probably used because of availability issue.  Extrusion probably caused by either insufficient tightening of parts and/or use of silicon grease which may have softened the silicon ring. Unit was reassembled with new ring w/o grease.


-no other changes noted





Note - The O-ring groove is undersized for the 5-412 O-ring. ID correct. Width- narrow. Depth- shallow.  The result is difficulty in compressing the ring sufficiently to close the gap between the mating parts.  Must be very firmly hand-tightened.   With firm seating of parts, this same O-ring was reused for all subsequent tests with no damage.


-I asked Tim T. if a change to Buna-N to allow commonality to rest of Tiburon would be any kind of compromise, he said that would be no problem.





5000 psi step


-A leak in a fitting on the pressure vessel was repaired and more fluid was mixed and placed in the reservoir prior to this test.  It was not noticed until the prior test was completed.





-At approx. 4PM Jose Maglaque, the usual operator, left for home.  Tim Twombly, Birns’ new engineer, took over operation of the pressure facility as we were reducing pressure.  Tim did not have familiarity with the operation and was not aware of a clog (as it turned out later) that developed in the pressure release valve from glass particles left over from some previous test.  He over-opened the valve seeking to continue releasing the pressure at approx. 2500 psi.
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 Pressure loss was experienced just as next minute’s pressure reading was imminent after 3200 last reading. The actual pressure at the moment of loss was not noted.  The clog cleared, leaving the valve too far open for the pressure level and all pressure was lost in less than a second.  At the time neither of us could figure out what had happened.  Subsequent inspection of all parts of the test article and pressure chamber revealed the problem of junk in the tank.





-There was ½ teaspoon of water inside the light housing.  No water tracks were apparent on initial inspection. 


	-Lens/support ring/ housing O-ring  components of the light showed no failures or changes.


-Further checks revealed an extruded O-ring on the electrical connector dummy , water was also found under this O-ring.  This O-ring was replaced, all parts cleaned, lub’ed and reassembled firmly.  Subsequent tests showed no evidence of leaking at this or any other seal.





6000 psi step


	-this test was done being cognitive of a possible control problem when reducing pressure.


-we used the pressure release valve at the top of the shell inside the enclosure to release the pressure.  This worked extremely well, fluid is clean at the top and the valve worked very smoothly.  Only a few adjustments were required to modulate pressure loss rate.


	-Housing was dry, no changes in any respect





7000 psi step


-only notable event during the pressure excursion were 2 loud tinks heard during the pressure increase portion, 1 at 4600 psi and the other at arrival to 7000 psi.  These noises were of concern but subsequent inspection of the test article revealed no evidence of damage or change.  The tinks were probably from the test cell apparatus since there was no evidence they came from the test article.


	-test article dry, no damage or changes.





Successful conclusion of step pressure tests.





Next series of tests are 0-7000 psi -0 full cycle.  A visual inspection  between tests with-out disassembly was done on all except cycle No. 4.   A full disassembly inspection was done after the 5th full cycle.





-Jose Maglaque was the operator for all of the full cycle pressure tests.  We continued to use the inside pressure release valve on the top of the shell.  This worked well most of the time except when the noise level in the area was so loud communication over the wall was difficult.  This yielded some loss of control since I was watching the pressure gauge on the outside and Jose could not hear my requests for valve adjustments.


 


7000 psi full no.1


-A telecom request to Mike Matthews back at MBARI to increase our pressure rate to 500 psi/min. was granted  about when we started the decrease back to 0 psi.   This portion of this test and all the rest of the full cycle tests were done at this rate.


	-Visual inspection yielded no visible faults or water.  Connector dummy also proved dry.





7000 psi full no. 2


	- Several 1 minute intervals were in excess of 500 psi because of communication difficulties.


	-No visual evidence of faults or leaks.  Connector dummy again checked and showed dry.





7000 psi full no.3


	- No visible faults or water leaks.
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7000 psi full no.4


-The outside (trouble-some) pressure release valve was replaced hoping for an improvement in control.  Worked better.


 	-No visual evidence of faults or water.





7000 psi full no.5


	-Outside valve clogged once again,  moved pressure release control back to inside valve.


-A complete disassembly at the conclusion of this final test revealed no faults to any part of the light assembly nor any evidence of water leaks. Both
