GLAST ACD Pre-Environmental Review – June 8, 2005

RFA #2 Response

Originator: Fred Huegel
Action Requested:

Get a fiber optics expert’s opinion on the integrity of the fiber optic bundle that had the broken fiber on it (Detector Assembly 230). Could there be any residual stress that could predispose other fibers in the bundle to fail?
Supporting Rationale:

One fiber broke. Others could have been stressed.
Response:
Status and visual inspection result. It was found that in TDA 230 (long tile on –Y side) one green fiber (wave-length shifting fiber) is broken just at the entry point into the fiber bushing. The first impression after careful visual inspection is that due to some reason this single fiber was not bonded to all other fibers (20 in total) to create a strong bundle in the entering point into the bushing, but was accidentally bonded by some remaining epoxy leaked out from the bushing to the black tubing, and during tubing taping to the bushing some rotation of the tubing caused the fiber to break. All other fibers (20 in total) are bonded together at the length of approximately 0.5” from the bushing and create a solid bundle. Careful visual inspection did not show any visible damage to any of other fibers. Normally damaged fibers are easily seen by presence of bright rings, which were not found in this fiber bundle. Also the inspection of both fiber bundles of this TDA was performed according to “Clear Fiber Cable Post-Installation Test Procedure” ACD-PROC-000294 and did not reveal any damages to the fibers. Mitigation: Special tests were performed (at the time of ACD design) to measure the TDA performance dependence on the number of broken fibers, and it was found that up to 4 broken fibers are allowed in the TDA to still meet the performance requirement. This test was for the TDA’s which are required to have 0.9997 efficiency, but the long tile has an efficiency requirement of only 0.999. So, a single broken fiber has no effect on the operation of this TDA. Performance test of long TDA (notes “Performance test results for the bottom row tile”, AM, 11/06/2002) demonstrated that even with one fiber bundle completely failed, this TDA would still meet the requirement with lowering the detection threshold to 0.2. This fact ensures us that single broken fiber in 230 in the current situation is absolutely acceptable. As was already said above, visual inspection did not show any more damaged fibers. Analysis: We can not quantitatively predict the stress on a single fiber, however, under vibration environments the fiber bundle can experience a 60g acceleration (reference, chassis qualification chassis vibration testing). This can result in a 470psi stress on the fiber bundle and this stress is low compared to bulk scintillator material. Therefore, fibers are not likely to fail during environmental testing. Finally, five detectors were tested in their flight configuration during qualification of the flight ACD mechanical structure without a single fiber failure.

