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Project Heritage AVIM/Project Heritage AVIM/FlexliteFlexlite
Mid 1990Mid 1990’’s s LocheedLocheed Martin Develops AVIM/Martin Develops AVIM/FlexliteFlexlite
CombinationCombination
GeoscienceGeoscience Laser Altimeter, 2000Laser Altimeter, 2000

Several different types of FiberSeveral different types of Fiber
Mostly FIA200/220/500 Mostly FIA200/220/500 acrylateacrylate, , PolymicroPolymicro fiber fiber –– Electron Electron 
Scintillation Testing, broad band.Scintillation Testing, broad band.

Mercury Laser Altimeter, 2003Mercury Laser Altimeter, 2003
FIA200220500 (flown) FIA200220500 (flown) –– Radiation Data @ 850 nmRadiation Data @ 850 nm
FIA300330500 (tested) FIA300330500 (tested) –– Radiation Data @ 850 nmRadiation Data @ 850 nm

Lunar Recon Orbiter (Laser Ranging)Lunar Recon Orbiter (Laser Ranging)
FVA400440580 (Integration) FVA400440580 (Integration) –– Radiation Data @ 532 nmRadiation Data @ 532 nm

Lunar Orbiter Laser Altimeter, 2007Lunar Orbiter Laser Altimeter, 2007
FIA200220500 (Integration now) FIA200220500 (Integration now) –– Radiation Data @ 850 nmRadiation Data @ 850 nm

All Fiber 0.22 NA
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Mercury Laser AltimeterMercury Laser Altimeter

Receiver telescopes focused into the Diamond AVIM standard connector and custom 
drilled pilz ferrule with FIA200/220/500 Polymicro Fiber in W.L. Gore Flexlite.
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COTS Technology Assurance ApproachCOTS Technology Assurance Approach

* Photonic Components for Space Systems, M. Ott, Presentation for Advanced Microelectronics and Photonics for Satellites 
Conference, 23 June 2004.
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COTS Space Flight COTS Space Flight ““QualificationQualification””

* Photonic Components for Space Systems, M. Ott, Presentation for Advanced Microelectronics and Photonics for Satellites 
Conference, 23 June 2004.
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Environmental Parameters: VacuumEnvironmental Parameters: Vacuum
Vacuum outgassing requirements:

- ASTM-E595, 
100 to 300 milligrams of material
125°C  at 10-6 Torr for 24 hours
Criteria: 1) Total Mass Loss < 1%

2) Collected Volatile Condensable Materials < 0.1% 
- Configuration test
- Optics or laser nearby, is ASTM-E595 enough?

-ask your contamination expert 

1) Use approved materials
2) Preprocess materials, vacuum, thermal 
3) Decontaminate units: simple oven bake out, or vacuum?
4) Vacuum test when materials analysis is not conducted and depending 

on packaging and device.  
Space environment; vacuum is actually 10-9 torr, best to test as close as 
possible for laser systems.  Many chambers don’t go below 10-7 torr.
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Mercury Laser Altimeter (MLA): Construction Analysis Mercury Laser Altimeter (MLA): Construction Analysis 
Optical Fiber Assemblies
Diamond AVIMS connector / W.L. Gore Flexlite
Polymicro Technologies FIA 200/220
Performance: < 0.4 dB loss

Hytrel boots: Thermal vacuum precondition: 140°C, 24 hrs, 1 Torr
Flexlite cable: Thermal preconditioning, 8 cycles, -20 to +60°C, 60 min at 60°C 
Epotek 353ND: approved for space.  

Post processing decontamination  of assemblies @ 50°C (To bake out but not to age)
Cure schedule on outgassing database is very high temp.
Best to use close to usage temp cure, with a post cure bake out
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Outgas Testing Details on Outgas Testing Details on FlexliteFlexlite with  with  AcrylateAcrylate
Coated Fiber InsideCoated Fiber Inside

From M. Ott, From M. Ott, Technology validation of optical fiber cables for Technology validation of optical fiber cables for 
space flight environmentsspace flight environments, , SPIE Vol. 4216 Nov. 2000.SPIE Vol. 4216 Nov. 2000.
http://misspiggy.gsfc.nasa.gov/tva/meldoc/cotsfospie2000.pdfhttp://misspiggy.gsfc.nasa.gov/tva/meldoc/cotsfospie2000.pdf

FON1008 passed with acrylate coated fiber

“Two 1.5 meter samples of the cable with fiber inside were tested at 80°C 
and at 125°C in a vacuum environment of 10-6 Torr for 24 hours.  The 
cables were open on both ends, unterminated.  The results state that the 
amount of %TML was .24% and .34% respectively.  Both results show that 
acrylate coated fiber can in fact, be used inside of a "non outgassing" cable 
configuration such as the 1.2 mm FLEX-LITE® series configuration made 
by W.L. Gore.  It was also verified by other data that the %TML did not 
change with a change in length of the cable.  This cable with acrylate fiber 
inside, passes the requirement of the ASTM-595 outgassing test in a 
configuration.”
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Launch vehicle vibration levels for small subsystem 
(established for EO-1)

Frequency (Hz) Protoflight Level
20 0.026 g2/Hz
20-50 +6 dB/octave
50-800 0.16 g2/Hz
800-2000 -6 dB/octave
2000 0.026 g2/Hz
Overall 14.1 grms

However, this is at the box level, twice the protoflight vibration values establish 
the correct testing conditions for the small component.

Environmental Parameters: Vibration
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Environmental Parameters: VibrationEnvironmental Parameters: Vibration

Frequency (Hz) Protoflight Level
20 0.052 g2/Hz
20-50 +6 dB/octave
50-800 0.32 g2/Hz
800-2000 -6 dB/octave
2000 0.052 g2/Hz
Overall 20.0 grms

Launch vehicle vibration levels for small component
(based on box level established for EO-1) on the “high” side.

3 minutes per axis, tested in x, y and z

In the absence of other random vibration requirements this is GSFC default from GEVS
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MLA Assembly Environmental Validation (MLA)MLA Assembly Environmental Validation (MLA)

Requirements/Testing:  Performance < .4 dB for all, 850 nm
Vibration 14.1 grms, 3 min/axis 

Because box level @ 10 grms
Thermal: -30°C to +50 °C, 90 cycles, last 42 monitored

25 minute soak, 2 °C/min ramp rates.
Radiation: two dose rate model, -20°C, 

11.2 and 22.7 rads/min to 30 Krads
(Actual dose rate .011 rads/min)

SPIE Vol. 5104
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Vibration Testing (MLA)Vibration Testing (MLA)

3 minutes/axis, 14.1 grms total, 3 axis test 

X

Y ZZ axis orientation X axis orientation

SPIE Vol. 5104
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Vibration Test Results Summary (MLA)Vibration Test Results Summary (MLA)
Assembly Assembly 

SetSet
Vibration Vibration 
Test AxisTest Axis

Max Induced Max Induced 
Insertion LossInsertion Loss

Final Change in Final Change in 
Insertion Loss Post Insertion Loss Post 

TestingTesting
MP1MP1

MP1MP1

MP1MP1

MP2MP2

MP2MP2

MP2MP2

MP3MP3

MP3MP3

MP3MP3

0.0028 dB0.0028 dB0.0031 dB0.0031 dBXX

YY

ZZ

XX

YY

ZZ

XX

0.0012 dB0.0012 dB

YY

0.0024 dB0.0024 dB

0.0015 dB0.0015 dB

--0.0002 dB*0.0002 dB*

--0.0006 dB*0.0006 dB*

0.0027 dB0.0027 dB

--0.0005 dB*0.0005 dB*

0.0004 dB0.0004 dB

0.0006 dB0.0006 dB

--0.0027 dB 0.0027 dB **

--0.0012 dB 0.0012 dB **

0.0004 dB0.0004 dB

--0.0017 dB 0.0017 dB **

ZZ 0.0003 dB*0.0003 dB*
0.00 dB0.00 dB

--0.002 dB 0.002 dB **
*Indicates an increase in power post vibration testing

No endface damage was detected during post vibration visual inspection.

SPIE Vol. 5104
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Thermal Testing (MLA)Thermal Testing (MLA)
--3030°°C C to +50 to +50 °°C, 90 cycles, last 42 cycles monitored optically.C, 90 cycles, last 42 cycles monitored optically.

Program malfunction caused lack of data collected during the first 48 cycles.

SPIE Vol. 5104
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Thermal Testing Results (MLA)Thermal Testing Results (MLA)
Insertion Loss for MP1 During 42 Thermal Cycles 

vs. Time
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Insertion Loss of MP1 with Temperature vs. Time for 7 cycles

Insertion loss for MP1
During 68th to 75th cycle (Red) 
with temperature (Black). 
Insertion loss increases with 
decreasing temperature.

Example of data collected for all assemblies
MP1 during 42 cycles 
(after initial 48 cycles unmonitored)

SPIE Vol. 5104
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Thermal Testing Results SummaryThermal Testing Results Summary
Assembly Assembly 

SetSet
ΔΔ insertion insertion 
loss during loss during 

testingtesting

Overall Change Overall Change 
in loss post in loss post 
testing, 90 testing, 90 

cyclescycles

Max insertion Max insertion 
loss during loss during 

testingtesting

Visual InspectionVisual Inspection
post test side Apost test side A

Visual InspectionVisual Inspection
post test side Bpost test side B

MP1MP1 0.09 dB0.09 dB --0.044 dB0.044 dB
power increasepower increase

0.058 dB0.058 dB

MP2MP2 0.07 dB0.07 dB --0.015 dB 0.015 dB 
power increasepower increase

0.037 dB0.037 dB

MP3MP3 0.04 dB0.04 dB --0.035 dB 0.035 dB 
power increasepower increase

0.024 dB0.024 dB

SPIE Vol. 5104
Random Vibration and Thermal Cycling: no registered losses

</= .04 dB power increase 
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MLA Assembly Radiation ValidationMLA Assembly Radiation Validation
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Flexlite Radiation Test, 22.7 rads/min at –18.3°C
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1.024 dB 

0.917 dB 

Flexlite Radiation Test, 11.2 rads/min at –24.1°C

Radiation Conclusion: < .07 dB, using 11.2 rads/min, -24.1°C, 26.1 in, “dark”
Results for 10 m, at 30 Krads, -20°C, 850 nm, 23 rads/min ~ 1 dB  or 0.10 dB/m

Random Vibration and Thermal Cycling: no registered losses
</= .04 dB power increase 
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LOLA FiveLOLA Five--Fiber Array Fiber Array 
Assembly Configuration Assembly Configuration 

LOLA Specific Adapter design
in-house by GSFC

AVIM PM Connector
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Final FOB LOLA Array Assembly Flight ConfigurationFinal FOB LOLA Array Assembly Flight Configuration

Custom LOLA Adapter with Ferrule Engagement Flats, Code 544
Standard AVIM (MLA & GLAS heritage) Fan Out Flight Connectors
Custom AVIM PM Optical Fiber Connector, Diamond Switzerland
Custom SS 303 Ferrule Blanks, Diamond Switzerland
Custom Ferrule Drilling, Code 544/541
Flexlite cable FEP/EPTFE Jacket and buffer, W.L. Gore
Polymicro Technologies FI200220500 acrylate, step index .22 NA Optical Fiber
Epotek 353 ND fiber epoxy, Scotchweld 2216 epoxy for strength, Kynar heat shrink tubing
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Qualification Test PlanQualification Test Plan
All testing conducted: recorded before and after optical performAll testing conducted: recorded before and after optical performance data as well ance data as well 

as inas in--situ optical data.situ optical data.

Random Vibration Testing  Random Vibration Testing  
Verify survival and operational ability during launch using typiVerify survival and operational ability during launch using typical launch cal launch 
parameters for components reliability. parameters for components reliability. 
3 axis test, 3 minutes per axis, 20.0 grms total.3 axis test, 3 minutes per axis, 20.0 grms total.

Thermal Cycling TestingThermal Cycling Testing
Verify the assemblies would survive and maintain an acceptable aVerify the assemblies would survive and maintain an acceptable amount of mount of 
transmission when exposed to the longtransmission when exposed to the long--term thermal stresses term thermal stresses 
--3030°°C to +60C to +60°°C, 2C, 2°°C/min ramp rate, 30 minute soak at each extreme, 60 thermal C/min ramp rate, 30 minute soak at each extreme, 60 thermal 
cycles total.cycles total.

Gamma Radiation TestingGamma Radiation Testing
Two dose rates used to provide a model for extrapolation to otheTwo dose rates used to provide a model for extrapolation to other dose rates.r dose rates.
Two temperatures used to provide a model for extrapolation to diTwo temperatures used to provide a model for extrapolation to different fferent 
temperatures.temperatures.

SPIE Vol. 6713
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Random Vibration Testing Setup (LOLA)Random Vibration Testing Setup (LOLA)

• 3 minutes/axis insitu, 20.0 grms total Frequency Frequency 
(Hz)(Hz)

ASD LevelsASD Levels

2020 .052 g.052 g22/Hz/Hz

2020--5050 +6 dB/Octave+6 dB/Octave

5050--800800 .32 g.32 g22/Hz/Hz

800800--20002000 --6 dB/Octave6 dB/Octave

20002000 .052 g.052 g22/Hz/Hz

OverallOverall 20.0 20.0 grmsgrms

Vibration 
Drum

Vibration Control 
Program

ProScope
Program

Splitter660nm LED

ProScopeVibration Fixture

Vibration Profile

SPIE Vol. 6713
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Vibration Induced Losses (LOLA)Vibration Induced Losses (LOLA)

LOLA-EM-008: Fiber #1Fiber #1 Fiber #2Fiber #2 Fiber #3Fiber #3 Fiber #4Fiber #4 Fiber #5Fiber #5

PrePre--VibeVibe 0.510.51 0.330.33 0.150.15 0.590.59 0.460.46

PostPost--VibeVibe 0.430.43 0.320.32 0.190.19 0.420.42 0.370.37

∆∆ (IL) (IL) --0.080.08 --0.010.01 0.040.04 --0.170.17 --0.090.09

LOLA-EM-010: Fiber #1Fiber #1 Fiber #2Fiber #2 Fiber #3Fiber #3 Fiber #4Fiber #4 Fiber #5Fiber #5

PrePre--VibeVibe 0.390.39 0.350.35 0.280.28 0.320.32 0.290.29

PostPost--VibeVibe 0.390.39 0.340.34 0.310.31 0.280.28 0.260.26

∆∆ (IL) (IL) 00 --0.010.01 0.030.03 --0.040.04 --0.030.03

LOLA-EM-011: Fiber #1Fiber #1 Fiber #2Fiber #2 Fiber #3Fiber #3 Fiber #4Fiber #4 Fiber #5Fiber #5

PrePre--VibeVibe 0.410.41 0.360.36 0.420.42 0.450.45 0.450.45

PostPost--VibeVibe 0.340.34 0.350.35 0.340.34 0.420.42 0.380.38

∆∆ (IL) (IL) --0.070.07 --0.010.01 --0.080.08 --0.030.03 --0.070.07

Conclusion: No significant changes  

SPIE Vol. 6713
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Radiation ComparisonRadiation Comparison

1)  Is Polymicro fiber construction within the same fiber 
construction (i.e. FV and FI constructions) is consistent over a
several year period? 

2) Does core/clad diameter variations show significant difference 
within the same style of fiber construction? 
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MLA 2003 Data vs. LOLA 2007MLA 2003 Data vs. LOLA 2007
1) Does 1) Does PolymicroPolymicro Fiber Perform the Same Over TimeFiber Perform the Same Over Time

ProjectProject YearYear Dose RateDose Rate Total DoseTotal Dose TemperatureTemperature AttenuationAttenuation

MLA DataMLA Data
SPIE 5104SPIE 5104

20032003 22.7 22.7 RadsRads/min/min 30 30 KradsKrads --18.3 C18.3 C 0.089 dB/m0.089 dB/m

LOLA ModelLOLA Model
SPIE 6713SPIE 6713

20072007 22.7 22.7 RadsRads/min/min 30 30 KradsKrads --18.3 C18.3 C 0.070 dB/m0.070 dB/m

Using the same parameters from the MLA Data published in 2003 in the LOLA 
Model generated from test data published in 2007 
Very little difference in performance for the Polymicro FIA200/220/500 .22 NA 
Optical Fiber in Flexlite.  < 0.02 dB

Based on FIA200/220/500 in Flexlite @ 850 nm
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MLA Radiation Data, 2) Does Core Size Matter?MLA Radiation Data, 2) Does Core Size Matter?
There is only about 0.0074 dB/m difference between the Polymicro 200/220um 
fiber and the Polymicro 300/330um fiber.  Size makes very little difference since 
200 more susceptible as well.
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