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I. INTRODUCTION

Failure analysis on optical components is usuallrried-out, on standard testing devices such as
optical/electronic microscopes and spectrometarssalated but representative samples. Such arsafreenot
contactless and not totally non-invasive, so theynot be used easily on flight models. Furthermfime|ate
payload or satellite integration/validation phagéth tight schedule issues, it could be necessaatry out a
failure analysis directly on the flight hardwane cleanroom.

Therefore, the CNES (Centre National d’Etudes @jext) department “Laboratories & expertise” hasanag

the capability to bring classical imaging and pbgbicharacterization measurement systems closdeo t
payloads. The goal is to get as soon as possibtexdmum of non-invasive information in parallel kit
laboratory analyses and simulations, to help ptdgams to take good decisions.

The optical fiber of SWARM instrument (SWARM is tliESA “Earth explorers” program: constellation of 3
satellites to study the magnetic field) “FM1A” (glit Model 1A), guiding the light from the laser tioe
magnetometer, has been damaged during assemblidgtesting operations. This paper summarizes
observations and analysis that have been carriedtdcONES (France), and also on the flight moddliA®G
(Germany) with the collaboration of ESA (Europeaa& Agency).

[I. FLIGHT MODEL INSPECTION

A damage on a flight model optical fiber of SWARMsirument has been observed “Fig 1” when the
instrument was about to leave the assembling $itABG Munich. The change of the overall opticabka
would have strongly affected the scheduled planaimg) called into question the qualification. So onéy way
to make a decision on the need to change the bfibea or not, was to work directly on the payloaeproduce
the defect in the laboratory for further investigas, and then better understand the function cif éayer of the
optical fiber. Therefore and in case no degradatiitihe core was demonstrated, protections hae teebup to
keep safe the optical fiber in the damaged area mederve its performance during the life time lof t
instrument.

Radiometric measurements have been carried ott dinsthe payload and demonstrated that the opfiivat
was not broken. But the problem is that a parhefd@nergy is sensitive to the variation of poldiiza So it was
not possible to make a strict comparison to previmeasurements.
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Sheath: thermoplastic !‘

4. Braided strain relief: aramid fibre

| 1,8 mm £ 0,1 mm 5. Jacket: fluoropolvmer W—/' ‘

Fig 1: On the left: description of the layers of the ogticable; on the right, the damaged area
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It was not possible on the flight model to conti@ fiber by X-ray imaging. Therefore, only UV, ik and IR
wavelengths have been used to collect information.



ICSO 2014 Tenerife, Canary Islands, Spain
I nter national Conference on Space Optics 7 - 10 October 2014

A fluorescence imaging at two wavelengths

Absorption and emission tests have been performdeéruJV/visible light on the different layers oftloptical
cable and it turned out that the jacket was anleeabsorbent at 450 nm and quite transpare®6atnm for
low thickness. In addition, the aramid fibers haverery good fluorescent yield at 365 nm with a gwll
reemission, and the third thermoplastic layer (8hea fluorescent in the red part of the spectrum.

On the following pictures and from two differenewis, the jacket absorbs the 450 nm excitation,ligid then
behaves as a source at higher wavelengths “Fiy2.ro longer transparent. This confirms thatia fhm of

fluoropolymer is still covering the aramid fibers.

Fig 2: 450nm excitation wavelength.

At 365 nm radiation excitation “Fig3”, the fluoreswe yield is very high for the aramid fibers aod ffor the
fluoropolymer. This confirms that the aramid fiber® not broken despite an important shifting (esi@n) in
the damage jacket; nevertheless, this may inversions in the optical fiber.

Fig 3: 365 nm excitation wavelength.

Results of the visual inspection on FM (Flight Mbde

- A thin film of fluoropolymer is still covering #haramid fibers.

- The aramid fibers have been displaced 1.5 mm theejacket. They seem to remain braided however,
they are not broken.

- We do not see anything from deeper internal risser

B Infrared imaging of the backscattered light ie thptical fiber

The following pictures “Fig 4” show the IR InGaA# bits camera over “FM1A” optical cable and the IR
image with the Viton protection to prevent from tawy the optical cable over few centimeters.
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Fig 4: IR imaging of the damaged optical fiber under rd@ght (laser off).

The following infrared pictures (900 — 1700 nm) &deen acquired in the same conditions, in the, darkhat
they can be directly compared in terms of powegriy levels. A very small amount of light is escgpfrom
the jacket and can be seen on “Fig 5” on FM1A SWARBtrument. The power of the laser in the optfitar
is 4 times higher (2mW) on the flight model compmhbre the 460 uW in our sample at CNES. Anyway,fline
going out of the fiber is insignificant on flightadel. The & picture “Fig 5" is acquired strictly in the same
conditions of integration time, working distanceyegure, cooling and resolution concerning the W&a
camera. An optical power of 460 pW is injectedhe optical fiber bended with a 6 cm radius of ctuxawith
the same laser source as the flight model. Onlypihver is 4 times less that the image on flight etod
Approximately 5 ppm of light escapes from the jacleach centimeter, with this radius of curvaturae
camera can easily acquire this light with a 350mtegration time and a subtraction of the darkoltfirms the
insignificant amount of light escaping from theljaton flight model.

Fig 5: IR long exposure image of the optical fiber: lasty laser on, and the difference between the e
last image is the reference for the quantificatbthe flux taken in the same conditions in oumlattory.

To conclude concerning the UV, visual, IR inspattizve know that the optical fiber is not affectedlatent
cracks. They would involve a measurable loss dftlgscaping form the core with this InGaAs cam&taese
cracks have also been reproduced in our laboraodythe amount of light is much more important thdrat
we can see on the flight model.

The fluorescence imaging shows that the jackeffesctd but not totally removed and that the arafiidrs,
supposed to prevent from high temperatures (ab@@i@), are not broken. Therefore, the goal of tilwing
studies in our laboratory was to reproduce strittly same damage and to evaluate the integritheofdw
protecting layers of the fibers.
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[ll. LABORATORY TEST AND EXPERTISES

IABG mentioned a possible incident due to the use loot air gun too close to the optical fiber. Yarformed
different tests and reproduced the damage. Thewoig tomography “Fig 6" and cross-sections “Fig 7”
images show that at these temperatures (about 50@T@seconds) the shape of the sheath is preseltved
means that the optical fiber is still free to mawveéhe sheath and thanks to the Aramid fibers;etkeess of heat
has been dissipated along the cable. The ePTFPplalg® a role in this dissipation.
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Fig 6: X-ray pictures extracted from tomograph videosvsihg the different protection layers in order to
assess the depth of damage

Fig 7: Cross-section under UV light to identify the 5 gtton layers and the depth of damage

Other characterizations have been carried outthleemal shocks. Considering that heat could haeated
evolutionary micro-cracks in the optical fiber, werformed a 10 cycle thermal test (+45°C / -50°®)
simulate thermal shocks on a damaged area. Theetatopes were measured with a thermocouple and the
optical transmission of the fiber with a laser anghotodiode.

Under vacuum environment, two damaged samples Ibe@e observed with stereomicroscope, before ard aft
12 hours storage in a 6.10-7 Torr vacuum chamber.dil not see any evolution of the jacket bubbld an
aramid fibers with this “all or nothing” test.

In addition, differential Scanning Calorimetry messment on the sheath “Fig 8" showed that the glass
transition temperature at a rather high temperagitee same for the heated and the unheated boptidal
cable.
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Fig 8: Differential Scanning Calorimetry measurement angheath

IV CONCLUSION

The laser of SWARM “FM1A” still has a nominal perfoance in orbit presently, and we are quite comfider
the future.

Most of the tests we can carry out in cleanroomsnduassembling and testing phases are mainly diall
nothing” tests. But in addition to more formal amadytical measurements in a laboratory which angeti
consuming, they are really helpful for projectsdake decisions or to mitigate the risks.

At CNES “Laboratories & Expertise” department, tkaro the miniaturization of technologies, we thinks
important in case of failures to export instrumentsn the laboratory to the cleanrooms where thellgas are
integrated. This failure analysis case study shosvthat there is an interest to control and chdlesdighting
conditions and to select the cameras adapted tospleetral range of the sources. We can notice that
fluorescence is a technique, among others, thatohbas further explored. That is why we are devieig@a new
instrument to analyze the fluorescence of matefials 300 to 700 nm.



