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| Optical
S Vitlt-Parameter
Eilber Optic Sensor

System

Including Oxygen,
Temperature, and
Pressure




1 Project Goal

(s project is to
lermonsrarcdsan all optical

fiber optic oXygen sensor

network system for the in-situ
monitoring and control of
fuel tank environment.
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AV EeuGEl Vultiparameter
FIETAOPUESENSor System

Lerllfiiozirzinigiar
2\ll ooiicziRisn gt e
G EPIESS e

pPERsated filber
OpLCISENSOr network
for the “in-situ’”
moenitering of oxygen
envirenment: in fuel
anks off aircraft.

Septical, passive, and
Runsically, safe.

SN GEIECIrcal connections

INEISERIPling, required

% Usesyaidistributed array; of

multipeint sensoers; aleng, a
single; fikber network

+- Distributed sensing enables
aceess, to, each, fuel tank

4 Remote multi-echannel
opteclectronic: unit moeniters; in
real time. ©2 fuel tank
envirenment
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All Opileal FMiper OJitd0) 473N SN0 §

Multipoint Distributed
All Optical Fiber Optic
Oxygen Sensor Network

Multi-Channel
OxSense™ Interrogation |
System

All Optical Temperature and
Pressure Compensated
Fiber Optic Fuel Tank

Oxygen Sensor

ROJI’s system monitors the oxygen environment inside the fuel tanks of aircraft using

fluorescence lifetime based optical sensors for the measurement of temperature, pressure,
and oxygen gas.




VS SIEnel Fiber Optic
Sansor Alaszic-0Udefe)glige) =

al time status
frogation of all installed
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*User friendly three-level
i — | - alarm status display.
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Motivation

~Or) July 17, 1998, Peirisi-ele]u]gle/mii%:
NSO ORENSOETNUNZ7-131, broke up
NnNgRESHoyAdiieigeenarnture. firom New,
York Kennedy (UERIWATDort, and all| 230
Ipeople onboard weresilled.

% Investigators determined that the

breakup was: probably caused by the
explosion, of flammable; vapors: in the
center wing fuel tank.
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oEBoard Inert Gas
pupEsysiem (OBIGGS)

AHEIOBIGGS  is a fuel tank
RENG system, that
YENETALES, a dry nittregen

“ENREHEd airr "blanket" to
CoOVERthe Interior of the

fiuel tank and displace. the
flammable fuel-air
mixture.

4+ And other possible
usages; such as; nitregen
water mist suppression
systems

Avarion Sarery FacitiTarons Core. =




Sequirements

. To gpnancs ihs sscurs aned ogtimurn gsrioimElfdYoiAe) =) [CIER]
SYSIE RS DSEU GBI RN ENISENSIHENTIoNItoing) System, is; necded) te
confire ine insrt siziig of ing fusl s

YaRoUIiEn OBIEESISYSIENS JJ NeIaVERENCIOSEd-l0op, fecdback contriol,
in pert, due to th o of suitable process SSSIELT=I o=l N =1
man O, and at the same tlme do constitute; an, inherent
SEUNCE off Ignition. w

Us; current OBIGGS, eperate, with) a: high, facter-of-safety, dictated by,
Process, protecol te, ensure; adeguate, fuel-tank inerting;

Tihis; appreach, is; inherently, inefficient: as; it consumMes; mere; engine
bleed| airr than, is; necessany, compared) te, a closed-loep, contrelled
appreach.

+ The reduction off bleed) air usage. is; impertant as it reduees; fuel
consumption, which, translates; te, both, inereased flight: range; and
lewer eperationall costs.
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FUEL TANK LOCATION
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3ased Oxygen
Sensing







esRE®Lnnect Fiber Optic
Sensor Probes
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INigsieiim@uElfied Fiber Optic
Sensor Probes
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~ O\ OZESENSOr Calibration

0% to 30% O2 at 2% 02 Steps & -50°C 10 60°C @ 5°C Steps

3 |
190x10" ~[ROI_JFOOI_03_ENG1001_FAACAL_2%02_122008|
180

170
160 —
150 —
140 —
130 i
120 — J g
110 J f 1]
100 - J | /| { f -
90 J JIr I bt H-H
80 A1 r
70 - J Jof / f- f I ‘I ' JJ [ ;
el 1, ]

50 =38
40

Frequency (kHz)

l T]Illl1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64x10°
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Ternos
Calibration

10.0 —

FLUORESCENCE LIFETIME VS. TEMPERATURE CALIBRATION
ROI_FOT_081_ENG1001_TCAL_022409

9.0

Fluorescence Lifetime (microseconds)

O-O T T T I T T T T I T T T T T T T T I T T I T
12.5x10°
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[Z] Fit data to polynomial (oxygen)

02/T Lool-Udi@zllle)e=1ile]g

Fitting

195.0kHz-
190.0kHz-
185.0kHz-
180.0kHz-
175.0kHz-
170.0kHz-
165.0kHz-
160.0kHz-
155.0kHz—
150.0kHz-
145.0kHz-
140.0kHz-
135.0kHz-
130.0kHz-
125.0kHz-
120.0kHz—
2 115.0kHz~
g 110.0kHz
105.0kHz—
100.0kHz-
95,0kHz-
90.0kHz-
85.0kHz-
80.0kHz—
75.0kHz-
70.0kHz—
65.0kHz-
60.0kHz-
55.0kHz~
50.0kHz~
45.0kHz-
40.0kHz—

2D Plots 3D Surface

equency (02 C

57°C
62°C
68°C
73°C

tolerance

| ' | ' ' ' ' ' ' i ' ' ' '
40%  60% 80% 100% 120% 140% 160% 180% 200% 220% 240% 260% 280% 300%
02 Concentration

DO DPDDI

.

)l

Protocol

{15 Fit data to polynomial (oxygen)

Fitting | 20Plots 3D surface
Functional form:

Fixy)= 2.299E-0-2.562E+17))-0.857E 1" S13E-2°(y73)-8675E 170/ 4)-3. 00-1.428E 1 :
10 (A 2%y)-1.007E~0%{xA 2%y A 2)-5.101E~1*(x 2y 3) =7 523E ~14{xA 2y " 4) - 2.957E ~0* (x"3)-1. 96BE ~1* (X3} - 5.025E ~1*(xA 31y 2) 4 AGTE~ 1¥(x 3y 3) =1 2660 (A 3%y 4)

Oxygen Concentration (Temperature, Frequency)

+ 0.7% O2 from the reading over the entire oxygen and
temperature range

Aviarion Sarery Facirmarons Corp,




Long Terrr EaVigelglagl=igiet
N e sesneneEQualification

Y Probe 0006- Plotted in dBM
60 C to -40 C (80) Cycles
Constant 23C for Remaining Cycles

—&—Probe 0006-02 OPM1 CH5A 600nm
51 ~8—Probe 0006-T2 OPM1 CHBA 600nm
Linear(Probe 0006-02 OPM1 CH5A 600nm) Over Full Test to Date 750 Hours
Linear(Probe 0006-T2 OPM1 CHBA 600nm)

Oxygen Change 6.45% dBm
Temperature Change 8.03% dBM
Oxygen Change 60.34% nW
Temperature Change 69.57% nW

min 0.238nW Oxygen; 0.112nW
Temp
max 0.599nW Oxygen; 0.368nW
Temp

Over last 12 Hours

Oxygen Change 0.366% dBm
Temperature Change 0.272% dBM
Oxygen Change 5.41% nW
Temperature Change 4.21% nW

min 0.246nW Oxygen; 0.128nW
Temp
max 0.260nW Oxygen; 0.134nW

S
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ASF FIERERNAES
Facilities




FAA FIERERAES
Facilities




Settings: Gain = 1; Frequency divider = 1
56 Start time of last acquisition = 29May2008 11:44:50.078
] 'Stop time of last acquisition = 29May2008 14:04:08.437
Sampling rate: 0.1 s

48 - Calibration File: C:<??>rogram Files<??>xSensePRT
n Comments: FAA Test at 3 concentrations aand three temperautres 130F 40F and RT_ 5% 10% and 15%

ensor]l.cal

% 02and T (°C)

Time (min)



rAA Fly S

ulation Test
May 2008

-
Fly Simulation Validation Data
18 120
——FAA 02 Method O Hand Data Dr. Mendoza Data
16 +— Altitude Ullage Temperature
1 100 ~
14 — //'\/\q\/ -~ ﬂgﬁ?a Qll;
e aY. :
"g 12 rl({ Y 80 -§
E FNW\\\) \ /g N\[ g
S i N\ <
2 AN SO
o . 60 =
O g3 b i =~
S =
: NP ST
= 6 L - 0 o
2 E
3 =
A7 N\ b
Time (mins)
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SELONBRCEREAtion Results

~—rt

SROVETElIor the second round) of
IestunyEithe FAA the, all optical
IDEIgoPLicitemperature
compensdated oxygen, sensor,
Systemwas able to, monitor the
pxXygenienvironment: inside, a

simulated|aircraft fuel tank on a
low, altitude, fly, simulation, test.

% The results; anal ebsernvations; had.
given, indication, of areas: were. the
system, can, be, improyve. for the
thirad| reund) off develepment: te
meet oy exceed|the. target
perfermance: specifications.
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