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About Oxsensis Ltd.

• We are an aerospace-qualified (AS9100) SME located in Harwell 
campus, near Oxford (UK).

• Business sector/products: optical sensors for harsh environment.
• Applications:

– aerospace
– gas turbines
– gas & oil
– power generation



Background information

Features of optical sensors

• Immunity to EMI

• Lightweight

• Dielectric materials

• Passive components

• Multi-parameter

Benefits of optical sensors

• Unaffected by lightning and 
electronic noise

• Weight savings
(optical fibres are lighter 
than copper cables)

• Non-electrical

• Intrinsic safety

• Cost/benefit



Background information

• Both BTS and FPPS have been developed under 
the EU-funded ASHLEY project

• After reaching TRL 4 under ASHLEY, the BTS is 
now progressing in the NATEP-funded OASES 
project, in collaboration with MeggittSensing 
Systems



BTS Application challenge

• Aircraft brakes can get very hot and have to 
cool down before take-off

• We aim to demonstrate a novel optical 
temperature sensor that can survive in such a 
harsh environment



BTS Concept/Schematic

• The BTS consistsof:

– a thin sapphiredisc (temperature-sensitive element),

– a long aluminatube, whoselengthLcan be tailoredaccordingto 
the requirements/specs(temperature gradient),

– a collimatinglens,

– an opticalfibre.

• Packaging developmentin progress
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BTS Working principle

• The sapphire disc acts 
as a Fabry-Pérot cavity.

• OPD = 2∙n∙t

• ΔOPD =
2∙(dn/dT+ n∙α)∙ΔT

• dn/dT= thermo-optic 
coefficient

• α = dt/dT = thermal 
expansion coefficient

t

1

2

0

10000

20000

30000

40000

50000

60000

1500 1520 1540 1560 1580 1600

I 
[a

.u
.]

ɚ[nm]

Spectrum from SLD



BTS Test results - 1

• The first prototypes were initially calibrated and tested up to 
T = 1100°C

• Resolution better than 0.5°C at T = 1100°C
• Accuracy within ±1°C at T = 1100°C
• Drift <0.2°C after 1200 hours at T = 1100°C



BTS Test results - 2

• The same prototypes were 
then tested up to1300°C

• Accuracy better than ±2°C 
at 1300°C

• Drift <2°C after >400 hours 
at 1300°C

• To give some context,
K-type thermocouples show 
much larger drift at 1300°C

From M. Scevrini, “Drift of nickel based MIMS thermocouples at temperatures 
above 1000°C: the effect of thermocouple diameter”, XXI IMEKO World Congress 
“Measurement in Resarchand Industry” (2015)



BTS development

• New prototypes have 
been developed with 
ruggedized back-end and 
are now being tested

• New fully-packaged 
prototypes are being 
developed for 
ruggedizationagainst 
shock & vibration and 
testing in a realistic 
environment

Optical connector

Sensor tip

Optical core
L = (15 –200) mm, depending on application

and temperature gradient

Sensor package
(including lens)

High-temperature
section

Low-temp.
section

Core to package
interface

Fibre lead-out
(optical fibre)



FPPS – Application and Concept

• The FPPS is an optical 
Fabry-Pérotsensor 
designed to measure fuel 
temperature and pressure 
in an aircraft fuel pump.

• Temperature 
measurements allow 
accurate pressure 
readings via temperature-
compensation in the 
algorithm implemented in 
our optical interrogation 
system.



FPPS – Working principle
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• P-sensitive vacuum cavity 
enclosed between a thick 
T-sensitive sapphire base 
and a thin sapphire 
diaphragm.

• Diaphragm deflection:

ώ
σɇρ ʉɇὙɇὖ

ρφɇὉɇὸ
– =˄ Poisson’s ratio

– E= Young’s modulus

• OPDv= 2∙n∙(dv–y)



FPPS Test results - 1

In-house P&T calibration test
• Two sensors were tested at:

– P = (0.4 –1.8) bar
– ΔP = 0.1 bar
– T = (-55 –70)°C
– ΔT = 25°C

• Pressure accuracybetter than 
±1%FS = 14 mbar ≈ 0.2 psi

• Temperature accuracy better 
than ±1°C

• Good repeatability
• Good stability over 400 

pressure cycles at T = 70°C



FPPS Test results - 2

External Fuel Pump Icing Test
• The FPPS has undergone icing 

tests at the following 
conditions:
– P ≈ (1.1 –3.4) bar
– T ≈ (-20 –15)°C

• The sensor, interrogated with 
our optical interrogator, has 
shown excellent performance 
so far:
– Pressure error:
~11 mbar ≈ 0.16 psi

– Temperature error:
~0.23°C



Other optical sensors

• High-accuracy (<0.02%FS) 
fuel pressure sensors

• Fuel pump pressure 
switch

• Oleo-strut pressure 
sensor (up to 150 bar)

• Accelerometer

• Pressure and temperature 
sensors for gas turbines 
(up to 70 bar and 1000°C)



Conclusions

Brake Temperature Sensor

• Accuracy at (700 –1300)°C: 
<±1°C

• Repeatability at (700 –1300)°C: 
<±2°C

• Resolution better than ±0.5°C at 
~1100°C

• Excellent stability at 1100°C over 
>1,200 hours

• Low drift (<2°C) at 1300°C over 
>400 hours

• Ruggedizationin progress

Fuel Pump Pressure Sensor

• Pressure accuracy:
<±1%FS

• Temperature accuracy:
<±1°C

• Good stability at 70°C
after initial burn-in period

• Excellent performance in 
realistic environment



Thank you!

• Thanks for your attention!
Any questions?

• For any queries, please visit our web-site:
www.oxsensis.com
or contact:

– Dr Alberto Sposito:
alberto.sposito@oxsensis.com

– Dr David Hemsley:
david.hemsley@oxsensis.com

http://www.oxsensis.com/
mailto:alberto.sposito@oxsensis.com
mailto:david.hemsley@Oxsensis.com

