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Gas Turbine Lab




Overheated Components

PDE Rings
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Get out of the building!




Life Cycle Costs




Lengthy Lead Times




Airline Performance
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Engines are noise generators | 4







d
c
)
o+
v
o+
7))
o
-
4
)
R
O
O
24




on

)
O
=
-
-
=
—
)
V)
c
G
@
4
L

19

We




. PATENTS AND PUBLICATIONS

us United States Patent ) Patemi No: US BS58,705 B2
Ciamg of sl a5 Date of Patent: et 15, 2013
(1A NI O - [e——

115, BATENT DOCUMENTS

191 v Xow o Oniei, L (L5 Lo An
b, 1L (L%}

173 Asigner Ustversin of Comrsl Floaids Resrarsh
eandatin bac..

(M) A Mo 13930080
[EOR T =
i Puinr Poblisiben| S NS AL VL £ N L MR 0 ..-.

USRI AL D

wn United States " + i
I w» Patent Application Publication. cw Pob e US 10120290179 A1 Wireless Passive Temperature Sensors Using

o e o Pl o : > Ter
e o e Integrated Cylindrical Resonator/Antenna
e e 0 ST ———. 15 R for Harsh Enviroomént Applications

a7
182} .""""""'m‘::':.. Gl b o o i LA Youkd Haitao Chamg. Student Member, EEE, Xinhua Ren, Mewber (EEE. Siamak Fhadi. Mensber, J
™ Yaohan Chea, Linan An, and Xun Gong. Senivr Membes, IEEE
S it Bl o ccampdts | 173 Amigmer  Gmeerdry of Cenrsl Flersds
- " wrch | [N
Dxbmi L%
FEUTEET Abarars— Wiivbew pave trmpersiure semors or Bambe  of W) i desirable, There me mo commersially uuhM;
May 30, 3001 e
P i of o ey ememiens E gl et b
e e s
.. . . . l . . Wach Gemprraturrs aml corrmler go, wre opth Conmny bty g aiiahie 1 e oo oD
gt b e dicbetrie b il e - i 2
L0 20 SISER AL sl mwreie § pebant slerrtetien slosns (L7, el .
r nsors and Actuators A: Physical
i United States b e dpopedi ] ak .
wa Patent Application Publication e Pul No: US Z015AMIZSRR9 A1 1S, gaaty, A -y oA ELSEVIER [rsinal emapage; mmw “ .
LN ot 51, (47 Puby Date: Jan. 29, 2015 i b b ""'._,_,"""”"::
[t
() LRI W P s Tormmi— Canily rrasmatiors. Wigh-trmpersin . i
HESO A TOMCS B ST TN T 30050, AT ks i sl A, WY ul based and wireless @w
V71 Appaces: Ustrrder o Crmrs Pk Brsser e sl o 1. BrTEootCTION passive pressure sensors for harsh-environment applications
i, o s, 1 (115
1731 s NUNGONG OVTEDRL FLIUSE o - EAL-TIME in utw tempraters monssrmg Haitan Ches g Shao” .hlamau  Ebadi”, Xintwa Ren, Kyle Harris ™!, fian Liu®,
i . OVTELL, R T R TR g —— i g larbimes is evsential W schieve high Cheny xu' iman An®, Xun Goi
LA 00, 1. 0 "\“‘r--'-""-‘r" incrraand upcrativaal ksl rduced pa 2 M l_'“ __KI i ]
Aprd o 148 wons (1], The temporatens messsrcmond b o e e e e

Iemging e e the Rarh conmenment sk the

e s chamber of gas twhines, which s characier: e L M L
Balated L2 Application Pats crmgeratares ¢ 1000 A0 O and Grmmive gane Corvtunts buts swailabie 8t S sDnes
T T A o, vaau 30 . o e spply T e e e ey s
W Petaiuse sensing rasge i 1000- 1906 € witk Sensors and Actuators A: Physical
e . ARTIELE INFO ARSTHA ) )
— e i vrmaaing — kel O A ——
iy e ameony Pl re ceviasicst parancace 8 te bearion of B¢ vt o
Rl 300 0 o (s e ey gl Ty
ettt by
minmeens WWireless passive high-temperature sensor based on multifunctional @n_ s
e vy > :
e Teflective patch antenna up to 1050 degrees cenngrade
et v a S
B e e gt i e [rnpuey et HllunE)u:ng . Skamiak Fbadi®, Xinhua Ren, Xun Gong*
e e et Wiy Wb W e Orcvn Cocme e - i
ot L e i Al b i o e ret] !".."..‘.‘:.."'."...'l‘" e
" "y =ty

ARSTEHACT

N A I

1. ntredusion %
Reahdime presvere monieg i Fimiil b s o)
atiom, wech 38 pm fuses Ax o —— ot o
Eriwdation, Duiiog Faftuse cperarions, thise i 55 optin i s 3
wr gatho i achiewr the sasimal el effcency ko fre— i i s, Thareher.
e o M e s
e Sl e k2 4 O Y et i e s
Poesaee e whach el 8 meRGT, of e i
Cotpaeics (abet o Tt wtapec e e sy e e LSS AT ¢ % 993 B i
s, s o o o, e e Aot e £ i ke o v i
sy

02004 Esees RN A3 1ghes reserved

1. bbrutuction s
e st dissance, Recers afvances @ S |4] and N

Acvarite sofine Soanoring of lempeta i well ot olber

vt Bekove fhess sraical operating frmgerares. |1, Wisrlers.
Dasive semors hated on Suelace siantn wave (SA
{romtaiming sodum, vansius ind silatr) v M by s i i o sy of
Reriear radison, Curprely theve a o Lt eparied WO rper:
Ameinasivedy,

continuns morstueiag. Novel st archutrluees ind seasing
h Pir-  pling weve ined fox Bigh-Sermpesatuse ppie.itioem, Soid s
a0 Bigh.

TiCwatty, wirwless semers ane aghfy desiralie since ey 0. Bt ning kew-emprsarine a-feed ceramio (LTTC
v Faibate gHae Wit v imne e, |8 abditaon ey primede HICE) |
o sty m reanting seweors ot ifferer bocatiorn. 1 B0 e G680, respectioy. 1 4 ot 1t eatent e g1
PR Ban iy rstrictms o frrms of cood i, e cvieatation
ared dstarece . metal serdaces, which SIet their applsc st
It ertvisonstae e dppbatiem

The e sopied Wicshss pvbon sessio eeckinmmmt

aninoa
PO it~ e oty g e oL



WIRELESS HIGH-TEMPERATURE CERAMIC SENSOR
Published in IEEE Sensors Journal March 2015

High-Temperature measurement using
heat pad and X-band OEWG antenna

12.0 —1r r r r r r r 1 °© 1T 7 L4
115+ 412
E -
g 11[::' -_ -~ 110 It:-S
‘\;E 10.5 ' _- 0.8 E
> i ) .
5 10.0 ; | S
s L m  Measured f, 0.6 -

) = 06 =

2 9s ® Simulated f, S - =
g 9.0 L - U4 1;:2
g I 7 A
S -1 0.2
4 8.3
kS i .

8.0 — 0.0

0 200 400 600 800 1000 1200 1400
Temperature ("C)

(b)



WIRELESS HIGH-TEMPERATURE CERAMIC SENSOR
Published in IEEE Sensors Journal March 2015

Step 1

- Detects Resonant Frequency, RF

Measured RF Versus Dielectric Constant
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- Determines Temperature

Resonant Frequency is inversely
proportional to Dielectric Constant, ¢,

Step 2 | > Compares RF to Characterized Data

Characterization of Ceramics at High Temperatures
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Wireless Aviation Intra-Communications (WAIC)

Pressure Sensor

* Local Radio communication between avionics components and
systems on-board the same aircraft.

* Only safety and flight operations related applications, not for
passenger communication.

* Low Transmission Power (10 dBm)

Temperature Sensor Temperature Sensor

Motivation & Advantages:

* 30 % of wires are potential candidates for replacement.

e Aircraft wiring usually features double, triple redundancy
through different route.

* Having wireless communication enables redundancy while
mitigating risk of single point of failure.

* For space missions, increases useful payload capacity, improves
economy for commercial aviation applications.

Strain Sensor

Strain Sensor

Sensatek Sensors Suite enabling WAIC




Sensatek Sensor System for WAIC applications

Sensatek Sensor
-Customizable Frequency & Size

Can be packaged together ]
i d g Sensatek Data Transmitter to HUB

-WAIC compatible frequency (4.2-4.4 GHz frequency)
-Directional antenna to minimize interference
-Low powered and encrypted signal
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__________________________

Low Power(0.1 mW )

Very short distance )
transmission Sensatek Interrogation Antenna

-Low Profile




Cryogenic Testing

Quick Proof-of-concept test using Liquid Nitrogen

Liquid Nitrogen Poured over sensor placed on an Inconel component in a Pyrex Container

Temperature recorded wirelessly for sensors using waveguide and independently using K-type thermocouple
attached to DAQ

Test duration was 12 minutes, readings recorded every 30 secs.
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Harsh Environment Antenna Design and Manufacturing
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Survivability on Rotating Microturbine Wheel
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