UNIVERSIDAD POLITECNICA DE VALENCIA

ESCUELA POLITECNICA SUPERIOR DE GANDIA

Grado en Ing. Sist. de Telecom., Sonido e Imagen

UNIVERSIDAD

POLITECNICA O

DE VALENCIA ESCUELA POLITECHICA
SUPERIOR DE GAHDIA

“Estudio de la calibracion de sensores
acusticos por el método de reciprocidad
para diferentes geometrias. Aplicacidon a
la evolucion temporal de la sensibilidad de
los hidréfonos en instalaciones in situ.”

TRABAJO FINAL DE GRADO

Autor:
Pablo Gémez Magenti

Tutor:
D. Juan Antonio Martinez Mora

Cotutores:

D. Ivan Felis Enguix
Dina. Maria Saldana Coscollar

GANDIA, 2016



Trabajo final de Grado: Calibracion de sensores acusticos

INDICE DE CONTENIDOS

7o ANEXOS ceveereesssesssncssssssassssassssasssssssassssassssssssssssassssasssssssssssssssssassssssssssssassssassssssssssssassssassssssssns 3
7.1. Hojas de caracteristicas de 10S fabricantes...........ccceeeveeeiienieeciienienieeieceeeee e 3

T 11 SXBOFR .ttt ettt sttt e bt e na e st eesate e 3

T 120 SXOOFR ...ttt e s ettt e e e s e atbbeeeesesnsbaaaeeeennnabaeaeeeennerareaeean 6

T L3 TTCAT032 ettt e b ettt e st e s bt e sbe e e sbe e e bt e e eaee e naeeeaee 9

7 T N L1 SR UPP 10

7.2. Scripts .m desarrollados ...........eeeiiieeiiiecie e e 13



7. ANEXOS

Trabajo final de Grado: Calibracion de sensores acusticos

7.1. Hojas de caracteristicas de los fabricantes

A continuacion se muestran las hojas de caracteristicas facilitadas por los fabricantes.

7.1.1. SX30FR

Free Flooded Rings

Characteristics

Resonance Frequency

FREE FLOODED RINGS

Free flooded rings are efficient transducers that provide
reasonable power levels over wide range of frequencies
and deep ocean capability. These transducers are simple
radiators and yet have the advantage that the output is
virtually independent of depth. Its radiation pattern is
omni-directional in the plane perpendicular to the axis of
the ring, while the directivity in the other planes depends
on the length of the cylinder.

Sensor Technology Limited manufactures free flooded
transducers from a wide range of ceramic rings and sizes.

(kHz ) 30 60 These transducers can be supplicd from 10kHz to over
Transmit Voltage Response, TVR 60kHz.
{ dB Ref. 1 pPa/Volt@1 metre } 133 132 . . .
Receive Voltage Response, OCV | 1 Please contact our technical support for further details or
(dB Ref 1 Volt/ yPa ) -193 -200 to discuss your specific needs.
u ble Fi Ra
e iy YT 20-40 40-70
Beam Pattern - Radial Omni QOmni
- Axial Toroidal (60°) | Toroidal (60°)
Efficiency
{ % min } 50 50
Input Power
{ 2% Duty Cycle ) 300w 300W
e T Unlimited Unlimited
Cable 1N2 1N2
L O g 20 Stewarl Rd, Collingwood, ON, Canada L9Y 4K1
150 8001:2000 T;:“(;'E;S}M;l?f[lwmliux; ngfmroiai m m m

REGISTERED

wwwsensorfech.co fechsupport@sensortech



OCV (dB ref 1V/pPa)
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Receiving Voltage Response
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Date: June 8, 2008

Acoustic Test Facility: Sensor Technoiogy Limited
Transducer Model: SX30FR

Serial Number: 08195-530

Water Temperature; 20°C (68°F)

Test Frequency: 20 to 40 kiHz

Spacing: 0.7 meters

Depth: 0.6 meters ST TR TS =

Plane: XY =i5.__-—i-=. Eﬁ

Sensor Techn'ology Limited



TVR (dB ref 1pPaV @ 1m)
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Transmitting Voltage Response
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Date: June 6, 2008

Acoustic Test Facility: Sensor Techno
Transducer Modet: SX30FR

Serial Number: 08195-530

Water Temperature: 20°C (68°F)
Test Frequency: 20 to 4C Hz
Spacing: 0.74 meters

Depth: 0.6 meters

Plane: XY

togy Limited
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Sensor Technology Limited



7.1.2. SX60FR
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Free Flooded Rings

Characteristics

1ce Fr

Sensor Technology Limited

5

FREE FLOODED RINGS

Free flooded rings are efficient transducers that provide
reasonable power levels over wide range of frequencies
and deep ocean capability. These transducers are simple
radiators and yet have the advantage that the output is
virtually independent of depth. Its radiation pattern is
omni-directional in the plane perpendicular to the axis of
the ring, while the directivity in the cther planes depends
on the length of the cylinder.

Sensor Technology Limited manufactures free flooded
transducers from a wide range of ceramic rings and sizes.

| (kHz) 30 60 | These transducers can be supplied from 10kHz (o over
Transmit Voltage Response, TVR | 60kHz,
{ dB Ref. 1 pPa/Volt@1 metre ) 133 132 | g - :
" Receive Voltage Response, OCV | Please contact our technical support for further details or
{(dB Ref 1 Vol pPa | -193 -200 to discuss your specific needs.
U ble Fi Ra
e ) e 20-40 40-70
Beam Pattern - Radial [ Omni | Omni
- Axial Toroidal (60°) | Toroidal (60°)
Efficiency | |
(% min) 50 50
Input Power
{ 2% Duty Cycle ) 300W 300W
T Unlimited | Unlimited
Cable 1N2 1N2
O 20 Stewart R, Collingwood, ON, Canads LY 4K
150 9001:2000 T:“(nrgs]mil?fgf MFax: (iu;]n:;;mr m m m

REGISTERED

wuww.sensortech.co  fechsupport@sensortech.co



OCV (dB ref 1V/uPa)
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Receiving Voltage Response

TT7F

v e s e b4y

LIS B e

T T

25000 35000 45000 55000

65000 75000 85000 95000

Frequency (Hz)

Date: June 6, 2008

Acoustic Test Facility: Sensor Technology Limited
Transducer Model: SX60FR

Serial Number: 08194-525

Water Temperature: 20°C (68°F)

Test Frequency: 30 to 90 kHz

Spacing. 0.74 meters

Depth: 0.6 meters

Plane: XY

Sensor Technology Limited
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Transmitting Voltage Response
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Date: June 6, 2008

Acoustic Test Facility: Sensor Technology Limited
Transducer Model: SX60FR )

Serial Number: 08184-525

Water Temperature: 20°C {68°F)

Test Frequency: 30 to 90 Hz

Spacing: 0.74 meters

Depth: 0.6 meters

Plane: XY

Sensor Technology Limited
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7.1.3. ITC-1032

Deep Water
Model ITC-1032 Omnidirectional Traﬁsducer

The Model ITC-1032 spherical transducer offers broadband omnidirectional transmit-
ting and receiving response with efficiencies of over 50%. This transducer is fabricated of
Channelite-5400 lead zirconate titanate ceramic and is particularly well suited for noise
sources as a broadband hydrophone and applications where an omnidirectional response
is required.

Model ITC-1032

Open Circuit Receiving Response

dB re 1¥/uPa

RESIEIRIEN
1 24 3 4 5 6
inches 10 20 30 50

Frequency in kHz

Specifications (Nominal)

Transmitting Voltage Response
Type Projector/Hydrophone

Resonance Frequency f, 33 kHz /f'\
Depth 1250 meters /
Envelope Dimensions (in.) 2.7D /
TVR atf, 149 dB//uPa/N@1m /
Midband OCV -194 dB//1V/uPa
Suggested Band .01 - 50 kHz
Beam Type Spherical

Input Power 800 watts

dB re uPa/V @ 1m

10 20 30 50
Frequency in kHz

Water Admittance

10dB/div
210 180 150 20 30
Directivity Pattern at 10.0 kHz Frequency in kHz

Conductance (G) / Susceptance (B} in u$

869 Ward Drive, Santa Barbara, CA93111
I I 805.683.2575 « 805.967.8199 FAX

International Transducer Corporation ww.itc-transducers.com
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7.1.4. TC4034

Hydrophone TC4034

Ultra Broad-band Spherical

TC4034
+ Omnidirectional in the full The TC4084 broad band spherical hydrophore provides uniform ormni-
frequency range directional characteristics over awide frequency range of 1Hz to 480kHz.

* Long termstability The cverall receiving characteristics makes the TCA034 an ideal transducer

for making absolute underwater sound measurements up to 480kHz. The

i Exirems \Wide Irsquency. mnos wicke frequency range also makes the TCA034 perfect for calibration pur-

+ Durable construction poses, particularly in higher frequencies.
+ Individually calibrated TECHMICAL SFECIFICATIC
U zable Freguere y mnges: Hzto 470kH = [+32, -10dE)
Lin=ar Frequency range: Hz 1o 250kH = (+2, -4dE)
Receiing Sensitivity: [re 1W/pFa) -2168dE +3dE [at 250H =)
Horizontal directvit: Cmnidirectional 248 (at 100 kHz |
TrarEm iting £ne it ty: 122dE +34B [wrical)re TuPan =t 1m =t 100kH=z
Wertical direc fivity: =270 +32dE [t 300kH z)
MNomina Capasitan: e: anF
Cperating Oepth: 200
Survival Oepth: 1000rn
Cperating Termpemabre mnge: -2 o +80°C
Storage Temperaure rangs: -40°C to +80%5
‘weight incl. eable, inair): 1.6 kg
Cablz length and typel: Stndard 10 shizlded pair DSS-2MIL-C515.
Cptional cable length available on regquest
Ercapsulatng Materia : Special forrmulat=d HER
M etal body: Alu-bronze - AGU1MiSFed
Cornector type: ENC

NBR means Nitrile Rubber

The MER rubber i first of all resistant to sea and fresh weter but also resistant o oil.

It iz limited resistant to petrol, limited resistant to most acids and will be destroyed by
b=aza, strong acids, halogenated hydocarbons (carbon tetrmchloride, frichlomethnydens),
nitra hydrocarbons (hitraberzene, aniline), phosphate ester hydmulic fluids, Ketones
M1Bk, acetone), Ozone and automotive brake fluid,

10
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Hydrophone TC4034

Ultra Broad-band Spherical

Documentation:
wartical directivity: Recaiving sansitivity: Transmitting sansitivity:
At 280 kHz 100,200,300 kHHz 5 kHz to 800 kHz S kHz to 500 kHz
Harizontal directivity: Irmpedance:
At 100, 200, 300 kHz S kHz to 800 kHz
Harizontzl directivity pattern FRecaiving Sensitivity (& re 1vipPa @ 1m]
-198
-2
-2
-2
val
BD -214 o
! ———-__.-"'-..-r'_‘—'-"‘""-—-.._..-—-..__.-.‘_,_“_‘_‘_
B0 —
]
| 90° 2m A
R .1
-2
1200 e & g 14 i dd ad = 130 200 400
TO0RRE Frequency [kHZ]
200KHz
300KHE
Trnsmitting Sensitivity [48 re 1pPan @ 1m] Impedance
150 n’
1.
14
i
130
\\\
120 2
/ 1-._,_‘__‘_‘_‘_‘_‘_‘_
11 o o i i
10 FH—FH-H_'_
? o
=}
1 /
a0 ——— Resishines
—— FReackines
[ )
7 10 ] 4d &1 31 1 200 a0 : a 2 m 20 40 ol 20 1 200 400
Frequency [kHz] Frequency [kHz]
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Hydrophone TC4034

Ultra Broad-band Spherical

Documentation:

The hydrophone is permanently encapsulated in Special forrmulated MER to provide long term rel&bility. The rubber has been
specially compounded o ensure an acoustic impedance close to that of water.
The TC4A034 is supplied with an integrl water hiocked two conductor shieldad cable, type DES-2, which complies with Wil 5815

Ekectrical DiEgram and Outline Dimensions

BIZOELECTRIC T BANC
SCWSaR CONMED TOR
At SHICLDED CARLE ELECTRIC
_____ P 10 meter~.Znc .
ez ~ il ) o DIAGR &AM
(R _‘TJ o 1) \_
Y |

ACUSTIC CENTRE

80
4.5
26
58
appr.
160040

g 11 OUTLINE
o 1 | DIMENSIONS

611

10 m CABLE : ;B
Weight, (in air):

DSS—Z WL C—915 Lisie ( )

TWISTED PAIR + SHIELD incl. cable

BONDED 1500 grams)
SPECIAL FORMULATED NER

EONDED
SPEGIAL FORMULATED NGR

SUPPORT

SEA WATER RESISTANT
ALUMINILR BRONZE

RESOM resers the right o change speciicatons wihoutnedce . @205 RESOM A%
For Acoustical Measurement e curacy please refr © wwwreson.com of confetsales.

RESON Offshore L.
Linted Kingdo

gm bh.de

WWW.reson.com
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7.2. Scripts .m desarrollados

Los tres scripts desarrollados se encuentran en el archivo “Ficheros anexos.zip”.

13
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