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Meain tasks ¢ 3
measuremeniszl
={o-C r__m; rejﬂ- _a]ntam and improve the National primary and secondary standards
==0ISOLIN qa&:essure unit in water;
_-—_; =10, cleate precise and stable instruments for underwater measurements and
' “’?%reﬂceﬁtandards for their calibration;
_— 'to -disseminate the unit of sound pressure in water to working measurement
_ = instruments:
= - to develop and improve the methods of precise measurements and traceability
technigues in order to provide accuracy and uniformity of underwater
measurements in Russia;
- to take part in the international and key comparisons of the primary standards

of sound pressure unit in water.
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- eirolgeigel f'cterlstlcs of standards were repeatedly verified by the
irterriztionzl €o) r;isons:

J;rJ;Lg-f_’._g— comparisons of IEC (1967),

late salﬂusaan Chinese comparisons (1998, 2004),

—-.u'
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- method of comparison in a closed coupler (frequency range: 0.1 — 3.15x10° Hz)
- free-field comparison method 2 .
- free-field reciprocity method (10007 2,0-00° 7
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----- Standard,
author of the
method
A.N. Golenkov
i VNIIFTRI, IEC
Uil __QAFE == Réciprocity technigue in closed coupler with S.F. Nekhrich,
= ,;,w [ excess static pressure up to 50x10° Pa VNIIFTRI
Ai:—:flnﬂxfla?’ Method of piezoelectric compensation in a L.E. Paviov,
= e closed coupler VNIIFTRI, IEC
- Free-field reciprocity method e
0.5%10° — 2.0x10° in a water tank with the size 6.0x10.0x6.0 m
2.0x10° — 1.0x10% in a water tank with the size 1.0x1.5x1.0 m

Written
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Frequency ran 0%x10-2 H

- priessure I the coupleris created by
rijcell ascllleitiogs of sl \asgalil e
With Water;
- oscillations created by the electro-
mechanical hydrestatic exciter;
- frequency of vessel oscillations is
synchronized by the quartz generator.

2 2
P(w) = pgh ><(1+—)><(1— HE
Wo g

P(w) - amplitude of pressure;

w - frequency of fluctuations;

w, - resonance frequency;

? - density of water;

- gravity acceleration;
h - amplitude of vessel fluctuations;
He - equivalent height of water level.
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~ Frequency range 0.8 —
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w2 He

pghx(1— 5 )
= X

P(w) = U.(w)
W - frequency of determination of
piezocompensation coefficient of the
coupler;
U.(w), U,(w)- voltage on compensator
: : when the zero-indicator is completely
Electromechanical hydrostatic blocked.
exciter and closed coupler for

piezoelectric compensation
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Pump station and coupler of the

standard facility in frequency range

0.1 Hz—1.0 kHz
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Upy - response of a hydrophone when
the projector emits sound,;

Uy - the response of a hydrophone
when the reciprocal transducer emits;

. Upy - response of the reciprocal
transducer when the projector emits;

Uc, - voltage on capacity C,in series

+ with the reciprocal transducer;

C, - compliance of the coupler;

Vy - volume of water in the coupler;
Xp - water compressibility factor;
P, - wave distribution factor.
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Upys Ury »Upr - output voltage of transducers;
I , - current in series with the reciprocal
transducer;

Tres Tprs Ypw - distances between transducers;
Js¢ - reciprocity parameter.

- Optimized tone burst radiation and receiving
technique;

- Extended low frequency range;

- Adaptive cancellation of random
disturbances;

- “Sound streamline” design of underwater
units;

- Reduction of “shadowing” by central
transducer.

= Facility of working standard for
hydrophones calibration in water tank
with the size 3.0%4.0%3.0 m,
frequency range 2.5 — 200.0 kHz,
uncertainty of measurements

below 0,6 .. 1 dB. ¥, VNIIFTRI
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- n Water tank with the: size

; _"Jp«-r-myj_}i  the fr -_n_
Felnge 05105 =2 o, 102

i

I Water tank withrthe size .
1 0x1.5%1.0 m in the frequency ;
range 2.0%10° - 1.0%10° Hz.

o _\/fo<ZPH,sf>X<ZTH,sf>
17 = S

A <Zpry >
f—'_:‘ff-'-':f:"::“ | = estimations of free-field
~ Facility of the primary standard in the <ZP Hysf = reduced transfer

frequency range 0.5%102 - 2.0x10° Hz — impedances (RTI) of
Coordinate framework for precise transducer <Zpry >]  transducers

positioning in the water tank with the size
6.0%10.0%6.0 m
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Facility of primary standard in frequency range 2.0x10°> — 1.0x10° Hz.
Coordinate framework for precise transducer positioning in the
measurement water tank with the size 1.0%x1.5%1.0 m
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siiGrease of ¢ ccuracy of repri on and transfer of sound pressure

unitin the water by means of: . - . S -
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- lJng HEVVLECITNOIOQIES 2 development of instruments for
_‘measurement of sound pressure in closed couplers;
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ff/f/]: anes and underwater measuring modules;
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Ff-“isevf the frequency band sensitivity applicable to random processes
-___meas_ured In natural condjitions for characterization and calibration of
 hydrophones and underwater measuring modules;

- creation of reference facilities and primary standards for calibration of

oscillation velocity measuring instruments used for measurements of
vector parameters of sound fields in water.
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THE STANDARD MEAS
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::‘*" a- — e:leqtrodynamic projector;
- b — chip of tensometric sensor and acoustic pressure
measuring instrument made on its basis;

C — the ready-mounted measuring coupler.

R —
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= 5 The kinematics scheme of
= hydrophone coordinate
P, framework in the water tank
with the size 6.0%10.0%6.0 m
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Conseguence of J:
Rkthe sound field dis

uSp - RTI in free-field;
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- N@py) - transfer function of scattered
iInhomogeneity (TFI).
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1 - measurements of RTI spatial dependence;
2 - selection of TFI;

3 - expansion of TFI in series of spherical

"pu source functions (reconstruction of scatterers
spatial distribution);

4 - estimation of free-field RTI <Zp,g > by
least-squares method;

5 - insertion of RTI-s estimations to
measurement equations.
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Mégsure[her_lt of spatial dependence

- of a transfer impedance of the

projector and the hydrophone to be
calibrated
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Degradation eff spatial reselution of
VISEWIth dEcreasing distance
DEUWEEN a scatterer and the
hydrophone active element

400 -400 -200 XO 200 40012 10 08 06 04 02 00
, mm

Improvement of sound scatterer images on the surface of clip and at area
closed to hydrophone body at frequency 60 kHz
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“SOUND STREAMLINE

movable rigic

___________

Hydrophone
Active element

p @7 mm
& i rJo,me f*d_ ffraction scatterers “Sound streamline” design:
= CJose to cross-section jumps of rigid a - needle-shaped rigid hydrophone mount;
—-i-*"’”*""hydrophones mount b - projector and reciprocal transducer in
form of straight uniform rod.
R€Sponse of MSE: J
Q(ﬁ "rH) H F INGrpy )Xt (6rpa )4rpe A distorton:
. var(Z'ppsf (ipr )< 0,5 — 2,0 % in frequency
X« (hten ) - spatial pulse function of MSF; range 31,5 — 200 kHz

¥V - motion path.
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“"Sound transpzr
measuring

=

RIAARWater tank:

. VRN AL .
. e | M (f ,Af): 0 v
Z p,sf (f) i IGp(f)df
B JosAf

ﬁi_:tibn of water tank.

G.(r) " spectral density of
P

= transfer fui

e sound pressure;
——— [Quyr()df | ~ 0 G.(r) - spectral density of
= o Afyr == hydrophone response;
T e (), p- frequency response
Ay =~ - effective “frequency window” of band-pass filter.
- ATmin ot water tank.
e U to random processes
= _ - ) _ measured in natural conditions.
- Zpusy (FAfwr) = I Zome () ()df’
fwr fAfwr - the effective sensitive area ( )
; : : - - asp oty
Z pusr (f4fwr ) - free-field RTI, averaged in - the far-field distance at the
“frequency window”; calibration of underwater
@ (f) - pulse response of low-pass measuring module.

(or rejection) spatial filter.
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