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1. WON

 

Naned after perhaps the world's most famous physicist, the ISAAC

system is what its contrived acronym suggests - a output-er: based

acoustic calibration system. It Ms emerged Eran the need to

singlify Ian's task in routine calibrations, together with the now

ounnonplace ability to ammunicate easily between mnputers and

measuring instruments. _

The author was first involvai in 'arputerising' mlibrations in

1975, men a simple systan for plotting polar diang was ' ‘

unmanned jointly with staff of the Bdmiralty mine Technology

Establisment, 'l‘eidingmn, m assist in the ailihration of noise ‘

measuringhydnphones. missystenuasartendedmanadm:

basis over the hurt several years. until in 1981 it has decided to

rehiild it using note modern equipment and in a fully integrated

design. Since producing the first system for ARE ('neddington) in

1932, 63 Instrmentation Ltd have produced a further version for

ARE ('Deddington) and another system for ARE (Portland). The

second 'Deddington" system was for a different department,

concerned with sonar calibration, and this systen is mently

basal at wE's Alderth tank facility. 'me ther system is based

at ARE (Bincleava) and has an advanced capability for

neasutenents cm high firequazcy, high resolution arrays.

2. 525mm

2.1 General nine

The calibration of broadband hydraphonea presents a problem in

that itisnot easily possibietousethesanenethodover the
.
of

 

all

Ereqnmm. AfwflanmtalaimofderSMCsystanti-xen

nastouseaomputertoassistinmeinteqratlon-ofammber

differenttypaofn-easurenmt. Inordertodothis,thecmputer

haduoearrywtdxethreeprinaryfmctimisofg—

(i) remaindatafrmavarietyofinstments,

(ii) calculatirqthemultsoftl-nseneasurenenu performed,

(iii) mix; report-ready. integrated, ealibretion charts and
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It has also a general aim to nake the systan self—calibrating, as
far as possible, with the axnputer being able to monitor and
correct for the frequency response of instruments, and
particularly the referents: standards eaployed. Finally. the
oonputer «as to assist in setting—up the various configurations,
and a ‘nenu-based' software system was devised to achieve this.

Veasureimt flu.qu

The systan VHS daigned to accamndate most of the ounmnly used
fleasurenent techniques for reciprocal transducers, and in
addition, a few special tathniques for hydrophona.

The principal technique alployedis the pulsed gating method which
is usually med for sensitivity and polar plot: in snall or
unlined tanks, over the frequmcy range 1 to lOOKHz (Ref. 1!.
ratersystenekavetheaapabilitytoattendmiszameupwllflz.

Amther Insured usa‘l for sensitivities and 'ooarse' polar
infomtton enploys continuous have, noise transmissions (in an
anechoic tank) tomverawidebandoffrequaiciesmme
neasureuent. Thisan provide a rapid assesment of polar
raponse, by taking successive spectra, at say 50° intervals.

madditicntotheabove. thesystemhasmeapabilityofthe
following types of msuralentsr

(i) hydrophane sensitivity from 1011: m M: using an air-water
pistcnphone.

hydrapmne sensitivity from 0.13: to 1032 using a dunking
mchine.

(ii)

(iii) aflnittance Ins frail 11th to 1001012.

Hardware Dacription

Ahlockschamticdiagramofflalsmsystemissmninl’igure
l. manipnentismmtedintwostandardm immatering
1.8 satires high. At the inert of the system is a Hewlett Packard
35 Camuter which is used fior system control, data evaluation and
wtputof results; Itisosnnectedviarhe IEEE 488bustnthree
masuring instrunnnrs, a siectrum analyser, a precision digital
voltmeter and an analogue measuring amplifier.

the cnnputet also acts as a controller serving twolnsmments,
the Erequmcy synthaiser fur frequeacy and amplitude control. and
a stepper motor drive systan for polar plots and dunking
calibrations. nemaininqiteusmmemuams,undual
floppy disc drive, and the plotter, are concerned with data
handling and plotting of results.
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Tie reminder of the equipment shown performs the internediate

tasiG of signal conditioning, pre and power amplification and
nmitorinq with the amtion of the white noise generator. This

generator is a prine signal source but under manual mntrol only.

Baaever, this is not a major disadvantage since its settings are
rarely altered.

3. mm 0? 09mm

3.1 Substitution calibration

This is the most frequently used method for determining the

sensitivities of both transmitting and receiving In

practice, the pulse gating technique is often exployed (in suall

orunLinedtanks) inmichvalidneasurenentsare takm inthe

short period of tine before the arrival of disrupting echoea.

masurenents are isually made using a gated peak detector, or a

sanpling DWI. -

An illustration of the technique is shown in Figure 2, where the

device to be calibrated (Mignated x) is a reciprocal one. 'Ib

determine in transmit smsitivity, neasurenents in part (i) are

made, from which

Sn-M +K
x ref 2 u”)

Meirzazomg(‘£ni‘)+2omd (2)

Man-35x, HreEandKZare expressedinda.

similarly, the receiving mitivity can be hound by perforating

the masurements of part (ii), «Renee

m = "mg + a m
were x1 = 20 log (4)

Biz Recigrocigx Calibration

The above substitution calibration of a reciprocal device an be

minto an absolute reciprocity oalibntlon by the very

simple expedient of measuring the admittance of the unknom.
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111: mm]. reciprocity equation (Refereme 2) gives

i
m ~[ig’ts‘il (5)

Mays-g (a)

m. since it - Vin (62 + :2” (1)

it my be shown that

law/Pa) = u: - + x )/2 (a)
2 3

were K3=-20109(£)-10199(Gz+32)+6

with finmandc,alnm.

Similarly

[3‘ anti + K: + K3)/2

and SK!= (K1*K2-K3)/2

Also, the sensitivities of the reciprocal device are related by:-

(9)

(10)

5x = ux+201og£+m1ag(sz+az)+_234 m.)

(“Pa/V) (V/upa) (kHz) cm)

3.3 gum Machine

13115 is a wall-known HEM of obtaining absolute calibration of

wept-Jones at very 1m frequmcies (Reference 3). In the max:

systemadunkmgmhasbeenmcorpox
atedinmuaepom

plotting turntable mechanism, ham being drive: Em stagger

mmrsamuouedbymewpucerusmi
nflgueL Inthe

mde,d2WeiscscimtedverucanyLn
u-emter

dunking
at frequencies between 0.1 and 103:, through an r.m.s. height

chargeafx. Itmmsmmtmemdmpmesemid
vityk

is gun by:-

RK _ m I (12)

PmI.O.A. Vale M6 (1934)  
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3. 4 Air-Water Pistingmne

Astande Eomof air-«ate: pistonphone is given inReferance 4.

Itmnbeshownthatthepressure msidethedaamberisgivenby

p=a

Mexisthewlume displacemnt,
and mistotalcmbinedaunplianceofthediamberandiu

ante-Its. tmpistonphonemedwiththelsmmten, shawninIn
Figure 4, the driver used is a widdaand, waving mil device. The

needmmsureonandxisobviateibyinstallirgalm

widenso: microphnne to measure the pressure directly. Such a

microphone can be calibrated as a secondary referaice standard

with a high degree of mnfidmce and full traceability.

lmans, aubmtions reduce toeJact‘Ly thesame formas themnlal

substitution techniqua used at higher frequmcia in the tank.

4 . emclusicn

The ease with which ask-up amputers can be exployed to assist

nan in routine tasks is manifest. Crammer-based system, like -

the ISM dficribed herein, are teaming increasingly

maplace, with many were preferring to build their own

systems, ratherthantobzyaconpietepadcage. However, the

developnent cost of software and special purpose hardware can

often exceed that of the inmate alone, which “aka the cast

of an integrated package mre attractive When these additional

casts are prqaerly aansidered.

A more lupomnt gustion perhaps, is whether the system pravida

the performance and versatility required, for many users needs are

quite different. Bangles of the apabilities of this particular

system vithneasured tat resultswillbestmn in the

presentation.

m

l. 'll'denater Electroaeoustic masurements', R.J. Bother, NRL 1970,

pp 143 et.seq.
1. ibid, m 23 et.seq.

3. mm, gp 60-61
4. ibid, W 48-52

Pm.l.0.A. we Pan5 (1934)
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FIGURE 1 BLOCK SCHEMATIC 0F ISAAC SYSTEM
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Part I Transmitting Sensitivity

Vin g 1 ) I i i vout

.___d——>

Port 2 Recexvxng SensItIVIty

ANY DISTANCE
¢—-—————-————>

FIGURE 2 SENSITIVITY CALIBRATION METHODS
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AHCABLE Y0 C COUPLING
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FIGURE a numqu MACHINE}
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FIGURE ‘ - HATER-AIR FISTDNPHOHE
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