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UNDERWATER SOUND TRANSDUCER CALIBRATION SYSTEM 

FOR THE 0.3- TO 2000-Hz FREQUENCY RANGE 

AT HYDROSTATIC PRESSURE TO 6.89 MPa 

Introduction 

The ^wo low-frequency calibration systems at the Underwater Sound 
The “e7 J d ive from a system designed and constructed 

0.5 to 100 H2 at toon anient ^"peratur. «n ^ constitute the NaVy's 

Hvatoptono calibration. 

This report describes the present USRD System K, which evolved from 

the original BTL design through a succession 

Ill fdL^rS smai*l^rass'calibration cb.abe^ was ^aced by a larger 
vessel th *t increased the hydrostatic pressure limit tenfold to 

U- - 'Z rÙl£ iícÕ^r^ÒuStS integrated-cir^^t 

components , a 

and pressure automatic rfcording of the end-of-cable 

sensitivity of a transducer in the frequency range 0 5 to T°£0 Hz, and 
possibly1the l»est ambient noise level of any existrng calibration 

system. 

ft 33% solution of ethylene glycol in water is used ^ ^S^°ed 

t^areach°the1nominal64°C^low-temperatureSlimit.reinCaddition^ hydrophones 

to be ^sed in hrctic waters can be calibrated in the system at the freer 

ing point of seawater (-2 C). 

The companion USRD System J [4.5.6] operates in the frequency range 

10 to 4000 Hr and at hydrostatic pressures to 68.9 MPa. 

Calibration Methods 

The calibration procedure most often used in this system isa 
parisen or secondary method, in which the unknown and the standard trans 

ducers are suspended in the calibration chamber at the same 
their acoustic centers in the same horizontal plane near the bottom. 

1 



Because the rigid chamber bottom is a point of maximum pressure, the two 

transducers are subjected to the same sound pressure within a limited 

frequency range. By comparing the output voltage of the unknown trans¬ 

ducer with that of the standard of known sensitivity, the receiving sen¬ 

sitivity of the unknown and the relative phase between the outputs can be 

determined. This method can be used for small, pressure-sensitive, non¬ 

resonant transducers whose active element is much less than a quarter 

wavelength at the highest frequency of the calibration. For most trans¬ 

ducers, this quarter-wavelength restriction places the upper frequency 

limit at 1 kHz or lower. The low-frequency limit is determined by the 

lowest frequency at which a usable sound pressure can be established in 

the chamber and by tae capabilities of the measuring system. For this 

system, the lower frequency limit is 0.3 Hz. 

Figure 1 shows the physical arrangement of the sound source and 

transducers in the charnier with the block diagram of the measuring system 

used in making comparison calibration measurements in a standing wave. 

The data from this system can be recorded either point by point or auto¬ 

matically by an X-Y recorder. 

Fig. 1. Physical arrangement of sound source and transducers 

in the calibration chamber and block diagram of the measuring 

system for comparison calibrations in a standing-wave field. 

Ti is the source, T£ is the standard hydrophone, and T3 is the 
unknown. 

Measurements for a comparison calibration in a plane-progressive 

sound wave are performed as described above except for different place¬ 

ment of the unknown transducer and elimination of the standing waves in 

the sound field. The physical arrangement of chamber instrumentation and 

a block diagram of the electronic equipment for calibration in a plane 

progressive wave are shown in Fig. 2. Standing waves are eliminated by 
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Fig. 2- Arrangement of instrumentation in'the calibration 
chibar and block diagran, of the electronic eqnip^t for 
comparison calibration in a plane^ave field. tHs the 
active impedance transducer, T2 is the source t! ic; 
standard hydrophone, and T4 is the unknown. ’ 3 

comments ci 1 lator Ld va^i^ohL d Snd 0t the 
output monitors for thríinr9 P n "d °t °ne source until th 
tudes. Details of tSe aÍtive^L“ ^ Sound fi=“ =»»« »quai ampli- 
in the literature [? 8 9] This^f* erminatlon have been described 

ment capability to an upper frequencynîiMtnof TkHz^bT3! ^ meaSUre_ 
calibration of some types of tranoH,/ °f 2 kH ' but also allows 
standing wave. For instance qnm C6rS that cannot be calibrated in a 
which orientation is not critioT PJessure-gradiant transducers for 

low Q can be calibrated. ^ SOme resonant transducers with a 

electronic e^u^nfLl^'th^^T"'“10" ^ " blOCk dia^a" « ^ 

for primar, Ubi.Lon of «a^d^r' ,TPN, C9'10] 
500 Hz. This procedure requires a V range °-3 to 
jector in which a detector is incornn deSlgned electrodynamic pro. 

diaphragm, lhe pro t be 
tion to determine the quotient of its e ! f0re lnstalla- 
area. The transducer to be caliLated^nd ii* t0 diaPhra^ 

at one end of the chamber and a so^ s^=f!s püc^atlïe oth Pla^ 
sound source and the null c . Placed at the other. The 

oscillator. The curré« driv no th 5 bï “ C0mOn ‘"»-^"nel 
that driving thé «n éíjé ! 9 SOUr“ and its Phase relative to 
sensing detector indic«« be,addusted "«"“ally until the motion 

The sensitivity of the unknown i-r a°f ^ nUU pro^ector diaphragm, 
determined static constant the !^Cer is computed from the pre- 

current driving the „éu pro^Lr P ^96 b£ “a"ad“Pat. "né the 

The standard transducer is ral 4-u ^ 

2000 Hr by the coupler reciprocity t«h«g« rflíf^r9'’ é“" 500 tb 
System K. The coupler is a small Ú J lndependently of 

upier is a small, oil-filled chamber containing a 

3 



Fig. 3. Arrangement of instrumentation in the calibration 

chamber for the Two-Projector Null calibration, and block 
diagram of the electronic equipment. Tj is the source 

T2 is the null projector, and T3 is the hydrophone being 
calibrated. y 

transducer used only as a sound source, a transducer used reciprocally « 
a source and a receiver, and a transducer used only as a receiver. The 

receiving transducer may be the standard hydrophone to be calibrated 

The coupler operates at any hydrostatic pressure, thereby providing * 

information on the stability of the reference hydrophone with pressure. 
The accuracy of this method is +0.2 dB. 

Mechanical Details 

System components including the tube in its suspension system are 

v19‘ 4; cThe tUbe iS 183 Cm long with inside diameter 28 cm and 
all thickness 2.5 cm. To minimize corrosion, it is constructed of 

stainless stee! and the piping is of stainless steel, copper, or plastic 

The tube is supported by four feet welded to the wall and resting on air 

springs attached to the metal support frame. The air springs provide 

mechanical isolation from the building and electrical isolation from 

common grounds, resulting in the low ambient noise level necessary for 

caUbrating transducers that have high-gain amplifiers. Rubber and plas¬ 

tic tubing used for air and water lines further isolate the chamber. 

Top and bottom fittings connect the calibration chamber into a closec 

system that allows water circulation through the chamber under vacuum. 

^^nHríhn9emenVreVentS entra?ment of air in the rigging frame and 
around the transducers. Nitrogen gas is used to pressurize the chamber 

through an accumulator consisting of a neoprene bag inside a steel shell 

The neoprene bag, connected to che calibration chamber as shown in Fig ' 

4 
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Fig. 4. Calibration 
chairber, piping, and 
suspension system.

and filled with water, is compressed by nitrogen applied inside the steel 
shell; it thus transmits pressure to the interior of the tube. This 
method of pressurization is used exclusively. Furthermore, it is neces­

sary when an electrodynamic projector like that used in the TPN method is 
part of the system. Nitrogen pressurization applied to the accumulator 
is transmitted also to the back of the TPN projector diaphragm to keep it 
balanced and to allow the projector to function with its coil positioned 
in the magnetic gap as it was when calibrated statically.

Normal mechanical functions of this system are controlled from a 
console (Fig. 6) containing air operators for system valves. This con­

sole is designed so that each control represents the corresponding valve 
in a simplified piping diagram drawn on the panel. The temperature con­

troller and readouts for pressure, vacuum, and temperature are mounted in 
the upper vertical face of the console.

Openings in the top cover and bottom plug of the tube provide entry 
for cables from sound sources and transducers being calibrated. The top 
cover contains three openings 3.8 cm in diameter that are used for cable 
padting glands, and one water outlet opening 2.54 cm in diameter. The 
bottom plug contains two openings 2.54 cm in diameter, one for a water 
inlet and the other for a packing gland. The packing gland most fre­

quently used to bring out cables on transducers being calibrated is of



Fig. 5. Diagram of 
the external piping 
system.

Fig. 6. Control console.



Fig. 7. Top cover and packing gland.

the compression type with the packing material split, eliminating the 
need for removing most plugs from cables. The top cover and the packing 
gland with the split packing are shown in Fig. 7. A special multi­

connector plug that can handle up to 16 conductors is vised for transducers 
fitted with suitable connectors. This is accomplished by using a pair of 
four-pin Electro Oceanic connectors (Fig. 8).

Fig. 8. Multiconductor plug.



System Transducers and Hydrophones 

ft"«!1" ~lS SySte" is similar to used in other 
t ., L » J. The G23K projector (sound source) and the 
type A40 hydrophones are the same as those reoorted for System J M 
The standard hydrophone type H48 [12] that is used as the^eference^* 

°ne for/°mparison calibrations was designed especially for low 

-ç*e!T[ll]?nd f0r Callbration by reciprocity in the USRD high-pressure 

Operational Characteristics 

A typical sound pressure level in this chamber is 155 dB re 1 uPa for 
“r\£TenCy r“9e 0.3 to 10 Hz. From 10 to 1000 Hz, the level increfse. 
to 170 dB. Careful consideration has been given to isolatirn t-h*. 
from ambient acoustic noise. As a result. Se ñoíse !e«l is’ ^ ^ 
that in other USRD chambers. The equivalent noise pressure in the chanter 
under optimum conditions in shown in Fig. 9. 

A velocimeter was used to measure the speed of sound as a function ol 
pressure in medium used in this system. Because the 

0id*i?nized uater and ethylene glycol, the sound 
peed in it is higher than in pure water. Figure 10 shows sound speed as 

l 

i 
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Arrangement of the Electronics Equipment 

the !n/r racks ^ from 
mum versatility. For convenience the^a k r°U9h panels for ”axi- 
A-c power is supplied through a 5--kW isolation^ arr®nged in a semicircle, 
of the equipment racks and the calibration S °rmer' Althou9h all 
copper bus bar connected to a spêciaï t0gether ^ a 
electrically isolated from the buildina ^ 9 ^ ^ *** otherwise 
minimize ground loops. g power 9round circuits to 

Transmitting Section 

geno* n?-U; 
IS a reference signal; the phase of the nth ' slnusoldal outputs. One 
The short-term frequency variation of a-wf^ r/S variable through 360°. 

tortion and hum are le^ than 0 06% at^ull1“^ 18 ^ than 0'01%* Dis- 
is ±5°, which is adequate foi t OUtpUt‘ Phaae^sl accuracy 
output signals can be adjusted indeDÍideí>MSeh ,unplitudes o£ the two 
wave output from the fun^ geieS^ ** attenuato«- A square- 

for the oscilloscope and the electroni^ co^tlT. SynChr°nizing si^ala 

serve a vaiiet^of^ppi^tioir 1?woh5o2Stem 030 ^ interconnected to 
to drive the system SLduSis ^ 086(3 primarily 
across a capacitive load in the Vea^nÜ^ SUpply 180 V "«ximum 
be used individually or boih iL ^ ^ ° t0 2500 Hz* Ea<=h can 
IVo 10-W operational d-c ampliUe« düi^i^ f°r ^alanced drive at 360 v. 
they are used, as in the TPN method and u® transduce« when 
calibrating circuits. The oain of L* h u driV6 the low-imPedance 
output hum and noise are lesTihan 200 pf ï* 2° 

Mv. sometimes the output voltage 

9 
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i Mechanical frequency control 1 
L- 

1 

Fig. 11. Transmitting section. 

of the function generator is boosted by one of these amplifiers to pro¬ 
vide maximum drive for the 50-W amplifiers. 

Two operational power supplies (Kepco Model OPS-2000) are inter¬ 

connected to drive a system transducer at 1400 V (rma) in the frequency 

range 0.3 to 5 Hz. One of the 10-W amplifiers is used to shift the phase 

of the input signal by 180° so that the output voltages of the poweç sup¬ 

plies will be out of phase when they are connected, as operational ampli¬ 
fiers for balanced drive. Figure 12 shows the diagram for the 
high-voltage drive configuration. 

Fig. 12. High-voltage drive schematic. 

The acoustic pressure level in the chamber can be controlled auto¬ 

matically by the General Radio Model 1569 automatic level regulator. 

This device adjusts the input signal to the power amplifier to maintain 

10 
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the electrcnic driving level to the source transducer at the value that 

will keep the voltage output of the standard hydrophone constant. If the 
electronic driving level of the source transducer is not controlled, the 
sound level in the chamber will vary over a wide dynamic range as the 

frequency is changed. Automatic level control assures that the unknown 

y rophone will be calibrated under virtually constant sound pressure. 

Receiving Section 

A block diagram of this section is shown in Fig. 13. The "auxiliarv" 

and the »standard» channels alone are used for alAypes of caUb«^ 

except comparison calibration in a plane progressive wave. The auxiliarv 

tl rilable f0r 1188 “Uh ^ hydrophone. s s^afío 
sure the hydrophone voltage coupling gain or loss can be applied to 

the input of either channel through 10-Í2 precision resistors. 

CiHbr*t1ng_ 
signal In ^ 

S} • 
Probe / 

hydrophones 

'2- 

Probe 
amplifier 

Probe 
amplifier 

Probe 
amplifier 

Probe 
amplifier -*—1 ^ 

(h)*. Coupling 
w «mil If1er 

Preamplifier Channel 
amplifier 

Preamplifier Channel 
amplifier 

Preamplifier Channel 
amplifier 

Preamplifier Channel 
amplifier 

/'T'tfcJ Hydrophone 
preamplifier 

Preamplifier - Auxiliary 
output 

„Standard 
output 

Coupling ^ —oO 
signal In* w ^ - 

Inrt’T1,3; !efiOT! H ls the hydrophone being oalibreted 
and T is the standard hydrophone. 

i 
i 

To record automatically the sensitivity of the unknown hydrophone 
relative to that of the standard hydrophone, the frequency dial of the 

m^10n ?enerat°r adva"ced incrementally by a stepper motor and 
mechanical gear linkage, a linear potentiometer driven by th° same 

linkage provides analog frequency data to the X-Y recorder. Each time 

the frequency is changed, a "dwell time" is inserted to enable transient 

conditions in the system to stabilize before the next "record" signal is 

Stl »d“he T 0lth! reCOrder- Th8 °f hhb incremental fr^cj 
step and the length of dwell time can be varied independently This ^ 

selected°frequencies?13ed ”hen ““amenta are to be made at 

11 
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A calibrating signal is applied simultaneously to all of the probe 

hydrophone preamplifiers through a specially designed transformer having 

multiple secondaries that are identical. Thus, equal signals can be 

applied to the receiving channels to calibrate the four channel amplifiers. 

To establish a plane progressive wave in the tube by adjusting the 

active-impedance termination is a tedious procedure. The use of instru¬ 

mentation consisting of a delay line, an attenuation compensator, a 

differential amplifier, and a variable filter simplifies adjustment. 

A block diagram of the equipment is shown in Fig. 14. 

Fig. 14. Delay line instrumentation. 

The signal from one of two appropriately spaced probe hydrophones ie 

delayed by an amount equal to the calculated delay of the acoustic signal 

in the water path between the two hydrophones. Two signals, one delayed 

and one direct, are compared by the differential amplifier? when the 

amplitudes and the phases of the signals are equal, the output of the 

differential amplifier is a minimum. This output is filtered and 

displayed on an oscilloscope. Amplitude and phase of the signal driving 

the active-impedcmce transducer are adjusted manually in successive 

approximations until a null indication is achieved. The existence of 

minimum standing-wave ratio is confirmed by voltage measurements on each 

of the four probe hydrophones. 

The delay line provides a delay that is variable from 0 to 1111 ysec. 

Accuracy is within ±1 ysec at all frequencies to 2000 Hz. The attenuation 

compensator supplies automatic dynamic correction for loss of signal level 

within the delay line. 

Two differential amplifiers with variable filters can be used for 

auxiliary gain (0 to 60 dB) or for signal conditioning in the receiving 

section channels when the signal received from the transducers is too 
low or too noisy. 

The null projector is equipped with a precision electromechanical 

distance-sensing transducer to determine when the condition of no motion 

of its diaphragm exists. It has a dynamic frequency response from 0 to 

10 kHz and a scale factor of about 240 V per centimeter of displacement. 

In an actual two-projector-null calibration, the output of the displace¬ 

ment detector is connected to the input of the auxiliary channel to block 

the d-c component; only the dynamic change is observed on the oscilloscope. 

12 



proportional*to to a ^ »»Itage 
voltmeter is connected to indicate deni h f ^16 Slgnal* A digital 
logarithmic converters can be used . belf re one «iHiwatt. Two 
ducers; the differential output of outputs of two trans- 
tive sensitivity of the trínsdíceí, rePresents the rela- 
as a digital readout or as a deflection nf °^tpUt is dlsPiayed either 
The Hewlett-Packard Model 7562A loqarithmf ^ °n the X"Y recorder. 
dynamic range (typically, 1 mV to ?o ¿f Î converter has an 80-dB 
range 0.5 Hz to 100 kHz OperaÍioÍ J i 18 in the frequency 
some loss of accuracy. Three analog voltL^ °*3 Hz is aceptable with 
measurements and for comparison at Lque^U.”^"^le f“ 

provided. in^adïïe“âÎogCwltagêaproSrti 3 digital Pha^ mete, 
matic phase recording on the X-Y^ecorder?0 ^ ^36 ÍS US6d f°r auto“ 

Conclusion 

instruinentation^aveteen ^^dTo^uce ^P^nt and 

“r^::d-;:rin“rgí:aLVf^:rtL9 *:-a---ro7madr¿:r 
and in about half the time required W&S possible before 
and plastic materials has^reducldlorroslon"1^,USe °f Stainless stee! 
permit the use of plane progressive wa?« ? Pr ' NeW Procedures 
quency to 2000 Hz. An autoLn ï d lncrease the upper fre- 

addition, the low ambient noiÍeCleveirofnLCaPabj 1Íty ÍS available- In 
-at time the calibration of h^s^i^^,- - 
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