
E. KLEIN 

ELECTROACOUSTIC TRANSDUCER 

2,601,300 June 24, 1952 

4 Sheets-Shéet 1 Filed Feb. 20, 1946 

grwcwvbw 
ELIAS KLE‘I N 



2,601,300 June 24, 1952 E. KLEIN . 

ELECTROACOUSTIC TRANSDUCER 

4 Sheets-Sheet 2 Filed Feb. 20, 1946 

72 11E; E 

y El E:- 3 

Elma/WM 
KLEIN 

58 

' ELIAS 



2,601,300 June 24, 1952 E. KLEIN 

ELECTROACOUSTIC TRANSDUCER 

.4 Sheets-Sheet 35 Filed Feb. 20, 1946 

:01 o 
3 Os 9 

gwuwwbo/o 
KLEIN 





Patented June 24, 1952 2,61,300 

2,601,300 
ELECTROACOUSTIC TRANSDUCER 

Elias Klein, Washington, D. C. 

" Application February 20, 1946, Serial No. 649,103 

(Cl. 177-386) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 

2 claims. 

1 
This invention relates to electroacoustic 

transducers for the radiation and reception of 
underwater sound waves. It has particular ap 
plication to a directive transducer which has 
the form of an array of piezoelectric units. 

Objects of the present invention are to pro~ 
vide a directive piezoelectric transducer involv 
ing an array of independent piezoelectric trans 
ducer units, which will have minimized cou 
pling between unit transducers, great ?exibility 
for adjustment of directional properties, con 
trollable phase, frequency, and amplitude con 
ditions of any part of the vibrating array with 
out interference of one part on the other, great 
er ease of attaining high radiating power levels 
over a large range of frequencies, a more satis 
factory response characteristic over a large range 
of frequencies, lighter weight and properties of 
ease of construction, modi?cation and repair not 
hitherto achievedin devices of this class. 

Features of the invention are the use of a 
combination of piezoelectric crystals and metal 
backing member as an individual vibrating unit 
transducer which has its own sealed off air back 
space, so that a plurality of such isolated units 
may be mounted in a base plate of light ma 
terial to form an array, any particular selection 
of subarray within the whole, or any selective 
vibrating condition for any subarray being ac 
complished by a switching of electrical connec“ l 
tions. The invention contemplates a closely 
similar combination of magneto-striction unit 
transducers, in which each transducer vibrates 
in front of its own air space, although in the 
following description attention will be confined 
to piezoelectric devices. 
In a known construction of piezoelectric pro 

jector which may be regarded as standard, an 
array of crystals is cemented to a single metal 
backing plate. The crystal vibrating system is 
matched to the acoustic impedance of the liquid 
medium in which the compressional disturbances 
are transmitted. The acoustic impedance look— 
ing back from the vibrating system of crystals 
and metal plate must be a violent mismatch, 
in order to prevent back radiation, and this is 
achieved by providing an air space behind the 
plate. If in addition the projector is designed 
for high directivity in the beam pattern, the 
ratio of transverse dimension to wavelength of 
the compressional disturbance is high. To re 
duce unwanted side lobes, different parts of the 
array are driven to vibrate with different ampli 
tudes. 
' vIn such ‘known construction of projector, the 
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metal back plate is of ?nite size. The facts 
that an edge exists and that in any practical 
system there must be supports for the plate, 
even though these be pliant, introduce boundary 
conditions on the vibration. In general, pro 
jectors are utilized over a range of frequencies 
which often include several resonant modes of 
the vibrating system, which depend on the 
speci?c boundary conditions. It may be pos 
sible to design the vibrating system so as to 
minimize the effect of speci?c boundary condi 
tions over a determinate range of frequencies. 
However, because of the complex coupling 
through Poisson ratio in the metal plate, the 
amplitude distribution over the vibrating sys 
tem is not altogether controllable. This be 
comes the more aggravated the broader the band 
of frequencies encompassed in any application, 
and particularly when such a band includes 
higher frequencies. 
In submarine work, a directional projector of 

the known type described above must be of sub 
stantial construction to withstand pressures 
ordinarily encountered. The metal plate must 
itself be of sufficient thickness to withstand 
the force applied, and this in turn increases 
di?iculties with the elastic properties of the 
plate, in addition to increasing the overall weight 
of the projector. Increasing the transverse di 
mension or diameter of the projector, for the 
purpose of increasing directivity, will enhance 
this difficulty. Some recent applications aris 
ing in connection with measurement of phase of 
compressional disturbances require ?exibility in 
the operating characteristics of the projector. 
For example, in receiving, the array of crys 
tals may have to be effectively split in order to 
afford means of measuring the deviations off the 
sound beam axis through indication of phase 
differences between the waves reaching the one 
and the other half. For maximum emciency it 
is necessary that any coupling between halves 
be a minimum. 

In the known type of projector involving a 
single metal back plate, isolation is not possible 
due to the coupling through the metal plate. 
Ordinarily, reception takes place over a range 
of frequencies covering some of the resonant 
modes of the vibrating system, which modes tend 
to introduce spurious phase relations between the 
two halves. Such difficulties are multiplied if 
further division of the projector is undertaken, 
as for example for the measurement of phase 
relations of an incoming Wave in reference to 
a number of planes. The di?iculties are further, 
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enhanced if the range of frequencies includes 
high frequencies. In other applications, the 
projector is required to be an even more ?exible 
instrument in that it may be utilized as a single 
piston to radiate compressional waves, in ad 
dition to the receiving functions involving phase 
discrimination, as mentioned above. It may be 
further required to radiate in some complex 
mode, being driven with differing amplitudes in 
different parts of the radiating face. It is clear 
that all the difficulties heretofore enumerated 
will be encountered in this situation. 
In known types of piezoelectric array projectors, 

such as have been described, to remove elements 
of the crystal array for purposes of maintenance 
or repair is a tedious and difficult task. It in 
volves roughly the steps of removal of projector, 
and extraction of the crystal to be .removed by 
means of heating the whole assembly of base 
plate and crystals in order to weaken the glue or 
cement with which the crystal is secured to the 
plate, or by means of chipping the crystal out 
with a'chisel or ‘other such instrument. In either 
case'it is generally found that the projector char 
acteristics are not the same after the operation 
has been performed. The process of insertion of 
one or more ‘new crystals obviously immobilizes 
the whole projector for the length of ‘time re 
quired to bring the projector to a condition satis 
factory for operation. _ 7 

As will appear hereinunder, it has ‘been found 
entirely practicable to construct a projector which 
greatly reduces many of the dif?culties hereto 
fore ‘encountered, including those mentioned 
above. Being composed of units, which can be 
made to predetermined speci?cations, production 
in quantity of projectors of a varietyv of vibratory 
characteristics is entirely possible. The inven 
tion ‘has the added advantage of particular case 
of construction, modi?cation and repair, as will 
appear from perusal of the following description 
and drawings, of which: 

Fig. 1 depicts a face of one embodiment of 
projector, 

Fig. 2 is an exploded view of a unit transducer 
and a section of its mounting plate, 
Fig. 3 is an assembled view of the'same trans 

ducer, in its mounting plate, 
Fig. 4 shows a rear view of ‘a mounting-plate for 

a second type of unit transducer, 
Fig. 5 depicts a top-view of the second type 

of unit transducer, 
Fig. 6 shows a side view of the same transducer, 
Fig. 7 shows a section of the backing member 

andair cell of the same transducer, and 
Fig. 8 shows a bottom view of the type of 

transducer of Figs. 5 to 7. 
.There is depicted .inFig. 1 a face view of an 

embodiment of projector of the invention. This 
embodiment is constituted of crystal transducer 
units 50, .each unit isolated from all other units. 
The units 50 are mounted in a perforated base 
plate 51 of Bakelite or like material, ?tting 
through holes, or cavities, in the base plate, such 
as are shown in section in Fig. 2‘. The crystal 
faces shown in the units 50 are in direct contact 
with a liquid transmissive medium. Electrical 
excitation is supplied to the crystals by means of 
electrical leads 13, which pass through the base 
plate 5| and aresoldered to metal terminal strips 
12 on thesides of thecrystal assembly. 'In‘Fig. 2 
is shown an exploded view of unit transducer 50, 
as it would be ?tted into the base plate 5|. The 
transducer unit .50 is seen to be composed of 
crystal assembly ‘.53, a ‘:thin .perforated .Bakelite 

4 0 

60 

65 

75 

4 
strip 54, a metal backing block 55 having a screw 
head of diameter ?tting the acoustically insulat 
ing gasket 52, a washer 56, and a nut 51. In Figs. 
5 and 6, crystal assembly 53 has the usual inter 
laced electrodes ‘H protruding on alternate sides 
corresponding to their polarity, and the tabs of 
the electrodes ‘H soldered to terminal strips 12, 
to'which suitable electrical leads may be soldered. 
Bakelite insulating plates are glued to the sides 
of the crystals and may be secured by a waxed 
cord as shown in Fig. 2 for the crystal assembly 
53. ‘The tabs of electrodes ‘H fit through slots in 
the Bakelite insulating plates. The crystal assem 
My 53 is cemented to metal backing block 55, the 
perforated Bakelite strip 54 being in between, 
with vulcalock or other suitable compound. Per 
foration of the strip 54 allows better cementing. 
The crystals and backing block thus form a vi 
rating unit. ‘It is seen that the gasket 52 over— 

laps the oifset in diameter of the cavity in the 
base plate-5!. It is seen that the enlargement 
in diameter of the cavity in the baseplater5| 
affords space for‘ air around the nut and‘theend 
of the screw head, so that if this spaceis sealed 
o?, each unit looks back into its own isolated: air 
space. Such sealing may be accomplished by 
cementing or otherwise suitably securing .a thin 
Bakelite plate 58 across the entire back plate. - The 
plate may be thin because the force ‘onany-pa-rt 
of it is no larger than that on the radiatingiface 
of a single crystal assembly. It is seen :thatieach 
air space is indeed isolated from allothersjn 
this construction. The coupling of the-‘vibrating 
system to the base plate is through theinsulating 
gasket 52, and therefore may be assumed :to be 
minimised. Since the base plate 5| serves asa 
non-vibrating member, it may "be supported or 
fastened in ‘any suitable manner, with due;regard 
to structural strength, ‘without this a?ectingrthe 
vibratory characteristics of the projector. ' 
With such construction, manufactureisreadily 

accomplished in a number of systematic steps. 
Base plates are made containing a maximalinum 
ber of holes, all of which may not be used. 
Gaskets are ?tted into the pattern of holes .cor 
responding to the desired array. Crystal;assem— 
blies cemented to'metalbacking blocks, .thewhole 
having determined vibratory characteristics, .are 
selected. The crystal units are?ttedt-into .the 
gaskets in desired order, nut and washer se 
cured; a thin Bakelite plate is then sealed to :the 
back of the base plate. Those of the‘holes that 
are unused maybe blocked with Bakelite plugs. 
Electrical connections are then made as desired, 

" to achieve the complex vibratory structure. ‘.The 
projector housing and frames .may then:be;put 
on, and the housing'?lled with oil, as is .common 
in projector construction. ' 

It is easily seen that any changein any char 
acteristic of electric-a1 excitation of :any ipart'of 
the crystal array, independently of any ‘other 
part,is achieved by proper switching .of-electrical 
connections. It is possible, for example, to use 
only one line of units as a battery .of radiators 
excited in single phase, in order to get a very‘ 
wide beam pattern in one plane dimension, .and 
different width in another plane, or use half :of 
the radiating face along with selected parts ».of 
the other half, in any desired phase relation. 

It is likewise clear that each unit vibrates in 
the phase relation to the others that is set on 
the electrical controls, or in the phase relation 
of the various parts of the impinging com-' 
pressional waves. Thus the uncontrollable phase 
conditions‘thatappear?n a known type [of pro 
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jector, owing to the boundary conditions and the 
complex coupling through the plate, particularly 
in use over a wide range of frequencies, are ab 
sent in the projector of the invention. As com 
plicated a vibrating condition as desired may be 
set up in a projector of the invention with a 
minimum of interference of the vibrations of one 
part on that of another. 
The lack of boundary conditions in the pro 

jector of the invention causes lack in the response 
characteristic of the pronounced resonant peaks 
that occurred over'a range of frequencies in vari 
ous known types of projector. Because of the 
smoothness, a more uniformly high power level 
over a range of frequencies is more easily attain 
able. 
For a variation in response characteristic, unit 

transducers tuned to di?erent frequencies may 
be inserted, without interference on other parts of 
the projector. 
A second and preferred embodiment of the in 

vention is constituted of the transducer units 53 
depicted in Figs. 5 to 7, mounted in the base plate 
shown in rear view in Fig. 4. Fig. 4 shows circu 
lar holes 8! in the base plate 6|, in which the 
units 69 ?t. The units 53 are secured as shown 
in Fig. 7, by means of four screws 82, ?tted 
through holes 83 in the base plate 5!, shown in 
Fig. 4:. The base plate includes regular de 
pressions 84 to effectively guide electrical con- - 
nections. The paired holes 85 are to allow the 
passage of electrical leads through the base plate 
5|. Extensions 86 and the holes 81 are for pur 
poses of securing the plate 6| to a supporting 
frame. Fig. 5 shows a face view of the unit, 
with crystals ‘l0, electrodes ‘H, the crystals being 
sandwiched between electrodes and the tabs on 
electrodes of opposite polarity taken out on oppo 
site sides of the crystals, through slots in upper 
and lower Bakelite side plates 16 and 1‘! respec 
tively. Metal strips are soldered to the tabs of 
the electrodes, and in turn serve as soldering 
terminals for electrical connections 13. The sides 
of the crystals may be silvered, or tinned, ac 
cording to known art, for better electrical contact 
to the electrodes. Bakelite side plates 18 help to 
contain the crystal assembly, and may be secured 
with a waxed cord as shown in Fig. 2 at 15. 
This description of structure of crystal assem 

bly 53 may serve also for the crystal assembly of 
the ?rst described unit transducer 50, so that 
these are given the same designation. Consider 
able variation in crystal width and length, de 
pending on the particular usage, is possible in 
such assemblies. The side view of unit transducer 
53 shown in Fig. 6 depicts the crystal assembly 
53, with the metal strip ‘I2, and the tabs of elec 
trodes ‘H protruding slightly on both sides of 
the strip '12 to which these are soldered. The 
crystal assembly is cemented through perforated 
Bakelite strip 54 to the metal backing block 62. 
The strip 54 is the same as described in con 
nection with the ?rst transducer unit 50. The 
backing block 52 is sealed in the air cell contained 
in the metal cup 64 by means of insulator 63, 
which may be of rubber or like acoustically in 
sulating material. It is seen that the metal cup 
64 is merely for the purpose of supplying a sealed 
air cell, and is not included in the Vibrating sys 
tem, so that vibration is con?ned in the unit. 
When electrically excited, the system of crystals 
and backing block form a vibrating unit. 
In Fig. '7 is shown a section view of the base 

of the unit. transducer, with Bakelite strip 58, 
metal backing block 62, insulator 63, and metal 
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cup 64,‘ ?tted in base plate 6| of Bakelite or‘siml 
lar material, and secured. thereto by means of 
screws 82. This part of the transducer, namely, 
backing member sealed in the air cell, is tested 
to the speci?cation of the pressures anticipated, 
in order that effective insulation is assured at the 
maximum pressures. Fig. .8 shows a rear view of 
the unit transducer, which is the same as that of 
the metal cup 64.. 

It should be noted that with this construction 
of unit transducer the manufacture of projectors 
is accomplished in an even simpler sequence of 
steps than in the ?rst embodiment. ' Base plates 
are selected as before. Transducer units are 
?tted in the plates in the desired array, and elec 
trical connections made thereto. Change in vi 
brating characteristics of the projector, for ex 
ample introducing units of different frequency 
characteristics, may be made by means of a simple 
replacement of units, involving removal of elec 
trical connections, and withdrawing four screws. 

It should be noted that the face view of this 
embodiment of the projector will be highly simila 
to that shown in Fig. 1. ~ 

It should be clear that the vibrating character 
istics of this embodiment are at least as ?exible 
as that of the ?rst embodiment, and that the 
advantages mentioned for the one hold also for 
the other. 
As has been pointed out already, parallel prin 

ciples may be applied to a magnetostrictive unit 
transducer. 
Numerous and new applications and advantages 

of the invention will occur to those skilled in the 
art. No attempt to exhaustively cover all appli 
cations and point out all advantages of these 
principles has here been made. The scope of the 
invention is de?ned in the following claims. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
What is claimed is: 
1. An underwater transducer comprising a line 

arly vibrating piezoelectric crystal transducer ele 
ment having opposite ?at parallel vibrating faces, 
an individual relatively massive backing block 
?xedly secured to one of said vibrating faces, a 
base member for said transducer element hav 
ing formed therein an air chamber open at only 
one end, said transducer element being mounted 
with its backing block across the open end of 
said chamber in overlapping relation with said 
open end, and a sealing gasket element inter 
posed between the overlapping portions of the 
backing block and base member and constituting 
the sole mechanical connection between the back 
ing plate and the base member. 

2. An electromechanical transducer unit com 
prising an electromechanical transducer element 
having opposite ?at vibrating end faces, a metal 
backing block having a rearward extension of 
reduced area of transverse cross section leaving 
a shoulder around the extension, a relatively thin 
sheet of hard electrical insulating material inter 
posed between one of said end faces and the 
front of the backing block and cemented both 
to the end face and the block to bind the whole 
solidly together, a rimmed metal cup member 
encasing said rearward extension of the backing 
block with an air space clearance between the 
back of the extension and the bottom of the cup 
member, and an acoustically insulating sealing 
member interposed between said shoulder and 
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theirimmedLportiGn of theicupimembemsaid:seal 
'ingmember constituting: thet'sole fmechanical "con 
nection between "the backing 1191062]: and 2 the 1.cup 
andzsaid cup; member b'éingzcylindrical in'outside 
contour with ithe :rim portion iextending'iradially 
outwardly ._-to , form :a shoulder-whereby the ':cup 
may-.bez?tted as iaksh‘ouldered plug into‘a ycylin 
drical bore. 
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