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United States

3,387,149
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7,149
PHGNOCAREIOSRA?R TRANSDUCER
William J. Young, hionston, Tex., assignor fo the United
States of America as represented by “the Administrator
of the National Aeronsufivs and Space Administration
Filed Dee, 21, 15635, Ser, No. 515,489 :
3 Claims. (CL 310—8.5) -

ABSTRACT OF THE DISCLOSURE
- A piezoelectric transducer for momtonng sound waves

of physiological origin. The device is characterized by a’

nylon. housing having a bore Iheralhrough which pro-

vides an annular shelf on whick is supporied a piezoelec

tric plate at a;monally oppc»sed points of the plate. Con-
ductor leads are secured to both faces of the plate in a
manger. such that no conductor is in electrical contact
with the sub;ect A resistor for Cct"rmmmg tow frequen~
<y response. is electrically connecied in parallel with the
" plate and mounied within the housing difectly over the
plate to reduce noise pickup. A first fiexible potting com-
pound placed directly over the plate fixes the resistor
.velative to the platé and insylates the circait from mois-
ture but does not hinder the low fréquency vibrating
characteristics of the plate. A second less fiexible epoxy
compound laid over the first potting compound is resistant
to mechanical shock znd xs ﬁ‘vermally and electncal]y
insulative. .

The invention described herein was made by an cm-

ployee of the United States Government and may be
manufactured and used by cr for the Government for
governmental purposes without the payment of any royat-
ties thereon or thersfor.

This invention pertains to rr:cm;;hones and more par-
ticularly t6 microphones for transducing mechanical ener-
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output. A transducer used in a vibrating, high temper-
ature environment must utilize certain matérials which -
m:x,Lste it so as to prevent reduttion of the plate effi-
cieacy due to heat. However, the materials often nsed to
insulate the plate against heat tend to magnify rather than
dampen external wb'atory fortes on the transducer body.
Conversely, materials used to dampen vibration of the
transdtcer body often have no heat insulation value, Still
other design conditions are iniposed as a Consequence.
of the p”xrthlxlar application for ke transducer. Trans-

- ducers to be used on an astronaut or test pilot for moni-

toring heartbeats, for example, must be of relatively small -
size so as 1o be casily securable to the skin and also 50
as poi o be boihersomo or uncomfortable ¢ven over £x-
tended penods of time. The construction qf smatl piczo-.
electric transducers, “however, is difficult since their out~
prft voltage is dx'ect}y related to the distance separating
the plate support points. Thus, it is difficult to construct
a small piczoe!ecmc t*ansducex where a stringent volt~
age omput reqmr“ment e)usts, such as in the present case.

In view of the distussion above, this invention is di-
rected to a-microphone o be used as a phonocardiograph
transducer under environmental circumstances such as
experienced By an astronant, The dn,vxce is characterized
by a nylon housing in which there is supported a lead
zirconate-lead titan: ite, ceramic piezoelectric plate. The
plate is covered with a polyurethane electrical potting
compound. which, due to its flexibility whén fuhy cured .
allows vibration of the plate although it is fully
covered. There_;csu is a ‘transducer capable of trans-
mitting low amplitude signals despite inordinate shock |

. 1cads, extreme velocity, acceleration, and deccleration

gy signals of phynmlomc“i origin mto measarable elec-

trical signals.

it is well-known that thc apphcatiou of mechanical
'energy across, the surface of a piezoelectric element or
plate causes it to expami and coniract and genefally vi-
brate along its cdges, thus seneratling a- correspoading
electrical poieﬁixal across ihe etecarodes ai;ached thereto.
Utilizafion of this principle has restlted in a variety of
electromechanical transducer devices which have been
used for transmitting and receiving measurements of both
soni¢c and subsonic egergy waves. such as poise ‘and
shock vibrations. The transducers have been used in 2

bread specirum of appdcations extending from military

" to medical purposes. Due to_these diverse apphcanons,
varying struttural characteristics must be mcorpomted in-
1o the piczoelectric device in order to ‘echance the par-
ticular type of signal which is tg be monitored. A frans-
ducer intended for measurement of large amplitude shock
waves, for example, must embody a plezcelectric plate

ﬁrmly saffixed within the transducer housing. In so.doing’

the device becomes less sensitive to fow “m-ahmde vibra-
tions since the sensitivity is related to its- freedom of
. movement. "umlarly, transduecers used for deiection of

tow amplitude sound waves, such 25 2 heartbeat, require

a plate having a less rigid structural comnsction in order
to exhibit more sensitive v:bratory characteristics. When
thé transducer is to moniior low amphmd"" ¢ signals in a
shock type or vibrating environment, it:ds seen that the
function of desirable structure components may tend to

neutralize one another; that is the signal fidelity of a
plate baving a freg vibrafory cHaracteristic so as fo re-

ceive low amplitude sound waves. v.ou]d be significantiv
reduced by external vibratory dxsturbmces. Other char-
acteristics of the environment in which the transducer is
to opérate may-éxert a deletenous‘eﬁect on its electrical

without adverse effccts on the cutput sigmal. Structoral”
design of the transducer housing and supporting means
for the pu:zoclecim plate contribute toward its effective

ransmission of xignals over extended periods of time even.
under opercting temperatures and’ humidity approaching
160° F. and 100%, resnectwe!y Additionally, the trans-’
ducer as-an output voltage in the range of several milli-
voits pesk-fo-peak despite iis reldtwcly smaﬂ size (less .
than one inch) and weight, '

Other advantages and features of the mventzon both
as 1o its construction and modé of operation, wﬂl be
readily apprecizted as the same become better understood
by referénce to the foﬂowmg Getailed dessnpnon when

- considered in connectxon with the accompanying draw-
.ings in which like reference numerals désignate ke parts

tnrosg’uout the figures, and wherein:

FIG. 1 is a plan view of the transducer showing the
relative position of the elements therein; and’

FiG. 2 is a sectional view aloug the plane 22 of

FIG. 1.

With reference to the drawmvs, there is shown the
housing 3 -which is circular in plan view and has extend-
ing ther“th ough an Opening defined by the vertical walls
5 and 9, each separated from the other by horizontal
flange 7. The lower circumferentianl edge 21 of the hous- |

. ing is rounded so as to be less irvitating to the skir of the
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wsarer, Various materials may be used in forming the -
housing. It should in general exhibit resistance fo s‘nock,
good " heat dissipating characteristics and be relatively
ho}vtwemnt, the latter being advisable in order to reduce
Be trrdency of the transducer to come loose from the
warer under conditions of high acceleration and de-
celeration. A housing made of nylon has been found to
most sahsfactomy ach'eve these requirements.
The substantially square pxczoe]ectnv plate 13, which
has a thia <ﬂv;r coating 15 so as to permit soldermg of .
the ‘Icad wires to the plate, is prcfembxy made from a

lead zirconate-lead titanate ceramic plate and is ta be
" supported on flange 7 at diagonally opposite carners 17,

19. Since, tle voltage output of the plite is inversely pro-
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pamonal o the width of the contact area at the support
points and directly propamonal to the distance which
separates them, the size of the plate wiil vary in accord-
ance with the ouiput voltage required of 2 transducer in

fts particular application. It has beed found for example 5

in the present case where thére is required a minimum.
voitage output of one (1) millivolt peak-to-peak that the

plate, if made in _square shape, should have sides approxi-
mazeiy .4 inch in length so as to resnli in a diagonal’
léngth of .566 inch. Such.is the size necessary to achieve
the desired voltage output, It is found that a plate of this
size will produce a satisfactory’ slgnal for substantially
any phonocardxog:am sensor which is to operate under
the comparatively severe conditions prevxoxxsly discussed.

10 the microphone is preraly pzaued with the piezoslectric

Prier io connection of the plate in the housing the 3z

_various lead wires 2%, 23, 25 should be affixed to the
plate sarfaces. The conduit 27 which contains the lead
wires is first threaded throbgh horizontal bore 29 in the
side of the housing. The lead wire 23 is then affixed, as
by solder joint 31 to the top of the plale and lead wire
28 is affixed by solder joint 33 to the bottom of the plate,
each in the positions noted in the drawing. The third lead
wire 21 having a 470K .ohms, ¥ walt carbcm resistor 35
therein is salq}ered to lead 25 as the lattér exits from

" bore 29, and copmected by solder joint 37 at opposxte 25

diagonal corner 17 of the plate. The resistor is thus, in
paraliel mth the terminals of the plate and serves to alfer
the low frequency response of the transducer. In . this

manner the low frequéncy response from the device can

be varied depending upon whatever may be desired. After
the leads are soldered, the flange 7 in the ";ousmg shouid
be cleaned so as to evenly receive the platé upon its
insertion. Use of an acetone cleaner will acconiplish this
purpoue. An appropriate adhesive coating, such as East-
man 910 manufactured by Eastraan Chemical Products,
. Inc. of Kingsport, Tenn,, is then app}zed to the housing
flange 7 imediately bcneath the positions of the opposite
diagonal corners 17, 19 of the plate. In acd.fton, aghesive
coating 4% may be applied sround main conduit 27 at

bore 2% ia the housing so as to prevent the ebtrance of ,

humidity therein. The solder joint 33 is then slid into
pre-formed recess 43 in the housing flange and the plate
positoned on ‘the support points vhlch are coated with
adhesive. Downward pressure should then be apphed on
the pia;q for a period of approximately one (1) minute.
It wiil b recognized that the plate could be supported at

43

any of a number of oppos;teiy disposed points or at.

diagonally opposite corners. Likewise, the plate may take

various shapes, all in accordance with the desired output’

voltage and ofher factors discussed above. Onee the plate
is secured the space directly above it is partiaily filled
with a potting compound which, when cured, remains
flexible 50 2$ {0 not impair the vxbraimo quality of the
plate. A pouting compound such as PRL #1538 poly-
vrethane resin, commercially marketed by the Products
Research Co. of Burbank, Calif., is found acceptable for
" this purpose. In addition fo maintaining the resistor in -
fixed reiatinn to the plaie while permitiing the plate to
freely vibrate, the compound serves o eﬁ‘ectxvely insulate
the imternal cireuit against moisture in the aimosphere
and a¥o from perspiration f1om the body to which the 6

transdpcer is'in contact. The PRC #1538 resin shonld be
"ﬂrec‘x’ for approx:mately six {6) hours at 'a femperature
of 18D° F. Whea this is completed the remainder of ths
cavity is ﬁlled with a less flexible epoxy compound. This

compound, when cured, should -exhibit exceptional re- 65

sistance fo mechanical shock and should have good
thermal fosvlative characteristics. It should, in addxtxon,
be at least partially flexible even after severe heat aging
and shonld have good elecirical insulative properties. The

“Scotchcast™ #8 resin marketed by the Minnesota Mining 70

& Mifg Co. is a preferred potfing compound for this
. purpcse. Upon filling of the upper cavity, the resin should .

" be -allgwed 16 cure. for approxunately six (6) hobrs at

140° F. An appropriate potting material 45, such as the

. “Scotchcast #8. should also be applied 10 the interface 75

3uncuon between plate 13 and the circumferential opén-

ing defined by vertiosl wall ¢, It is found upon cung of
the resia tayers that the present transducer, which is Jess
than one {1} inch in size, is capabie of a sustained volt-
age output of severzl millivolts in environmentsl tem-
peratures of up tg 28D° F. for extended periods of time
and as low as 30° F. for up to four (4) hours. It is
unaffected by humidiy at room temperatures for bp o
a period of 14 dzys and can undergo without deleterious
efiects, a shock of 42 'Gmes the foree of gravily. In use

plate dzrectly agatt @ person’s body. ad,acem the organ
which is to be moukored. The conductors in the main
conduit are connectsd 0 an electric amphﬁcr (not shown) .
which may include 2 speaker, earphones, or 2 sound
recording means, whichever is preferred. The sound from
the body is imparted o the plate, causing it to vibrate and
this varying the voltzge oniput.
¥t should be fu't.iiex understood that the foregomg dis-
closure relates only, o preferred embodiments of the in-
vention, znd that it s intepnded fo cover all changes and
modifications of the axampks of the invention heresin
chosen for the purposs of the disclosure which do not
constitute departures from the spirit and scope of the
invention:
What is claimed zmd desued to be secured by Letters
Patent is:
1. A device for coaverting mechanical energy into an
electrical signal and particylarly adapted for monitoring
sound waves of pnvsalogical origin, said device com-
prising:
an elcctnca}ly nomsondugtive housing having a lower
surface adupted 3c abut a body from which sonpd is
emitted, said howsing having a bo:e extending there-
through and pn.mdmg an opening in said lower suts
face thereuf'
means suppomnz = piezoe Iectnc plate in said housing
over said openfzg and in substantially parallel and
spaced relaticn to said lower surface whereby said
plate is supported in spaced relation to the surface of
a bedy from which sound is to be monitored;

a pair of eleciriczl conductor menns affixed to said
housing and elecirically connected to opposite sides
_of said plate for conducting elecirical signals from
said piezoeleciric plate;

insulation means for insnlating s2id conductor means
from electrical contact with a. hody to be monitored -
by said device; ;

electrical resistance means connected e!ectr:cauy in
‘parallel with sadd p}ate for controlling the low fre-
quency response of said devics, said resistance means
being disposed within said housing substentially ad-
jacent said plate; 2nd-

‘a flexible potiing means overlying said plate for elec-
trically and thermzily iosulating said plate’ while al-
lowing the free vitration thereof,

2. A device for comve vtmg mechanical energy fnto an
electrical signal as described in claim I further including
shock resistant thersal dnd insulative potting means ovér-
laying said flexibie potiing means.

3. A device for comverting mechanjoal energy into an
electrical signal as described in claim I wherein said
means supporting sxd plezoeleciric plate provide substan-
tially point supports for said plete at penmctnbaliy op
pased pomts therwf.
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