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5 Claims 

ABSTRACT OF THE DISCLOSURE 

A piezoelectric dental cleaning device comprising a 
tubular piezoelectric crystal supported within a handle-like 
hollow casing by a spacer which centers said crystal and 
provides an elongated spacing annulus between the inner 
wall of the casing and outer wall of the crystal with a 
seal near the lower end of the crystal, a working tip 
having a Working end mechanically secured to the upper 
end of said crystal to form a compound resonator there 
With, means for effecting longitudinal ultrasonic vibration 
of said crystal and means for delivering coolant into 
said spacing annulus and directing it outwardly thereof 
in a region adjacent the working end of the tip to flush 
debris loosened by ultrasonic vibration of said working end 
of said tip. 

This invention relates to a cleaning device utilizing 
ultrasonic vibrations for dislod-ging debris, for example, 
from a tooth, including tartar, stain, loose particles, calculi, 
etc. 

In general, apparatus embodying the principles of the 
invention comprises a tip mounted in a hand piece, the 
tip being mechanically coupled to a piezoelectric crystal 
so as to form with it a compound ultrasonic resonator. 
The vibratory action of the crystal is transmitted to the 
tip by directing mechanical coupling. The crystal is so 
formed as to provide longitudinal ultrasonic vibrations 
when it is activated by high frequency electrical impulses 
and the resultant ultrasonic vibrations are transmitted di 
rectly without reverberatory vibrations through the tip 
to the point of use. The crystal utilized is of tubular con 
?guration made preferably of lead zirconate and/or lead 
titanate ceramic material which is so formed that it has 
the quality of expanding and contracting longitudinally at 
ultrasonic frequencies and is ‘joined end to end to the tip 
by an epoxy cement or other means so that the ultrasonic 
tip movements are directly related to the longitudinal ex 
pansion and contraction of the activated crystal. While 
the latter may be designed to be operated at frequencies 
from 25,000 c.p.s. upwards to 45,000 c.p.s., for dental 
applications, such frequencies usually will not exceed 
35,000 c.p.s. Since each crystal must be designed for a 
required frequency, the crystal and attached tip constitute 
a matched pair and form said compound resonator. Pro 
vision is made in the hand piece for supporting and re 
taining the crystal and tip. In addition, a water duct in 
conjunction with the hand piece and tip is provided for 
cooling the crystal as well as ejecting a stream of water 
adjacent the tip during use. 

‘Use of magneto-strictive activation of responsive metal 
alloys to provide ultrasonic lvibrational motion of a cleans 
ing tip is known in the art. However, a major difficulty in 
prior art devices is the concurrent production of re-' 
verberatory vibrations during use that may produce un 
desirable effects. 

Principal objects and features of this invention are, 
therefore, the provision of a simply constructed light 
weight ultrasonic cleaning device having particular adapt 
ability for dental use utilizing ultrasonic vibrations of a 
cleaning tip which are generated in such a way that they 
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are directly transmitted to the tip without any undesirable 
reverberatory vibrations. 

Other objects and features of the invention are the 
provision of a mechanically simple and effective ultrasonic 
cleaning device utilizing a compound resonator including 
a tip and a piezoelectric crystal as the source of ultrasonic 
vibrations that may be manufactured at relatively low cost 
and which will be trouble free and long-lasting in oper 
ation and free of reverberatory vibrations. 

Further objects and features of the invention will be 
come apparent from the following speci?cations and the 
accompanying drawing, wherein: 

FIG. 1 is a longitudinal sectional view of a device em 
bodying the invention; 

'FIG. 2 is an enlarged fragmentary section of the crystal I 
and tip mernber junction; and 
FIG. 3 is an enlarged fragmentary section of the crys 

tal. 
‘Referring now to the drawings, and in particular FIG. 

1, the reference character 10 denotes ‘generally a cleaning 
device including an outer insulated casing 11 in the form 
of a tubular hand piece for convenient manipulation of an 
operator. This casing 11 may be of plastic or any other 
suitable electrical insulating material and includes a head 
end 12 provided with an ori?ce or restricted passageway 
13 through which the vibratory tip 14 of the device pro 
jects. A seal in the form of an O-ring 15 of rubber or 
the like is mounted in the ori?ce 131 about the tip .14 
to center the tip and to preclude entry or exit of water or 
moist atmosphere to or from the inside of the casing 11 via 
said or?ce 13. The tip 14 is preferably of metal, e.g. 
stainless steel or beryllium-copper being a solid rod 141: 
in the major portion of its length protruding beyond the 
ori?ce 13 and terminating in an appropriately shaped outer 
working end 14b that is to be applied to teeth or other 
elements that are to be cleaned. 

Internally of the ori?ce 13 and within said casing 11, 
the tip has a solid base portion 16 that ?ares outwardly 
for mounting on one end of a piezoelectric crystal 17. 
(See also FIG. 2). This crystal 17 is of tubular shape and 
in the embodiment shown comprises a lead zirconate-lead 
titanate ceramic crystal which is formed so as to be capable 
of ultrasonic vibrational activity in its longitudinal direc 
tion when activated by high frequency electrical impulses 
delivered to it as will be described. 
The ?ared base end 16 of said tip 14 is mounted over 

and is mechanically joined at 18 to said end of said crys 
tal 17 by a hardening cement 17a of, for example, the 
epoxy type which, upon setting, becomes rigid and pro 
vides a solid direct mechanical coupling between the said 
tip portion 16 and said end of said crystal 17 so that ultra 
sonic longitudinal vibrations of the latter are directly 
transmitted to the tip 14 without reverberatory vibrations 
and the tip and crystal become, in fact, a compound reson 
ator. 
As shown in FIG. 2 the base 16 has a depending skirt 

portion 19 which extends downwardly over the upper end 
20 of crystal 17 and a recessed portion portion 21 is pro 
vided in the bottom 22 of base 16 to receive the epoxy 
cement 17a. Rubber plug member 23 closes the central 
passageway 24 at end 20 of the crystal. ‘ 

Crystal 17 is mounted within handle 11 in axial align 
ment therewith by spacer means or ring member 25 of 
nylon or other suitable material which centers crystal 17 
and provides elongated annulus 26 between crystal 17 and 
the interior wall 27 of handle 11. Rubber washer 28 pro 
vides a ?uid-tight seal for annulus 26 at the lower end 29 
of crystal 17. 
On the side surfaces 25a and 25b of spacer member 25 

is a thin ?lm of rubber or the like providing a sealant be 
tween the adjoining surfaces of the ring member 25 and 
the crystal 17 and the casing 11. The rubber ?lm also 
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provides a shock absorbent means to keep vibrations from 
being transmitted to casing 11. 
Water tubing 30, interconnected at its inlet end 31 with 

water source 32, extends at an intermediate portion along 
the outer surface 33 of handle 11 and then extends through 
the wall 12 thereof into communication with annulus 26. 
At the upper or working end 34 of handle 11 another 
length of water tubing 35 extends through wall 12 and de 
livers water from annulus 26 t0 outlet end 19a at a point 
adjacent outer end 14b of tip 14. 
Water delivered by ?exible tubing 30 will pass longi 

tudinally through annulus 26, upwardly beyond crystal 17 
and base member 16 for delivery through outlet tubing 34 
to the region being operated on by the working end 14b 
of tip 14. 

In this manner the water provides both a cooling me 
dium for crystal 17 and ?ushing water at the tip mem 
ber 14. 

Electrical ultrasonic oscillator 36 is interconnected to 
crystal 17 by wires 37, 38 connected respectively to inner 
and outer walls 39, 40 of crystal 17 by soldering or the 
like. The crystal 17 is provided on its wall surfaces with 
an electrically conductive silver coating 41 of approxi 
mately 0.0015 inch thickness which extends to within 
about % inch of the ends on inner wall 39 and to within 
about 1A inch on outer wall 40. Such coating is applied by 
electrodeposition or any other conventional process. After 
the aforesaid soldered connection is effected between crys 
tal 17 and wires 37, 38 during assembly the assembly is 
then sprayed with a protective ?lm 42 of nylon, latex 
rubber or the like. 

Oscillating electric power delivered to said electrodes 
37 and 38 from the oscillator 36 will provide the desired 
piezoelectric effect and ultrasonic longitudinal vibration 
of said crystal 17 and tip 14. For example at an operating 
frequency of about 28,900 c.p.s. the applied voltage to the 
crystal would be in the range of about 55 to 200 volts 
RP‘. (40 watts), the voltage being adjusted ‘depending on 
the power output desired at the tip. 

Electrode 37 and inner wall 46 of crystal 17 are pref 
erably connected to the “hot” side of the oscillator cir 
cuit 36 and electrode 38 and outer wall 47 to the “neutral” 
side for greater protection of the user of the device from 
any malfunction that would result in electrical shock to 
the user. 
The termination of the conductive coating 41 on the 

inner wall 39, rubber plug 23, recessed portion 21 of base 
16 and epoxy cement 17a all combine to insulate the de 
vice su?iciently to prevent voltage breakdown between the 
inside or “hot” electrode 37 and inner wall 46 on the one 
hand, and the neutral electrode 38, outer wall 47 and base 
member 16 on the other hand. The disclosed design pro 
vides protection up to a breakdown voltage of about 20,000 
volts. 
As noted above, when the ultrasonic vibrations are 

created in crystal 17, these are transmitted directly to the 
tip 14 at its junction 18 with the latter so that the tip 14 
likewise has ultrasonic vibrations transmitted to it, so that 
when its working end 14b is applied to a tooth or other 
surface to be cleaned these vibrations serve to liberate ac 
cumulated dirt on such surfaces which latter is ?ushed 
away as debris by the water spray delivered by the outer 
end 19a of pipe 34. 
The crystal 17 of tubular form consists of a lead zircon 

ate-lead titanate ceramic having the unique quality of ex 
panding and contracting in longitudinal direction when ex 
cited by high frequency electrical oscillations as shown. 
While such crystals may be designed to produce this effect 
with oscillations at from 25,000 c.p.s. to 45,000 c.p.s., 
preferably, for dental application, the response will not 
exceed 35,000 c.p.s. Each crystal 17 is designed to respond 
more or less to a speci?c frequency and the tip 14 which is 
secured thereto as described provides with it a matched 
pair providing a compound resonator responsive to the 
selected frequency. 
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4 
Preferably, the contact between tip 14 and the C-ring 

15 is at an antinode of said tip in its oscillatory motion 
so as to prevent interference with the amplitudes of its 
response. 

In magnetostrictive devices of the prior art the arrange 
ment usually involves a half-wave length for the magneto 
strictive component and a half-wave length for the tip 
assembly. In devices according to the present invention 
it has been found that the tip assembly, i.e. from the op 
erative end of the tip to the junction with the crystal, pro 
vides best results when it is about 26% shorter than the 
calculated resonant length. Consequently the overall length 
of the present device is considerably shortened in overall 
length. Furthermore the present design delivers pure ultra 
sonic longitudinal vibratory motion from the crystal to 
the working tip end. 
The nominal electro-mechanical properties of suitable 

piezoelectric ceramic crystals of lead zirconate-lead tita 
nate ceramic tubes both 28.17 kc. long, .375 in. outside 
diameter, .094 inch wall thickness useful in practicing the 
invention are as follows: 

Crystal 1 Crystal 2 

(Strontium (Niobium 
additive) additive) 

. 59 . 64 

. 66 . 70 

K3: ___________________________________ _ _ . 34 . 35 

Piezoelectric Constants: 
D33 (meters per volt) _ . - . . 375x10-l2 
Dn (meters per volt) ______ ._ --120><1 -—170><10-l2 
Gas (volt-meters per Newton 25X10-3 24><10r3 
Gar (volt meters per Newton) ._ —11><10-3 --11.15;%l)0'8 

2,000 
1,800 

6. 1X10-10 
5. 3X10’10 

Density, gm./cm.3-- 7. 6 
Mechanical Q._ ___ 65 
Curie Point, ° C ______________ __ 325 365 

Electrodes or wires 37, 38 and water inlet tubing 30 
extend through base 43 of handle 11 and are contained 
within outer casing or tube 44 which is secured to handle 
11 by any conventional clamping means 45. 

Crystal 17 can be electrically energized to have vibra 
tory components in other than longitudinal directions to 
provide various mechanical effects at the tip as desired. 
This would be accomplished by changing the excitation 
frequency. In addition the location of applying the volt 
age to the crystal can be utilized to produce different ef 
fects. For example, by applying the voltage across op 
posite ends of the crystal produces a torsional effect. 
Another factor of crystal operation is the relative extent 
of crystal surface coverage by the silver coating. By ?at 
tening the tip and making the width and thickness of 
the .tip approximately equal one can achieve lateral move 
ment of the outer tip end and consequently the pattern 
of tip movement can be altered by adjustment of the tip 
design if other than pure longitudinal or axial motion 
of the tip is desired. 

While speci?c embodiments have been disclosed, varia 
tions within the scope of the present disclosure may be 
possible within the skill of the art. There is no inten 
tion of limitation to the exact disclosure herein pre 
sented. 
What is claimed is: 
1. A piezoelectric dental cleaning device comprising 

1a tubular hand piece, a tubular piezoelectric crystal, said 
hand piece having a head and provided with a restricted 
ori?ce, means for supporting said crystal within said hand 
piece and in spaced relationship to de?ne an annular space 
upwardly of the innermost end of said tubular crystal and 
means for sealing said annular space off above said last 
named end, a cleaning tip having a working end and a 
solid outwardly ?aring base portion and means for ?xedly 
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securing said base portion to the outermost end of said 
crystal, said tip having a solid rod portion terminating in 
said working end and projecting from said base portion 
outwardly through said ori?ce, means adjacent the ori 
?ce to center said rod portion therein and also .to provide 
a seal at said ori?ce, said means for ?xedly securing said 
tip to said crystal comprising an epoxy cement, means 
for effecting longitudinal ultrasonic vibration of said crys 
tal comprising a high frequency electric oscillator, and 
means for circulating cooling liquid about said crystal and 
ejecting it adjacent the working end of said tip onto a sur 
face being treated thereby to effect a ?ushing and cooling 
action on said surface. 

2. A piezoelectric cleaning device according to claim 
1, including ?uid conduit means passing around said base 
portion of said tip and outwardly of said tip and ter 
minating in an open outlet end in proximity to said work 
ing portion of said tip, the other end of said conduit 
means being secured in the ?rst-named end of said crys 
tal tube, and means for delivering ?uid to said hand piece 
for passage in said annular space around said crystal tube 
outwardly of said outlet end to ?ush debris loosened 
from such surface as a result of longitudinal ultrasonic 
vibration of said tip and crystal tube, said ?uid in its 
passage around said crystal tube acting as a coolant there 
for, a pair of electrodes respectively applied to inner and 
outer portions of said crystal tube and electrical con 
ductor means connected to said electrodes and passing 
outwardly of said hand piece and connected to said high 
frequency electric oscillator. 

3. A piezoelectric cleaning device according to claim 
2 wherein said hand piece and said mounting means are 
insulated relative to said electrodes and wherein said tip 
is of metal. 

4. A piezoelectric cleaning device according to claim 
1, wherein said piezoelectric crystal is comprised of at 
least one of the group of materials consisting of lead 
zirconate and lead titanate ceramic crystals dimensioned 
to provide longitudinal ultrasonic vibrations at frequen 
cies ranging from about 25,000 to about 45,000‘ c.p.s. 

5. An ultrasonic dental cleaning device comprising an 
insulated tubular handle having a tapered working end 
de?ning a constricted passageway, a tubular ceramic crys 
tal axially disposed within said handle at an intermediate 
portion thereof and having an outer diameter and length 
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substantially less than the inner diameter and length re 
spectively of said handle, peripheral spacer means inter 
posed between said crystal and said handle ?xedly to 
mount said crystal in said handle and de?ne an elongated 
annular space therebetween, washer means adjacent said 
spacer means to provide a ?uid tight seal at the inner ' 
end of said annular space remote from said working end, 
a metallic tip member extending from said working end 
of said handle and having an enlarged ?ared base member 
joined to the adjacent end of said crystal and being di 
mensioned to de?ne an extension of said annular space 
to said working end, an intermediate portion of said tip 
member disposed in said constricted passageway, O-ring 
means disposed in said passageway for providing a ?uid 
tight seal between said intermediate portion of said tip 
member and said handle, said ring means making contact 
with said intermediate portion at an antinode, ?uid con 
duit inlet means a?ixed to the base of said handle and 
communicating with said annular space adjacent said 
crystal, and ?uid conduit outlet means extending from 
said annular space adjacent said Working end and having 
an outer end terminating adjacent the outer end of said 
tip member, a pair of electrical conductor means con~ 
nected to opposed inner and outer surfaces of said crys 
tal and adapted for interconnection with ultrasonic gen 
erator means, and said ?uid conduit inlet means adapted 
for interconnection with ?uid supply means. 
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