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. 1
This invention relates to a crystal .drier and
more particularly o a device for rapidly rotating
a piezoalectric ciystal so as to remove excess mois-
ture. 'theref“om by centrifugal force while.at the -
same time producing effective contact between
the crystal.surfaces and drying air.
In the manufacture.of pxezoelectmc quartz crys-
tals, it is freuuently necessary to wash and dry
such c;vstaxs in order to prepare the crystal for

rmuly gzounr’ to apprommate dimensions in.lap-
ping; machines after which the crystals are fur-
ther Teduced. in size to bring them to.a desired
freguency.either by hand lappingor etching oper-
ations. Affer the machxm lapplhg operations, the’
crystals are usuany' tested..for fregueney in. an
cscillator circult and. sdge ground to bring them
to, maximum. activity, the latter. operation fre-
cuently requiring. several tests in the oscillator

circuit., When hand lapping. operations are em- =

gloynd ‘to bring.the crystal t0 desiréd frequency
and activity, repeated tests in the oscillator cir-
cuit are usually required, In carefully controlled. .
etching operations the number of frequency tests
required. is congiderably.less. than that for hand
lapping. operations, bub, nevertheless, a plurality :
of . frequency and. activity tests must usually be
made. Prior to such tests the abrasivé and carrier’
therefor. or . residual .etching solution ‘must - be
washed from thé erystal surfaces and the crystal
then dried. It will thus be seen that.in the manu-
facture.of piezoelectric crystals frequent washing
and . drying operations must be carried out.

Any appreciable. amount of foreign material
adhering to a. crystal will modify the character-
istics of the crystal. . Thus, lint from towels ‘used
in dr ymg the crystal or solid materials in solution
or suspension. in, water and deposited on the
crystal during drying of the water will, in. gen-
eral, Jower the frequency of the crystal an-unpre-
dictable amount or otherwise modify its charac-
teristies. . '

Various methods of drying crystals after wash- -
ing and rinsing and . prior tc testing have been .
empk;yed by the art. Of these, probably the most ..
common means of drymg was by towels. In. some
cases, "_ordinary. laundry. towels. have. been em-
ployed but. usually special types-of towels such:as.
lint free towels; paper towels and blotting paper
have been used. The results obtained, however,
were, extremely variable. . They-depended upon
the . genéral. cleanliness-of the towel itself, how
long it had been in use, and in the case.of laundryA .
towels .the manner.in which. it- had been laun-.
dered, for example, the tybe of soap used in

testing in an oscillator circuit. Crystals are ordi- M

30

35

40

45

(CL 34=58)

2
laundering and the.starch content imparted to,
the towel,. The lint. characteristics of ‘the towel”
were of particular, 1mportance as- even small
amounts of .lint.left on the crystal materially

“modified. its. operation. Because.of the:variable

results, the art had 10"1g recoghized -that even
zea"onably clean. crystals ;‘were in fact. not being .
produced by drying with towels.

Giher methods.of drying. including the employ-
ment of currents of heated air from blowers hav- -
ing heabing elements associated therewith and
strong. blasts of alr from sources of compressed
air were. tried. The. velgeity. of air from blowers
was not sufficient to blow all.of -the rinse water
from..the crystal' surfaces. Water was slowly
evaporated theréon,.. leavmg on the face of the
crystals any.solids. in so;ution or suspension in
the water, "Thése s6lids were iy egularly deposited.- .
on the crystal surface leaving “water spots” mate-
rially: a,ffeutmg the performance of the crystal. In "~
using. hxg‘u velocity. blasts from compressed air

ources 1t was possible. to. blow .off .some of the .
e\cegs water. after. the .crystal was. rmsed The
chigt’ difficulty w1th this.. method. of drying was,
however, .that. it wes not possible, as-a practical
matter, to. obfain.a compressed air.source that

-was completely fréee of mmsture and:oil particles.

The solubles in chrty water: from .8 compressed .
air line and-oil particles in the air were 1rregular1y
and’ unpledlctably deposited. on the crystal sur-
{fate during drying, resulting in-cil and water

spots on suchusurfaces. Attempts to filter the com- ..

pressed air were not- succecsful and consistent. re-
sults.were not.obtained..:

Ia .accordance, With .the present invention. a
washed and’ rmsed crystal is properly.supported
and. rotated at.an. extremely. high speed. Large .
centrifugal forces are. developed which throw the
water off. of the crystal surfaces and at the same
time inbense currents of air relative to the crystal
surfaces.areset up so.that drying air is effectively
brought into coutact Wwith, such: surfaces. Rapid
drying .of the erystal is’ “effected, primarily by

Jbodily. removing water. with its assoc1ated solids

from the crystal surfades. The resulting.crystal .
surfaces. are Substantially. .completely - €leaned.

Also,, tne drying . opelatmn is much: more rapid
nhan those heretofore. proposed The crystal can

- ordinaxrily .be completelv dried in. from. three to

50

55

Tfive seconds,

It is therefore an object.of the present inven-
tion, to prowde an -improved. method and a,ppa-—
ratus-for.drying Jpiezeelectric crystals.

Another. 0b.]°ct of the invention is to provide a. -
meéthod of drying piezoelectric crystals in which
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the crystal is spun at a rapid rate to throw off
adhering water and cause drying air to effectively
contact the surfaces of the crystal.

Another object of the invention is to provide
an improved drying apparatus for piezoelectric
crystals which facilitates rapid and easy mount-
ing of the crystal in the drying device and re-
moval of the crystal therefrom affer drying.

A further object of the invention is to provide
a crystal drying apparatus in which the crystal
is held in a2 manner enabling rinse water to flow
rapidiy from the surfaces thereof.

A still further objeet of the invention is to pro-
vide an improved crystal drying apparatus in
which the crystal is spun about an axis passing
through the body of the crystal.

Other objects and advantages will gppear in
the following description of preferred embodi-
ments of the invention illustrated in the accom-
panying drawings, in which:

Pigure 1 is an elevation of a drying apparatus
with certain rarts broken away;

Tigure 2 is an isometric view of the crystal
holding element shown in Figure 1;

Figure 3 is a view similar to Pigure 2 showing
a modified type of crystal holding element;

figure 4 is a view similar to Figure 2 showing
g further modified type of crystal holding ele-
ment;

Figures 5¢ to be, inclusive, are graphs show-
ing the results of drying crystals by contact with
towels; and

Figures 6a to 6c, inclusive, are graphs similar
to Figures 5a to 5¢ showing results of drying in
accordance with the present invention.

Referring to the drawings, Figure 1 shows a
complete drying apparatus in accordance with
the present invention. This apparatus may in-
clude g motor I8, shown in the drawings as being
an air motor mounted with its shaft 11 in g ver-
tical position, the shaft il carrying a chuck 2
at its upper end. The internal structure of the
moter {8 is not shown as such motors are avail-
able on the market in various forms, the par-
ticular motor shown being capable of rotating
as fast as 20,000 R. P. M,, and being provided
with a -compressed air inlet conduif 13 and a
speed regulating screw {4, The motor may be
started and stopped by means of a valve 15 in
the air inlet line 13, the valve being shown as a
rotary valve normally held in closed position by
a spring 15’ and provided with an operating le-
ver such as a foot pedal 16 for opening the valve
against the action of the spring {5’. While an
air motor is shown, it will be understood that a
high speed electric motor, also commercially
available, can be employed in conjunction with
a stariing and stopping switeh, if properly shield-
ed, the chief disadvantage of high speed electric
motors being that they frequently produce radio
frequency interference which may cause diffi-
culties in carrying out certain test procedures
in erystal manufacturing operations.

The chuck 2 may receive the shank 18’ of a
crystal carrier 11, The crystal carrier shown in
Pigures 1 and 2 may include a cross member
18 carried by the shank 16’ and supporting a pair
of wire loops {9. Each of the wire loops i9 pref-
erably includes vertically extending parallel por-
tions connected at their tops by an outwardly ex-
tending loop portion 20. The wire loops 19 may
be secured to the cross member (8 in any desired
manner, for example by inserting their lower
ends in bores 21, one of which is shown in Fig-
ure 2 and soldering or brazing the wires in such
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4
bores. The wire loops 19 are preferably made of
relatively stiff spring metal and as shown in Fig-
ure 1, the wire loops I9 provide a recess for re-
ceiving a crystal 22 o be dried, )

It will be apparent that the crystal 22 may
be easily inserted between the wire loops 18 by
sliding the same downwardly therebetween and
removed by merely lifting the erystal from the
recess between the wires. While the wire loops
{8 may fit the crystal sufficiently close that they
must be sprung apart slightly to insert the crys-
tal, it is preferred to mount the crystal loose-
ly between the wires. When the crystal holder
is rotated at a high speed, the crystal moves
slightly off center and is held snugly against one
of the loops by centrifugal force. There is then
no danger of chipping the crystal while inserting
or removing it. The crystal holding means de-
scribed presents substantially unobstructed paths
for liquids thrown from the crystal surfaces by
centrifugal force due to rotation of the crystal.

To guard against any possibility of injury to
operators by reason of the crystal being thrown
from the crystal carrier during rapid rotation, it
is preferred to swrround the crystal carrier by a
stationary open topped screen 23, the screen being
preferably a cylindrical member of solid sheet
madterial although it may be of foraminous ma-
terial. The screen 23 may be mounted on a base
member 24 in turn supported by brackets 26 se-
cured to the casing of the motor {0 in any de-
sired manner. Even if the possibility of a crystal
being thrown from the carrier is remote, crystals
sometimes shatter when being rapidly spun and
the screen 23 prevents injury to operators due to
particles of the glass-like materials of the crys-
tal being thrown off at high speed.

The modified type of crystal carrier shown in
Figure 3 is designed to prevent any possibility
of a crystal being bodily thrown from the crys-
tal carrier during rotation thereof. In the modi-
fication of Figure 3, the cross member 27 mount-
ed on the shank (6’ and carrying the wires 19
may be provided with bearing members 28 ex-
tending from one longitudinal edge thereof. A
pivoted guard member 29 may be journaled in
the bearing members 28 and be provided with
& crystal guard portion 31 at its upper end and
8 weight member 32 at its lower end. The guard

-portion 3{ extends over the top of the crystal 22

when the weight member 32 is caused to move
outwardly from the shank 18’ due to centrifugal
force during rapid rotation of the crystal carrier.
It is not necessary that any portion of the mem-

‘ber 29 actually contact the crystal when the crys-

 tal is in its normal position in the carrier. That

60

65

70

75

is to say, the device is preferably constructed so
that the pivoted member 29 engages the cross
member 27 as a stop prior to contacting the crys-
tal. This structure, however, obviates any possi-

‘bility of the crystal being thrown bodily from the

crystal carrier.
Anot?xer modified form of crystal carrier is
shown in Figure 4. This crystal carrier may in-

- clude a cross member 33 provided with a wire

loop {9 at one end thereof and with projecting
bearing members 34 at the other end thereof.
A weighted member 36 may be journaled in the
bearing members 34 and carry a weight 37 in
its lower end. A spring wire loop 38 may be suit-
ably secured to the upper portion of the weight-~
ed member 36, The wire loop 38 may have a
form similar to the loop wire 18. Upon rotation
of the crystal carrier shown in Figure 4, the
weight 3T moves outwardly from the shank 16’
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than is possible with:
_,gures 2 -and 3. It will

roduce 1mproved resul
over ‘prior. washing. an

‘crystals by means ‘of.
ciirves  were ‘derived from. data
thlrteen d'fferent crysl,als in- the

nnsed crystal betw the wires 18 on the crystal
carrier, and then rotate ‘this c;ys*al carrier at
-0 high . speed for.a few seconds - .apeeds of . from
vas tested' Ior “frequency, then 15,000, t0 20,000, R. B, M, have been found- par-,
washed ‘and” dried with a clean, lintless towel tlcularly smtable when the axis.of. rota‘mon pagses--
.technique. thus far developed through the crystal, although lower speeds-down...
gain tes‘ced for frequency to. approxunately 5, 000 R. P.-M..can be employed
and the différence between the orlgmal frequency“ 30. WlthA effective 1esults Ih general, the hlgher the..
and the frequency after washing and ‘drying ‘was speed the .Inore. qulckly the mystal is dried and
plotted agajnst, the numbets of the various crys- the less foreign material is left upon the erystal.-
tals in Figure 5a. Also, in. genel al, it has. been found that extr emely
S stals were then again washed and dried mg speeds w1th the crystal mounted ‘close to-the..
w1_th ‘the towels and the results plotted in Figure g5 f rotation, pr'cduce the pest results. . The
5b The same crystals were ‘then washed and mall pa.ddle Wheel to accelerate
dr1ed with totels a third t1me a,nd the results the azr in its’ v1c1mty and cause. rapid. currents
pl {1 d in“Figure be. It will be noted that the of air, to sweep the 51des of the crystal Also
ICy change for each of the ‘three washings i
were of substantially the same order and that 49, tiye, , s
they vatied unpredlctably As'a specific example; ‘Watcr ofF the crystal. surfaces are developed b .
crystal number . 2 .incressed its: frequency by rotatmg the crystdl ab. hlgh sneed ‘about.an axis..
nearly 800 cycl s.in the first washing and dr ying, i throughA the body of the crystal although .
decreased its frequency by over 150 cycles in the.
second washing and drying operation and then 45 of’ ‘center and employ lower speeds of rotatxon

increased its frequency by approximately 600 While I have disclosed the preferred embodi-

cycles in the third washing and drying operation. ments of my invention, it is understood that the
A similar set of curves is shown in Figures 6aq, details therecf may be varied within the scope

6b and 6c. The same type of crystals were em- of the following claims:

ployed but instead of being dried by towels after 0 I claim:

washing were dried in accordance with the 1. A device for drying pzezoelectx*c crystals

present invention. As was to be expected, the  after washing, which comprises, g high speed mo-

results of the first operation showed considerable tor having a shaft extending vertically upward-

variation as removal of foreign materials from 1y therefrom, a crystal carrier mounted on said

the surface would be expected to increase the gz shaft, said crystal carrier having upwardly ex-
frequency of the crystal. The second and third tending wire loops forming a recess for receiving
washing and drying operations provided much said crystal to provide substantially unobstructed -
more consistent results, the third drying opera- paths for ligquid thrown from the surfaces of said
tion, shown in Figure 6c, exhibiting very little = crystal by centrifugal force, said loops being po-
change in frequency. This can only be explained gg sitioned to hold said crystal with its major sur-
on the basis that the first washing and drying faces substantially in vertical planes and with
operation substantially completely cleaned the the axis of said shaft passing through said crys-
crystal and that very little foreign material was -~ tal.

either deposited upon or removed from the crys- 2. A crystal drying apparatus compnsmg, a
tals in the second and third washing and drying 65 crystal carrier provided with means for support- .
operations. ~In fact, the maximum frequency ing a crystal to be dried, said means providing
change for any crystal during the third washing substantially unobstructed paths for liquid
and drying operation was approximately 100 thrown from the surfaces of said crystal by cen-
cycles, whereas the third washing and drying trifugal force, means including a motor for ro-
operation using towels, shown in Figure 5¢, re~ 7o tating said crystal carrier at a rotation speed

sulted in several of the crystals exhibiting fre- between approximately 5,000 and 20,000 R. P. M.
quency change of approximately 600 cycles. to throw said liquid from said surfaces, said sup-
The curves of Figures 6a, 6b and 6¢ thus illus- porting means including a base member secured

trate that the drying operation of the present to said shaft, a pair of spring wire loop members
invention produces extremely clean crystals, 75 having their legs spaced from each other and
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secured to said base member and their looped
ends spaced from said base member, said looped
ends being bent away from each other to provide
a recess for receiving said crystal.

3. A crystal drying apparatus comprising, a
crystal carrier provided with means for support-
ing a ecrystal to be dried, said means providing
substantially uncbstructed paths for liquid
thrown from the surfaces of said crystal by cen-
trifugal force, means including a motor for ro-
tating said crystal carrier at a rotation speed be-
tween approximately 5,000 and 20,000 R. P. M.
to throw said liguid from said surfaces, and a
shield arcund said carrier to restrain projection
of crystals or portions thereof in the event of
shattering or loss of said erystals from said car-
rier, said supporting means including a base
member secured to said shaft, a pair of spring
wire loop members having their legs spaced from

each other and sscured to said base member and -

their looped ends spaced from said base member,
said looped ends being bent away from each oth-
er to provide a recess for receiving said crystal.

4. A crystal drying device comprising, a crystal
carrier, a rotatable shaft for supporting said
crystal carrier, said carrier comprising a support
member mounted on said shaft and having a pair
of projeciing wire loops having an opening for
receiving said crystals; means including a high
speed motor for rotating said shaft to throw said
liquid from the surfaces of said crystal by cen-
trifugal force during rotation of said carrier, a
shield around said carrier to restrain projection
of crystals or portions thereof in the event of
shattering or the loss of a crystal from said ear-
rier, and a guard member pivotally carried by
said support member, said guard member having
a guard portion movable to a guard position in
the path of movement of said crystals from said
opening for preventing accidental displacement
of said crystal from said carrier during rotation
of said shaft, said guard member also having a
weighted portion for retaining said guard portion
in said guard position by action of centrifugal
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force during rotation of said shaft, said carrier
having means to prevent said guard member from
contacting said crystal when said crystal is cor-
rectly positioned in said loops.

5. A crystal drying device comprising, a crystal
carrier, a rotatable shaft for supporting said
crystal carrier, said carrier comprising a support
member mounted on said shaft and having a
pair of projecting members providing an opening
for receiving said crystals, means including a
high speed motor for rotating said shaft to throw
said liquid from the surfaces of said crystals by
centrifugal force during rotation of said carrier,
and a guard member pivotally carried by said
support member and having a guard portion
movable to a guard position in the path of move~
ment of said crystals from said opening to pre-
vent accidental displacement of said erystal from
said carrier, said guard member having a weight-
ed portion holding said guard portion in guard
position by action of centrifugal force during ro-
tation of said carrier, said carrier having means
for preventing contact of said guard member
with said crystal when said crystal is correctly
positioned in said projecting members.

JOHN M. WOLFSKILL.
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