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-1 Apparatus for drying cleaned workpi eces Descri pti q‘;m
Trré present: invention relates to an apparatus for
-1 -

APPARATUS FOR DRYING CLEANED WORKPIECES

The present invention relates to an apparatus for
drying cleaned plate-like workpieces by removing'a cleaning

solution from the workpieces.

5 There has been known an apparatus for drying work-
pieces, such as small thin ceramic plates for use as crystal
oscillators or capacitors, which have been cleaned by a
cleaning apparatus using a cleaning solution such as water.
In such an apparatus, a plurality of workpieces are placed in

10 a tray having an air-permeable bottom, and hot air is applied
from above the tray and drawn.from below the tray so that the
hot air forcibly passes through the spaces between the work-
pieces. The hot air is heated to such a temperature that it
can evaporate the cleaning solution that is attached to the

15 workpieces,

The hot air which is supplied from a hot-air duct
can not only evaporate moisture from the exposed surfaces of
the workpieces in the tray, but also remove moisture in
spaces or gaps between those workpieces which may overlap

20 each otheg,as the hot air enters those gaps.

Before the workpieces are dried by the drying appa-
ratus, the workpieces are cleaned by the cleaning apparatus.

If the workpieces are small thin lightweight ceramic plates
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drying cl eaned plate-like workpieces by renoving a cleaning solution from
t he wor kpi eces. There has been known an apparatus for drying
. wor kpi eces, such as small thin ceramc plates for use as crysta
oscillators or capacitors, which have begn_cleaned by a cl eaning apparatus
using a cleaning solu- tion such as water. In such an apparatus, a
plurality of workpieces are placed in a tray having an air-perneable
bottom and hot air is applied fromabove the tray and drawn from bel ow t he
tray so that the hot air forcibIY passes through the spaces between the
wor kpi ecesfor use as crystal oscillators or capacitors, for example,
and cleaned ultrasonically while being supported on a tray
and immersed in a cleaning solution, then when the tray is
taken out of the cleaning solution, the workpieces in the
5 tray tend to be stacked into blocks in which they stick
closely together through the attached cleaning solution. The
gaps between the workpieces in each of the blocks are very
small, with the cleaning solution firmly retained in the
gaps. The gaps between the blocks of workpieces are larger
10 “than the gaps between the workpieces, and may sometimes be
large enough for them to be interconnected vertically in the
tray.
When the cleaned workpieces are dried by the drying
apparatus, hot air supplied from the hot-air duct tends to
15 pass through the larger gaps between the blocks of work-
pleces, rather than being uniformly applied to the workpieces
in the blocks. Since the heat of the hot air cannot effi-
ciently be transmitted to the workpieces sticking together in

the blocks, it takes a relatively long period of time for all

20 the workpieces to be fully dried.

Viewed from one aspect the present
invention provides an apparatus for drying cleaned

plate-like workpieces, comprising a tray for housing
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The hot air is heated to such a tenperature that it can evaporate the
cleaning solution that is attached to the workpi eces. The hot air which
*is supplied froma hot-air duct can3net only evaporate noisture fromthe
exposed surfaces of the workpieces in the tray, but also renove noisture in

spaces or g g%?&iy@;ﬁ%é HOSR Q091 kR i6 ﬁ?y\@é&? fHEAVe! kAR 25D RAPELg as

the hot air enters ose ‘gaps. e the workpi éces are dried by the
drying ap-, Haaﬂ%enaé@owrﬂ%ﬁlt%ﬁ?le&@ 511@8519;911\}%1&*&% elrean-NgmaPrmPar at us.

I f the workpieces are small thin ['i ghtwei ght ce-
able sidewall plates extending from peripheral edges of the
bottom plate, a support base for supporting the bottom plate

g of the tray at an inclined attitude, a hot-air duct detach-
ably coupled to respective edges of the sidewall plates of
the tray which is supported on the support base, for supply-
ing hot air into an interior space of the tray which is sur-
rounded by the sidewall plates, and a suction duct coupled to

10 the bottom plate of the tray supported on the support base,
for drawing hot air supplied from the hot-air duct from
within the interior space through the bottom plate.

Thus, after the workpieces are cleaned, Fhe tray housing
the workpieces is supported on the support base at an in-

15 clined attitude. The workpieces that are stacked in the tray
move sideways out of the stacked condition, allowing an at-
tached cleaning solution to drop off the workpieces. Since
the amount of cleaning solution attached to the workpieces is
reduced, the workpieces can be dried within a relatively

o) short period of time. Even if the workpieces are stacked and
clustered in blocks in the tray while they are being cleaned,
the blocks are broken when the tray is inclined. Therefore,
the gaps between the blocks are eliminated, and hot air drawn
from the hot-air duct into the suction duct can pass thor-

25 oughly through the gaps between the workpieces. Since the
heat of the hot air is uniformly transferred to the work-

pieces, the workpieces can be dried efficiently, quickly, and
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ram c plates for use as crystal oscillators or capacitors, for exanple, and
cl eaned ultrasonically while being sup- ported on a tray and i mersed in a
cl eani ng sol ution, then when fhé tray is taken out of the cleaning

sol ution, Egﬁiggikpieces in the tray tend to be stacked into blocks in
whi ch they stic %rosely t oget her through the attached cl eaning sol ution.

The gaps between theT\q/gr%Pé%gﬁs Q&eeq\%% fgfr?m%)ggsgl chép & VeI S Yd , with

the cleaning so- lution y retaine e gaps. e gaps between th
bl ocks of WRtkpLEESy Abfcd A IR thaBetiBndARs LEJVERIY the bottom

plate of the tray, and legs supporting the support frame at
5 an inclined attitude, the suction duct being integrally
joined to entire peripheral edges of the support frame.

The tray may have a pair of grips mounted on outer
surfaces of respective opposite ones of the sidewall plates
thereof. The apparatus may further comprise lifting/lowering

10 - means for lifting the.tray away from and lowering the tray
toward the support base, the lifting/lowering means having a
pair of hooﬁs for engaging the grips, respectively, to sup-
port tﬁé'tray and releasing thé éfips upon downward movement
beyond a position in which the tray is sdppé;tgd‘bn the sup-

15 port base. Therefore, the tray may be suppérﬁed on the sup-
port base simply when the tray is lowered by the lift-
ing/lowéring means.

The hot-air duct may be suspended from the lift-
ing/lowering means for upward movement with respect to the

20 lifting/lowering means when the hot—air duct is coupled to
the tray which is supported on the support base. Thus, even
if the lifting/lowering means is further lowered when the
tray is supported on the support base, the 1lifting/lowering
means is allowed to move downwardly relatively to the hot-air

25 duct, keeping the hot-air duct stably coupled to the tray.

Each of the plate~like workpileces may comprise a

thin ceramic plate for use as a quartz oscillator or a capac-
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The above and other features and advan-
tages of the present invention will become apparent from the
following description when taken in conjﬁnction with the ac-
companying drawings which illustrate a preferred embodiment

of the present invention by way of example.

FIG. 1 is a plan view of a cleaning system which
incorporates a drying apparatus according to the present in-
vention;

FIG. 2 is an enlarged fragmentary side elevational
view, partly in cross section, of the drying apparatus;-

FIG. 3 is a perspective view, partly broken away,
of a tray used in the drying apparatus;

FIG. 4(a) is a fragmentary vertical cross-sectional
view of workpieces in the tray which lies horizontally; and

FIG. 4(b) is a fragmentary vertical cross-sectional

view of workpieces in the tray which is inclined.

As shown iﬁ FIG. 1, a cleaning system A for clean-
ing plate-like workpieces W such as thin ceramic plates for
use as crystal oscillators or capacitors generally has a
loading section 2 for successively loading trays 1 each con-
taining a number of workpieces W, a cleaning section 6 in-
cluding a preliminary cleaning tank 3 for cleaning workpieces
W contained in trays 1 that are successively introduced from

the loading section 2, an ultrasonic cleaning tank 4 for ul-

TR
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for themto be interconnected vertically in the tray. When t he cl eaned
wor kpi eces are dried by the dry- 1ing apparatus, hot air supplied fromthe
*hot-air duct tends to pass through the |arger gaps between the bl ocks of.
wor kpi eces, rather than being uniformy ap- plied to the workpieces in the

bl ocks. Sipgesddicdiggt Qkantihg (6tkpidceameonehfihedent | yrdgs transmtted to
the work- pieces sticking together in the blocks, it takes a relatively

| ong peri ogin oilttawwrfier rdlhlsihbetank kpi e lteaBentoblyy delesing work-
DE- A- 4139860 upon which the preanble of claiml1l is based, discloses
appar at us poecels W npnaarikeidedestrays 1, a drying section 7 for drying
workpieces W that have been cleaned by the cleanin§ section
5 6, and an unloading sgction 8 for unloading trays 1 contain-
ing workpieces W that have been discharged from the drying
section 7.
The loading section 2 includes a loading conveyor 9
for supporting and successively charging a plurality of trays
10 1 into the preliminary cleaning tank 3 of the cleaning sec-
tion 6.
The preliminary cleaning tank 3 has a shower nozzle
10 for spraying a cleaning solution downwardly over work-
pieces W contained in a charged tray 1 to preliminarily
15 clean the workpieces W,
The ultrasonic cleaning tank 4 is filled with a
deaerated cleaning solution, and houses-an ultrasonic vibra-
tor 11 supported on its bottom. The ultrasonic vibrator 11,
when actuated, generates cavities in the cleaning solution in
the ultrasonic cleaning tank 4. When the generated cavities
collapse, they produce shock waves which are applied to the
workpieces W thereby cleaning the workpieces W.
The ultrasonic rinsing tank 5 is filled with tap
water, and houses an ultrasonic vibrator 12 supported on its
25 bottom, the ultrasonic vibrator 12 being identicai with the
ultrasonic vibrator 11. The ultrasonic vibrator 12, when ac-

tuvated, generates cavities in the water in the ultrasonic
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anzopen-topped contai ner having. an air-pernmeable bot- tom such apparatus
conprising a support base for sup- porting a said container, hot air
‘supply means arranged to be connected’to the open top of said container
with the container supported as aforesaid, and suction neans arranged to
be connect ednk@n§heamots omudlent e goONéRAEd odidn ise suppapsed, tivder eby hot

air may be sucked through the interior space of the container and out
t hr ough t herbatutenshdwek eafvdso wiiiyhwat&pagekised er ehe workpRedef25¥4917 and
CH A- 390153 are al so rel evant The present invention is characterised
in that theéhereby rinsing the workpieces W.
As shown in FIG. 3, each of the trays 1 comprises
5 an air-permeable square-shaped bottom plate 13 in the form of
a mesh-like network of wires, four air-impermeable sidewall
plates 14 projecting upwardly from respective edges of the
bottom plate 13, and a pair of grips 15 mounted on the outer
surfaces of respective opposite two of the sidewall plates
10 14. Workpieces W can be taken into and out of the trays 1
through their upper open sides. The air-permeable square-
shaped bottom plate 13 may alternatively comprise a punched
plate with a number of perforations.
Transport means (not shown) for transporting trays
15 1 are provided between the preliminary cleaning tank 3 and
the ultrasonic cleaning tank 4 and also between the ultra-
sonic cleaning tank 4 and the ultrasonic rinsing tank 5.
Lifting/lowering means {not shown) are also provided above
the preliminary cleaning tank 3, the ultrasonic cleaning tank 4
20 and the ultrasonic rinsing tank 5 for lowering trays 1 trans-
ported by the transport means into the tanks 3, 4, 5 and
lifting trays 1 out of the tanks 3, 4, 5 upon elapse of cer-
tain periods of time,.
The drying section 7 includes a drying apparatus 16
25 according to the present invention. As shown in FIG. 2, the
drying apparatus 16 comprises a drying tank 17 for housing a

tray 1, a pair of horizontally spaced vertical support arms

This Sheet Has Been Replaced

AR




saird support neans is arranged to support the container with the container
bottom substantially inclined to the horizontal. Thus, after the
‘wor kpi eces are cl eaned, the contain- er housing the workpieces is supported
on the support base at an inclined 8ttitude. The workpi eces that are

stacked in;ghgogPNiMdEradRN tHRY Br§i A§Veysk aut fr %h?ﬁék@ﬁkgdtﬁénditipn,
allowi ng an attached cleaning solu-"tion to drop off e wor kpi eces. Since

t he amount tehyCl padi Wk SAta10N 12t AgNEdwd PiddrarmonkpiReen ssppéetised, the
wor kpi eces can be dried within a relatively short pe-
the support arms 18 extending downwardly therefrom and can be
lifted and lowered by an actuator {(not shown) between a posi-
5 tion to which the tray 1 has been fed and a position inside
of the drying tank 17, and a support base 20 di#posed on the
bottom of the drying tank 17 for supporting the bottom plate
of the tray 1 at its peripheral edges that has been lowered
into the drying tank 17 by the lifting/lowering arm 19. The
10 lifting/lowering arm 19 operates with the lifting/lowering
means above the tanks 3, 4, 5 to lift and lower the trays 1.
The support base 20 has a centrally open support frame 21 for
supporting only the peripheral edges of the bottom plate 13
of the tray 1. The support frame 21 is fixedly mounted on
15 the upper ends of legs 22 of different lengths and hence in-
clined for supporting the tray 1 at an inclined attitude.

A hot-air duct 23 for supplying hot air extends
vertically through and is vertically movably mounted on the
lifting/lowering arm 19. A suction duct 24 is disposed cen-

20 trally below the support frame 21 for drawing hot air sup-
plied from the hot-air duct 23.
The hot-air duct 23 is connected through a heater
25 to an air blower 27 which has an air filter 26. The
heater 25 heats air supplied from the air blower 27 through
_25 the air filter 26 to a temperature that is high enough to
evaporate the cleaning solution. A downwardly flaring hood

28 is attached to the lower end of the hot-air duct 23 be-
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ried of time. Even if the workpieces are stacked and clustered in bl ocks

the container while they are being
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tween the support arms 18 for vertical movement into and out

of abutting engagement with the full peripheral edges of the

upper opening of the tray 1 that is supported on the support

base 20. The hood 28 is vertically movably suspended on the

lifting/lowering arm 19 by a pair of parallel support bars 29
extending upwardly from the hood 28. The suppoft bars 29 are
vertically movable along guides 30 in the lifting/lowering

arm 19. When lowered, the downward movement of the support

‘bars 29 is limited by stops 31 attached to the respective up-

per ends of the support bars 29 upon engagement of the stops
31 with the guides 30. The hood 28 is inclined in the same
direction as the support frame 21 for snugly abutting engage-
ment with the upper surface of the tray 1 th;t is supported
on the support frame 21.

The suction duct 24 has an upper end integrally
joined to the entire peripheral edges of the support frame 21
and an opposite end located outside of the drying tank 17 and
coupled to a suction device 32. When the tray 1 is supported
on the support base 20, the bottom of the tray 1 is coupled
to the upper end of the suction duct 24.

Operation of the cleaning system A will be de-
scribed below.

First, a tray 1 housing a number of workpieces W is
introduced into the cleaning section 6 by the loading con-
veyor 9 of the loading section 2. 1In the cleaning section 6,
the workpieces W in the tray 1 are successively preliminarily

cleaned by the preliminary cleaning tank 3, ultrasonically

i




-3x cleaned, the blccks are broken when the container is inclined.
Therefore, the gaps between the blocks are elimnated, and hot air drawn
‘fromthe hot-air duct into the suctiﬁg.duct can pass thoroughly through the
gaps between the workpi eces. Sincethe heat of the hot air is uniformy

transferreelégné@%wﬂsoluq%%some &‘Pé%xpir?&%n%a'l bandr Ledr&idh cé£nty v,

qui ckly, and reliably. Preferably the said container is a tray having
an air- peEﬂﬁ‘@&h%P%ﬂ@@l&'&%@n&@drﬁné’ihﬁiaﬂdr{k\’ sof air-inperme- able
a

sidewal | pl ates extendi ng from peri pher edges of
After the workpieces W have been cleaned in the
cleaning section 6, the tray 1 which contains the workpieces
5 W that are wet with water is transferred to the support arms
. 18 suspended from the lifting/lowering arm 19 in the drying
section 7. When the tray 1 is supported on the support arms
18, the grips 15 of the tray 1 are engaged by respective
hooks 33 on the respective lower ends of the support arms 18.
10 The lifting/lowering arm 19 is then lowered to lower the tray
1 into the drying tank 17 until the tray 1 is supported on
the support base 20. When the tray 1 is supported on the
support base 20, since the support frame 21 ;s inclined, the
tray 1 on the support base 20 is inclined as shown in FIG. 2.
15 At this time,  the hooks 33 are lowered beyond a position in
which the tray 1 is supported on the support base 20, releas-
ing the grips 15 of the tray 1, which is now fully supported
obliquely on the support base 20.
At the same time that the support arms 18 release
- the tray 1 upon descent of the lifting/lowering arm 19, the
hood 28 on the lower end of the hot-air duct 23 abuts against
the upper edges of the sidewall plates 14 of the tray 1 by
gravity.
- The hot-air duct 23 and the suction duct 24 are now
25 held in communication with each other through the tray 1 that
is sandwiched between the hot-air duct 23 and the suction

duct 24. Now, hot air is supplied from the hot-air duct 23
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sakd bottom pl ate. The support base may conprise a support frame for
intimately contacting the peripheral edges of the bot- tomplate of the
‘tray, and | egs supporting the support frape at an inclined attitude, the
suction duct being in- tegrally joined to entire peripheral edges of the

support frafeo the thid tr.ay rR¥miadeasd O bt iplateDuBt 66 ORe Oti Sy
surfaces of respective opposite ones of the sidewall plates thereof. The

appar at us maysf petdedbieomy iade  bnlit théngidoverl g areans 4f ehekedbtizage t he
tray away from and .

not permeable to air, the workpieces W housed in the tray 1

are exposed to only hot air supplied from the hot-air duct

5 23, but isolated from ambient air surrounding sidewall plates
14 of the tray 1.

While hot air is being supplied to the tray 1 from
the hot-air duct 23, the supplied hot air is forcibly drawn
from within the tray 1 by the suction duct 24.

10 When thg_?ray 1 is taken out of the cleaning solu-
tion in the ultrasdhic Gleaning tank 4, the workpieces W
housed in the tray 1 that have been ultrasonically cleaned in
the ultrasonic cleaning tank 4 are clustered in blocks Y in
each of which the workpieces W are stacked with cleaning so-

15 lution films X retained therebetween as shown in FIG. 4(a).
At this time, the stacked workpieces W in each of the blocks
Y stiék together by the cleaning solution films X therebe-
tween. When the tray 1 that houses the clustered workpieces
W is then placed in the drying tank 17, since the tray 1 is

20 inclined on the support base 20, the workpieces W move side-
ways in their inclined plane, breaking the blocks Y as shown
in FIG. 4(b). The workpieces W that have stuck together with
the cleaning solution films X are loosened, allowing the ex-
cessive cleaning solution to drop from the workpieces W.

25 Since the amount of cleaning solution attached to the work-
pieces W is reduced, the workpieces W can be dried within a

relatively short period of time.
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|l owering the tray toward the support base, the lifting/low ering neans
havi ng a pair of hooks for engaging the grips, respectively, to support the
‘tray and releasing the grips upon am@mard novenent beyond a position in
which the tray is supported on the Support base. There- fore, the tray may

be supported on the gr@POite MASRKS W aRbYc¥NBipddE, tHHRY qaps| Deewednby the
lifting/lowering neans. The hot-air duct nay be suspended fromthe

lifting/ |enerbhgci@ansdedlelipiabdedOVvenkate rdd) roephot adrtdeawn
lifting/l owering nmeans when the hot-air duct is cou-
from the hot-air duct 23 into the suction duct 24 can flow
thoroughly through the gaps between the workpieces W. As the
5 " heat of applied hot air can uniformly be transferred to the
workpieces W, the workpieces W can efficienply! guickly, and
reliably be dried by the applied hot air, o

The hot air is supplied for a certain period of

time until the workpieces W dre fully dried. When the drying

10 process is completed, the lifting/lowering arm 19 is ele-
vated. On the ascending movement of the lifting/lowering arm
19, the grips 15 of the tray 1 are engaged by the hooks 33,
and hence the tray 1 is lifted out of the drying tank 17 by
the lifting/lowering arm 19. When the tray 1 is tilted back

15 to a horizontal attitude, the hood 28 is separated from the
tray 1, thereby disconnecting the tray 1 from the hot-air
duct 23.

Thereafter, the tray 1 supported by the support
arms 1 is discharged into the unloading section 8 by a dis-

~n charging means {not shown), and then unloaded by an unloading
conveyor 34 in the unloading section 8.

Although a certain preferred embodiment of the pre-
sent invention has been shown and described in detail, it
should be understood that various changes and modifications

25 may be made therein without departing from the scope of the

appended claims.

This Sheet Has Been Replaced

AR




pled to the tray which is supported on the support base. Thus, even if the
lifting/lowering neans is further low ered when the tray is supported on

‘the support base, the lifting/lowering neans is allowed to nove down
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CLAIMS:

1. An apparatus for drying cleaned plate-like
workpieces (W), comprising:

a tray (1) for housing a plurality of plate-like
workpieces therein, said tray having an air—permeable
bottom plate (13) and a plurality of air-impermeable
sidewall plates (14) extending from peripheral edges of
said bottom plate;

a support base (21) for supporting the bottom plate
of said tray at an inclined attitude;

a hot-air duct (23) arranged to be detachably
coupled to respective edges of said sidewall plates of
the tray when Supported on said support base, for
supplying hot air into an interior space of the tray
which is surrounded by said sidewall plates; and

a suction duct (24) arranged to be coupled to said
bottom plate of the tray when supported on said support
base, for drawing hot air supplied from said hot-air
duct from within said interior space through said bottom
plate.

2. An apparatus according to claim 1, wherein said
support base (21) comprises a support frame for
intimately contacting the peripheral edges of said
bottom plate of the tray, and legs (22) supporting said
support frame at an inclined attitude, said suction duct
being integrally connected around the entire peripheral
edges of said support frame. '

3. An apparatus according to claim 1 or 2, wherein
said tray (1) has a pair of grips (15) mounted on outer
surfaces of respective opposite ones of said sidewall
plates (14) thereof, and further comprising lifting and

lowering means (19) for lifting said tray away from and

H|I|I|| IHIH III|| I | lIIl [ s
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-4--wardly relatively to the hot-air duct,
coupled to the tray.

thin ceramc plate for use as a quartz oscillator or a ca- pacitor.
above and ot her features and advantages of the present invention wll
beconme apparent fromthe fol - - 14 -

10
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lowering said tray toward said support base, said
lifting and lowering means having a pair of hooks (33)
for engaging said grips to support said tray and
arranged to release said grips upon downward movement
beyond a position in which said tray is supported on
said support base.

4. An apparatus according to claim 3, wherein said
hot-air duct (23) is suspended from said lifting and
lowering means (19) for upward movement with respect to
the lifting and lowering means when said hot-air duct is
coupled to the tray when supported on said support base.

5. An apparatus according to any preceding claim,
wherein each of said plate-like workpieces (W) comprises
a thin ceramic plate for use as a quartz oscillator or a
capacitor.

6. Apparatus for drying workpieces (W) in an open-
topped container (1) having an air-permeable bottom
(13), such apparatus comprising means (21) for
supporting a said container with its bottom
substantially inclined to the horizontal, hot air supply
means (23) arranged to be connected to the open top of
said container with the container supported as
aforesaid, and suction means arranged to be connected to
the bottom of the container when so supported, whereby
hot air may be sucked through the interior space of the
container and out through the bottom thereof to dry
workpieces therein.
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keeping the hot-air duct stably
Each of the plate-like workpieces may conprise a

The



| owi ng description when taken in conjunction with the acconpanying draw ngs

which illustrate a preferred em bodi nent of the present invention by way
of exanpl e. FIG 1 is a plan view of a cleaning system which

i ncorporates a drying apparatus according to the present invention;
FIG 2 is an enlarged fragmentary side el ggational view, partly in
cross section, of the drying appara- tus; FIG 3 is a perspective
view, partly br oken away, of ABSTRACT

Plate-like workpieces (W) such as thin ceramic
5 plates which are ultrasonically cleaned are housed in a
tray (1) having an air-permeable bottom plate (13) and a
plurality of air-impermeable sidewall plates (14)
extending from peripheral edges of the bottom plate. To
dry the cleaned workpieces, the tray is placed in a
10 drying tank (17) and supported on a support base (21) on
the bottom of the drying tank at an inclined attitude.
The drying tank is combined with a hot-air duct (23)
which is detachably coupled to respective edges of the
sidewall plates of the tray when the tray is supported
15 on the support base. The hot-air duct supplies hot air
into an interior space of the tray which is surrounded
by the sidewall plates. A suction duct (24) is coupled
to the bottom plate of the tray when supported on the
support base and draws hot air supplied from the hot-air
20 duct from within the interior space through the bottom
plate.
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a tray used in the drying apparatus; FIG 4(a) is a fragnmentary

vertical cross-sectional vi ew of workpieces in the tray which lies
hori zont al - ly; and ~ FIG 4(b) is a fragnentary vertical
cross-sectional vi ew of workpieces in the tray which is inclined.

As shown in FIG 1, a cleaning systemA for clean- ing plate-Ilike
wor kpi eces Wsuch as thin ceramic plates for use as crystal oscillators or

capacitors generally has a | oading section 2 for successively | oading trays
1 each
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contai ni ng a nunber of workpieces W a cleaning sec- tion 6 including a

prelimnary cleaning tank 3 for cleaning workpi eces Wcontained in trays 1
that are successively introduced fromthe |oading section 2. an ultrasonic
cleaning tank 4 for ultrasonically cleaning workpieces Wcontained in trays

1, an ultrasonic rinsing tank 5 for ul-

FIG. 2
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-5-.'trasonically rinsing workpi eces Wcontained in trays 1, a drying
section 7 for drying workpi eces Wthat have been cl eaned by the cl eaning
section 6, and an unload- ing section 8 for unloading trays 1 containing
wor kpi ec- es Wthat have been discharged fromthe drying section 7.
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The |.oadi ng section 2 includes a | oading conveyor 9 for supportﬁng!h‘

successively charging a plurality of - trays 1 into the prelimnary cleaning

tank 3 of the clean- ing section 6. The prelimnary cleaning tank 3 has

a shower noz- zle 10 for spraying a cleaning solution downwardly over

mortp!eces xxcontakﬂed'in a charged tray 1 to prelim- narily.Clean the

wor kpi eces e ultrasonic cleaning tank 4 is filled

ated cleaning solution, and.houses éthf?rasonic Vi br a- tor4akgﬂﬁ§%§ LedS §§T

its bottom The ultrasgppsrRYTHS aAGK DRYING CLEANED WORKPIECES 23
P

The present'inﬁéntion relates to an apparatus for
drying cleaned plate—liké workpieces by removing'a cleaning

solution from the workpieces.

There has been known an apparatus for drying work-
pieces, such as small thin ceramic plates for use as crystal
oscillators or capacitors, which have been cleaned by a
cleaning apparatus using a cleaning solution such as water.
In such an apparatus, a plurality of wofkpieces are placed in
a tray having an air-permeable bottom, and hot air is applied
from above the tray and drawn from below the tray so that the
hot air forcibly passes through the spaces between the work-
pieces. The hot air is heated to such a temperature that it
can evaporate the cleaning solution that is attached to the
workpieces.

The hot air which is supplied from a hot-air duct
can not only evaporate moisture from the exposed surfaces of
the workpieces in the tray, but also remove moisture in
spaces'or gaps between those workpieces which may overlap
each otheg,as the hot air enters those gaps.

Before the workpieces are dried by the drying appa-
ratus, the workpieces are cleaned by the cleaning apparatus.

If the workpieces are small thin lightweight ceramic plates
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11, when actuated, generates cavities in the cleaning solution in the
uItrasonlc cleanlng tank 4. Wen the gen- erated cavities ﬁgé t-frey
produce shock waves which are applied to the wor kpi eces W L@ﬁiﬁgﬁéSHem@
t he wor kpi eces W The ultrasonic rinsing tank 5 is fijl l[ed WwThtap
wat er, and houses an ultrasonic vibrator 12 supported on.its{pqtuggngmhe
ultrasonic vibrator 12 being identical w-tR the ultrasonifc Jvi brator
ultrasonic vibrator 12, when actuated, generates cavitieg in the water
the ultrason- ic rinsing tank 5. When the generated cavifies coll apse,

The

for use as crystal oscillators or capacitors, for example,
and cleaned ultrasonically while being supported on a tray
and immersed in a cleaning solution, then when the tray is
taken out of the cleaning solution, the workpieces in the
tray tend to be stacked into bloéks in which they stick
closely together through the attached cleaning solution. The
gaps between the workpieces in each of the blocks are very
small, with the cleaning solution firmly retained in the
gaps. The gaps between the blocks of workpieces are larger
than the gaps between the workpieces, and may sometimes be
large enough for them to be interconnected vertically in the
tray. |

When the cleaned workpieces are dried by the drying
apparatus, hot air supplied from the hot-air duct tends to
pass through the larger gaps between the blocks of work-
pieces, rather than being uniformly applied to the workpieces
in the blocks. Since the heat of the hot air cannot effi-
ciently be transmitted to the workpieces sticking together in
the blocks, it takes a relatively long period of time for all

the workpieces to be fully dried.

Viewed from one aspect the present
invention provides an apparatus for drying cleaned

plate-like workpieces, comprising a tray for housing
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tlﬁey produce shock waves which are applied to the workpi¢gc gh
rinsing the workpieces W As shown in FIG 3, each of ﬁﬁﬂﬁ@5&§81ﬂ§EET

conprises an air-perneabl e square-shaped bottom plate 13 i['the form-of

mesh-1ike network ot wires, four air-inpetinme- able sidepall 0 atzes 597
projecting upwardly fromrespec- tive edges of the bottom plate 13, and ja
pair of grips 15 nounted on the outer sq{faces of respective opposite

a plurality of plate-like workpieces therein, the tray having
an air-permeable bottom plate and a plurality of air-imperme-
able sidewall plates extending from peripheral edges of the
bottom plate, a support base for supporting the bottom plate
of the tray at an inclined attitude, a hot-air duct detach-
ably coupled to respective edges of the sidewall plates of
the tray which is supported on the support base, for supply-
ing hot air into an interior space of the tray which is sur-
rounded by the sidewall plates, and a suction duct coupled to
the bottém plate of the tray supported on the support base,
for drawing hot air supplied from the hot-air duct from
within the interior space through the bottom plate.

Thus, after the workpieces are cleaned, the tray housing
the workpieces is supported on the support base at an in-
clined attitude. The workpieces that are stacked in the tray
move sideways out of the stacked condition, allowing an at-
tached cleanihg solution to drop off the workpieces. Since
the amount of cleaning solution attached to the workpieces is
reduced, the workpieces can be dried within a relatively
short period of time. Even if the workpieces are stacked and
clustered in blocks in the tray while they are being cleaned,
the blocks are broken when the tray is inclined. Therefore,
the gaps between the blocks are eliminated, and hot air drawn
from the hot-air duct into the suction duct can pass thor-
.oughly through the gaps between the workpieces. Since the
heat of the hot air is uniformly transferred to the work-

pieces, the workpieces can be dried efficiently, quickly, and
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-6 two of the sidewall plates 14. Wrkpi eces Wcan be tak- -ef—pt-g--and--out.

of the trays 1 through their upper open sides. The air-pEHﬁﬂ&BﬁﬁﬂENT SHEET
squar e- shaped bottom pl ate

08 1AM 1997

reliably.

The support base may comprise a support frame for
intimately contacting the peripheral edges of the bottom
plate of the tray, and legs supporting the support frame at
an inclined attitude, the suction duct being integrally
joined to entire peripheral edges of the support frame.

The tray may have a pair of grips mounted on outer
surfaces of respective opposite ones of the sidewall plates |
thereof. The apparatus may further comprise lifting/lowering
means for lifting the tray away from and lowering the tray
toward the support base, the lifting/lowering means having a
pair of hooks for engaging the grips, respectively, to sup-
port the tray_and releasing the grips upon downward movement
beyond a position in which the tray is supported on the sup-
port base. Therefore, the tray may Se supported on the sup-
port base simply when the tray is lowered by the lift-
ing/lowering means.

The hot-air duct may be suspended from the lift-
ing/lowering means for upward movement with respect to the
lifting/lowering means when the hot-air duct is coupled to
the tray which is supported on the support base. Thus, even
if the lifting/lowering means is further lowered when the
tray is supported on the support base, the lifting/lowering
means is allowed to move downwardly relatively to the hot-air
duct, keeping the hot-air duct stably coupled to the tray.

Each of the plate-like workpieces may comprise a

thin ceramic plate for use as a quartz oscillator or a capac-

This Sheet Has Been Replaced

WA




13 may alternatively conprise a punched plate with a nunbe._Qf

perforations. Transport nmeans (not shown) for transpor
ptovi ded between the prelimnary cleaning tank 3 and the u
cl eaning tank 4 and al so between the ultrasonic cleaning tjan
ultrasonic rinsing tank 5. Lifting/lowering neans (not sh

FEPLALMENT STlEET |
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provi ded above the prelimnary cleaning tank 3, the ultragomn

cleani ng

tank 4 and ultrasonic rinsing tank~ 55for | ow ering trfays 1 transpor

by the transport neans into the tanks 3, 4, 5 and lifting
the tanks 3, 4, 5 The above and other features and advan-

tages of the present invention will become apparent

following description when taken in conjunction wit

1.out of

ed

from the

h the ac-

companying drawings which illustrate a pféferred embodiment

of the present invention by way of example.

FIG. 1 is a plan view of a cleaning system which

incorporates a drying apparatus according to the present in-

vention;

FIG. 2 is an enlarged fragmentary side elevational

view, partly in cross section, of the drying apparatus;-

FIG. 3 is a perspective view, partly broken away,

of a tray used in the drying apparatus;

FIG. 4(a) is a fragmentary vertical cross-sectional

view of workpieces in the tray which lies horizontally; and

FIG. 4(b) is a fragmentary vertical cross-sectional

view of workpieces in the tray which is inclined.

As shown in FIG. 1, a cleaning system A for clean-

ing plate-like workpieces W such as thin ceramic plates for

use as crystal oscillators or capacitors generally

loading section 2 for successively loading trays 1

has a

each con-

taining a number of workpieces W, a cleaning section 6 in-

cluding a preliminary cleaning tank 3 for cleaning

workpieces

W contained in trays 1 that are successively introduced from

the loading section 2, an ultrasonic cleaning tank

4 for ul-
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upon el apse of certain periods of tine. The drying sect gﬁF$A$ﬂﬂEMHé%kET
drying apparatus 16 according to the present invention. As shpwn 1 n FIrg—2y
the drying apparatus 16 conprises a drying tank 17 for houglin &Stqayfggya
pair of horizontally spaced vertical support arnms 18 positijoned above t
drying tank 17 for supporting the tray 1, a horizontal liftling/lowerin
19 which supports the support arns 18‘é&rending domn war diby. t.herefrom and
can be lifted and Iowﬁredlb% an_act uat.or (ng} n % ?etmegn osition to
Whi ch the t 7 SPHEE B¥ch PRATARGA RS0 CREFBA ST the HYT iy

an ultrasonic rinsing tank 5 for ultrasonically rinsing work-

pieces W contained in trays 1, a drying section 7 for drying
workpieces W that have been cleaned by the cleaning section
6, and an unloading section 8 for unloading trays 1 contain-
ing workpieces W that have been discharged from the drying
section 7.

The loading section 2 includes a loading conveyor 9
for supporting and successively charging a plurality of trays
1 into the preliminary cleaning tank 3 of the cleaning sec-
tion 6.

The preliminary cleaning tank 3 has a shower nozzle
10 for spraying a cleaning solution downwardly over work-
pieces W contained in a charged tray 1 to preliminarily
clean the workpieces W.

The ultrasonic cleaning tank 4 is filled with a
deaerated cleaning solution, and houses an ultrasonic vibra-
tor 11 supported on its bottom. The ultrasonic vibrator 11,
when actuated, generates cavities in the cleaning solution in
the ultrasonic cleaning tank 4. When the generated cavities
collapse, they produce shock waves which are applied to the
workpieces W thereby cleaning the workpieces W.

The ultrasbnic rinsing tank 5 is filled with tap
water, and houses an ultrasonic vibrator 12 supported on its
bottom, the ultrasonic vibrator 12 being identical with the
ultrasonic vibrator 11. The ultrasonic vibrator 12, when ac-

tuated, generates cavities in the water in the ultrasonic
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tank 17, and a support base 20 di sposed on the bottom of thag ran v
for supporting the bottomplate of the tray 1 at its periph PLAG%?{&?%%&%&

has been lowered into the drying tank 17 by the lifting/l¢wgriing arm
The lifting/lowering arm 19 operates with the lifting/low éridng n%xé*&??
above the tanks 3,4, 5'to lift and Iome; the trays 1. Thels

has a centrally open sup- port franme 21 for supporting only the perlpheral
edges of the bottomplate 13 of the tray 1. The support f| ' |
mount ed on tives upparanénds Owhpggghgganerated cavities collapse, they

produce shock waves which are applied to the workpieces W
thereby rinsing the workpieces W.

As shown in FIG. 3, each of the trays 1 comprises
an air-permeable square-shaped bottom plaée 13 in the form of
a mesh-like network of wires, four air-impermeable sidewall
plates 14 projecting upwardly from respective edges of the
bottom plate 13, and a pair of grips 15 mounted on:-the outer
surfaces of respective opposite two of the sidewall plates
14. Workpieces W can be taken into and out of the trays 1
through their upper open sides. The air-permeable square-
shaped bottom plate 13 may alternatively comprise a punched
plate with a number of perforations.

Transport means (not shown) for transporting trays
1 are provided between the preliminary cleaning tank 3 and
the ultrasonic cleaning tank 4 and also between the ultra-
sonic cleaning tank 4 and the ultrasonic rinsing tank 3.
Lifting/lowering means (not shown) are also provided above
the preliminary cleaning tank 3, the ultrasonic cleaning tank 4
and the ultrasonic rinsing tank 5 for lowering trays 1 trans-
ported by the transport means into the tanks 3, 4, 5 and
lifting trays 1 out of the tanks 3, 4, 5 upén elapse of cer-
tain periods of time. |

The drying section 7 includes a drying apparatus 16
according to the present invention. As shown in FIG. 2, the
drying apparatus 16 comprises a drying tank 17 for housing a

tray 1, a pair of horizontally spaced vertical support arms
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-7; different |engths and hence fnclined for supportingjt
inclined attitude.

- 8 -
18 positioned above the drying tank 17 for supporting the

tray 1, a horizontal lifting/lowering arm 19 which supports
the support arms 18 extending downwardly therefrom and can be
lifted and lowered by an actuator (not shown) between a posi-
tion to which the tray 1 has been fed and a position inside
of the drying tank 17, and a support base 20 disposed on the
bottom of the drying tank 17 for supporting the bottom plate
of the tray 1 at its peripheral edges that has been lowered
into the drying tank 17 by the lifting/lowering arm 19. The
lifting/lowering arm 19 operates with the lifting/lowering
means above the tanks 3, 4, 5 to lift and lower the trays 1.
The support base 20 has a centrally open support frame 21 for
supporting only the peripheral edges of the bottom plate 13
of the tray 1. The support frame 21 is fixedly mounted on
the upper ends of legs 22 of different lengths and hence in-
clined for supporting the tray 1 at an inclined attitude.

A hot-air duct 23 for supplying hot air extends
vertically through and is vertically movably mounted on the
lifting/lowering arm 19. A suction duct 24 is disposed cen-
trally below the support frame 21 for drawing hot air sup-
plied from the hot-air duct 23.

The hot-air duct 23 is connected through a heater
25 to an air blower 27 which has an air filter 26. The
heater 25 heats air supplied from the air blower 27 through
the air filter 26 to a temperature that is high enough to
evaporate the cleaning solution. A downwardly flaring hood

28 is attached to the lower end of the hot-air duct 23 be-~
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A hot-air duct 23 for supplying hot air extends ver- tically ~al
vertically novably nounted on the lifting/lowering arm19. A pu t@?Pafupt
24 is disposed centrally bel ow the support franme 21 for draw jgj hots AN 1997
supplied fromthe hot-air duct 23. The hot-air duct 23 ig c

through a heater 25 to an air blower 27 which has an air filter 26. The
heater 25 heats air supplied fromthedalr bl ower 27 t hrough t

26 to ate eratuE%etha%80§t2%g$%eg§tac ; %ggr F@e%@ﬁtciﬁﬁﬁnéﬁhs%Ué“iOn'

A down- war ower
of abutting engagement with the full peripheral edges of the

upper opening of the tray 1 that is supported on the support
base 20. The hood 28 is vertically movably suspended on the
lifting/lowering arm 19 by a pair of paréllel support bars 29
extending upwardly from the hood 28. The support bars 29 are
verﬁically.movable along guides 30 in the lifting/lowering
arm 19. When lowered, the downward movement of the support
bars 29 is limited by stops 31 attached to the respective up-
per ends of the support bars 29 upon engagement of the stops
31 with the guides 30. The hood 2B is inclined in the same
direction as the suppbrt frame 21 for snugly abutting engage-
ment with the upper surface of the tray 1 th;t is supported
on the support frame 21.

The suction duct 24 has an upper end integrally
joined to the entire peripheral edges of the support frame 21
and an opposite end located outside of the drying tank 17 and
coupled to a suction device 32. When the tray 1 is supported
on the support base 20, the bottom of the tray 1 is coupled
to the upper end of the suction duct 24.

Operation of the cleaning system A will be de-
scribed below.

First, a tray 1 housing a number of workpieces W is
introduced into the cleaning section 6 by the loading con-
veyor 9 of the loading section 2. 1In the cleaning section 6,
the workpieces W in the tray 1 are successively preliminarily

cleaned by the preliminary cleaning tank 3, ultrasonically

_Thls Sheet Has Been Rep
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the hot-air duct 23 between the support arnms 18 for ver- i@%ﬁlﬁm &ﬁﬁn$
i nto and out of abutting engagenent with the full periphefal '
upper opening of the tray 1 that is supported on the suppgrf
hood 28 is vertically novably suspended on the lifting/ |pw
a pair of parallel support bars 29 extending upwardly fromthe T -

support bars 29 are vertically novable along guides 30 inithe I|ft|ng/

| owering arm 19. Wen | owered, the doward nove- nent of the Support—bats

oyt

29 15 lln]teqe Xe8t89st§é Jerdehed Heddlg" @SRRCE ! VEn & PREY r &Kk @f1alyhe

support bar§

rinsed by the ultrasonic rinsing tank 5.

After the workpieces W have been cleaned in the
cleaning section 6, the tray 1 which con;aids the workpieces
W that are wet with water is transferred to the support arms
18 suspended from the lifting/lowering arm 19 in the drying
section 7. When the tray 1 is supported on the support arms
18, the grips 15 of the tray 1 are engaged by respective
hooks 33 on the respective lower ends of the support arms 18.
The lifting/lowering arm 19 is then lowered to lower the tray
1 into the drying tank 17 until the ﬁray 1 is supported on
the support base 20. When the tray 1 is supported on the
support base 20, since the support frame 21 is inclined, the
tray 1 on the support base 20 is inclined as shown in FIG. 2.
At this time, the hooks 33 are lowered beyond a position in
which the tray 1 is supported on the support base 20, releas-
ing the grips 15 of the tray 1, which is now fully supported
obliquely on the support base 20.

At the same time that the support arms 18 release
the tray 1 upon descent of the lifting/lowering arm 19, the
hood 28 on the lower end of the'hot—air duct 23 abuts against
the upper edges of the sidewall plates 14 of_the tray 1 by
gravity.

The hot-air duct 23 and the suction duct 24 are now
held in communication with each other through the tray 1 that
is sandwiched between the hot-air duct 23 and the suction

duct 24. Now, hot air is supplied from the hot-air duct 23

This Sheet Has Been Re laced
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29 upon engagenent of the stops 31 with the guides 30. The haﬁp‘.@b‘l?ﬂ

inclined in the sane direction as the sup- port frane 21 fqr

abutting engagenent with the upper surface of the tray 1 that |s supporte

on the sup- port frane 21. The suction duct 24 has anju
integrally joined to the entire peripheral edges of the syp
and an opposite end | ocated outside of thejdry- ing tank L7

LACGEMENT SHegT
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or—frane 2
and coupled to

a suction device 32. When the tray 1 is supported on the Su

pperi—base 20

the bot- tomd dihe tragy 11 | $neerptrdas ocideattpar pAndeofllt bé she-tray

1 is permeable to air and the sidewall plates 14 t
not permeable to air, the workpieces W housed in t
are exposed to only hot air supplied froq the hot
23, but isolated from ambient air surrounding side

14 of the tray 1.

hereof are

he tray 1

-air duct

wall plates

While hot air is being supplied to the tray 1 from

the hot-air duct 23, the supplied hot air is forcibly drawn

from within the tray 1 by the suction duct 24.

When the tray 1 is taken out of the cleaning solu-

tion in the ultrasonic cleaning tank 4, the workpieces W

housed in the tray 1 that have been ultrasonically cleaned in

the ultrasonic cleaning tank 4 are clustered in blocks Y in

each of which the workpieces W are stacked with cleaning so-

lution films X retained therebetween as shown in FIG. 4(a).

At this time, the stackedlworkpieces W in each of
Y stick together by the cleaning solution films X
tween. When the tray 1 that houses the clustered
W is then placed in the drying tank 17, since the
inclined on the support base 20, the workpieces W

ways in their inclined plane, breaking the blocks

the- blocks
therebe-
workpieces
tray 1 is
move side-

Y as shown

in FIG. 4(b). The workpieces W that have stuck together with

the cleaning solution films X are loosened, allowing the ex-

cessive cleaning solution to drop from the workpieces W.

Since the amount of cleaning solution attached to

the work-

pieces W is reduced, the workpieces W can be dried within a

relatively short period of time.
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Qperation of the cleaning systemA will be de- REPLACEMENT SHEE;
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When the blocks Y are collapsed, the gaps between
the blocks Y are eliminated. Therefore, the hot air drawn
from the hot—-air duct 23 into the suction duct 24 can flow
thoroughly through the gaps between the workpieces W. As the
heat of applied hot air can uniformly be transferred to the
workpieces W, the workpieces W can efficiently, quickly, and
reliably be dried by the applied ﬁot air.

The hot air is supplied for a certain period of
time until the workpieces W are fully dried. When the drying
process is completed, the lifting/lowering arm 19 is ele-
vated. On the ascending movement of the lifting/lowering arm
19, the grips 15 of the tray 1 are engaged by the hooks 33,
and hence the tray 1 is lifted out of the drying tank 17 by
the lifting/lowering arm 19. When the tray 1 is tilted back
to a horizontal attitude, the hood 28 is separated from the
tray 1, thereby disconnecting the tray 1 from the hot-air
duct 23.

Thereafter, the tray 1 supported by the support
arms 1 is discharged into the unloading section 8 by a dis-
charging means {(not shown), and then unloaded by an unloading
conveyor 34 in the unloading section 8.

Although a certain preferred embodiment of the pre-
sent invention has been shown and described in detail, it
should be understood that various éhanges and modifications
may be made therein without departing from the scope of the

appended claims.
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scribed bel ow. First, a tray 1 housing a nunber of workpieces Wis

introduced into the cleaning section 6 by the | oadi ng convegpsa -
l.oadi ng section 2: tn-theclée€aning sec- tion 6, the morkpieppg Q%MﬂﬁntﬁgE[T_

tray 1 are successiglskeci#bisaRaAskd y cl eaned by the prel nary cleanin

tank 3, ultrasonical | the ultrasonic cleanind tjartk 34, JANNGS7
ultrasonically rinse ﬂu soni c rinsing tank 5.
wor kpi eces Whave b the cleaning section 6, the tray 1 whic

contains the work- pleces Wthat are wet with water is ttarsferred.ta_the

CLAIMS:

1. An apparatus for drying cleaned plate-like
workpieces (W), comprising: '

a tray (1) for housing a plurality of plate-like
workpieces therein, said tray having an air-permeable
bottom plate (13) and a plurality of air-impermeable
sidewall plates (14) extending from peripheral edges of
said bottom plate;

a support base (21) for supporting the bottom plate
of said tray at an inclined attitude:;

a hot~air duct (23) arranged to be detachably
coupled to respective edges of said sidewall plates of
the tray when supported on said support base, for
supplying hot air into an interior space of the tray
which is surrounded by said sidewall plates; and

a suction duct (24) arranged to be coupled to said
bottom plate of the tray when supported on said support
base, for drawing hot air supplied from said hot-air
duct from within said interior space through said bottom

plate.

2. An apparatus according to claim 1, wherein said
support base (21) comprises a support frame for
intimately contacting the peripheral edges of said
botton plate of the tray, and legs (22) supporting said
support frame at an inclined attitude, said suction duct
being integrally connected around the entire peripheral
edges of said support frame.

3. An apparatus according to claim 1 or 2, wherein
said tray (1) has a pair of grips (15) mounted on outer
surfaces of respective opposite ones of said sidewall
plates (14) thereof, and further comprising lifting and
lowering means (19) for lifting said tray away from and

R
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A

section 7. Wen the tray 1 |s su - ported on the support ar

15 of the tray 1 are % ctive hooks 33 on the
ends of the support a
| ower the tray 1 into

support arms 18 suspended fromthe-H-fting/lowering arm 19 |ﬁtthkquﬂmgﬂEEr
the—grps

P
S tisng i
h@ﬁ% ‘o’\);(\/er,g% tp
k 17 until the tray 1.}|is supp

ting/lowering arm 19 i 4

Galih s T

t he support base 20. en the tray 1 is gypported on the sipport base 20,

since the support franme 21 is inclined, the tray 1 on the support base 26—

is inclined aswhoiyidafd Gray fowdhd Sséicﬁmsuﬁgh?r@%e 33:2{g |owered

beyond a positjon

lifting and lowering means having a pair of hooks (33)
for engaging said grips to support said tray and
arranged to release said grips upon downward movement
beyond a position in which said tray is supported on
said support base.

4. An apparatus according to claim 3, wherein said
hot-air duct (23) is suspended from said lifting and
lowering means (19) for upward movement with respect to
the lifting and lowering means when said hot-air duct is
coupled to the tray when supported on said support base.

5. An apparatus according to any preceding claim,
wherein each of said plate-like workpieces (W) comprises
a thin ceramic plate for use as a quartz oscillator or a

capacitor.

6. Apparatus for drying workpieces (W) in an open-
topped container (1) having an air-permeable bottom
(13), such apparatus comprising means (21) for
supporting a said container with its bottom
substantially inclined to the horizontal, hot air supply
means (23) arranged to be connected to the open top of
said container with the container supported as
aforesaid, and suction means arranged to be connected to
the bottom of the container when so supported, whereby
hot air may be sucked through the interior space of the
container and out through the bottom thereof to dry
workpieces therein.

lIIIIIII Illlll |I||I lIIII |I IIII

THIS SHEET HAS BEEN
REPLACED




in which the tray 1 is supported on the support base 20, . gl SO T e
grips 15 of the tray 1, which is now fully supported obl'dﬁg GE%QQWhgﬁkET
support base 20. At the sanme time that the support 18 rel eaS€ The
tray 1 upon descent of the lifting/lowering arm 19, the fhopd 88 jan 1962
| ower end of the hot-air duct 23 abuts agai nst the upper ges of the
sidewal | plates 14 of the tray 1 by graug ) The hotj-air duct 23 and
the suction duct 24 are now held in conmunication with dash.ather through
the tray 1 that is sandw ched between the hot-air duct 23 and
APPARATUS FOR DRYING CLEANED WORKPIECES

ABSTRACT

Plate-like workpieces (W) such as thin ceramic
plates which are ultrasonically cleaned are housed in a
tray (1) having an air-permeable bottom plate (13) and a
plurality of air-impermeable sidewall plates (14)
extending from peripheral edges of the bottom plate. To
dry the cleaned workpieces, the tray is placed in a
drying tank (17) and supported on a support base (21) on
the bottom of the drying tank at an inclined attitude.
The drying tank is combined with a hot-air duct (23)
which is detachably coupled to respective edges of the
sidewall plates of the tray when the tray is supported
on the support base. The hot-air duct supplies hot air
into an interior space of the tray which is surrounded
by the sidewall plates. A suction duct (24) is coupled
to the bottom plate of the tray when supported on the
support base and draws hot air supplied from the hot-air
duct from within the interior space through the bottom
plate. '

is Sheet Has Been Replaced

T




the suction duct 24. Now, hot air is supplied from.t he hot-air duct 23 into
the tray 1. Inasnuch as the bottom
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-9- plate 13 of the tray 1 is perneable to air and the sidewall plates 14
t hereof are not perneable to air, the workpiec- es Whoused in the tray 1
are exposed to only hot air supplied fromthe hot-air duct 23, but isolated
fromam bient air surrounding sidewall plates 14 of thetrayt———Wiile
hot air is being supplied to the tray 1 fromthe hot-air L%P{QQEMEMESHEET
supplied hot air is forcibly drawn fromw thin the tray byt he—stet-+oh
duct 24. Wien the tray 1 is taken D& of the cleanin 508 @t | o 49yt he
ultrasonic cleaning tank 4, the workpieces W Vo
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housed in the tray 1 that have been ultrasonically cleaned in the
ultrasonic cleaning tank 4 are clustered in blocks Y in each of which the
wor kpi eces Ware stacked with cleaning solution films X retai ned therebe-

tween as shown in FIG 4(a). At this tine,
t her ebet ween.

support base 20,
breaki ng the bl ocks Y as
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t he stacked
of the blocks Y stick together by the cleaning solution
When the tray 1 that houses the clustered
then placed in the drying tank 17, sintelthe tray 1 is incl%ﬂgd on %gf
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shown in FIG 4(b). The workpi eces Wthat have stuck together%ﬁ%ﬁ%}%ﬁﬁ*
cleaning solution filnms X are | oosened, allow ng the excessive cl eaning
solution to drop fromthe workplaces W Since the anmount of cleaning
solution at- tached to the workplaces Wis reduced, the workpi eces Wcan be
dried within a relatively short period of tine, When the bl ocks Y are
col | apsed, the gaps between the blocks Y are elimnated. Therefore, the hot
air drawn fromthe hot-air duct 23 i4t-0 the suction duct 24 can fl ow

t horoughly through the ga en_t he workpieces W As the heat of"
applied hot air can unifo?ﬁ?@g%ﬁﬁ?rgﬁg-dry‘” cleaned workpieces

Description

The present invention relates to an apparatus for
drying cleaned plate-like workpieces by removing a
cleaning solution from the workpiecss.

There has been known an apparatus for drying
workpieces, such as small thin ceramic plates for use
as crystal oscillators or capacitors, which have been
cleaned by a cleaning apparatus using a cleaning solu-
tion such as water. In such an apparatus, a plurality of
workpieces are placed in a tray having an air-permeable
bottom, and hot air is applied from above the tray and
drawn from below the tray so that the hot air forcibly
passes through the spaces between the workpieces.
The hot air is heated to such a temperature that it can
evaporate the cleaning solution that is attached to the
workpiecess. .

The hot air which is supplied from a hot-air duct can
not only evaporate moisture from the exposed surfaces
of the workpieces in the tray, but also remove moisture
in spaces or gaps betwesen those workpieces which may
overlap each other, as the hot air enters those gaps.

Before the workpieces are dried by the drying ap- |
paratus, the workpieces are cleaned by the cleaning ap-
paratus. If the workpieces are small thin lightweight ce-
ramic plates for use as crystal oscillators or capacitors,
tor example, and cleaned ultrasonically while being sup-
Ported on a tray and immersed in a cleaning solution,
then when the tray is taken out of the cleaning solution,

~ the workpieces in the tray tend to be stacked into blocks
in which they stick closely together through the attached
cleaning solution. The gaps between the workpieces in___
each of the blocks are very small, with the cleaning so- REPLACEMENT Su
lution firmly retained in the gaps. The gaps between th ——
blocks of workpieces are larger than the gaps betwee
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ferred to the workpieces W the workpieces Wcan effi- ciently, quickly,
and reliably be dried by the applied hot air. The hot air is supplied
for a certain period of tine

_2_

the workpieces, and may sometimes be large enough
for them to be interconnacted vertically in the tray.

When the cleaned workpiecas are dried by the dry-
ing apparatus, hot air supplied from the hot-air duct
tends to pass through the larger gaps betwsen the
blocks of workpieces, rather than being uniformly ap-
plied to the workpiecss in the blocks. Since the heat of
the hot air cannot efficiently be transmitted to the work-
pieces sticking together in the blocks, it takes a relatively
long period of time for all the workpieces to be fully dried.

DE-A-4139860 upon which the preambile of claim 1
is based, discloses apparatus for drying workpieces in
an open-topped container having an air-permeable bot-
tom, such apparatus comprising a support base for sup-
porting a said container, hot air supply means arranged
to be connected to the open top of said container with
the container supported as aforesaid, and suction
means arranged to be connected to the bottom of the
container when so supported, whereby hot air may be
sucked through the interior space of the container and
out through the bottom thereof to dry workpieces there-
in. FR-A-2574917 and CH-A-390153 are also relevant.

The- present invention is characterised in that the

said support means is arranged to support the container
with the container bottom substantially inclined to the
herizontal.

Thus, after the workpieces are cleaned, the contain-
er housing the workpieces is supported on the support
base at an inclined attitude. The workpieces that are
stacked in the container then move sideways out of the
stacked condition, allowing an attached cleaning solu-
tion to drop off the workpieces. Since the amount of
cleaning solution attached to the workpieces is reduced,
the workpieces can be dried within a relatively short pe-
riod of time. Even if the workpieces are stacked and

clustered in blocks in the container while they r&tBRIAGEMENT SHEgly
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~10- until the workpieces Ware fully dried. Wien the drying process is
conpleted, the lifting/lowering arm19 is ele- vated. On the ascendi ng
novenent of the lifting/lower- ing arm 19, the grips 15 of the tray 1 are
engaged by the hooks 33, and hence the tray 1 is lifted out of the drying
tank 17 by the lifting/lowering arm19. Wen the tray 1

_3-

cleaned, the biccks are brcken when the container is
inclined. Therefore, the gaps between the blocks are
eliminated, and hot air drawn from the hot-air duct into
the sucticn.duct can pass thorcughly through the gaps
between the workpieces. Sinca the heat of the hot air is
uniformly transtferred to the workpieces, the workpieces
can be dried efficiently, quickly, and reliably.

Preferably the said container is a tray having an air-
permeable bottom plate and a plurality of air-imperme-
able sidewall piates extending from peripheral edges of
said bottom plats.

The support base may comprise a support frame
for intimately contacting the peripheral edges of the bot-
tom plate of the tray, and legs supporting the support
frame at an inclined attitude, the suction duct being in-
tegrally joined to entire peripheral edges of the support
frame.

The tray may have a pair of grips mounted on outer
surfaces of respective opposite ones of the sidewall
plates thereof. The apparatus may further comprise lift-
ing/lowering means for lifting the tray away from and
lowering the tray toward the support base, the lifting/low-
ering means having a pair of hooks for engaging the
grips, respectively, to support the tray and releasing the
grips upon downward movement beyond a position in
which the tray is supported on the support base. There-
fore, the tray may be supported on the support base sim-
ply when the tray is lowered by the lifting/lowering

means.
The hot-air duct may be suspended from the lifting/

- lowering means for upward movement with respect to
the lifting/lowering means when the hot-air duct is cou-
pled to the tray which is supported on the support base.
Thus, even if the lifting/lowering means is further low-
ered when the tray is supported on the support base,
the liting/lowering means is ailowed to move d

REPLACEMENT SHEET

23 JAN 1998




i's tilted back to a horizontal attitude, the hood 28 is sep- arated from
the tray 1, thereby disconnecting the tray 1 fromthe hot-air duct 23.
Thereafter, the tray 1 supported by the support arns 1 is discharged into
t he unl oadi ng section 8 by a dis- chargi ng neans (not shown), and then
unl oaded by an unl oadi ng conveyor 34 in the unloadi ng section 8.

_4_
wardly relatively to the hot-air duct, keeping the hot-air
duct stably coupled to the tray.

Each of the piate-like workpieces may comprise a
thin ceramic plate for use as a quartz oscillator or a ca-
pacitor.

The above and other features and advantages of
the present invention will become apparent from the fol-
lowing description when taken in conjunction with the
accompanying drawings which illustrate a preferred em-
bodiment of the present invention by way of example.

FIG. 1 is a plan view of a cleaning system which
incorporates a drying apparatus according to the
present invention:

FIG. 2 is an enlarged fragmentary side ¢levational
view, partly in cross section, of the drying appara-
tus;

FIG. 3is a perspective view, partly broken away, of
a tray used in the drying apparatus;

FIG. 4(a) is a fragmentary vertical cross-sectional
view of workpieces in the tray which lies horizontal-
ly; and

FIG. 4(b) is a fragmentary vertical cross-sectional
view of workpieces in the tray which is inclined.

As shown in FIG. 1, a cleaning system A for clean-
ing plate-like workpieces W such as thin ceramic plates
for use as crystal oscillators or capacitors generally has
a loading section 2 for successively loading trays 1 each
containing a number of workpieces W, a cleaning sec-
tion 6 including a preliminary cleaning tank 3 for cleaning
workpieces W contained in trays 1 that are successively
introduced from the loading section 2, an ultrasonic

~cleaning tank 4 for ultrasonically cleaning workpieces W

contained in trays 1, an ultrasonic rinsing tank 5 [cgéﬁ ACENENT STEET
; < [minin




Clains 1. Apparatus for drying cleaned plate-|ike workpieces (W,
conpri sing an open-topped container (1) hav-

-5~
trasonically rinsing workpieces W contained in trays 1,
a drying section 7 for drying workpieces W that have
been cleaned by the cleaning section 6, and an unioad-
ing section 8 for unloading trays 1 containing workpiec-
es W that have been discharged from the drying section
7.

The loading section 2 includes a loading conveyor
9 for supporting and successively charging a plurality of
trays 1 into the prehmmary cleaning tank 3 of the clean-
ing section 6.

The preliminary cleaning tank 3 has a shower noz-
Zle 10 for spraying a cleaning solution downwardly over .
workpieces W contained in a charged tray 1 to prelimi-
narily clean the workpieces W.

The ultrasonic cleaning tank 4 is filled with a deaer-
ated cleaning solution, and houses an ultrasonic vibra-
tor 11 supported on its bottom. The ultrasonic vibrator
11, when actuated, generates cavities in the cleaning
solution in the ultrasonic cleaning tank 4. When the gen-
erated cavities collapse, they produce shock waves
which are applied to the workpieces W thereby cleaning
the workpieces W.

The ultrasonic rinsing tank 5 is filled with tap water,
and houses an ultrasonic vibrator 12 supported on its
bottom, the ultrasonic vibrator 12 being identical with the
ultrasonic vibrator 11. The ultrasonic vibrator 12, when
actuated, generates cavities in the water in the ultrason-
ic rinsing tank 5. When the generated cavities collapse,
they produce shock waves which are applied to the
workpieces W thereby rinsing the workpieces W.

As shown in FIG. 3, each of the trays 1 comprises
an air-permeable square-shaoed bottom plate 13 in the

form ot a mesh-like network ot wires, four air-impsiine-
able sidewall plates 14 projecting upwardly from respec-
tive edges of the bottom plate 13, and a pair of grips 15

mounted on the outer surfaces of respective opp -
REPLACEMENT SHEgT |
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ing an air-perneable bottom (13), a support base (21) for supporting
said container, hot air supply nmeans (23) arranged to be connected to
t he open top of said container with the container supported as

af oresai d, and suction neans arranged to be connected to the bottom of
t he contai ner when so supported, whereby hot air may be sucked through
the interior space of the container and out through the bottomt hereof
to dry workpi eces therein, char- acterised in that the said support
nmeans i s arranged to support the egntainer with the container bottom

two of the sidewall plates 14. Workpieces W can be tak-
en into and out of the trays 1 through their upper open
sides. The air-permeable square-shaped botiom plate
13 may alternatively comprise a punched piate with a
number of perforations.

Transport means (not shown) for transporting trays
1 are provided between the preliminary cleaning tank 3
and the uitrasonic cleaning tank 4 and also between the
ultrasonic cleaning tank 4 and the ultrasonic rinsing tank
5. Lifting/lowering means (not shown) are also provided
above the preliminary cleaning tank 3, the uitrasonic
cleaning tank 4 and the ultrasonic rinsing tank 5 for low-
ering trays 1 transported by the transport means into the
tanks 3, 4, 5 and lifting trays 1 out of the tanks 3, 4, §
upon elapse of certain periods of time.

The drying section 7 includes a drying apparatus 16
according to the present invention. As shown in FIG. 2,
the drying apparatus 16 comprises a drying tank 17 for.
housing a tray 1, a pair of horizontally spaced vertical
support arms 18 positioned above the drying tank 17 for
supporting the tray 1, a horizontal lifting/lowering arm
19 which supports the support arms 18 extending down-
wardly therefrom and can be lifted and lowered by an
actuator (not shown) between a position to which the
tray 1 has been fed and a position inside of the drying
tank 17, and a suppont base 20 disposed on the bottom
of the drying tank 17 for supporting the bottom plate of
the tray 1 at its peripheral edges that has been lowered
into the drying tank 17 by the liiting/lowering arm 18.
The lifting/lowering arm 19 operates with the lifting/low-
ering means above the tanks 3, 4, 5 to lift and lower the
trays 1. The support base 20 has a centrally open sup-
port frame 21 for supporting only the peripheral edges
of the bottom plate 13 of the tray 1. The support frame

21 is fixedly mounted on the upper ends of legs 22 REPLACEMENT SHEET
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_substantially inclined to the horizontal . 2. Apparatus according to claim
"1, wherein the said container (1) is a tray having an air-perneable

bot - tomplate (13) and a plurality of air-inperneable si dewal

pl ates (14) extending from peripheral edg- es of said bottom plate.

3. An apparatus according to claim2, wherein said support base (21)
conprises a support frane for in- timately contacting the peripheral

edges of said bot- -7-
different lengths and hence inclined for supporting the
tray 1 at an inclined attitude.

A hot-air duct 23 for supplying hot air extends ver-
tically through and is vertically movably mounted on the
lifting/lowering arm 19. A suction duct 24 is disposed
centrally below the support frame 21 for drawing hot air
supplied from the hot-air duct 23.

The hot-air duct 23 is connected through a heater
25 to an air blower 27 which has an air filter 26. The
heater 25 heats air supplied from the air blower 27
through the air filter 26 to a temperature that is high
enough to evaporate the cleaning solution. A down-
wardly flaring hood 28 is attached to the lower end of
the hot-air duct 23 between the support arms 18 for ver-
tical movement into and out of abutting engagement
with the full peripheral edges of the upper opening of the
tray 1 that is supported on the support base 20. The
hood 28 is vertically movably suspended on the lifting/
lowerina arm 19 by a pair of parallel support bars 29

extenaing upwaraly trom the hood 28. The support bars
29 are vertically movable along guides 30 in the lifting/
lowering arm 19, When lowered, the downward mave-
ment of the support bars 29 is limited by stops 31 at-
tached to the respective upper ends of the support bars
29 upon engagement of the stops 31 with the guides 30.
The hood 28 is inclined in the same direction as the sup-
port frame 21 for snugly abutting engagement with the
upper surface of the tray 1 that is supported on the sup-
port frame 21.

The suction duct 24 has an upper end integrally
joined to the entire peripheral edges of the support
frame 21 and an opposite end located outside of the dry-
ing tank 17 and coupled to a suction device 32. When
the tray 1 is supported on the support base 20, the bot-

tom of the tray 1 is coupled to the upper end of the fl@gp;_AGEMENT SHEET
tion duct 24.
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;tomplate of the tray, and | egs (22) supporting said support frane at
an inclined attitude, said suction duct being integrally connected
around the entire peri pheral edges of said support frane. 4. An
apparatus according to claim2 or 3, wherein said tray (1) has a pair
of grips (15) nounted on out- er surfaces of respective opposite ones
of said side- wal |l plates (14) thereof, and further conprising lift
ing and | owering nmeans (19) for Iléiing said tray '
Operation of the cleaning system A will be de-
scribed below. -
First, a tray 1 housing a number of workpieces Wiis
introduced into the cleaning section 6 by the loading
conveyor 9 of the loading section 2. In the cleaning sec-
tion 6, the workpiecas W in the tray 1 are successively
preliminarily cleaned by the preliminary cleaning tank 3,
ultrasonically cleaned by the ultrasonic cleaning tank 4,
and ultrasonically rinsed by the ultrasonic rinsing tank 5.
After the workpieces W have been cleaned in the
cleaning section 6, the tray 1 which contains the work-
pieces W that are wet with water is transferred to the
support arms 18 suspended from the lifting/lowering
arm 19 in the drying section 7. When the tray 1 is sup-
ported on the support arms 18, the grips 15 of the tray
1 are engaged by respective hooks 33 on the respective
lower ends of the support arms 18. The lifting/lowering
arm 19 is then lowered to lower the tray 1 into the drying
tank 17 until the tray 1 is supported on the support base
20. When the tray 1 is supported on the support base
20, since the support frame 21 is inclined, the tray 1 on
the support base 20 is inclined as shown in FIG. 2. At
this time, the hooks 33 are lowered beyond a position
in which the tray 1 is supported on the support base 20,
releasing the grips 15 of the tray 1, which is now fully
supported obliquely on the support base 20.
‘At the same time that the support arms 18 release
the tray 1 upon descent of the lifting/lowering arm 18,
the hood 28 on the lower end of the hot-air duct 23 abuts
against the upper edges of the sidewall plates 14 of the
tray 1 by gravity.
The hot-air duct 23 and the suction duct 24 are now
held in communication with each other through the tray
1 that is sandwiched between the hot-air duct 23 and
the suction duct 24. Now, hot air is supplied from the

hot-air duct 23 into the tray 1. Inasmuch as the bottgm
y | REPLACEMENT SHEET
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plate 13 of the tray 1 is permeable to air and the sidewall
plates 14 thereof are not permeable to air, the workpiec-
es W housed in the tray 1 are exposed to only hot air
supplied from the hot-air duct 23, but isolated from am-
bient air surrounding sidewall plates 14 of the tray 1.

While hot air is being supplied to the tray 1 from the
hot-air duct 23, the supplied hot air is forcibly drawn from
within the tray 1 by the suction duct 24.

When the tray 1 is taken out of the cleaning solution
in the ultrasonic cleaning tank 4, the workpieces W
housed in the tray 1 that have been ultrasonically
cleaned in the ultrasonic cleaning tank 4 are clustered

" in blocks Y in each of which the workpieces W are

stacked with cleaning solution films X retained therebe-
tween as shown in FIG. 4(a). At this time, the stacked
workpieces W in each of the blocks Y stick together by
the cleaning solution films X therebetween. When the
tray 1 that houses the clustered workpieces W is then
placed in the drying tank 17, since the tray 1 is inclined
on the support base 20, the workpieces W move side-
ways in their inclined plane, breaking the blocks Y as
shown in.FIG. 4(b). The workpieces W that have stuck
together with the cleaning solution films X are loosened,
allowing the excessive cleaning solution to drop fromthe
workpieces W. Since the amount of cleaning solution at-
tached to the workpieces W is reduced, the workpieces
W can be dried within a relatively short period of time.

When the blocks Y are collapsed, the gaps between
the blocks Y are eliminated. Therefore, the hot air drawn
from the hot-air duct 23 into the suction duct 24 can flow
thoroughly through the gaps between the workpieces W.
As the heat of applied hot air can uniformly be trans-
ferred to the workpieces W, the workpieces W can effi-
ciently, quickly, and reliably be dried by the applied hot
air.

The hot air is supplied for a certain period of timeREPLAGEMENT SHEET
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away fromand lowering said tray toward said sup-  port base, said

lifting and | oweri ng neans having a pai r of hooks (33) for engagi ng said
grips to support said tray and arranged to rel ease said grips upon
downward novenent beyond a position in which said tray is supported on
sai d support base. 5. An apparatus according to claim4, wherein said
hot-air duct (23) is suspended fromsaid |ifting and | oweri ng neans (1
9) for upward novenent with re- spect to the lifting and | oweri ng neans
when said

..10_

until the workpieces W are fully dried. When the drying
process is completed, the lifting/lowering arm 19 is ele-
vated. On the ascending movement of the lifting/lower-
ing arm 18, the grips 15 of the tray 1 are engaged by the
hooks 33, and hence the tray 1 is lifted out of the drying
tank 17 by the lifting/lowering arm 19. When the tray 1
is tilted back to a horizontal attitude, the hood 28 is sep-
arated from the tray 1, thereby disconnecting the tray 1

| from the hot-air duct 23.

Thereatter, the tray 1 supported by the supportarms
1 is discharged into the unloading section 8 by a dis-
charging means (not shown), and then unioaded by an
unloading conveyor 34 in the unloading section 8.

[or—— o
Tt ot Ve bt e M M sty
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hot-air duct is coupled to the tray when supported
base. 6. An apparatus according to any preceding claim
of said plate-like workpieces (W

use as a quartz

* [ L M S %*

oscillator or a capacitor.

-11-

Claims

Apparatus for drying cleaned plate-like workpieces
(W), comprising an open-topped container (1) hav-
ing an air-permeable bottom (13), a support base
(21) for supporting said container, hot air supply
means (23) arranged to be connected to the open
top of said container with the container supported
as aforesaid, and suction means arranged to be
connected to the bottom of the container when so
supported, whereby hot air may be sucked through

the interior space of the container and out through
the bottom thereof to dry workpieces therein, char-

acterised in that the said support means is arranged
t6 support the container with the container bottom
substantially inclined to the horizontal.

Apparatus according to ciaim 1, wherein the said
container (1) is a tray having an air-permeable bot-
tom plate (13) and a plurality of air-impermeable
sidewall plates (14) extending from peripheral edg-
es of said bottom plate.

An apparatus according to claim 2, wherein said
support base (21) comprises a support frame for in-
timately contacting the peripheral edges of said bot-
tom plate of the tray, and legs (22) supporting said
support frame at an inclined attitude, said suction
duct being integrally connected around the entire
peripheral edges of said support frame.

An apparatus according to claim 2 or 3, wherein
said tray (1) has a pair of grips (15) mounted on out-
er surfaces of respective opposite ones of said side-

on sai d support
wherei n each
conprises a thin ceramc plate for

wall plates (14) thereof, and further comprising lift-
ing and lowering means (19) for lifting said tray

REPLACEMENT SHEET
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away from and lowering said tray toward said sup-
port base, said lifting and lowering means having a
pair of hooks (33) for engaging said grips o support
said tray and arranged to release said grips upon
downward movement beyond a position in which
said tray is supported on said support base.

An apparatus according to claim 4, wherein said
hot-air duct (23) is suspended from said lifting and
lowering means (19) for upward movement with re-
spect to the liting and lowering means when said
hot-air duct is coupled to the tray when supported
on said support base.

An apparatus according to any preceding claim,
wherein each of said plate-like workpieces (W)
comprises a thin ceramic plate for use as a quarnz
oscillator or a capacitor.

Oy
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ABSTRACT

Plate-like workpieces (W) such as thin ceramic
plates which are ultrasonically cleaned are housed in a
tray (1) having an air-permeable bottom plate (13) and a
plurality of air-impermeable sidewall plates (14)
extending from peripheral edges of the bottom plate. To
dry the cleaned workpieces, the tray is placed in a
drying tank (17) and supported on a support base (21) on
the bottom of the drying tank at an inclined attitude.
The drying tank is combined with a hot-air duct (23)
which 'is detachably coupled to respective edges of the
sidewall plates of the tray when the tray is supported
on the support base. The hot-air duct supplies hot air
into an interior space of the tray which is surrounded
by the sidewall plates. A suction duct (24) is coupled
to the bottom plate of the tray when supported on the
support base and draws hot air supplied from the hot-air

duct from within the interior space through the bottom
plate.




