AUTOVATRC DR¥I NG DEVI CE (Industrial Field): . This i n#es &

relates to a dry treatnent in a closed cabi net . for .storing cameras,
| enses,. phdtographs, electronic parts, - dried food, chemicals and the
| i ke 'under a condition of anbient tenfperature and | ow humdity. :

(Prior Art) Japanese Utility Mdel Kokai No. 64-1374 (Reference

No. 1)

di scl oses a conventional drying device of an electronic

refrigeration type based on RetemgricirRgiNGgohevI@ol i ng and heating
el enment which exhibits a heat exchange function when direct current S

char ged.

(Ref erence No.

Further, Japanese Patent Kokai No. 7-163, 831

(Industrial Field)

This invention relates to a dry treatment in a closed

cabinet for storing cameras, lenses, photographs, electronic parts, |

dried food, chemicals and the 1ike under a condition of ambient

-temperature and low humidity.

(Prior Art)
" Japanese Utility Model Kokai No. 64-1374 (Reference No. 1)

discloses a conventional drying device of an electronic
refrigeration type based on Peltier effect of a cooling and heating
element which exhibits a heat exchange function when direct current
is charged. .

Further, Japanese Patent Kokai No. 7-163,83i (Reference No.
2) discloses a drying device provided with a closed type cabinet in
which a protective cover of a drying unit is partially inserted into.

a back wall plate of the cabinet.

(Problems to be solved by the Invention)

. higher power cost.

In the case of Reference No. 2, the dehydrating ability of
the device is improved by devising a fixing position of a drying

means together with a heating manner by a heating element or by

u'a



2)~ di sctosesta drying device provided with a closed.type cabinet in

which a protective cover of a drying unit is partially.inserted into a
back wall plate of the cabinet. (Problens to be solved by the
I nventi on) In the case of Ref2rence No. 1, air in the cabinet is

cool ed to a tenperature | ess than the dew point to renove noi sture
therefrom whil e exhausti ng heat out of the cabinet by neans fins, each on

a_heat radémr{gqﬁgi 4ot nd PIPY i R bih€ Gt Hc;m%iialgty cfrRANRRCY RO VS,

el ectric power ut) o evi'ce 1I's usua ow as 10 to 12 % which

i's undesirgpdpe istafifleqbhves Wddn FaPPeMprdementhit@henr BRI metase the
In the case of Reference No. 2, the dehydrating ability of the device is

T o, 9ty 14 ooty cor o e st
2 capacity in the cabinet.
| Accardingly, it is an object of the present invention to
provide an improved autométic drying device without accompaniment
of conventional inconvenience as descfibed above.

Another object of the present invention is to provide an
automatic drying device for improving and keeping the dehumidifying
and drying abilities in a cabinet.

Still another object of the present invention is to provide
an automatic drying device for improving a humidity contro1 accuracy
in a cabinet.

A further object of the present invention is to provide an
automatic drying device of improved durability.

A still further object of the present invention is to
provide an automatic drying device having an increased sforing:
capacity of a cabinet.

A specific object of the present invention is to provide an
automatic drying of an improved dehydrating ability.

(Means to solve the Problems)

According to the present invention, these and other objects
can be achieved as in the following:

(1) An automatic drying device provided with a
regeneratively treatable drying means for keeping an inside of a
closed cabinet undef a low humidity condition in which a heat
generating means is arranged in a ventilating passage zone around

said drying means charged with a moisture absorbent such as a drying



arrangimg a #ine liniting means and a humi di.ty control I'er. However, there
still leaves roomfor inprovenent to further increase the dehum difying
ability, humidity control accuracy and goods storing capacity in the

cabi net . - Accordingly, it is an oBject of the present invention to
provi de an inproved automatic drying device w thout acconpani nent of
conventional inconveni ence as descri bed above. Anot her obj ect of

t he presenf ddsention is to provide an automatic drying device for

| mprovi ng 2 eeping the dehum difying and drying abilities in a cabinet.

Still another objgqely g d&mAtaTehFyiAY JUvieR HEséPiHIOVind@he 28b@yd Ot C
drying device for inproving a humdity control accuracy in a cabinet.

A further ofjedin ahithesPreratt 'P_eﬁm*émg im2ah P& Omprized aftONEErc of a
dryi ng device of inproved durability. A still further object of

t he presentinerwameansnfors dantroldvngeamre ladteiat charcge/itog adbeatengpandang an
I ncreased storin capacity of a cabinet. A specific object of the
present irnfantheating aongprsdurgeabsorbent in said automatic drying device;

(3) An automatic drying device described in the above item
(1) or (2) in which a humidity sensing element of a humidity
control means provided with said humidity sensing element for
controlling humidity in said closed cabinet is arranged in a
lacation where is not affected by heat of a heated drying agent and
radiation from said heat generating means;

(4) An aufomatic drying device described in above items (1)
to (3) which comprises a blowing means for forcedly blowing air
responsible for a drying agent in said drying means;

(5) An automatic drying device described in the above item

(4) in which said blowing means can be driven intermittently;

(6) An automatic drying device provided with a
regeneratively treatable drying means for keeping an inside of a
closed cabinet under a Jow humidity condition in which a casing of
said drying means is partially inserted into said cabinet, whereas
a timer means is arranged out of the cabinet while leaving a part
thereof in the cabinet; _

(7) An automatic drying device provided with a
regeneratively treatable drying means for keeping an inside of a
closed cabinet under a low humidity condition described in the above
items (1) to (5) in which a moisture absorbent such as B-type |
silica gel is stuck on an inner surface of a dry treatment chamber

in the drying means; and



automatic drying of an inproved dehydrating ability. ' (Means to
sol ve the Probl ens) According to the present i nvention, these and
ot her objects can be achieved as in the follow ng: (1) An
automatic drying device provided with a 4regeneratively treatable drying
means for keeping an inside of a closed cabinet under .a | ow humdity
condition in which a heat generating neans is arranged in a ventilating

passage zone ar ougd 31 4, gyl % TYReCHEY AES oA a@aTRt 44 © absor bent

such as a drying agent ;

(2) An a“%g’%@ﬁ rrfattq %'lggtggé{t&ﬁed%- ih eﬂeéﬁstﬂ)‘?‘ @QQP?nth 1n41]3e o ‘ﬁfh' Ch

sai d heat ans I's conp a part o ti mer neans
control | i ggsady %E*tcuﬁﬂ'é‘\‘géf T %uh@éitf‘gcdmﬁ&ﬁonf Oh HRREH Nk aeaeltsture

absorbent 1 n saléﬁgutonatlc dryi ng devi ce;

plural drying means are installed in the cabinet so that respective
moisture-absorbing and -liberating sides of dry treatment chambers
are arranged opposingly each other. |

(Preferred Embodiments of the Invention)

Referring now to the drawings, the present invention will be
‘detailed in the following.

(Embodiment 1)

(1) Overall Structure

As shown in Figs. 1 and 2, an automatic drying device D:
comprises an operable closed type cabinet 1 provided with a front
door 11, a drying means 200, a timer means 300 and a humidity
controlling means 400 allocated on a back wall 12. Because of such
structure as described above, goods G to be stored such as camera
lenses, dried food, electronic parts, chemicals and the like put on
shelves 500 in the cabinet 1 can be kept for a longer period of
time under a stabilized and low humidity condition, thereby
preventing fungal or rust contamination and minimizing change in
quality of the goods G.

(2) Structure of each Part

(i) Drying Means 200

Structure of the drying means 200 is shown in Figs. 1 and 2,
in which the drying means 200 is fitted to the cabinet 1 while
inserting a part thereof into a fitting hole 13 cored in the back
wall plate 12 of the cabinet 1. As to inner structure thereof,

there are arranged upper and lower ventilation control chambers 204



(3) An autonfatic drying device described in the above item (1) or (2) in
which a humdity sensing el ement of a humidity control means provided with
said hum dity sensing el enent for controlling humdity in said closed
cabinet is arranged in a |location wheresis not affected by heat of a
heated drying agent and radiation fromsaid heat generating neans;
(4) An automatic drying device described in above itens (1) to (3) which
conprises a blowi ng neans for forcedly blowing air responsible for a
dryi ng agegrid i205sdidideqiwigthheapar and lower(barAersut2@atnd 200y iimgadevi ce
described in the above item (4) in which said blow ng neans can be driven
interm ttecadiyng 201 and a (d)y Ameatwenmnitihanbeyi 26 diorined betwéerecthsiseh a
regeneratively treatable drying nmeans for keeping an inside of a closed
cabi net urkenrigrisodCRuandli 203 ,cohdi ei tre iuppani amd al aesi wgn&i 1akiad dryi ng
means is partially_inserted into said cabinet, whereas a tiner, nmeans_is
arranged &hawrﬁhgoﬁaﬁi(ﬁ%%ﬁeww et %arﬂ‘ﬁ H&Ysdge 2Rd 1 HeEsdgsi At :
(7) An autgmatic .dryipg device proyided with a energtjvely treatable
dryi ng rreaﬂke <Gt ‘R@gprngq‘gwelrnéﬁﬂe Hera Sguﬁéﬁscé&igﬁé@ 2& et N9 ‘Hﬂﬁydi ty
condi tion f¥% %H'Q8d556b3#¥aa%9926215 extended from the casing 201 by upper
and lower axes 216a and 216b so that the dry treatment chamber 206
are interconnected to the upper and lower ventilation chambers 204
and 205 when upper and lower ventilation openings 213 and 214 are
selectively opened and closed by means of these shutters.

Further, as shown in figs. 2 and 3, a first housing portion
220 for storing a timer means 300 is formed protrhding]y on and
integrally with a left side wall 221 (left side of the front view of
the cabinet 1) of the casing 201, through a dividing wall 224,
while a second housing portion 223 for storing a humidity |
controlling means 400 is connected to a right side wall 222 thereof.
The first housing portions 220 together with the timer means 300
and the second housing portions 223 together with the humidity
controlling means are allocated the outside and inside of the back
wall plate 12 of the cabinet 1, respectively, as shown in Fig. 4.

A drying agent container 226 made of moisture permeable
molding material is arranged in the dry treatment chamber 206 as
shown in Fig. 2. The drying agent container 226 comprises a drying
agent 227, a heater element 230 for heating and regenerating the
drying agent 227 and, in addition, a coiled shape memory alloy wire
229 which penetrates a through-hole 228 without bringing contact
‘with the container 226. Each end of the coil wire 229 are tensely

connected to each one end of the upper and lower shutters 217 and



itenms (1) to!(5) in which a noisture absorbent such as B-type silica gel
is stuck on an inner surface of a dry treatment chanber in the drying
means; and’ 4 -(8) An
automatic drying device provided with a gregeneratively treatable drying
means for keeping an inside of a closed cabinet under a |ow humdity
condition in which at |east plural drying neans are installed in the

cabi net so that respective noisture-absorbing and -liberating sides of dry
treat nent Zi8arthensghr eoneacdiggdw opao2digl wvhiebe e apohided spring 23@Pieferred
Enbodi ments of the I nvention) Referring now to the draw ngs, the
present i rtenselonstiretchad bgéwaen ckhe 9thae ends.owihggeby interlockipadpeitht
1) Structu

Ut omat | ¢ ShktRgSABY] DELr] Db s ddnarTpadskeoet dia feheatiner 1
provi ded ngg}e%tfﬁggtis charged with electricity to heat and regenerate the
~drying agent, the shape memory alloy wire 229 is kept expansively,
thereby the upper and lower shutters 217 and 218 being displaced to
a solid-lined arrangement in Fig. 1. When the shape memory alloy
wire 229 is heated by the heater element 230, the shape memory alloy
wire 229 transforms and shrinks, so that the upper and lower
shutters 217 and 218 are displaced to a broken-lined imaginary
arrangement in Fig. 1 while opposing to tensile strength of the
coiled spring 232.
(ii) Timer Means 300
An IC timer 301 is arranged in the timer means 300, while a
resistor 303 is placed in the dry treatment chamber 206 and is
connected to outer ends of lead wires 225 which penetrate through-
holes 225 of a dividing wall 224 so as to link the IC timer 301.
Such structure of the timer means 300 as described above makes it
possible to control the electric charging time to the heater
element 230. _
(i1i) Humidity Control Means 400
The humidity control means 400 comprises a humidity
controllier 401 which can previously set desirable humidity in the
cabinet 1 by a manually dialing operation.
(iv) Other Structure
In Figs.'l and 5, numeral 600 designates a fan driven

intermittently by means of a timer, thereby forcedly blowing air in

the dry treatment chamber 206.



door 11: a dfying means 200, a timer nmeans 300 and a hunmidity controlling
means 400 al l ocated on a back wall 12. Because of such-structure as

descri bed above, goods G to be stored such as canera |enses, dried food,
el ectronic parts, chemcals and the |ike7put on shelves 500 in the cabinet
1 can be kept for a longer period of tinme under a stabilized and | ow

hum dity condition, thereby preventing fungal or rust contam nation and

m nim zing change in quality of the goods G (2) Structure of each
Par t (i) 2Dr JuhgmatemPryolreatment Structure of the drying neans
200 is shown in Figs. 1 and 2, in which the drying neans 200 is fitted to
the cabinet 1 whill@) PnyefrqatgeatpBracassereof into a fitting hole 13 cored
in the back wall plate 12 of the_cabinet 1. As to inner, structure thereof,

there are arrangedhgpp8fodhd I18reHdImhiGANErasn eHRRLON EhRADEY < Uy as

> semicaonductar tips and etc. are stored under a low humidity

condition in the cabjnet 1, the humidity controller 401 is manually
set to keep humidity.in the cabinet 1 in a range of about 30 % to
50 % after such goods G are put on shelves 500, followed by turning
on the IC timer 301.

When the door 11 is claosed in the above mentioned situation,
the inside of the cabinet 1 is enclosed, while air around the dry
treatment chamber 206 is gradually dehumidified by the drying agent
227 so that weight thereof is lost to cause an ascending air
current as shown in Fig. 1 by arrows (@ and ®@. In addition, the
working IC timer 301 allows to charge electricity from a power
source P to the included resistor 303 which drops voltage thereby
generatfng heat. The heat thus generated is partially utilized to
heat air in the dry treatment chamber 206, which effectively
accelerates the ascending curfent of dehumidified air and a flow
thereof into the cabinet 1 thréugh the upper ventilating hole 213
and the the upper opening 209 as shown in Fig. 1 by an arrbw ®.
On the other hand, an equivalent volume of air left in the cabinet
1 spontaneously circulates by convection and flows into the dry
treatment chamber 206 through the lower opening 210 and the lower
ventilation opening 214 as shown by an arrow @. The air is
successively dehumidified by the drying agent in the above mentioned
manner so that the inside of the cabinet 1 is kept at preset
humidity of about 40 %, the goods G being stored safely under a low

humidity condition.



and 205 divided with upper and |lower barriers-202 and 203 in a casing 201
and a dry treatnent chanber 206 forned between these barriers 202 and 203,
while the upper and |ower ventilation chanbers 204 and 205 are opened both
to the inside and outside of the cabine8 1. Upper and |ower shutters 217
and 218 are rockingly fitted to support walls 215 extended fromthe casing
201 by upper and | ower axes 216a and 216b so that the dry treatnent
chanber 206 are |nt§ ﬁonnected to_t he upper. and | ower, ventil ati on chanbers
e

204 and 205 when (UjgdeReggnenating Jepatnent Srospesni tigther 8rynng Agent o

lecti vel d_gl th h Furth
e Shown i 1 ?FSSG%%Eaa‘Eg?eSSa% 8P RoRR AT FBh GBI A8t RPhd S L1 et

e 1 ort aTanlTH dRePbatel A traraBffe fErid ke gl '%‘ ;"Eé%f%dioﬁﬁ”
through a gm%@g wethb f‘-@ﬁmewh'shf G‘rZ%gﬁ’Eq-OIEBH eno?zﬁﬁtfsort

storing a control [ ng neans IS conﬁect e rg e V\B.| |

3 i Shtauod Aot IO AL
power source P and to heat the drying agent 227, followed by
liberation of moisture absorbed therein and regeneration thereof.

In this regenerating process, as the shape memory a]lo§ wire 229
rapidly transforms and shrinks due to heat thus generated, the upper
and lower shutters 217 and 218 pivot clockwise and counter-
clockwise on axes 216a and 216b, respectively, while opposing tb
tensile strength of the coiled spring 232. As a result, these
shutters 217 and 218 are displaced to the broken-lined imaginary
arrangements in Fig. 1. The air is introduced in the dry treatment
chaﬁber 206 through the lower ventilation opening 214, heated
therein, raised upward with moisture liberated from the drying
agent 227 as an ascending air current and exhausted out of the-
cabinet 1 through the upper ventilation opening 213 and the upper
opening 211 as shown in Fig. 1 by an arrow ®. At the same time,
fresh air is introduced from the outside of the Eabinet 1 to the
dry treatment chamber 206 through the lower opening 212 as shown in
Fig. 1 by an arrow @® and successibly subjected to the regenerating
treatment. The regenerating treatment is similarly conducted when
other driving force such as electromagnetic force to open and close
the upper and lower shutters 217 and 218.

When the regenerating treatment of the drying agent 227 is
completed, an electric discharge to the heater element 230 is

discontinued by means of the IC timer 301 or a microcomputer so



controlling fhreans are allocated the outside and inside of the back wall
plate 12 of the cabinet 1, respectively, as showmn'in Fig. 4. A
dryi ng agent container 226 made of noisture perneable nolding material is
arranged in the dry treatnent chanber 208 as shown in Fig. 2. The drying
agent contai ner 226 conprises a drying agent 227, a heater elenment 230 for
heating and regenerating the drying agent 227 and, in addition, a coiled

bt ngi ng. CoMRdcEd 19 aro SBRFEL ridr CoBBed FRLHMeIn SPBRLRTRARINN O FErs8i bar o
Lensely”, cRUSELed 1P G aanEnE ot LSRRG O'Fle SASbBanGY 2T
St eLched susel Hio A 1S CROR b HRRACYs! e BB S8 e SRS TR 21
charged w tf1 gl CEREL Y YetBrRFRY MR ubBEFNGiAoweleshuttars 217 to the
solid-lined arrangements ready to further dehumidify the cabinet 1
as shown in Fig. 1.

Each timing of the above mentioned processes is controlled
by a timer.

In the case of a processing cycle of 4.5 hours, as shown in Fig.
6(a), the drying agent 227 is subjected to the heating and
regenerating treatment for 0.5 hour, followed by a forced air
circulation in the cabinet 1 by means of the fan 300 for 1.0 hour
and a subsequent spontaneous air circulation without the fan 600 for
3 hours. Accordingly, the cabinet 1 is treated for 4.0 hours in

- total to effectively keep the inside thereof in a low humidity
condition. In the case of a processing cycle of 5.0 hours, as
shown in Fig. 6(b) wherein the fan 600 is not used or neglected, the
drying agent 227 is heated to regenerate for 0.5 hour, followed by
the dehumidifying treatment of the inside of the cabinet 1 over
remaining 5.5 hours.

Fig. 7 shows a performance test result of an actual
automatic drying device D: according to the Embodiment 1 under an
ambient condition around the cabinet 1 of a temperature of 25°C and
humidity of 80 %.

Fig. 7(a) shows a performance curve (X) iadicating change in
humidity within a conventional cabinet which is act provided with
a heating means actuated by a timing device, wherzin the ordinate

and the abscissa show humidity in the cabinet 1 ai¢ a passage of



dryi ng ‘agent the shape menory alloy wire 229-is kept expansively, thereby
the upper and | ower shutters 217 and 218 being displaced to a solid-lined
arrangenment in Fig. 1. Wen the shape nenory alloy wire 229 is heated by

t he heater el ement 230, the shape menorylQlloy wre 229 transforms and
shrinks, so that the upper and | ower shutters 217 and 218 are displaced to
a broken-lined imagi nary arrangenent in Fig. 1 while opposing to tensile
strength of, the coiled spr Means

i 32. i) [Ti, 300
o T Oty reSeEtelYy. UIFE qsar shabitidghidRR] HORTHIIY, of oAbawY

of Toad wi i sféigd&ﬁﬁ? HAORE bl YRTaagRY Ahfh S nsBB0RE £ o AhEL A%
224 ' ' ' 300
2 doscri el Ehode hak (A RBUTY st TaaRe AT ANE nd T e ging i me

to the heatgiapghesear 230. (iti) Humdity Control Means 400
The hum dity control nmeans 400 conprises a humdity controller 401 which

g;’ﬂgl Pagvgggf% 2ﬁt WelEBd riablthehuaidlidfy the ERBodakdntell,lalyapr rEmeanbYion
around the drying agent 227 is promoted by the drying means 200
which is partially heated due to heat generation related to the
timer means 300, thereby accelerating the dehumidification under the
same ambient condition as described above. As shown in Fig. 7(b)
by performance curves, when the fan 600 is driven intermittently,
the initial humidity of about 60 % in the cabinet 1 is gradually
decreased to 28 %, 22 % and 20 % after 6, 12 and 24 hours past,
respectively, which demonstrates that the dehumidifying ability in
the cabinet 1 is nearly doubled, i.e., the present drying device
functions more than two conventional ones (see, a performance curve
(Y)). While the final humidity in the cabinet 1 is about 25 % when
the fan 600 is continﬁous]y driven (see, a performance curve (2)),
that of the present Embodiment 1 is about 20 % because of less
leakage of air from the cabinet 1, although the fan 600 is
intermittently driven.

Accordingly, it is clear from these performance test data
that the present invention considerably contributes fo miniaturize
the automatic drying device D: and improve the dehumidifying
ability.

(Embodiment 2)

Difference between two automatic drying devices D, and D:
according to Embodiments 1 and 2, respectively, is-as in the

following. As shown in Fig. 8, a moisture absorbent 700 comprising



(i-v) Qvher Structure In Figs. 1 and 5, nuneral 600 designates a
fan driven intermttently by neans of a tinmer, thereby forcedly blowing air
in the dry treatnment chanber 206.

7 2. Automatic Dry Treatnment 11 (i) Dry Treatnent Process
When goods G including canmeras, electronic parts such as sem conductor
tips and etc. are stored under a low humdity <condition in the cabinet 1,
the hum dity controller 401 is manually set to keep humidity in the

cabi net 1 anpewewrfge mofi shboaitab30rbing agedt¥sath eas Srtlypgovilkic@ ged psit on
shel ves 500, followed by turning on the IC tiner 301. When t he
door 11 isstluokean iimneifesuntacesnefit frondd asdt back oral1s 207 and 208 of a dry

treatment chamber 206 in Embodiment 2. Other structure is comman
to both automatic drying devices D; and D2 and is not detailed
herein.

Air in the cabinet 1 is dehumidified through a drying means
200 comprising the above mentioned moisture absorbent 700 and a
regenerative drying agent 227. The automatic drying device D2 is
able to conduct dehumidification even under a temporarily overloaded
condition where an excessive amount of moisture should be
dehumidified, for example, for preparing dry flowers or drying
thoroughly wet shoes. An increase in humidity around 80 % to 90 %
in such a case can be dropped to abqut 60 % to 50 % rapidly by
means of the moisture absorbent 700, followed by dehumidification by
means of the regenerative drying agent 227, thereby exhibiting a
quick drying effect. The moisture absorbent 700 thus absorbed is
dehumidified and refreshed by means of the automatic drying device
D: after the treated goods such as shoes are taken out.

(Embodiment 3)

As shown in Fig. 9, two drying means 200A and 200B of an
automatic drying device D3 according to Embodiment 3 are installed
on a back wall plate 12 of a cabinet 1 so that respective moisture-
absorbing and -liberating sides thereof are arranged opposing1y
each other. Internal structure of the automatic drying device Da
is in common with that of shown in Fig. 1 and is not detailed
herein.

A humidity controller 401 and a relay circuit (not shown)

allow the drying means 200A for absorbing moisture to actuate so as



the inside of the cabinet 1 is enclosed, while air around the dry

treatment chanber 206 is gradually dehunidified by the drying agent 227 so
t hat” wei ght thereof is |lost to cause an ascending air current as shown in
Fig. 1 by arrows [err] and [err]. IM2Zaddition, the working IC tiner
301 allows to charge electricity froma power source P to the included
resi stor 303 which drops voltage thereby generating heat. The heat thus
generated is partially utilized to heat air in the dry treatnment chanber

206, whi ch tef Heereysd Vtheahami @l & &y HERuMHTI€aB Yol WHaN thel hdRhaindydiihi ed
air and a flow thereof into the cabinet 1 through the upper ventilating

hole 213 &hd thkeindie lupsehighenithan28%essethdemel N Fig., $0bY, awhidrer awe
[err] On the other hand, an equivalent volune of air left in the cabinet

1 spont anebusli¢i ty rean taroddepydGbraldows othaarthikirodey ing meiahe 208 tfiorat ment
chanber 206 through the | ower opening 210 and the |ower ventilation
openi ng 214 iBgrahtwh mejisdHrar ivvkhe aside ofribeatabinet dudoeastuatey so as
dehum dified by the drying agent in the above nmentioned nmanner so that the
i nsi de of ttRelBearfdsd eﬁeigukb 1t£uth9r§§@twhen the humidity drops under a

preset level, e.g., 40 %. Because these drying means 200A and 2008
are arranged'on the cabinet 1 to opposingly absorb and liberate
moisture each other, the humidity in the cabinet 1 can be
automatically maintained within a mediate level, usually at 40 % to
60 %.

It should be understood that the humidity controller 401 may
be fitted not only to the front wall but other walls of the secand
housing portion 223 in any drying device of Embodiments 1 to 3.

While transformation of the shape memory alloy (SMA) wire
229 due to heat exposure is characteristically utilized to open and
close the upper and lower shutters 217 and 218, the same effect can -

"be obtained when expanding and shrinking properties thereof are |
opposite, if the direction of the bias spring is reversed. Further,
any form of the shape memory alloy other than coils would bring
about substantially the same result.

(Effect of the Invention)

Typical effects achieved by the present invention will be
described in the following.
| (1) Improvement in Dehumidifying and Drying Abilities

An arrangement of a heat generating means is in a
ventilating passage zone around a drying means for heating air in a
drying chamber allows to cause an ascending air current and increase

an air current around an drying agent, thereby dehumidifying and



hunidit& of about 40 % the goods G being stored safely under a | ow

hum dity condition. 8 (i)
Regenerating Treatnent Process of the Drying Agent A noi sture
absorbing ability of the drying agent 224@is gradually decreased as the
above nentioned dehum dification proceeds. The IC tinmer 301 or a

m cr oconput er (not shomn) Is then actuated to charge the heat er el enent
230 with electricjt t he power source to dr agent
557 "ol absangyab| | hie, P61 TG, GSBBSUPTRR honotd: ACRH g ler ot on
thereof. In this re ener.at i as th sha e _menor, Q

apt iy diier s PERET oR eRReCHETO 1nBRev R LY FRh PRRRATn§ A R sl Engng

{5 D eA4E 8 AT RIS OB SRR, S
coil ed spring 232(2f¥iﬁ%ﬁe%%ﬁbht {{'8RMidity control Accuracy '

As a humidity sensing element of a humidity control means is
arranged in a location so as not to be affected by the heating
means, the humidity control accuracy in the cabinet is improved and
'damages of stored goods therein is prevented.

(3) Improvement in Regenerating Treatment Effect of a Drying
Agent |

As air around the drying agent is forcedly blown by a
blowing means, regenerating treatment of the drying agent is
conducted rapidly.

(4) Stabilized Low Humidity Condition and Improvement in
Durability

As the blowing means is intermittently driven by means of a
timer only for a required time period, humidity is rapidly drobbed
in the beginning and kept safely at a low level for a longer period
of time with less leakage of air, thereby improving durability and
other performances as well as power cost.

(5) Low Humidification in a Cabinet and Improvement in
Storing Capacity

As major parts of a casing of the drying means and a timer
means are protruded outwardly from the cabinet, goods storing
capacity and stock ability of the cabinet are markedly improved,
while most of heat generated by these means is distharged out of the
cabinet without thermally affecting, deteriorating or damaging the

stored goods.



shutters 217 and 218 are di spl aced to the broken-1ined imaginary
arrangenents in Fig. 1. The air is introduced in the dry treatnent chanber
206 through the | ower ventilation opening 214, heated therein, raised
upward with noisture liberated fromthe Wdying agent 227 as an ascendi ng
air current and exhausted out of the .cabinet 1 through the upper
ventil ati on opening 213 and the upper opening 211 as shown in Fig. 1 by an
arrow [err]. At the sane tine, fresh air is introduced fromthe outside of
the cabinet 1 to the) Wproveasstem Dehumidifyiog Furetin t he | ower opening
212 as shown in Fiﬁ% 1 by an ajrow [err] and successibly sSubjected to the
regenerating treatherd .reERAerabbifedsying means oAt ai 10 i tyireaabgochantusueh

the upper #HdBTSHER ShLGcAe! 24T &R 12464 Th Coninghiy SRESREGENLr at i ng
et ont o lged” Sl 99 SR 45 0B, 1 bae e FE PRI BT,
ol emont 18 EANB8%i (el XRBRIand8FEse off o ghEg dryind pebVEl AFRET S
at a normal temperature, an original color of dry flowers can be
kept as it is, or clogs such as shoes can be dried without damaging
leather.
(7) Preservation of Constant Humidity
As plural drying means includirg the regenerative drying
agent are installed so that respective moisture-absorbing and
-liberating sides thereof are arranged opposingly each other, a
constant humidity condition of, e.g., 50 % in the cabinet is stably
kept throughout all seasans without suppiying moisture.
(BRIEF DESCRIPTION OF THE DRAWING)
Fig. 1 is a cross-sectional view of an automatic drying
device according to Embodiment 1 of the present invention; |
Fig. 2 is a sectional rear elevation of a drying means of
Fig. 1;
Fig. 3 is a front view of a drying means of Fig. 1;
Fig. 4 is a front view of a drying means in a installed
situation of Fig. 1;
Fig. 5 is a structural arrangement of Fig. 1;
Fig. 6 is a time chart of Fig. 1;
Fig. 7 is graphs illustrating relationship between humidity
and treating time of a drying device shown in Fig. 1 and a

conventional one;

Fig. 8 is a fragmentary side view of an automatic drying



by.neané of the fan 600 driven internmittently.. The shape nenory alloy wre
229 is then expanded as the tenperature thereof falls down, thereby
returning the upper and | ower shutters 217 to the solid-lined arrangenents
ready to further dehum dify the cabinet 1 as shown in Fig. 1. Each
timng of the above nentioned processes is controlled by a timer. In the
case of a processing cycle of 4.5 hours, as shown in Fig. 6(a), the drying
agent 227 is subjected to the heating and regenerating treatnent for 0.5
hour, fol | onedevice acspEdingi ko Egbpdiment oh dfn thRepeesrMeti nvepdiapanndf
the fan 500 for 1.0 hqur _apd a subsequent spontaneous, aiy circulation

wi thout the fan 600 fd8-39nhburd. frangoViewmty an Rateddtiedrying devkeed for

4.0 h intotal to effectively keep the inside,thereof. in a,l i di t
Gondi tion. 1PERC4aCaSsh s O ok 8FARs cyrarindote FRLPLAERE Shhetlh Fi g

6(b) wherein . i ot used or neglected, the drying agent 227 is
heated to regéﬁ%sréa[ﬁg 1$g?nlﬁfgphour, foll owed by the dehum difying treatnment
of the inside of the cabinet 1 over renmining 5.5 hours. Fig. 7
shows a performance test result of an actual automatic drying device

D err] according to the Enbodi ment 1 under an anbient condition around the
cabinet 1 of a tenperature of 25[err]C and
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provided with a heating neans actuated by a timng device, wherein the
ordinate and the abscissa show hum ditytén the cabinet 1 and a passage of
10 tine, respectively. It is clear that the initial humdity of about 60
%in the cabinet 1 is decreased with tinme to 34 % 28 %and 25 % after 6,
12 and 24Whatir s palstimededpéctively, and finally stabilized. Whi | e
in the case of the Enmbodinent 1, an air cjrcul ati

38:n£ OZﬁZaLs g:]ce)ngté’(c!: B%‘:lpﬂtétg‘ff ﬂrﬂggﬂeéﬁ‘é‘%@m«ﬁ%ﬂ qﬂ?@?t‘”teggr‘ﬁr \%e]d
R A A R LR AR A IR AN T
As shown Inde}'ga ]éw)hum1d1ty condition, characterizing in that a heat
 generating means is arranged in a ventilating passage zone around
said drying means charged with a moisture absorbent such as a drying
agent.

2. An automatic drying device claimed in Claim 1 in which
said heat generating means is comprised of a part of a timer means
for controlling an electric charge to a heating means for heating a
moisture absorbent in said automatic drying device.

3. An automatic drying device claimed in Claim 1 or 2 in
which a humidity sensing element of a humidity control means
provided with said humidity sensing element for controlling humidity
in said closed cabinet is arranged in a location where is not
affected by heat of a heated drying agent and radiation from said
heat generating means.

4. An automatic drying device claimed in Claims 1 to 3 which
compfises a blowing means for forcedly blowing air responsible for
a drying agent in said drying means.

5. An automatic drying device claimed in Claim 4 in which
said blowing means can be driven intermittently.

6. An automatic drying device provided with a regeneratively
treatable drying means for keeping an inside of a closed cabinet
under a low humidity condition, characterized in that a casing of
said drying means is partially inserted into said cabinet, whereas a
timer means is arranged out of the cabinet while 1eaying a part |

thereof in the cabinet.



by~ per for maffce curves, when the fan 600 is driven internittenquul"ﬂﬂwﬂuunuluun
initial humdity of about 60 %in the cabinet 1 is gradually

28 % 22 %and 20 %after 6, 12 and 24 hours past, respectlvely, “which"
denonstrates that the dehumdifying abilliAy in the cabinet 1 is nearly
doubled, i.e., the present drying device functions nore than two

conventional ones (see, a performance curve (Y)). Wiile the final humdity

in the cabinet 1 js ,abou

he fa d
(see, ba perfor][ra ceAG'uFV °T‘2§')/C \gr‘lgﬁatﬂ ‘g?‘”ccpfeepg'r%é!éaﬁé L@ggﬁoféﬂ ni;_l?g‘g%%t
20 % f
500 1 o hrEaFa e g nE RERR YortkbebIRGIARaRTHR 6F & USEROKHB AOE (R0
perfor mangeqd et 100 fumt B8ty LORIIESIRNE ) & T inOR) & PRST Al Y ncﬁméﬁ bjit es

to mniaturize the aut onat¥c drying deV|ce err] and I nprove
dehum di fyé Ngruradiabisby¥bent such as(Brbpsié nEiti cd) ge] is stlﬂkf foar gRCenmet ween

two automatic drying devices Dferr] and D2 according to Enbodi nents 1 and
2, respecguwitdoe ofsaadryntitdetment chamber in the drying means.
8. An automatic drying device provided with a regeeratively
tréatab]e drying means for keeping an inside of a closed cabinet
under a low humidity condition, characterized in that at least
p]ural'drying means are installed in the cabinet so that respective -
m;isture—absorbing and -liberating sides of dry treatment chambers

are arranged opposingly each ather.



foll owtng. As shown in Fig. 8, a noisture absorbent 700 conprising
noi sture absorbi ng agent such as B-type silica gel
inngr surfaces of front and back walls 207 and 208 of a dry
206 in Enbodiment 2. Qther structure is conmon
her ei n.

a power f ul

chamber

drying devices D1 and 02 and is not detailed
cabinet 1 is dehumdified through a dryi ng neans

menti oned noi sture absorbent 700 and a
automatic drying device Derr]
under a tenporarily overl oaded

dehumidi fied, for exizﬁr
/

noi sture shoul d be
dryi ng

1]

is
conditi on wh

is stuck on
t r eat ment
to both autonmatic
Air in the

200 conprising the above

regenerative drying agent 227. The
abl e to conduct dehum dification even

e an excessive anmount of -

eJ for preparing dry flowers or
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t horoufhly Wwet shoes. An increase in humdity around 80 %to 90 % in such
a case can be dropped to about 60 %to 50 %rapidly by neans of the

moi stur e’ absor bent 700, followed by dehum dification by neans of the
regenerative drying agent 227, thereby exhibiting a quick drying effect.
The noi sture absorbent 700 thus absorbe@ is dehumdified and refreshed by
means of the automatic drying device D2 after the treated goods such as

shoes are taken out. (Enbodi nent 3) . As shown in Fig. 9,
two dryi ng neans 200A and 200B of an automatic drying device Derr]
according to Enbodinent 3 are i nsté'lll JZEd o] ack wall plate 12 of a
cabinet 1 so that respective noi st 1é- a r‘bi ng and -1i berating sides

t hereof are arranged opposingly eac¢h ofher{ Internal struct of the
automatic drying déQe P32 i DD ¢ Shi {h D of shown ig. 1 and
I's not detailed herein. A Rumdity cofitrol 0lrand a relay
circuit (not shown) | alloy th ' ) ing mMQQure to
actuate so as / o o 220
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12- to“decrease the hum dity by dehum dification when the humdity in the
cabinet 1 is higher than a preset level, e.g., 50 % while the humdity
controller 401 allows the other drying neans 200B for |iberating noisture
in the inside of the cabinet 1 to actuate so as to increase the humdity
therein when the humdity drops under a greset level, e.g., 40 % Because
t hese drying nmeans 200A and 200B are arranged on the cabinet 1 to

opposi ngly absorb and |iberate npoisture each other, the humdity in the
cabinet 1 can be automatically maintained within a nmediate | evel, usually
at 40 %to 60 % It should be understood that the humdity
controller 401 may be fitfed not only to the front wal _jft ot her walls of
t he second housi ng porEEBh 223 in any drying device of “Enttodi nents 1 to 3
VWil e transformation of e shape-renp a9 SMA) Wi fe-22PRRe to heat
exposure is chara } '
| ower shutters 217

can_bobiyi wien expandi ng

coils woul d bpi-ng L JIb $i i e—arae—p e ]/ (Effect of
the I nventiofi)y \ Typl ¢ ILeffects arhieu_d_b¥Ut1e present invention
will be descfjbed\in the fol{owTg: =TT pvenent in
Dehum di fyi ngj{ 401 P | Abfilities
ying| 4 Gy Ty
o

FIG. 3



An~arrangenéht of a heat generating neans is i:n a ventilating passage zone
around a.drying nmeans for heating air in a drying chanber allows to cause
an ascending air current and increase an air current around an drying

' 13

agent, thereby dehum difying and

drying abilities being inproved considerdbly. In addition, the drying
ability is effectively inproved by an ascending air current caused by
partially utilizing heat generation of a tinmer neans. (2)

| mprovenent in Humidity control Accuracy As a hum dity sensing

el ement of a humdity control means is arraynged in a |location so as not to
be affected by the heating neans, t {y control accuracy in the
cabinet is inproved and damages of jtored goods therein is prevented.

(3) Inprovenent in Regenerating Trgatment Effect of a Dryi'ng Agent

As air around the drying agenfNiis flbrcedly blown by a bl owi ng neans,

regenerating treatnent of the?ﬁ"ru agent is
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cgnducfed r'api dly. (4) Stabilized Low Hunmidity Condition and

| nprovenent in Durability As the blowng neans is intermttently
driven by neans of a tinmer only for a required tinme period, humidity is
rapidly dropped in the beginning and kept safely at a | ow level for a

| onger period of tine wth | ess | eakaga& of air, thereby inproving
durability and other performances as well as power cost. (5) Low
Hum di fication in a Cabinet and Inprovenent in Storing Capacity

maj or parts of a casing of the drying neans and a timer neans are protruded
outwardly fromthe cabi net, goods storing capacity and stock ability of the
cabi net are markedly i nproved, while nost of heat generated by these neans

i s discharged out of the cabinet wt t her mal af f ect i ng,
deteriorating or damagi ng the stored ST\ 3
14
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FIG. 5



(6) Inﬁrovehent i n Dehumidifying Function . As a regenerative drying
means and a noi sture absorbent such as B-type silica gel are enployed in
conbi nation, speedy and averaged dehunmi difying ability of the cabinet is
effectively obtained. For exanple, because of a shorter drying period of
time at a normal tenperature, an origigal color of dry flowers can be

kept as it is, or clogs such as shoes can be dried w thout damagi ng

| eat her. (7) Preservation of Constant Hum dity As plura
dryi ng means including the regenerative drying agent are installed so that
respective noi sture-absorbing and -I%ferat'ng si des thereof are arranged
opposi ngly each other, a constant Hh @Lkﬁ;cﬁedition of, e.g., 50 %in the
cabinet is stably kept throu i t hout supplying noisture.
(BRI EF DESCReR&tENicalTHE DRAW NG) Fig. 1 is a eross-sectional

vi ew of an aut ontkiaeidgyi ng

—
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Qevicekaccdrding to Enbodi ment 1 of the present invention; Fig. 2

is a sectional rear elevation of a drying neans of Fig. 1; Fig. 3
is a front view of a drying neans of Fig. 1; Fig. 4 is a front
view of a drying neans in a installed situation of Fig. 1; Fig. 5
is a structural arrangenent of Fig. 1; 7 Fig. 6 is atinme chart of
Fig. 1; Fig. 7 is graphs illustrating relationship between

hum dity and treating time of a drying device shown in Fig. 1 and a
Fig. 8 is a fragnentary side view of an
15

conventi onal
automatic drying

hunidity cabinet (%)

humidity in cabinet (%)

O 1 . L L L
s 12 18
time (hr.)

FIG. 7 a

time (hr.)-

FIG. 7 b



devi ce gcbor%ing to Enbodi ment 2 of the present invention; and

Fig. 9 is a front view of an automatic drying device provided with a
dryi ng means accordi ng to Enbodi nent 3 of the present invention.

16 What is claimed is: 1. An automatic drying device provided
with a regeneratively treatable drying geans for keeping an inside of a
cl osed cabinet wunder a low humdity condition, characterizing in that a
heat generating nmeans is arranged in a ventilating passage zone around
said drying neans charged with a noi sture absorbent such as a drying agent.
2. An automatic drying device clainmed i Claim1l in which said heat

generating neans is conprised of a a tinmer neans
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for corttYolting an electric charge to a heating neans for heating a
moi sture absorbent in said automatic drying device. 3. An
autagmatic drying device clained in laiml or 2 in which a humdity
sensing elenment of a humdity control neans provided with said humdity
sensing elenment for controlling humdityy in said closed cabinet is
arranged in a location where is not affected by heat of a heated drying
agent and radi ation fromsaid heat generating neans. 4. An _
autormatic drying device clained in Claims 1 to 3 which conprises a bl ow ng
means for forcedly blowng air responsible for a drying agent in said
dryi ng neans. 5. An automatic drying device clainmed in Claim4 in
which said bl owi ng neans can be driven intermttently. 6. An
automatic drying device provided with a regeneratively treatable drying
means for keeping an inside of a close Binet under a low humdity '
condition, characterized in that a_c ngof caLd_dLyLﬂg means i s
partially inserted iﬁ?b sai d cabinet, whereas a tiner ans i s arranged

out of the cabinet while | eaving a part

PSS Y s— : -

bon a8

FIG. 9



t hereof in the~cabinet. 17

7. An automatic drying device provided with a regeneratlvely treatabl e
drying nmeans for keeping an inside of a closed cabinet under a |ow

hum dity condition clainmed in Clains 1 to 5 in which a noisture absorbent
such as B-type silica gel is stuck on an inner surface of a dry treatnent
chanber in the drying neans. 8. An automatic drying device provided
with a regeeratively treatable drying neans for keeping an inside of a

cl osed cabinet under a |low hum dity condition, characterized in that at

| east plural drying neans are installed in the cabinet so that respective
noi st ur e- absor bi ng and -Ilberatlng sides of dry treatnent chanbers are

arranged opposi ngly each ot her. ABSTRACT

AUTOMATIC DRYING DEVICE

There is praovided a small-sized, pawer cost saving automatic
drying device of a closed type cabinet having increased storing
capacity and impraved drying ability, in which a heat generating
means is arranged in a ventilating passagelzone aragund a drying
means charged with a moisture abserbant such as a drying agent, said
heat genarating means being partially heated by a timef means for
cahtrcl]ing an electric charge to a heating means of the moisture
absdrbent, a huhidity sensing element of a humidity control means
is arranged in a location where is not affected by heat of the heat
generating means, a intermittently blowing means is fitted, a
caiing of the drying means is partially inserted into the'cabinet,
whereas the timer means is arranged out of the cabinet while leaving
a part thereaf in the cabinet, a moisture absorbent such as B-f;pe
silica gel is stuck on an inner surface of a dry treatment chamber,
and at least plural drying means are installed in the cabinet so
that respective moisture-absorbing and ~liberatin§ sides of dry

treatment chambers are arranged opposingly each ather.



