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SPECIFICATION

TITLE OF THE INVENTION

High'frequency_heating apparatus

TECHNICAL FIELD |

| The present inyention reietes-to a high freduency heating
apparatus having a door.of a.microweve'oten or microvave oven-range
prorided with a ewitch function§ so as to turn off the sritch and
stop oscillation of nicroraves rhen the_door is opened, and to turn
on the switéh end start oscillation of microvaves vhen the door is

closed.

BACKGROUND ART

"In the conventionel microwa#eaoven having a laterally

opening door, the role of.the switch for stopping oscillation of

-microwaves'for cooking ahd_heettng"iﬁ-provided.hy combination of a

door key forned-in'the door and the door hook formed in the main

. body, and the latch switCh'is_cqt off when the door is opened and

the latch switch is turned on when the door is closed, and by
turning on the operation svitch oflthe main -body, oscillation of

microiaves is started The door key and door hook are composed S0

as to be engaged wrth eacb other as the nutual contact surfaces

!
b

_slrde to be engaged w1th each other. and the s11d1ng surfaces ¥ere

coated with grease to have 1ubr1crty, and the sliding surfaces were



prevented from beihg.abraded.ﬁhd:worh out during use So thht.
finally, the'latch svitch may nof fail to.work;

"For grease applichtion on thé siidiné sﬁrfgces,-hovevér._
uneven coating tends td occuf. and the sliding beagmgswpoor vhen
coating is.inéuffiéient, and-abrasiOn of the sliding éurfaées_may
increase, and the'micfdwave“ovéﬁ ﬁa} féi1 to work if thg door is

closéd Besideé; as the greasé.ié ﬁpbliéd oh the-sliding surfaces,
| it may be discolored due to contam1nat1on or deterioration in a long

course of use, and the appearance becomes poor.

DISCLOSURE OF THE INVENTIDN-

In the light of the-ébove background, it is a primary ohject
of the invention to present a.hi§h"frequen9y héating épﬁaratus
characterized-by specifying.thgfmateriél.used id fhé ddor_kéy or
door.hook so as to be frée from'switch troﬁble due to-abfhsion of
s11d1ng parts in a long course of u;e w1thout app1y1ng grease on the
sliding parts of the door key and door hook. It is also_an object
of the 1nvent10n to eliminate defective appearance due to céntamina-
‘tion or deterioration of greaée By not applying.grease on the slid-
'ing parts. |

To achieve the objects, according tq'first means of the
invention, the door key is made.of a resin filled with acicular
crystal of which'lohs"hardhesses is lower than that of glass fiber,

and the door hook to_be engaged with the door key is made of a resin

material filled with glass fiber.
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According fo second heans'bfjthe invention. the door key is

_made of a resin filled'with'atileast one of acicular cr&stals of

potassium. titanate, calcium'metasilloate, magnesium pyroborate,

barium titanate;.snd Einc oXide‘of uhich ¥ohs’ hardness is loief
than that of glass fiber; aud the door hook to be engaged with tﬁe
door key is nade of a resin material.fllled vith glass fiber.
According to thlrd'ueans of'the invention,'the uoor key is -
made of a resin filled with at'least one of acicular crystals of

potassium titanate, calcium metasilicate, magnesium'pyroborate.

‘barium titanate, and zinc oxide of which Hohs’s -hardness is lower

than that of glass fibef;"ith the diameter of acicular crystal
being 0.1 £mw or more and 50 xm or less, aud_the door hook to be
engaged with the door'key'is made of a resin material filled with
glass f1ber | |

According tolfourth means of the 1nvent10n..thefdoor key
is made of a resin filled with'acicular'crystal of vhich Wohs’
hardnesses is lover than that of glass flber. and the door hook to
be engaged with the door key is made of a resin naterial filled wlth
glass fiber, vith the res1n surface roughness of the door key bexng
smaller than the resin surface roughness of the door hook

The 1nvent1on. be1ng thus const1tuted can prevent malfunc-

tion due to abras1on by s11d1ng of the door key and door hook by

opening and closing of the door lithout applylng grease on.the_

sliding parts of the door key and door hook.. It is also free from

defeotive appearance due to contauination by application of grease



on the'sliding parts of the dodr'kéi and door hook and discoloration

of the grease as experiehced in the prior art.

Brief Description of. the Drawings

Fig. 1 is a perspeétive appearance view of open ddor state
of a microvave oven in an embodiment of the invention;

Fig. 2 is an esseﬁtial.sectioual view showihg door key and
door hook of the microwave oven;

| Fig. 3 is an essential sectional vie;'sﬁowing the door key |

of the microvave oven; | oo

Fig. 4 is.an essenfiél sectional View.shoving the door hoak
of the ﬁicrqwavé oven; and | |

Fig. 5 is a diagram éhoﬁing thé relation betveen fibér

diameter and tensile strength. . -

Best Hode of Carrying Out'fhe fnventién

Referring nov to Fig. 1 to fig..5. an embodiment of the
invention is deséribed in detail beiov. | |

In Fig. 1 and Fig. 2, reference numeral | is a microwave
oven which is a high frequency heating_apparatus, and the microwavé
oven | consists of a microvave.oven main body 2 (hereinafter calléd :
main body){ a heating comparfment 8 for accommodating the food, a
door 4 for closi;g the heafiné compar;mént 3, and an operétion unit
5, and the door 4 is provided with a door key 6, ﬁnd in combination

with a door hook 9, a latch switch A 10, a latch svitch B 11, and a



, short srifch.lz incorporated in'the méin bod§ 2, a lafch switch
(switch) isICOmposed for sfbhﬁing'oscillation-of miérowéves by-ﬁ
magnetron (not shown) for heatlng the food |
The door key 6 1s des1gned to sl1de as be1ng coupled vith a

door key cover 8 and a spring 7 shown in F1g. 3, and the door hook
9 has the latch éwitch«Aslo, latch sv1tch B 11 and short sv1tch 12
for stoppxng oscillation of microvaves, and vhen the door 4 is
closed, an upper key 6a of the upper s1de of the door key 6 pushes
~the latch switch A 10, aﬁd a‘lower key 6b at the lower side-of the
door.key 6 pushes the latch switch B ll;and short switch 12 through
,é hook spacer 13, thereby turning on the latch switch A 10, latch
- svitch B 11, and short switch 12, so that it is‘feady fq7§tﬁrt
oscillatiun of microwaves. iheﬁ thé door 4 is opened, on the other
hand, the door key 6 is'deta¢ﬁed from the door hook 9, and'the
latch switch A 10, latch switch B 11, and short switch 12 are.furned
off, so fhat osci]latidn of microvaves is-stqﬁped{

| . In this constitution, when the.door 4 is closed, as shown in
Fig. 3 and Fig. 4, an upper-kdy.leéding end portion 17a of the upber_-
key 6a of the doé}'key16 contagts‘with an uppér key'insertion
' portioﬁ.l4a of the door hook 9, -and slides upward to pass a flat
portioh 15a inside of.the_upper key insertion portion; and further
passes an end portion 16a 1nS1de of the upper key 1nsert1on port1on
and pnshes the b;tton 10a of the latch switch A 10 while caus1ng the
end portion 16a. inside of the uppernkey_1nsert10n portion and the_. |

upper key leading end lower portion 18a to rub against each other;



“thereby turning on the latch switch A.lo. Similarly, a lover key -
~ leading end portion i?b_of the ibver kei 6b of fhe door key 6 .
contacfs.with a lojer-key_inSertion'bortion 14b of the door hook 8,
and slides upvard to pass a-flat portion 155 inside of ihé lover key
insertion portion, and further_phsses.an'end portion 16b inside bf'
the lower key insertion.portion andiﬁuéhes the hook spacér 13 while_'
causing the end.bortion'lsbzinside of the lofer.key insertion
-portion and the lover key leading end lower portion 18b to rub
against each other, and theréby-the hdok-spaéer 18 pushes the button
11a of the latch switch B 11 and ﬁutton 12a of the short switch lé.
thereby turning on the latch'switch'ﬁil and short switch 12. Then.
ohening the;door.4. in reverse operation, the latch switch A 10,
latch switeh B 11, and short svjfch_12 §re turned off. .

In thié dmbbdiﬁent, fhe_door_key'ﬁ is formed of a resin
adding 5 wt. X of'potassium £itahate vhiskgr to PBT (poiybutylgné-.
terephthalate). Conveﬁtibnaliy.'uSing_the door key.pade.of résin'
blending 10 wt.% of glass_fiber to PBT resih. and the door hook made
of resin blending 10 wt,X of gléss fiber to PBT resin, as mentioned
above, the lubricity vas enﬁanced_by applying grease .on thé sliding
parts, but when_the'gre59e applibation.was not enough, thé door key
-and-door hook rubbef against each ofhei; and_thg rubbing parts.
abraded, and the leading end of the key failed to push the button
of the latch switeh A provided in the door hook, Bs a result, .
microvaves wére not oscillated, and the microvave oven failed to -

work. In the conveniional'glass fiber filled PBT, the skin layer of



the PBT resin was peeled and iﬁ£é;ﬁé1‘;i;ss.fibers vere éxﬁoséd. and
the exposed glass'fibérs acféd i{ke_f;iés'to abrade mutuaily éhd o
were wdrn out, o .  | '

In the invention, howévéf;_tﬁejglass:fiber_of the resin of .
the door ke& 6 is repiabéd bj'ééfculaf:crYétal lover ih haréness-_ 
than the glass fiber'to'avoid:the fiie effect to ahrad¢ the opposite
door hook 9. -Besides, thé_glass fibér'is large in diameter, large
in fiber_diaméter,'and-hence 1arge in surfaée.rOughhess'to form a
rough fi}e éurface to abrade the oppdsité surface.‘but by uging the
acicular crystal of smaller diaméter'anﬁ smaller fiber diameter, the
surface roughness is smé;léf. 5nd'the aégreé of wear is smaller, so
" that the opposite door hook 9 may be hardly abraded. 'lhisker of
ﬁotassium titanate has Hohs® hardness of 4 vhich is Iower as
compared with gIﬁss fiber, and the wear is less if rubbing against
the glass fiber filled'PBT. The thrust wear test_data is sﬁoin in

' Table 1.

. Table 1
Sample - |Coefficient kinematic ‘Specific vear
, viscosity -~ - (an®/kgfkm)

Fixed Rotating uk _ Fixed | Rotating
side side 1 L side side
PBT/GF | PBT/GF -~ 0.44 0.0812 | 0.0920
PBT/GF | PBT/TIK | . 0.16 o 0. 0450
PBT/TIK| PBT/GF - 0.38 1 0.0640 -0. 0330

PBT/TIK| PBT/TIK | __0.51 0.0394 0.0619

PBT/GF : glass fiber filled PBT -
PBT/TIK: potassium titanate whisker filled PBT



As known from Table 1, by'tésting in the conditions of
surfgce préssure of 0.6 kgf/cn®, peripheral speed of 30 cm/sec. and
running diétance of 10 km.'thé smallest wear was achieved 5& using
glass fiber filled PBT at the fixed'side..and potassium titanéte
filled PBT at the rotating'side.'

| Moreover, in compérison qf ihé door key 6 of the microwavé
oven 1 made_of PBT containing lblwt.x of glass fiber and the door
hook 9 made of PBT.éonfaining 10% of glass fiber, and the door key 6
made of PBT containing 5 wt.% of pdtaésium titanate whisker and the
door hook made of PBT coﬁtaining 10 It.ﬁ-bf glass.fiber, the door
opening énd closing test ﬁas céﬁducted 150, 000 strokes:witﬁout.':
#pplication of grease;'and'in the case of the door key 8 of the
ﬁicrowavé oven 1 made of PBT containiné 10 wt.X of glass fiber and.
the door hook 9 made of fBT'bontaining 10% of glass fiber, the door
key 6 and door hbbk'g ébradéd.,and-the latch_switcﬁ_failed or nearly
failed, vhereas in the casé-of'the door key 6 made of PBT contaihing
5 wt.X of potassium titanate whisker and the'doorlh60k 9 made of PBI
containing_lo vit. % of glasé fiber, there was almost no abrasion, and
the latch switch vorked norméily. |

Fig. 5 shows the relation between fiber diamefér and tensile
_ strength. As known from the diagraﬁ, the tensile strength“of fiber
increased-when_the'fiber'diaﬁeter lés 50 um or less. Pfeferably.
the tensile strength of fibe: i§ higher at 0.1 gm or more and 5 um
or less. In the acicular crysfalf the smaller the fiber diameter,

" the higher strength closer to the theoretical stremgth of the



substance is realized, and it is known that the reinforcing effect
is greéter by using acicqlar'cr§Stai of spaller fiber diaméter{
In this embbdiment. as the;abicyiar'cfﬁstal 6f vhisker of.potassiuﬁ
titanate; the material with méan fibér'diameter of about'd,s zu and
mean fiber length of ﬁboutuls an vas used. Berein, the érystal
| vith a short fiber is_expteSsed'ﬁslacicular crystal, but it also
includes column aﬁd bar shape. . |

The reasén of definition of diameter of acicular cryétal of
O;l um or more is that the érystal;lenéth'is not enough if the
diamefer of acicular single crystal is less tham Q.l un, and
therefore the feinforciné effect.ié smallér and the stfength of tﬁe
resin is lovered. | |

:Aé the diameter of the acicular single crystal is largef;
“the crystal length becomeé 1onger and the reinforcing efféct
increases and the resin streﬁgth is enhanced, bﬁt_the surface
roughness of 'the resin also increases and'thellubiicity.drops.
* Therefore, the diameter of the acicular single crystal.ié-preferred
to be somewhere beﬁleenlo.s Lu and § L. |

Besides; calcium mgtasilicate'(iollastﬁhite). magnesium
pyroborate, bariﬁm titanaté, and.ziné oxide'afe ais0'iower:iﬂ Mohs’
hardness than glass fiber..énd are expected'to.enhance the lubriéity;
.and also obtain reinforcing effects, so that the same effects as
potassium titana;e are"obtéined, As the acibulaf crystal of zinc
oxide;'whgther'in'single fiber of in tetrapod, same effects are

expected.



The embodiment relates to the ﬁicréwave oven or microwave
.oven rangelof laterally open1ng type. and in the case of microwave
oven or m1crowave oven-range of vertlcally opening type, vhen the
door key and door hook are engaged and the latch sthch mechanism of
frictioﬁ structuré is composed;-by ﬁsing the same resin material,

abrasion is prevented, and_henCe'it is equally effective.

INDUSTRIAL APPLICABILITY .

According to the inventioh; as described herein, by using
‘the door key made of a resin f111ed w1th ‘acicular crystal of which
‘Mohs® hardness is lower than. that of glass f1ber. malfunctlon of
svitch due to abras1on by sl1d1ng of the door key and door hook by
opening and closing of the door can_be prevented without applying
grease on the sliding pafté'df the door.key and door hook (or by
applyidg_very spéringiy).. If_ﬁence'presents the microvave oven free
ffom defeétive appearance dué tp coﬁtamination by appiication of
grease.én the sliding parts of fhe“door key and door hook ;hd '

' discoloration of greases.

..lo_



AR T

Yhat is claimed 1s

1. A high frequency heat1ng apparatus haV1ng the door key
'made of a resin filled vith ac1cu1ar crystal of vhlch lohs |
hardnesses is lover than that of glass fiber,

2. A h1gh frequency heat1ng apparatus having the door key
nade of a resin f111ed w1th at least one of acicular crystals of
potassium t1tanate. calciua metasllrcate, magnes1um pyroborate.
barium.titanate. and zinc oxide of which Mohs's hardness is 1ower.
than that of glass fiber. -

3. 4 high frequency'heating'anparatus having the door key
made of a resin filled with at least'one of acicular crystals of
potassium titanate, calcium metasilicate, magnesium pyrobdrate;-
barium titanate, and zinc oxiae uf vhich Hchsfs hardness is lover
' than that of glass fiber, w1th the diameter of ac1cu1ar crystal
~ belng 0. 1 1Lm or more and 50 um or less.

4. A high frequency heating apparatus comprising a heating
~ compartment, a door having a uocr key for closing the front opening
of the heating compartment. a hook snaccr manipulated by the door,
a door hook to be engaged with'the door key, and a switch turnec on
or off by the_door'key and hook spacer, vherein the door key is made
of a resin filled vith acicular crystal of whtch Mohs' hardnesses is
lover than that of glass fiber. and the door hook to be engaged vith
the door.key is nade of a resin material filled uith'glass fiber.

5. A.high frequencr.heating apuaratus'ccmprising a heating

compartment, a door having a door key for closing the front opening

. 11 -
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of'the heating compartment; a hbok sﬁacer manipulated by the door, a
- door hook to be engaged vith the door key, and a switch turned on or
_off by thé door key and hook spacer, vheréin the door key is made of
éiresin filled with at leaét one of acicular crystals of potaséium"'
titanate, caiciﬁm metasilicate, magnesium pyroborété. barium
titahate; and zinc oxide of which !ohs’s hardness is loyer than that
of glass fiber, and the door hqok'fo be“engaged_with-the door key is
i made of a resin material filled with glass fiber.
6. A high frequency heating apparatus comﬁrising_a heating
P ' compartment, a door-havingré‘dobr key for closing the front opening .
of the heating compartiment, a hdok sﬁ;cer'nanipulated by the door, a
-door hook to be engaged with the door key, and a sritéﬁ turned on_or
off by the door key.and hook spacer, wherein the door key is made of
é | a resin filled with at leést'oné of acicular crystals of pdtassium
i titgnate,-calciuﬁ mgtasi]iéate;-ﬁagﬁeéium pyroborate, barium

" titanate, and zinc oxide of which Mohs's hardness is lower than that

é ' of glass fiber, with the diameter of acicular crystal being 0;1 Zn
. or more and 50 xm or IESS, and the door hook to be engaged with the
door key is made of a. resin matérial filled with glass fiber. |

7. A high frequenéy heéting apparatus comprising a heating
compartment, a dpor having a door key for cloéipg the front opening
of the'heating compartment, a hook'spacer mapipulated by the door,
a door hook to be engaégd vith the d00r.key. and a svitch turnedion

or off by the door key and hook spacer, iherein the door key is made

of a resin filled with at least one of acicular crystals of

: '12-
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potassium titanate; éaicium'mété;ilicéfe. magnesium pyroborate,
barium titanate, and zinc-oxide_éf_ihiCh Nohs' 5 hardnéss is lower
than that.of:glaés fiber; withfthelﬂiaheter_of acicular crystal
~ being 0.1 gm or more and 50 zum or less, and the door ﬁodk to be
engaged wiih the door key is made of.a'resiﬁ material filled vith
glass fibef, vith fhe resin surface roughness of the door key being

. smaller than the resin surfacewrbughness of the”door hook.

' _13 -
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- ABSTRACT OF THE DISCLOSURE
‘ To prevent malfunct1on of sw1toh due to s11d1ng and abras1on _
_'of door key and door hook by open1ng and cIOS1ng of door of a
_.mlcroane oven w1thout grease app11cat1on .
A microvave oven comprlses a ‘heating compartment 3 a door 4
'-hav1ng a door key 6 for clos1ng the front opening of the heating
';'compartment 3. a hook spacer 13 man1puIated by the door 4, a door
hook 9 to be engaged vith the door key 6, and svitches 10, 11, 12
turned on or off hyxthe doo:_key 6 and hook spacer 13, vherein the
_door key 6 is made.o; a resin filied with at least one of acicular
crystals of potass1um t1tanate. ca1c1um meta3111cate. magnesiun

pyroborate, bar:um tltanate. and zinc. ox1de of wh1ch Hohs s hardness '

‘is lover than that of.glass f1ber. w1th the diameter of acicular _

cfystal.being 0.1 2o of.more and 50 xtn or less, and the door hook
9 to be engaged w1th the door key 6 is made of a res1n mater1al

f111ed with glass. f1ber. w1th the resin surface roughness of the

_ door'key ﬁ'be1ng_sma11er than the resin surface roughness of the
" door hook 9, thereby not.nequinEd to'apply grease on the sliding

parts of the door key 6 and door hook 9.




Reference Numerals

1
2

6a |

6b

10
11
12

13

14a
14b

15a

15b
16a
16b
17a
1Th

18a

Microwave oven (high frequeﬁcy heating appargtus)

‘Microwave oven main body (main body)

Heating compariment

Door

Operation unit

Door key

Upper key

Lover key . -

Spring

Door key cover

Door hook

Latch switch A (svitch)

Latch switch B (svitch)

Short switch (switch)

Hook spacer .

Upper key insertion pbrtion

Lover key insertion portion

Flat portion inside 6f_upper key insertion portion
Flat pprtibn inside of lover key insertion portion
End portion inside of upper key insertion.portion
End portion_inside.pf'lower ke§ inseftion portion
Upper_ke; leﬁding end portion |

Lover key leading end portion

Upper key leading end lower portion




~ 18b Lover key ledding end lover portion
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Relat:l.on between f 1ber dlameter _ o i
nd tens:.le strength

tensile strength [GPa]

100
 ’ d:l.ameter [ﬂm]




