METHOD FOR PREHEATI NG LAM NATE, AND METHOD AND APPARATUS FOR
MANUFACTURI NG THE SAME FI ELD OF THE | NVENTI ON The present
invéntion relates to a nethod for preheating a |amnate structure in which
a plurality of polyner plates and conductive netal plates are | am nated

al ternately,

and a nethod and apparatus for manufacturing a |am nated

body. PRI OR ART Such | am nat ed bodies I ncl ude, for instance, a
| am nat ed rubber bo%%T%%g are variously used

fo
FOR PREHEATING LAMINATE AND METHOD AND.

APPARATUS FOR MANUFACTURING THE SAME

FIELD OF THE INVENTION

The present invention relates to a method for
preheating a laminate structure in which a plurality of
polymer plates and conductive metal plates are laminated

alternately, and a method and apparatus for manufacturing a

laminated body.

PRIOR ART

Such laminated bodies include, for instance, a
laminated rubber body and are variously used for
antiseismic or quake-absorbing apparatus and the like,

The laminated rubber body is manufacture&‘by
alternatély laminating §tee1 plates and raw rubber plates
within a.mold, and, during heating the mold, pressure is
applied by a press machine,

_ However, since a raw rubber plate as a constituent
of the laminated rubber body has a small thermal
conddctivity, there is a big difference in rising speed ofz

temperature betwaen a portion of the plate close to a heat

source and another portion remote therefrom. This causes an

uneven cure of raw rubber plates and thereby results in
uniformless adherence between raw rubber plates and steel
plates and unevenness in substantial characteristics of the
resultant laminated rubber body. While it is possible to

secure a certain degree of substantial characteristics by



antiseismc or quake-absorbing apparatus and the |ike. The

| am nat ed rubber body is manufactured by alternately |am nating steel
plates and raw rubber plates wthin a nold, and, during heating the nold,
pressure is applied by a press machi ne, However, since a raw
rubber plate as a constituent of the |am nated rubber body has a snall
thermal conductivity, there is a big difference in rising speed of

tenperat ure begerely arfi¥irngrthel tbhpepaire AJfoxtet Aoddhedhe @OLALEg and
anot her portion renote therefrom This causes an uneven cure of raw

rubber pl ates tbdetbheubb\be areatdyi prolondeastnl ess adherence between raw
rubber plates and steel plates and unevenness in substanti al

characteristics of Ihethissdapect, am ondexd taibdeduckotihe Whimeefor is
possible to secure a certain degree of substantial characteristics by

pressure molding and stabilize substantial characteristics,
there have been recently employed the following methods (1)
(2) wherein raw ruhyer plates and steel plates are heated in
advance up to a temperature not to cause any trouble in
their substantial characteristics and workability before
cure-adhesion thereof. However, each still has drawbacks.
{1) Method 1 |

In this method, layers made of a raw rubber plate and
a steel plate to be laminated are respectively preheaéed.

Referring to Fig. 4, in this methoad, eacﬂ layer made
of a raw rubber plate ! and a steel plate 2’ is placed-qp
each of a plurality of shelves ! within a drying oven [’,
and heated up respectively by hot blast (shown by rightward
arrovs).

In this method, After preheating, the layers of the
raw rubber and steel plates I, 2’ need to be laid and
combined together in the mold for subsequent pressure
molding., However, since a rise in temperature makes the raw
rubber plates ! soft and this makes laying work difficult,
the practical preheating temperature will be limited. As a
result, an iqitial curing temperature cannot be high, and
‘reducing the curing time will not be effectively achieved.
(2) Method 2

In this method, a plurality of raw rubber plates and

steel plates are alternately dispogsed and then preheated as



gently raising the tenperature of the nold, the nolding tinme would be
greatly prol onged. In this respect, in order to reduce the tine for
pressure nol ding and stabilize substantial characteristics, there have
been recently enpl oyed the followi ng nethods (1) (2) wherein raw rubber

pl ates and steel plates are heated in advance up to a tenperature not to
cause any trouble in their substantial characteristics and workability
before cure- adhestombihed anfdy .However, each still has drawbacks. (1) :
Met hod 1 - In this nmethod, |ayers nade of a raw rubber plate and a
steel plate to be | am Refexkiarge tocBpectd yvely givisheatbdd, using a deafterri ng

to Fig, 4, in this nmethod, each | ayer nade
core Al' and an outer frame A2’ arranged within a drying
oven K’ , a plurality of raw rubber plates ! and steel
plates 2' are disposed alternately and then heated as one
body by hot blast (ghowﬂ by rightward arrows).

In this method, since superposing layers after
preheating can be eliminated, the preheating température
can be raised relatively high. However, this method employs
a heating system from outside by hot blast, :i;e in
temperature of an inner layer is delayed cogpared with that
of an outer layer. This is apparent from Fig, 2, after 120 .
minutes from the start of heating, the outside rubber
reaches a preheating limit temperature of 80 C, but the
temperature of the inside rubber only rises up to
approximately 60C . Therefore, in order to obtain a
substantially uniform temperature distribution of the .
laminate structure, heating must be performed gently, not

. . rapidly, and this prolongs the preheating time. As a
result, the time for pressure molding will not be
.effectively reduced.
The data of Fig. 2 were obtained under the following
conditions.
Raw rubber plate ! |
diameter: 520 mm, thickness: 6 mm, hole diameter: 9Cmm
Steel plate 2'
diameter: 500 mm, thickness: 3 mm, hole diameter: 90mm

_Flange



of "a raw rubber plate 1 and a steel plate 2' is placed on each of a
plurality of shelves [err] within a drying oven [err]', and heated up
respectively by hot blast (shown by rightward arrows). In this
met hod, after preheating, the layers of the raw rubber and steel plates
1, 2 need to be laid and conbi ned together in the nold for subsequent
pressure nol di ng. However, since a rise in tenperature nakes the raw

rubber plates 1 softqandetdds soRkam,! eHioEnvesK 28 fufni,CUidle dikRetEF ACHHHA!
preheating tenperature will be [imted. As a result, an initial curing

t enper at ure cannotrehpebhagtire ¥ hot! ®ddstng the curing tine wll not be
ef fectively achi eved. (2) Method 2 In this method, a plurality

of raw rubber pl atessgafd steel plates are alternately disposed and then
preheat ed as

Instead of raw rubber plates, polymer plates may be
used in laminated quies utilized for various purposes other
than for antiseismig or quake-absorbing apparatus, Such
polymer plates may also be required in some instances to be
heated up to a desired temperature with a ﬁniform
temperature distribution and in a short time.

Next, the combined rubber body is further processed
by (1) heating it up to a rubber fluidizing teﬁperature (80
-~ 95C ) and pressing it to form an integrated laminated
rubber body, and (2) securing itg desired product dimensions .
by suppressing thermal vertical expansion of the laminated
rubber body and, under a constant pressed condition, curing
the rubber and cure-adhering the steel and rubber plates (a
cure-adhesion temperature 110 - 125C ). However, since the

. raw rubber plates as constituent of the laminated rﬁbber

. . body_have a small thermal conductivity, there is a large
difference in temperature rising speed between a portion of
the rubber close to a heat source and another portion
remote therefrom. This causes uneven curing and thereby
results in unevenness in substantial characteristics of the
laminated rubber body'(vertical elastic modulus, shear
modulus, adhesion between raw rubber plates and steel
plates, ete.).

Various methods have been tried to overcome these

problems but temperature difference between inside and



- 2- one conbi ned body. Referring to. Fi 5, 1n thIS

nmet hod, using a center core Al' and an outer frame A2 arr
drying oven K, a plurality of raw rubber plates |I and ste ﬁE
are disposed alternately and then heated as one body by ho

by ki ghtward arrows). In this nmethod, since superposing Iayers

af ter preheating can be elimnated, the preheating tenperature can be

ralsed rel atualan Bl EQUCUST1a Lo MIPUIORRIRLEYS 22 DEALIG Sx5l om from

out si de by ot enper a hner I's ’déla ed
conpar ed V“tJ}ééFHto avoid bad influence to products, the moldlng time

must be prolonged. Further, measures for improvement
requires a number of processes and an innovative method has
not been found yet,

In case of adhesion of other type of laminated
structures such as with synthetic resin plates or ceramics
plates and conductive metal plates, there may be also a
problem due to the temperature difference between inside and

outside portions.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
method for preheating a laminate structure in which polymer
plates incorporated in the structure are heated up to a
desired temperature with a substantially uniform temperature
distribution and in a short time. It is another object of
the present invention to provide method and apparatus for
manufacturing a laminated body with which a laminate
structure is heated up to a specific temperature range with
few teﬁperature difference between an inner and an outer
portion thereof and in a short time.

In order to achieve the above objects, the present
invention include the following means.
{Invention according to Claim 1)

A method for preheating a laminate structure of the
present invention includes applying through electrodes a

high-frequency voltage in a lamination direction of the

5 THIS SHEET HAS BEEN |
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of “an outer layer. This is apparent fromFig. 2,after 120 mnutes fromthe
start of heating, the outside rubber reaches a preheati S]_lqe‘rﬂa'sBeenReplaced
temperature of 80[err] C, but the tenperature of the in |y
rises up to approxinmately 60[err]C . Therefore, in order '

substantially uniformtenperature distribution of the |am nate s ruc
heati ng nust be perforrred gently, not rapidly, and this prolongs the

P Tocti vory 18indty SechElird ndpfnd ATdcdb, Rl Sagihs B OB W1 CO) Pﬁe
foll ow ng gﬂnq!tl n er, pl % 0 nMm
t hi ckness: 1hlt& ggl %Y“é&vg% and %togdilmtf‘a? mitadi tds ‘di z%i)met er:

500 mm th'QﬁPQ§§ﬂl%IQGErBQL?lfiﬁggﬁ‘géldgggq&mer pf&@@g?

(Invention according to Claim 2)

In the method for preheating a laminate sfructure
according to Claim 1, the plurality of conductive metal
plates are parallel with each other.

{Invention according to Claim 3)

In the method for preheating a laminate structure
according to Claim 1 or 2, intervals between any adjacent
conductive metal plates are substantially the same.
(Invention according to Claim 4)

In the method for preheating a laminate structure
according to any of Claims 1 to 3, the high-frequency
voltage is applied between the electrodes disposed on
opposite ends of the laminate structure in the lamination
direction.

{Invention according to Claim 5)

In the method for preheating a laminate structure
according to Claim 4, the outermost opposite conductive
metal blates of the laminate structure function as the
electrodes.

~{Invention according to Claim 6)

In the method for preheating a laminate structure
according to Claim 4, flanges made of conductive metal plate
are provided on outer faces of the outermost opposite
plates of the laminate structure and function as the

electrodes.

s - THIS SHEET HAS BEEN |
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-3- di ameter: 500 mm thickness: 25 nm_hole diafeterT 90mm
Tenperature of hot bl ast 80[err]C | nstead of raw rubber

plates, polyner plates may be wused in |aninated bodie gghgu&eﬂmﬁnqmwﬂ

vari ous purposes other than for antiseism c or quake tus.
Such polynmer plates may al so be required in sone mstanEﬂ‘mmg‘ ted
up to a desired tenperature with a uniform tenperature nand in
a short tim%I . . .

nvention according to Claim 7)

In the method for preheating a laminate structure
according to Claim 4, conductive metal plates are provided
in a manner of contacting with outer faces of the outermost
opposite plates of the laminate structure and function as
the electrodes.

(Invention according to Claim 8)

In the method for preheating a laminate structure
according to Claim 6 or 7, the electrodes are heated by
heating means.

(Invention according to Claim 9)

In the method for preheating a laminate structure
according to any of Claims 1 to 8, the laminate structure
has a through bore in the lamination direction and a core
member maae of non-conductive material is inserted into the
through bore so as to position the plurality of polymer and
conductive metal plates,

{Invention according to Claim 10)

. . | In the method for preheating a laminate structure
according to any of Claims 1 to 9, an annular housing member
surrouﬁds the laminate structure in contact with the
peripheral lamination surface thereof so as to position the
~plurality of polymer and conductive metal plates.
(Invention according to Claim 11)

In the method for preheating a laminate structure
according to Claim 9 or 10, at least one of the housing
member and the core member has a coefficient of dielectric

loss not higher than 0.3,
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Next, the conbi ned rubber body is further processed by (1) heating it up
to a rubber fluidizing tenperature (80 - 95[err]C ) and pressing it to
forman integrated | am nated rubber body, and (2) sec%%;gg" s_de iqed
product di mensions by suppressing thernal vertical expapsiiics aced

| am.nat ed rubber body and, under a constant pressed con Iui Iﬂ t he
rubber and cure-adhering the steel and rubber plates (a H

tenmperature 110 - 125[err]C.). However, .since the raw rubber plates as
consti t uent (étl’weﬁ%ngrr?ﬁg{”é?il?%bfb%\r,&a&('}H}?Have a snmall thernal -

conductivity, there,i r ' ren in_t | Si eed

bet \/\;enI \;I pgrt I on mAI a{egggﬁugﬁ’ér&ﬁ‘%%ec u%‘iglghga?ggg%?%%é an({ )élnéo}?ﬁ?r% portion
renot e ther Thi S; ' L hereb, {Fgﬂ s in
unevenness ?%%%u gtghﬁfggyéﬁa?ggﬁgﬁgg%#%?&%Pﬁ?ﬁéagIéﬁi%ﬁﬁ% rJ%ber body

(vertical elﬁ%&:n%t@;)@ukuétuﬁge\?&h PP 1130N8ST 981 PREVESTR { W Jrigpber

pl ates and stee pl ates, etc.).
conductive metal plates in an annular housing member which

is made of non;conductive material and surrounds the
laminate structure in contact with the peripheral
lamination surface thereof, applying through electrodes a
high-frequency voltage to the laminate structure in a
lamination direction so as to dielectrically heat the
polymer plates, and applying pressure to the laminate
structure in the lamination direction by a pressing means
at least after completion of the high-frequency voltage
applying process. |

(Invention according QQ Claim 13)

In the method for manufacturing a laminated body
according to Claim 12, the plurality of conductive metal-
plates are parallel to each other.

(Invention according to Claim 14)

In the method for manufacturing a laminated body
according to Claim 12 or 13, intervals between any adjacenf'
metal plates are substantially the same.

(Invention according to Claim 15)

In the method for manufacturing a laminated body
according to any of Claims 12 to 14, heating by heating
means is also prévided under the process of applying the
high-frequency voltage.

(Invention according to Claim 16)

s - THIS SHEET HAS BEEN |
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Vdari ous net hods have been tried to overcone these problens but tenperature
di f f er erToe SiretBaeB&Rn REHCe and
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out si de pg mm '&HMﬂ[not be elimnated. As a results in order to avoid
bad, i nf | C ts, the nol ding time nust be prolonged.

Furt her, neasures for | nprovenent requires a nunber of processes and

5i ti hod t b d yet. , I f adhesi
of other type of | SHAERed Tor, BEPUFEE AN 2 LARERSESR RERTC resin -
| at ' | at copnduct.i t aly .pl . b
B oo s proct AP OB R aF ARGt 14 S eB B Bl S KB o

out si de por%iéﬁﬁ%ncy vof%%gPA@! gEvZkE%é PN xea tﬁme.It i's an obj ect of
I nve (0] a eat

t he present ntion t ovi de met hod for pre ing a lam nate

structure i prybhed:de RUENgPLBt BSaiMCPFporated in the structure are

heat ed
In the method for manufacturing a laminated body

according to any of Claims 12 to 15, the high-frequency
voltage is applied between the electrodes provided on
opposite ends of the laminate structure in the lamination
.direction.

(Invention according to Claim 18)

In the method for manufacturing a laminated body
according to Claim 17, the electrodes are the outermost
opposite conductive metal plates of the laminate structure.
(Invention according to Claim 19)

In the method for manufdcturing a laminated body
according to Claim 17, the electrodes are flanges made of
conductive metal plates and provided on the opposite
outermost sides of the laminate structure.

., (Inventiqn according to Claim 20)

In the method for manufacturing a laminated body
according to Claim 17, the electrodes are conductive metal
plates provided in a manner of contacting with the outer
faces of the outermost opposite plates of the laminate
structure.

(Invention according to Claim 21)

In the method for manufacturing a laminated body

according to Claim 17, the electrodes are pressing plates

made of conductive metal plate as the pressing means.
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up to a desired tenperature with a substantially uniform  tenmperature——

distribution and in a short tine. It is anot her objeﬁi,of t he present
i nvention to provide a nmet hod and apparatus for manufa G aa&wnmwm@d
| am nated body 20 with which a |l am nate structure is heate#

specific tenperature range wth few tenperature di f

an - nner and an outer portion thereof and in a short tine.

order to acrigﬂggééy%naggggrgyhgcég Cfgy% Q&ssent 25 invention includes the

foll owi ng ne Substitute sheet

- 5 February 2002 rding to
e method for manufacturin laminated .
a first enbodi nent o Re present |nvent|on1 ?here I's provided a net hod

for prehealifilhrdraing 3 RAEEmSEE USE WL \Muecféveeewé% REQVAEL Kl &y am nate
structure having alternating lamnation with a plurality 5 of polyner

plates and opaulicld weammt.al plates and appl yi ng through el ectrodes a
hi gh frequency voltage in a lamnation direction of the |amnate

structure so(Bsventildn @cebeatingced!|grdigatzF)he pol yner plates to produce a
uni fi ed body of the plurality of the polynmer plates and 10 conductive netal
pl at es. In the method for manufacturing a laminated body
according to any of Claims 12 to 22, the dielectric heating
is conducted in a manner such that a central core made of
non-con@uctive material is inserted in a through bore of
the laminate structure extending in the lamination direction.
(Invention according to Claim 24)

Apparatus for manufacturing a laminated body of the
present invention is for heat integrating an alternate
laminate structure with a plurality of polymer plates and
conductive metal plates, and includes an annular housing
member which is made of non-conductive material and
surrounds the laminate strgcture in contact with the
peripheral lamination surface thereof, dielectric heating

., means for dielectrically hedting the polymer plates by
applying a high-frequency voltage in a lamination direction
of the.laminate structure through electrodes, and pressing-
means to press the laminate structure in the lamination

~direction.
(Invention according to Claim 25)

In the apparatus for manufacturing a laminated body
according to Claim 24, the pressing means gives pressure at
least after completion of a high-frequency voltage applying

process.

~ 10— THIS SHEET HAS BEEW
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According to a preferred enbodi nent of the present i nvention, T the-
above nmethod for preheating a | am nate structure, tﬁqs lurality of
conductive netal plates are parallel with each other ﬁ' t Has BeanRepincd ng

to a preferred enbodi nrent of the present i nventi on, M’ﬁﬂ,ﬂﬁ%&t hod
t

for.preheating a | am nate structure, intervals betwe
conducti ve netal plates are substantially the sane. According to

a preferred F#T‘bodi nent _of tBe r se% 20 jnvention, in the above nmethod for
preheating a' TR HAE ACeSYs ﬂlggu 2, ah’é“t% h-frequency vol tage i's applied
between  the el EthnO‘it%se %gB?&% SO&IOQT&%%fIa%'&%QQﬁ of E?&iﬁé‘ﬁ%d“a&oea :
structure in the lamnation~diréection. ccordi ng to a preferryed

embodi ment  of £ (e H LN e 123ml BYCBET 24, dHL ta*l%1%%@¥§ﬁg§&999n qxﬁ-amseheati ng

a lam nate structure, the outernpst opposite con Ive ta pl at es
of the lam ngie Si{HiHEL redRSt EQP AsSvddling pRI18EHEYISS. the high-

-7- According to a preferred enbodi nent of "the present
i nvention, ipréfeeddpwa RigaodvEpy PiadEatineg a | amnate
(Invention according to Claim 27)

In the apparatus for manufacturing a laminated body
according to any of Claims 24 to 26, electrodes receiving
the high-frequency voltage are provided at opposite ends of
the laminate structure in the lamination directi&n.
(Invention according to Claim 28)

In the apparatus for manufacturing a laminated body
according to Claim 27, the outermost opposite conductive
metal plates of the laminate structure function as the
electrodes, and the dielectric heating means is capable of
applying the high-frequency voltage between these outermost
opposite conductive metal plates.

(Invention according to Claiﬁ 29)

. . _In the apparatus for manufacturing a laminated body
according to Claim 27, flanges made of condudtive metal
plateé and provided on the outermost opposite sides of the -
laminate structure function as the electrodes, and the

.dielgctric heating means is capable of applying the high-
frequency voltage between these flanges.
(Invention according to Claim 30)

In the abparatus for manufacturing a laminated body

according to Claim 27, conductive metal plates provided in a

manner of contacting with the outer faces of the outermost

- THIS SHEET HAS BEEN |
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structure, flanges nade of conductive netal ptate—are———provided on outer
faces of the outernost opposite plates 5 of the l|amnate structure and

function as the el ectrodes. Accor dilhi ﬂmgﬂaﬂbmdhebﬁﬂd enbodi nent
of the present invention, in the above net ho g a | am nat e
structure, conductive netal plates are provi ded

contacting with outer faces of the outernbpst opp05|te pl' a es of t he

| am nate structure aanfunctlo electro ccq{dlng to a

preferred enBBR? kT tteﬁe°5rgg%n{amm"‘}%ﬁleﬁm&n“re f?ﬁgté%%vgs method for
prehefattl ng a i%%%%‘?&deeﬂlan%t LHE & gleétgke ee%tf ?ﬁeixegkghggaégg }5’%’ heat i ng

nmeans apre erre e prese

i nvention, i eLRed REEhRAL Jgi nat e, the
| am nate str ug%{f ﬂ% Er oué%eg%r efl n ¢ go%tgalrgr‘\enat ﬁgnc%ﬁ%%ﬁ%% and a
core menber ppgge; ofy gggg. 20 conductive material is inserted into the

t hrough hol e so as to position the plurality of polynmer and conductive

met al pl at es{1nventiof\G¥otandqt €cacriff esyed enbodi ment of the present
i nvention, in the above nethod for preheating a |amnate 25 structure, an

annul ar housi ng nmenbed e ppadattsefor manifEitarSniguat IaRihAtEDBEDE W th
t he peri pheral | am nation surface thereof so as to position the
plurality of apebydidg ard Caicdue?i veheeprdsgpiraj egans includes a

pressing plate made of conductive metal material and

applies pressure to the laminate structure during the

dielectric heating, and the dielectric heating means is

capable of applying the high-frequency voltage between these

pressing plates.

{Invention according to Claim 32)

In the apparatus for manufacturing a laminated body
according to Claim 30 or 31, the electrodes are provided
with heating means. |
(Invention according to Claim 33)

The apparatus for manufacturing a laminated body

, according to any of Claims 24 to 32 further includes a non-
conductive positioning means for positioning the plurality
of poiymer and conductive metal plates to be laminated, the-
positioning means Includes a core member to be inserted in

~a through bore provided in the laminate structure and
extending in the lamination direction.
(Invention according to Claim 34)

In the abparatus for manufacturing a laminated body

according to Claim 33, at least one of.the housing member

and the core member has a coefficient of dielectric loss not

-1 9 - THIS SHEET HAS BEEN
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Substitute sheet - 5 February 2002 - 8-
According to a preferred enbodi nent of the present ~— Imnventrefr—na—the

above nethod for preheating a | aninate structure, at |east one of the
housi ng nmenber and the core nenber has a coefficie S(I)#etﬂasele@qaemcgdloss
not, 5 higher than 0. 3. According to a further t he
pr esent I nvention, there is provided a nethod for g a
mer

uni fi ed body .havi ng_ al':Tgrgate | am nation with a plurality
pl ates and i tar plates 10 which i ncl udes acconmodati ng a

| am nat e StI’L![%tvlé%lg ggg l,?%/teor alg nat!on with a plurality of
a

pol ymer pl at es eona at es in an annul ar housi ng nenber

wni Ch 15 made of nog gmepgugﬁ%e“agge %roraang%GQaﬁ'ﬂ{xng Laniit daaBLag! ©

structure in contact ral ['am nati o sur ace t ereo

appl yi ng t hrQugfy §h§CLEO8RY of @ dindn 2l %%U%QCYtKQ|ﬁ@x9§1&go neiderafisngt

structure in a l'am nation direction so as to dielectrically heat the
pol yner pl atgsyitamd1appl ying pressure to the |amnate structure in the
| am nation direction by a pressing 20 neans at |east after conpletion of

the high fregusnGition ¥ekbrgEnf Py Y3123 mP3GQESS. According to a
preferred enbodi nent of the present I nvent.iion, in the above nethod for

manuf acturing a lramthat eppdediins tdr planuFlactyr bhg contindinatedmbobdly pl at es
25 are parallel to each other. According to a preferred enbodi nent
of the presertcordiingveént Codaimi I3 tdre Bhowhempblsddiboingram e tsmppog ta
the peripheral lamination surface of the laminate structure,
(Invention according to Claim 37)
In the apparatus for manufacturing a laminated body
according to Claim 33 or 34, the laminate structure has a
through bore extending in the lamination direction and the
positioning means supports an inner peripheral surface of
the laminate structure which defines the through bore.
(Invention according to Claim 38)
In the apparatus for manufacturing a laminated body

according'to Claim 36 or 37, the positioning means has a

. coefficient of dielectric loss not higher than 0.3.

BRIEF i)ESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory diagram of an embodiment of
~apparatus for preheating a laminate structure according to
the present invention.
Fig. 2 is a graph of the results of preheating
{relationship between the temperature and the heating time)
comparing the case using the prior art method 2 and the

case using the method according to the present invention,

- THIS SHEET HAS BEEN
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| @am nat ed body, intervals between any adjacent netal pl ates. are

substantially the sane. Substitute
sheet - 5 February 2002 - 9- Accor di ng
to a preferred enbodi nrent of the present i nvention, in the above nethod
for, mnufacturing a | am nat ed body, heating by heating neans is al so

provi ded under the process of applying the high- 5 frequency voltage.
According to a pref giged3epbogh nexpl aifatidis @iagedin of amvandd on, in . the
above nethod for manufacturing a | am nat ed body, polarity of the

hi gh- f r equenaybodilMenge of apparzies sBik eraheaftiingdat tamindfe strukdsoredi ng to
a preferred enbodi nent of the present I nvention, in the above nethod for
manuf act ur i nrmeeordingationahedpbesient tinrdnitglonf.r equency voltage is applied
bet ween the el ectrodes provided on opposite ends of the | am nat e
structure in the | afiigat #oasdarcexplanatxy viedcsbeding a ocenvandfiamadd
enbodi ment of the present i nvention, in the above nmethod for

manuf act uri Miethpd (Meighpfaledfppoprehent ini%e @ Aodégahe S FRECHIR%®r NSt

opposite conductive nmetal plates of the | am nate .
Fig. 5 is an explanatory view showing another

conventional method (Method 2) for preheating a laminate
structure.

Pig.6 is an explanatory diagram of an embodiment of
apparatus for manufacturing a laminated rubber body
éccording to the present invention,

Fig. 7 is an explanatory view showing a mold
employed in the apparatus of Fig. 6 and a laminate
structure accommodated in an inner space of the mold.

Fig. 8 is a graph showing relationship between the
inside and outside temperatures of the laminate rubber
structure and the heating time in case of manufacturing by a
conventional method and apparatus and in case by the method
ayd apparatus of the present invention.

Fig. 9 is an explanatory view showing another
embodiment of a mold for manufacturing a laminated rubbér
body and a laminate rubber structure accommodated in an
inner space of the mold according to the present invention .,
| Fig, 10 is a sectional view of another embodiment of
a laminated rubber body manufactured by the me;hod and
apparatus for manufacturing a laminated body according to
the present invention.

Fig. 11 is a sectional view of another embodiment of



structure. 20 According to a preferred enbodi nent of the present
invention, in the above nethod for manufacturing a | am nat ed body,
the el ectrodes are flanges made of conductive. nmetal plates and provided
on the opposite outernost sides of the |am nate structure. 25
Accprding to a preferred enbodi nent of the present I nvention, in the
above nethod for manufacturing a | am nat ed body, the el ectrodes are

conducti ve t I r e o, th the
curer  Cr i ciiminased ByBReR BHAPIANE ARy g RN Mht! {3
Egg?ﬁ;?;ezoo%pparatus according to" the present fnventlo§UbSt'tzégofgfﬁ; £05a
preferred enbodi nent of the present invention, in the above nethod
for manufacturing a | am nat ed body, the el ectrodes are pressing plates

nmade of coRSMEtED ©ERRAPTROAL 6F 2Bu hEyyENaDNNg Means. 5 According
to a preferred enbodi nent of the present I nvention, in the above nethod

for manuf acturing &ome lpa@iteated OABYAindifLlaebeailng 66 echedmbdt
heat i ng nmeans.
invention are described with reference to the accompanying
drawings.

A. Preheating of a Laminate Structure

Fig, 1 shows an embodiment of apparatus for
preheating a laminate structure of the present invention.
In this embodiment, the apparatus preheats rubber layers
incorporated in a laminate structure S with flanges by a
dielectric heating method. The laminate structure § is
sandwiched by parallel electrode plates Pl, P2 provided
along the laminated layers in a lamination direction
(vertically in the drawing), and a high-frequency voltage
generated by a high-frequency oscillator 8 is applied to-and
between the parallel electrode plates Pl, P2 so aé to

. generate_ internal heat in respective rubber plate layers I.
The laminate structure § has a bore & in its center, and is
positiéned in a manner such that a central core Al’, which
is made of non-conductive material, is inserted into the

_bore h,

Major constituent elements of the preheating

apparatus are described in details hereinafter

(a) Laminate Structure $

Referring to Fig. 1, the laminate structure S

includes circular raw rubber plates I;with holes I0 and



According to a pref erred enbodi nent of the present 10 invention, in the

above nethod for manufacturing a | am nat ed body, the dielectric heating
i s, .conducted in a manner such that a central core nmade of non-conductive
material is inserted in a through bore of the |am nate structure
extending in the lamnation direction. 15 According to another

enbodi nent of the present I nvention, there Is provided an

t f fact ur | ified |amipated bady by heat
ntegrating &) Bk’ sPibBearLes iilesTrarPEPRERE o P nation with
luralit | | and 20 . i th

famnato st RS Rayes pEhESy £ih ShsiAE G EROFL 2T hesd °

i ncl udes an Ha¥ea a1§%‘fﬁh@8}g‘3@&‘d MU SnBRH8 0 £ 10N é).f?id%&t%ve
mat eri al and surrounds the h1nate structure in contact with the
peripheral | é?@'o%e%?sfefc%‘i@elﬁ“ﬂ% dd d?xeqtt'sngpﬁgéﬁn@uﬁ@ér sides.
dielectrically heating the pol yier plates by appl yi ng a hi gh-frequency
voltage to the | am Rgfeholest 1OICI20 € IO RdATAREI @Re dbELEH Odnd AN

electrodes,  and pressing means to press the lanmnate structure in t he
| am nation dif&eCddm¥)-diameter. The steel plates 2° and the flangedlfsstitute
sheet - 5 February 2002 - 11 -

have the same diameter, and the diameter of the raw rubber
plates ! is slightly larger than that of the steel plates 2°
or the flanges 3 ., Their specific dimensions are the same
as those of Fig. 2 stated above under PRIOR ART.

(b) High-Frequency Oscillator &

The high-frequency oscillator & is constituted with
a known circuit, and set to generate a frequency of 13.6 ﬁHz.
A frequency used in high-frequency dielectric heating is
generally in the range of 4 - 80 MHz, but any frequency in
the range of 1 - 300 MHz may be applicable.

As shown in Fig. 1, the high-frequency oscillator 8
is provided with a temperature sensor 80 for detecting the

., temperature of raw rubber plates ! and stops the output

when the temperature reaches 85 T .

{c) Central Core Al’

Material having a loss coefficient (dielectric
~constant X. dielectric loss tangent) of not higher than 0.3,
preferably not higher than 0.15 (measuring method:
JIS/Japanese Industrial Standard K 6911, testing
conditions: temperature 20% 2°C , relative humidity 65% 5%,
testing frequency: 1 MHz)}, superiority in strength and heat

resistance, a small coefficient of linear expansion and a



According to a preferred enbodi nent of the present I nvention, in the

above apparatus for manufacturing a | am nat ed body, the pressing neans
gi,ves pressure at | east after conpletion of a high-frequency voltage 5
appl yi ng process. According to a preferred enbodi nent of the
present i nvention, in the above apparatus for manufacturing a

| am nated body, the dielectric heating neans has swW t chi ng neans
for reversi LY. hi gh- fr VQ ry f.i.xed tinme.
pccor di ng a5 BPPERELEh oEfEen' Y vBRno SVRETENY U AR BERY WETC L

above appar a3 b9k FBRULAC AN P corel A1 DAt B BN 2lkiAdgS T ecel Vi ng

t he hi gh-frequency oltage are provided at opposite en the I am nate

15 St_rUCtUreifnicriuﬁgecbﬁ\maﬂﬁ‘aéo&fcﬁﬂe?&tli QBsin, epoxy A Mtled 2eRiRIErred
enbodi ment of the present i nvention, In the above apparatus for

manuf act uri G da respledbifat @adOdibdrize aHBCEEPSHi APPOSIE SHeRNEUGLI Ve net al
pl ates of the lam nate structure function as the 20 el ectrodes, and the
diel ectric healddnghaeaniei Sef£eq bl theOflodpptyengidiwnthiigh setedgdensy
vol t age between these out er nost opposite conductive netal plates.
Accordi ng t highprefdaned, 2nbodthent idf itheepowsentargend rahamt 03, in the
above apparatus for manufacturing a 25 | am nated body, flanges nmade of
conduct i ve nsttarnplldyegenerabed pranat dfd tbr thetoal ergwstd Ioppesiomessi des of

t he | am nate structure function as the el ectrodes, and the dielectric
heati ng nmearextremedyablighef i yihat ofethe pawhribkepuen@tesollt sge bet ween
these flarmﬂiﬁat the temperature of the vicinity of the central core Al’

rises locally and thereby resulting in failure of uniform
heating of the raw rubber plates I.

{d) Function of the preheating apparatus

Referring to Fig. 1, when the laminate structure S
is positioned between the parallel electrode plates PI, P2
and a high-frequency voltage generated by the high-fregquency
oscillator 8 is applied to and between the parallel
electrode plates PI, P2, the éteel plates 2° disposed at -
eqgual intervals function as intermediate electrode plates
and the raw rubber plates ! are all heated at both the inner
and outer portions simultaneously. Consequently, the raw
rubber plates ! are substantially uniformly heated in a
short time. This is épparent from Fig. 2. That is, with
_this apparatus, the raw rubber plates ! can be heated up to
;pproximately 70C by a 12 minutes' output of the high-
frequency oscillator 8 and moreover, the temperature
difference between the inner and outer portions at that
time is as small as approximately 5°C .

(e) Others



Substitute sheet - 5 February 2002 -12-

According to a preferred enbodi nent of the present I nvention, in the
ahave apparatus for- manufacturing a | am nat ed body, conductive netal

pl ates provided in a manner of contacting with the outer faces of the 5
out ernost opposite plates of the |lam nate structure function as the

el ectrodes, and the dielectric heating nmeans i s capabl e of applying the
hi gh-freque vol t age between the conductiyve netal plates. _
Accor ding L413 BFefar PESERRARAR héne 1BRIERRSEYBLEAPRLPY /AR 8 2L n ¢ he

b f | lL.am db he , '
"ncl udes a pr B28FRBS MORREf HoR RO PPRBRATRT | VRO R er S CBAd appl | es
pressur e 10 0kahogLe; sLf YeHng ULk DO EREe dbeleariic ra Noqhpn. and

the dielectric heatrng neans 1s capabl'e o yi ng the high-Trequency

vol tage betwegn hhgses, £6F eopl P! 8beset vapor S¥ G £l 20 #1918 gpeﬁe”ed

enbodi ment of "‘the presen I nvention, In the above apparatus f¢ .
manufact uring &3 oj1l 2MbPECh AP Dhe LBEpBEEEVE Al P 1Wede P19kl , heating

20 neans. According to a preferred enbodiment of the present
i nvention, therakevemBp@aébédisrd-AheFRRUf AHEEI MOLRiIn tHeE ?ﬁTaQ s.body
further 1includes a non-conductive posi tioning nmeans for positioning

the plurality 1@f this case, uniform heating in vertical directions can
be further improved. This is because drop in temperature
due to heat rgdiation from the upper and lower sides of
the laminate structure § can be prevented. This also
applies to an arrangement in which heat boards are
contacted with the parallel electrode plates PI, P2 in a
manner of allowing heat transfer.

The temperature of the upper and lower plates or the

heat boards is set to 85C .

(2) In the above-stated emhodiment, positioning of the
laminate structure S is conducted using the central core
Al' , but is should not be limited thereto, Alternatively,

. .an outer frame may be employed for positioning in a manner
of pressing the outer periphery of the laminate structure
S, &he outer frame may be formed similarly to the outer )
frame A2’ as shown in Fig. 5. This is useful in preheating
a laminate structure with no bore h,

(3) In case of preheating a laminate structure S with
flanges 3, one of the flanges 3 is removed as shown in
Fig, 3 and preﬁeated for the purpose of easier setting of
an intermediate split-type mold for the subsequent cure

molding process,



25 pol yner and conductive netal plates to be | am nated, the posi ti oni ng
means i ncludes a core nenber to be inserted i n a through bore provided
inthe lam nate structure and extending in the lam nation direction.
According to a preferred enbodi nent of the present 30 invention, in the
above apparatus for manufacturing a | am nat ed body, at |east one of the
housi ng nenber and the core nenber has a coefficient of dielectric |oss
not hi ghet41 heegdkrdBless of existence of flanges or dimensions of Stihstitute
sheet - 5 February 2002 -13 - '

According to arpbeéerpltemnbodndesteal pletqw dsenias farnwenai baminatd he
above apparatus for manufacturing a | am nat ed body, the housi ng nenber
is a split-nol gtructure 5 Assordi ajtevnaterismmadd canwotthnenplefal ey present
5 invention, in the above apparatus for manufacturing, a | am nat ed body,
t he positi oni ngf neamsruhssoristene! andestigsemdiatiesnt nat Popheakfntte of the
| am nate structure. According to a pref erred enbodi ment of the
present i nVEREFRRE §h & Hesipedctapprratiure ol feaRdracntdr thg? sShgrt

| am nat ed body, ,the | anmi nate strugture, has a through bore.extending in
the | ani nati ontdPf et dif &PRduAES SHyLE RS 0 en@RreesABpEF R8N i nner

peri pheral sur Lagey; pent.

The laminate structure S of the above embodiment
includes eleven raw rubber plates ! and ten steel plates
2’ , But the numbers of respective plates should not be
limited thereto and any numbers of plates ﬁay provide
similar excellent effects, Especially, a laminate.
structure § having a larger numbers of raw rubber plates
1 and steel plates 2’ (?or example, about 41 raw rubber
plates I and about 40 steel platgs 2'), provides an
extremely superior effect to a conventional one.

(5) Laminated bodies used for other than antiseismic or
guake~absorbing apparatus may include, in addition to raw
rubber plates, polymer plates of Qiene type elastomer (e.g.
natur;l rubber}, non-diene type elastomer, thermoplastic
elastomer-type, liquid rubber type, thermoplastic resin or
thermosetting resin etc.

(6) It is preferable that the steel plates 2’.of the

| laminate structure S are parallel eaéh other because the
surfaces of the steel plates 2’ may obtain further
uniformed electro-magnetic strength due to the applied
high-frequency voltage. In some instances depending on

purposes, a laminate structure § may have steel plates not



of the lamnate structure which defines the through bore. 15

According to a preferred enbodi nent of the present I nvention, in the
ahave apparatus for manufacturing a | am nat ed body, the positioning
means has a coef f icient of dielectric |Ioss not higher than 0.3. 20
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an explanatory diagram
of :an enbodi nent of apparatus for preheating a lamnate structure
according to the ent jnv nt on. f the results

Fi g. % IS, a r%ph
of preheati ngpf§ (llg | §2FB8n2h ?)rbet%é:ﬁ‘ﬁshgatsgr’rp ?'Br{'h?séq'é%cft e "f8ati ng
time) conparing,f Q%tﬁ@iemgﬁéFEkfrkilﬁﬂ Oﬁli m??tﬁgdigterp&ﬁg% ihe ycase using

t he nmet hod accor € preesent I nven Fig.

3 is an expl an@éaro\c.eql 2988 P10 NI a1 TROULERAT c0f SRR B o0p

preheating a lam nate structure according to the present irvention.
so as to adjust the interval difference in terms of high-

frequency.

{7) A high-frequency voltage may flow in various fashions as
far as it may be applied to the laminate structure § in
its lamination directions through electrode. One example
is to make two output lines from the high-frequency
oscillator 8 connectable to conductive metal members (e.g.
providing gripping elements at tip portions thereof) and
connect them with associated electrodes P11, P2.
Alternatively, in case of the laminate structure S having
conductive metal flanges, the output lines may be
-connected to these flanges. The outermost steel plates 2’

may be connected with the output lines so as to serve
concurrently as electrodes. Further, one of the output
terminals may be connected to a steel plate 2' located
.substantially in the middle of the laminated layers and
the other output terminals to both ends of the grounded
laminate structure S (a non-parallel feeding system).
Furthermore, both ends of the laminate structure 5 may be
grounded and output terminals may be connected to two
steel plates 2’ respectively located approximately at 1/3
and 2/3 positions of the laminate structure-(in the
lamination directions) (a parallel feeding system). 1In
these fashions, respective raw rubber plates [ may

uniformly receive dielectric heating.



Fi'g. 4 is an explanatory view showi ng a conventional nethod (Method 1) for
preheating a | am nate structure. Fig. 5 1s an explanatory view
showi ng anot her conventional nethod (Method 2) for preheating a | ami nate
structure. Fig.6 is an expl anatory di agram of an enbodi nent of
apparatus for manufacturing a | am nated rubber body according to the
present invention. Fig. 7 is an explanatory view show ng a nol d
enpl oyed in the apparatus of Fig. 6 and a |am nate _structure accommobdat ed
in an i nner BspAPPagptyfefap peoufacturingrpglapinated Bogdih showi ng

rel ati onship between the inside and outside tenperatures of the | am nate
rubber structure afd9thf RRAWT APRALALUS,fLasBaRPLzaA G & ilRg Bpted

convent i onal t hod and appar at us d in case by the netho and appar at us
of the preseﬂéH§ nvgﬁyﬁaﬁ.ggtruélngi¥1anges on Yts upper and lower PP

sides in using the dielectric heating method.

As shown in Fig. 7, this manufacturing apparatus
accommodates a laminate structure S in an interior space K
defined by an intermediate moid A3, a central core A4 and
upper and lower molds Al , A2, Referring back to Fig. 6,
while a high-frequency voltage generated by a high-
frequency oscillator 8 is applied to between the upper and
lower molds AI, A2 via parallel electrode plates PI, P2,
pressure is applied by a press machine in directions in
which the upper and lower molds Al, 42 approach each other.

Major constituent elements in the apparatus for
manufacturing a laminated rubber body are now be described
in details.

(a) Laminated Body S

As shown in Fig. 7, a laminate structure 5 includes
. circular_raw rubber plates I with holes 10 and steel plates
2’ with hole 20 which are laminated alternately, and further
includés flanges 3 with holes 30 on its upper and lower
sides. The steel plates 2’ corresponds conductive metal
. plates 2 as stated above. It is preferable to interpose
adhesive members between the raw rubber plates I and the
steel plates 2°, The adhesive members include, for example,
a combination of'phenol type polymer and chlorine type
poelymer etc.

Particular dimensions of the raw rubber plates !,



FFg. 9 is an explanatory view showi ng another enbodinment of a nold for
manuf acturing a | am nated rubber body and a | am nate rubber structure
accommodated in an inner space of the nold according to the present

I nvention Fig. 10 is a sectional view of another enbodi nent of
| am nat ed rubber body manufactured by the nethod and apparatus for
manuf acturing a | am nated body according to the present invention.

Filg-4 11 is ansegtbenapiyiew Of amotdner reahgdsnEnirdfas follows:
Raw rubber plate I;. ‘
diameter: 520 mm, thickness: 6 mm, hole diameter: 90mm
Steel plate 2’ ;
diameter: 500 mm, thickness: 3 mm, hole diameter: 90mm
Flange 3;

diameter: 600 mm, thickness: 25 mm, hole diameter: 90mm

(b) High-Frequency Oscillator &

The high-frequency oscillator 8 is constituted with
a known circuit and set to generate a frequency of 13.6 MHz.
A frequency employed in high-frequency dielectric heating is
generally within the range of 4 - 80 MHz, but any frequency
in the range of 1 - 300 MHz may be applicable.

The high-frequency oscillator 8 is provided with a .
temperature sensor for detecting the temperature of raw
rubber plates ! and stops the output when two hours have
passed after the temperature reaches 140 °C .,

(c) Upper and Lower Molds Al, A2

The upper and lower .molds Al, A2 are formed with
circular steel plates the diameter of. which is larger than
that of the intermediate mold A3 provided therebetween.

(d) Intermediate Mold A3 and Central Core A4

Material suitable for the intermediate mold A3 and
the central core A4 should have a loss coefficient
(dielectric constantX dielectric loss tangent) of not
higher than 0.3, preferably not higher than 0.15 (measuring
method: JIS K 6911, testing conditions: temperature 20 =+

2C , relative humidity 65% 5%, testing frequency: 1 MHz),



a lI'am nated rubber body manufactured by the nmethod and apparatus accordi ng
to the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Sane preferred enbodi nents according-to the present invention are
described with reference to the acconpanying drawi ngs. A. Preheating of a
Lam nate Structure Fig. 1 shows an enbodi nent of apparatus for

pr eheati ng a Ianinate structure of the present I nvention. In this

nbodi t t h gt b d .
o nat e st r G0EuPE SURPEROF| ShoReSaytR anfchEet rTe HOAIToRy HeVRod. The
| am nat e S”‘é&%‘i c§ k§1c§§§9V4§ﬁ%qxe‘&¥ 8%?%?&; el Rt ads l%'béfo?fs P4nP2
provi ded along Pam ha ayers i na lamnation direct fvertlcally

in the dram‘QQLe,aQQdabQ|Q@afﬂﬁﬂH?Qle%Q|EGQ@, Specific examples are

compounds of phenol resin, epoxy resin, ester resin and
respective glass fibers or ceramics. The reason why the
loss coefficient is set to not larger than 0.3 is that, if
it becomes larger than that, internally generated heat in
the intermediate mold A3 and the central core 44 becomes
extremely higher than that in the raw rubber plates [ so
that there is local rise in temperature in the vicinity of
the intermediate mold A3 and the central core A4 and results
in failure of uniform heating of the raw rubber plates I
Although not shown in the drawings, the intermediate
mold A3 is constituted as a split-mold so that the
resultant laminated rubber body (i.e. the laminate rubber
structure 5 after cure-adhesion) is removal from the
intermediate mold A3.

(e) Parallel Electrode Plates PI, P2

. . Parallel electrode plates PI, P2 have-a slightly
larger diameter than that of the above upper and lower
molds AI, A2, and are made of steel plates. With heating
means (not shown), they fuﬁétion as heat boards. Heating

~means may have arrangements in which vapor or heated fluid
;uch as oil is flowed within the respective parallel
electrode plates PI, P2 or in which electro-thermal lines
are embedded in the parallel electrode plates PI, P2, The
reason for providing such heating means is to avoid heat

radiation from the upper and lower molds Al, A2 and



generated by a high-frequency oscillator 8 is applied to and between the

paral l el electrode plates P1, P2 so as to generate internal heat in

respective rubber plate |layers 1.

its center,

The lam nate structure S has a bore h
and is positioned in a manner such that a central core A",
which 1is made of non-conductive material, is inserted into the bore h.

Maj.or constituent elenents of the preheating apparatus are described in

in

details hereinafter. (a) Lam nate Structure S Referring to Fig.

1, the | ani ediemisatacthect@panptiurgediffecence betweartde pnaeessideith

hol es 10 and -15-

and the outer side of the laminate structure S. Therefore,
the temperature of the parallel electrode plates PI, P2 jis
set to rise depending on the detection temperature of the
temperature sensor provided in the high-fregquency
oscillator 8.

(f) Function of Dielectric Heating Apparatus

As shown in Fig. 6, when the laminate structure S is
positioned between the parallel electrode plates PIl, P2 and
a high-frequency voltage génerated by the high-frequency
oscillator 8 is applied to between the parallel electrode
plates PI, P2 the steel plates 2’ disposed at egqual
intervals function as intermediate electrode plates. The
raw rubber plates ! are all simultaneously thoroughly
heated regardless of which portions thereof. This function
and the function of the heading means provided in the
parallel electrode plates Pl1, P2 being combined, the
laminate structure § is heated to reach the curing
temperature uniformly and in a short time. This is
apparent from Fig, 8., That is, with this apparatus, the
temper;ture of the laminate structure § reaches a rubber

fluid-molding temperature region (80 - 95C ) uniformly in

-the inner and outer portions by a 30 minutes' output of the

high-~frequency oscillator 8. By a one-and-half-hour output
thereof, the temperatures of both the inner and outer sides
reach a cure-adhésion temperature region (110 - 125°C ), and
by a three-hours' output thereof, to a cure-completion

temperature region (140 C ).

-2 4 -



steel plates 2° with holes 20 (corresponding to the conductive netal

plates 2 in this specification) which are l|amnated alternately, and
further includes flanges 3 with holes 30 respectively arranged on its
upper and | ower sides. The hol es 10, 20, 30 constitute the bore h
and, have the sane dianmeter. The steel plates 2' and the flanges 3 have
the sane dianeter, and the dianeter of the raw rubber plates |I is slightly
| arger than that @fetBg) pipelg R QPparent! tEOR éﬂ@%%%esanﬂb@gt gpecific
di rensions are the sane as those of Fig. 2 stated above under PRI ART.
(b) High-FrqqyeRay165¢t |t wdhre than 15THEuPS Kb flRRRRENrasai | lator 8 is

constituted with a known circuit, and set to generate a frequency of 13.6

VHz .

laminated rubber body with conventional methods and
apparatus which employ only the external heating method,
it is possible to complete a lamihated.rubber body in
about five hours with the embodiment according to the
manufacturing method and apparatus of the present
invention.

(2) In the conventional methods and apparatus using only the
external heating method, curing progresses with a large
temperature difference between an inner and an outer
portion of the laminate structure, and thereby resulting
in poor substantial characteristics. On the other hand,
curing in the manufacturing method and apparatus of the
present invention progresses with little temperature
difference therebetween and thereby resulting in superior
substantial characteristics.

{g) Press Machine

) ) _hs shown 'in Fig. 6,  a press machine includes a base
40 a hydraulic cylinder 4! provided above the base 40 a
pressing plate 42 attached to an end of an output shaft of ~
the hydraulic cylinder 4! and rod-like pressing members 43
made of non-conductive material and vertically fixed to the
éressing plate 42. 1In this embodiment, one of the above-
mentioned parallel electrode plates Pl is attached to lower
ends of the rod-like pressing members 43 while the other of

the parallel electrode plates P2 is attached to an upper

surface of the base 40,



A-frequency used in high-frequency dielectric heating is generally in the
range of 4 - 80 MHz, but any frequency in the range of 1 - 300 MHz may be
appl i cabl e. As shown in Fig. 1, the high-frequency oscillator 8
is provided with a tenperature sensor 80 for detecting the tenperature of
raw rubber plates 1 and stops the output when the tenperature reaches 85
[err] C (c) Central Core A Mat eri al having a | oss coefficient

di el t t | t t t h .th
érg?efgb{;Cnofoﬂfgﬁg?tﬁhghe eg%r?ﬁgé Sﬁﬁgn e?h 8g€1€$535%. é?ﬁﬁ?g?ﬁaustrlal
St dard K 1 t { C | at
i di 1y 65 o paradedd e SERChAL Ak eW?rSEBr f%%’.s%eef#‘ Sthengt h and

heat  resistangAe-Re3Mhy Gpsiilsi Bty rlel82hatXPROSI AN A R tion

in which the upper and lower molds Al, A2 approach each
other. And when the temperatures of the inner and outer
portions reach the above-described rubber fluid-molding
temperature region, the pressure reaches the highest set
pressure for securing product dimensions.

(h) Another embodiments of the laminated rubber body

(1) In the foregoing embodiments, the dielectric heating of
respective raw rubber plates ! is conducted in a manner-
such that the laminate structure 5 is disposed between the
parallel electrode plates PIl, P2, and the raw rubber
plates !, the conductive metal plates 2 and the electrode
plates Pl, P2 are all parallel each other, and by applying
a high-frequency voltage between the parallel electrode
plates Pl, P2, 1Instead of this arrangement, the raw
rubber plates ! may be heated by applying a high-fregquency

. .voltage between the upper and lower molds 41, A2 which

‘are parallel to the raw rubber plates I and the conductive
metal plates 2. 1In this case, with providing heating
means in the upper and lower molds Al, A2, they may
function as heating boards.

- Other alternatives include an arrangement in which
heating boards are contacted with the parallei electrodes

P1, P2 or the upper and lower molds Al, 42 so as to allow
heat transfer,

(2) Using the manufacturing method and apparatus of the



- 16- | ow absorption rate, and being available at |ow cost, is
suitable for the central core Al'. Particular exanples include conpounds
of, .phenol resin, epoxy resin, ester resin and respective glass fibers, and
ceramics. It should be noted that the reason why the | oss coefficient is
set_to not higher than 0.3 is that, if it becones |arger than 0.3,
I nernal ly generated heat of the central core Al' becones extrenely higher
than that of the raw rubber plates | so that the tenperature of the
vicinity of tPsesentrahventiony 'eveni sedamppated mwrbehdyasdyySresgl ting in
failure of uniform

shown in Fig. 9 may be similarly manufactured in a short

time and given superior substantial characteristics.

This holds true for a laminated rubber body $' having no

flange in Fig. 10 and another laminated rubber bogdy S’

" having no central through bore as shown in Fig. 11.

(3) Regardless of existence of flanges or dimensions of raw
rubber plates ! and steel plates 2°, as far as a laminate
structure has an alternate lamination with a plurality of
raw rubber plates ! and steel plates 2’ , it may be
similarly completed in a short time with superior
substantial characteristics. The above laminated bodies
$' (Figs. 9 and 10) include eleven raw rubber plates I and
ten steel plates 2’ However, the numbers of respective
plates are not limited thereto, but a structure with any
numbers of plates may become an excellent product.

(4) In cases of a thick laminate rubber structure having a
large number of raw rubber plates ! and steel plates 2°,

* -rise in temperature up to the curing temperature range may
be obtained with little temperature difference between the
inner and outer portions and in a short time by reversing’
polarity of the parallel electrode plates P!, P2 or the
upper and lower molds A4l, A2 every fixed time. In this
case, it is necessary to make the upper surface side of
the base 40 in the press machine of non-conductive
material.

(5) Instead of the raw rubber plates ! of the above

embodiment, other polymer plates made of diene type

-9 7 -



heati ng of the raw rubber plates 1. (d) Function of the preheating
appar at us Referring to Fig. 1, when the |lamnate structure S 1is

posi tioned between the parallel electrode plates P1, P2
hi gh-frequency voltage generated by the high-frequency

and a

oscillator 8 is
applied to and between the parallel electrode plates P1, P2, t
pl ates 2' disposed at equal intervals function as internedi ate el ectrode
plates and the raw rubber plates | are all heated, at both the inner and

out er porti onLXASHAMEENdBust yRaBFR e FRREL) - PRE-TLGRE ¥R e LBstoNeT) are

b iall | f h din h Jdme. This i
> That 1 o, wi TP e egR o It ekoh s YRR AipRER prees WA

to approxinatfgxﬁég géélgﬁ?%%f#&Z m nutes' output of the high-

oscillator 8 an

he st eel

nt fromFig
ékﬁeated up
frequency

ehperature difference between the inner

and outer pofdyons Al fridbrabifPelat dhes Wele12318P0L 2 "B Y Slerr]C

laminate structure S are parallel each other because the

surfaces of the steel plates 2° may obtain further

uniformed electro-magnetic strength due to the applied

high-frequency voltage. In some instances depending on

purposes, a laminate structure S may have steel plates not

parallel each other. 1In this case, dummies made of non-

conductive material or the like may be interposed in a

narrower side of the interval between two steel plates 2’

so as to adjust the interval difference in terms of high-

frequency.

(7) A high~frequency voltage may flow in various fashions as

far as it may be applied to the laminate structure S in

its lamination directions through electrode.

One example

is to make two output lines from the high-~frequency

. .oscillator 8 connectable to conductive metal members (e.g.

providing gkipping elements at tip portions thereof) and

connect them with associated electrodes Pl, P2.

Alternatively, in case of a laminate structure S with

conductive metal flanges, the output lines may be

connected to these flanges. The outermost steel plates 2’

may be connected with the output lines so as to serve

concurrently as electrodes., Further, one of the output

terminals may be connected to a steel plate 2’

located

substantially in the middle in the laminated layers and



(e) OGhers - 17- (1) It is
preferable to sinultaneously enploy an external heating nethod for the
upper and lower plates, i.e. the above-described parallel electrode plates
P1, P2. The nethod is, for exanple, to |let vapor or heated fluid such as
oil.flowwthin the respective upper and |lower plates, or to enbed
electro-thermal lines within these plates. In this case, uniform heating

in vertical directions can be further inproved. This is because drop in
temperature the other output terminals to both ends of the grounded

laminate structure § (a non—parallel.feeding system).
Furthermore, both ends of the laminate structure S may be
grounded and output terminals may be connected to two
steel plates 2’ respectively located approximately at 1/3
and 2/3 positions of the laminate structure (in the
lamination directions) (a parallel feeding system). 1In
any fashion, respective raw rubber plates ! may uniformly
receive dielectric heating.

The pressing plateé'of the press machine may be also
used as electrodes.

(i) Other Embodiment of Laminated Bodies

{1) A laminated body with alternate lamination with polymer
plates other than raw rubher plates and conductive metal
plates may be manufactured usiﬁg a similar method with
the manufacturing apparatus of the present invention.

Material for the polymer plates may include, for
example, widely used thermoplastic synthetic resin,
‘ - thermesetting synthgtic resin, widely used rubber or
thermoplastic elasgémer.

(2) Iﬁ case of a laminated rubber body, the press machine ié
actuated from the beginning of the dielectric heating
process. Howevér, this is not necessarily required
depending on types of laminated bodies. That is, it is
sufficient that the press machine works at 1eést after

completion of Ehe dielectric heating.

EFFECT OF THE INVENTION i

-2 9 -



due to heat radiation fromthe upper and | ower sides of the | am nate
structure S can be prevented. This al so applies to an arrangenent in
whi’ch heat boards are contacted with the parallel electrode plates P1,
P2 in a manner of allow ng heat transfer. The tenperature of the
upper and | ower plates or the heat boards is set to 85[err]C. (2) In
t he above-stated enbodi ment, positioning of the | am nate structure Sis

conduct ed usi ng the (ML £06Lon i e Weekle SIAMALOM daddam Lo

thereto. Alternatively, an outer frame e enpl oyed for positioning

in a mnner apoff gHRIA0sbNCoRitE e HIdUNGNY QhvaR€aded Nate structure
S. The outer frane may be fornmed simlarly to the outer frame A2' as

shown in Fig. 5. Thifhd $reseht! inverd RPN des @ hefhsRim Structure with
no bore h. (3) In case of preheating a lam nate structure S with
preheating a laminated body in which polymer plates
incorporated in the laminated body are heated up to a
specific temperature range with substantially uniform
temperature dist;ibution and in a short time. The present
invention also provides a method and apparatus for
manufacturing a laminated body in which a laminate structure
is heated up to a specific temperature range with little

temperature difference between the inner and outer portions

'and in a short time,



fl'anges 3 one anées 3 is renmoved as shown in Fig. 3 and

preheat e or the purpose of easier setting of an i nternedi ate

spkit- type ﬁ ﬁagseehm? sequent cure nol di ng process. (4)
Regar dl ess Wﬂ f flanges or dinensions of raw rubber plates 1 ;
and, st eel far as a | am nate structure S ’
| am nati on “g rality of raw rubber plates 1 anc]'“ﬂﬂﬂll”ﬂ'ﬂﬂﬂ!“ﬂ
preheati ng thereof to a desireg iﬁgﬁerature uniformy artd in & shorst *
time can be conducted simlar t Sgescri bed enbodi nent .

The | am nate structure S of the above enbodi ment

1. A method for preheating a laminate structure
comprising a step of applying through electrodes a high-
frequency voltage in a lamination direction of the laminate
structure having alternate lamination with a plurality of
polymer plates and conductive metal plates, so as to
dielectrically heat said polymer plates.

2, The method for preheating a laminate structure
-according to Claim 1, wherein the plurality of conductive
metal plates are parallel with each other.

3. The method for preheating a laminate structure
according to Claim 1 or 2, wherein intervals between any

adjacent conductive metal plates are substantially of the

same,
4. The method for preheating a laminate structure
according to any of Claims 1 to 3, wherein the high-
frequency voltage is applied between the electrodes

, disposed on opposite ends of the laminate structure in the
lamination direction.
5. - The method for pfeheating a laminate structure
according to Claim 4, wherein the outermost opposite

_conductive metal plates of the laminate structure function

as the electrodes,
6. The method for preheating a laminate structure
according to Claim 4, wherein flanges made of conductive
metal plates are provided on outer faces of the outermost

opposite plates of the laminate structure and function as

— 31 - THIS SHEET HAS 'TLr'”M f
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funct
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and a

inser

raw rubber plates 1 -and—temsteel plates 2' But the
ctive plates should not be limted thereto and any
s may provide S|wmkﬂmaémd%hi ceéffects

cture S having a Iaramm E '- raw rubber Iates

2' (for exanpl e, er pl a ﬁm) ’ﬂm”

2' ), provides an enely superi or effe ”mm' Hm
(5). Lam nated bodi es used for other than anti Sei‘sni'c &r *

ppEFRe®S. nay include, in addition to raw rubber plates,

f diene téqe el ast oner gﬁ g nat ural rubber), non-diene
t heFRBpPaShed for éﬁrﬁgﬁﬁ p t?/pjea““lr’ia(frﬁ &th‘SEBFet ype,

ﬁln or t her ttln res n efc. is preferable

aP8st9 CHIR H eF& nﬁ?% Werig aé 8&€t53rﬁFFel each

ged in a manner of contacting with outer faces of the
most opposite plates of the laminate structure and
ion as the electrodes,

The method for preheating a laminate structure
ding to Claim 6 or 7, wherein the electrodes are
d by heating means.

The method for preheating a laminate structure
ding to any of Claims 1 to 8, wherein the laminate
ture has a through bore in the lamination direction

core member made of non-conductive material is

ted into the through bore so as to position the

plurality of polymer plates and conductive metal plates.

10.
accor
housi
. with
posit
metal
11,
.accor
housi
diele
12,
compr

struc

The method for preheating a laminate structure
ding to any of Claims 1 to 9, wherein an annular
ng member surrounds the iaminate structure in contact
the_peripheral lamination surface thereof so as to
ion the plurality of polymer plates and conductive

élates.

The method for preheating a laminate structure
ding to Claim 9 or 10, wherein at least one of the
ng member and the core member has a coefficient of
ctric loss not higher than 0,3.

A method'for manufacturing a laminated body
ising steps of accommodating an alternate laminate

ture with a plurality of polymer:plates and conductive
H
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surfaces of the steel plates Mt her uni f or med

el ectro-magnetic strength due to the a Ellki}ed hi gh-frequ age " in

sone i nstances depending on m nate structure ma
steel plates not par In thi m\“\ﬁ‘ m de
of non- conductive materi al or be |nterp03 marSrO\K/er
side of the interval between two steel plates 2" so as tb adjust t he
interval difference in terns of hi frequen (D, hi gh-f.r equency

vol tage may ™ertéw Pf‘la'v'SFlb‘bsa‘? zféﬁ“&gé' heustag ’&%’Xtﬁr ﬁﬁi}% 15pPrA&doto the

| am nate structure { its |am.nation di recé ns throu%h el ectrode. One
exanpl e non—conduc ive mater1a1 and surroun e lami

structure in contact with a peripheal lamination surface
thereof, applying through electrodes a high-frequency
voltage to the laminate structure in a lamination direction
so as to dielectrically heat the polymer plates, and
applying pressure to the laminate structure in the
lamination direction by a pressing means at least after
completion of the high-frequency voltage applying précess.
13. The method for manufacturing a laminated body
according to Claim 12, wherein the plurality of conductive
metal plates are parallel to each other.
14, The method for manufacturing a laminated body
according to Claim 12 or 13, wherein intervals between any
adjacent metal plates are .substantially the same.
15, The method for manufacturing a laminated body
according to any of Claims 12 to 14, wherein heating by
heating means is also provided under the process of applying
. the high=frequency voltage.
16. The method for manufacturing a laminated body
according to any of Claims 12 to 15, wherein polarity of thé
high-fregquency voltage is reversed every fixed time.
17. The method for manufacturing a laminated body
according to any of Claims 12 to 15, wherein the high-
frequency voltage is applied between the electrodes provided
on opposite ends of the laminate structure in the
lamination direction.

18. " The method for manufacturing a laminated body

THIS SHEET HAS BEEN
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iS to make two output lines fro I gh-frequency oscillator 8 .
connectabl e to conductive t al menb%e

' deprd  providi Wt S

at .tip portions thereof) and...cope MW t h associ ated el ect

P2. Alternatively, in case 0 W“\g\wst ructure S M‘H\M&@Bﬁ‘m

metal flanges, the output [i nﬁk“ onnected to t .s [he
e

outernost steel plates 2' connected with the outputlines so as

to serve concyrrently as electrodes. Further, one of the output .

term nal s nﬁﬁ‘:BEHt‘:Bﬁn‘éﬁt‘éJoa’t“b g’st“'i‘&l‘%f‘a?éef{?‘btc%ﬂdeecf aresfig& antially in
the mddle of .the | ami nated |ayers. and he of her o t termnals to
bot h ends oPufﬁémﬁ?gu%%%%Sl elé)n”\df‘]lé:t%év?t P‘ﬁ% gr%{ e(sa ot#)%?‘ﬁatrlgp‘llg? feedi ng
systen). If__l%tc%%gnre, both ends of the lam nate structure S nay be

gr ounded and “out put ferminals may be connected to two steel plates 2

respectivel y gl ocat eqy,appL Oxd 4B S %a%hf%ééuring a laminated body

according to Clai@ 17, wherein flanges made of conductive
metal plates are provided on the opposite outermost sides of
the laminate structure and function as the electrodes,

20. The method for manufacturing a laminated body
according to Claim 17, wherein the electrodes are conductive
metal plates provided in a manner of contacting with the
outer faces of the outermost opposite plates of the laminate
structure.

21, The method for manufacturing a laminated body
according to Claim 17, whergin the electrodes are pressing
plates made of conductive metal plate as the pressing means.
22, The method for manufacturing a laminated body
according to Claim 20 or 21, wherein the electrodes are
heated by heating means.

23. The method for manufacturing a laminated body
according to any of Claims 12 to 22, wherein the dielectric
heatiné is conducted in a manner such that a central core
made of non-conductive material is inserted in a through
_bore of the laminate structure extending in the lamination
direction.

24, Apparatus for manufacturing a laminated body by heat
integrating an alternate laminate structure with a plurality
of polymer plates and conductive metal plates, having a

peripheral lamination surface, comprising:

. THIS SHEET HAS BEEN |
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and 2/3 positions of the lamnate structure-(in the —lamnation
directions) (a parallel fee feedLng_sys%en}— I n t hese fashi ons, res ec Ive

raw r ubber plates 1 may uni form cei ve di el ect rihis Shestiiss Begn Re
-2 0- ;mlt“‘mm Wéﬁﬂacturl ng a | ani m‘mﬁ E‘lm‘
Fig. 6 shows appar at us g a |l am nated '

extruding flanges 3 on i‘ts upper and Iomer sides in using the dielectric

heating method. . o 49,3000 L1, kel WILR TENHLQE! 4E 1 1, appar atus

conductive material and surrounds the laminate structure in

contact with the circumferential lamination surface
thereof;

dielectric heating means for dielectrically heating
the polymer plates by applying a high-frequency voltage to
the laminate structure in a lamination direction through
electrodes; and

pressing means to press the laminate structure in
the lamination direction.
25, The apparatus for manufacturing a laminated body
according to Claim 24, wherein the pressing means gives
pressure at least after completion of a high-frequency
voltage applying process,.
26. The apparatus for manufacturing a laminated body
according to Claim 24 or 25, wherein the dielectric heating
means has switching means for reversing polarity of the
high-frequency voltage every fixed time.

. 27. -The apparatus for manufacturing a laminated body
according to'any of Claims 24 to 26, wherein electrodes
recei;ing the high-frequency voltage are provided at
opposite ends of the laminate structure in the lamination

. direction.
28, The apparatus for manufacturing a laminated body
according to Claim 27, wherein outermost opposite
conductive metallplates of the laminate structure function
as the electrodes, and the dielectric heating means is

capable of applying the high-fregquency voltage between

_ 35 - THIS SHEET HAS BEEN |
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atcommodates a | am nate structure ﬁ .gan interior spaC‘e*K—-deH—ﬁeeL—bgL an

internediate nold A3, arheSheetk 4 and upper an
‘a h-f requency vo mglam[ H
ed to between tRe wuppe

Referring back to Fig. 6
hi gh- frequency oscrlla

nolds A, A2 via parallel ectrode pl ates P1, P2, pressure is applred by
a press nachrne I n drrectrons in which the upper and | ower nolds A, A2
approach each ot her t uent eleggpts in the apparatus

for manufa i® §“§3F5ﬂfﬁa‘t%ﬁf"\é‘?{%§(§3888 1EP M Ab R A ESeri bed - i n
details. é@a) Lan&ggggPB us for mﬁﬂufaé?a?e L;%#j%%ﬁed,bﬁglantnate

structure S%™rcl udes raw ru ¥and stee

plates 2 VM&J&J&%L@ %g ﬁ'i"%:%ﬁ' a° WrdTe gt ‘%@aﬁlﬂeg dﬁ‘af%%'e&r% At Laer

i ncl udes fl anges on i ts upper~an
metal plates and provided on outermost opposite sides of

the laminate structure functiqn as the electrodes, and the
dielectric heating means is capable of applying the high-
frequency voltage between these flanges.
30. The apparatus for manufacturing a laminated body
according to Claim 27, wherein conductive metal plates
provided in a manner of contacting with outer faces of
outermost opposite plates of the laminate structure
function as the electrodes, and the dielectric heating
means is capable of applying the high-frequency voltage
between these conductive metal plates. |
31. The apparatus for manufacturing a lamipated body
according to Claim 27, wherein the pressing.means inciudes
pressing plates made of conductive metal material and.
applies pressure to the laminate structure during the

, dielectric heating, and the dielectric heating means is
capable of applying the high-frequency voltage between these
pressiug plates.
32, The apparatus for manufacturing a laminated body
~according to Claim 30 or 31, wherein the electrodes are
provided with heating means.
33. The apparatus for manufacturing a laminated body
according to any‘of Claims 24 to 32 further comprising a
non-conductive positioning means for positioning the

plurality of polymer and conductive metal plates to be

s THIS SHEET HAS BEEN
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si‘des. The steel plates 2' corresponds conductive netal —plates—2—as stated
above. It is preferableto interpose adhesive nenbers between the raw

rubber plates | and the uﬂﬂu The adhesmyﬁwﬁﬂmbkmmkphaﬂude, for
exanpl e, a conbination oﬂlm mlmlﬁﬂ yner andvgm M‘m“}pol yner
b I 1 |

et c, Particul ar denenhsitond of the raw rub

the steel plates 2' and the flanges 3 are as follo ber plate
1. Mifrfs@éa Sk fBBle'o%agsaeaﬁs Mac (s U PoEeChenfliMLo

Steel plate anet er t hi ckness: nm hol e dianeter:
90mMm be 1nserted in a through bore provided in the laminate

structure and extending in the lamination direction.

34. The apparatus for manufacturing a laminated body
according to Claim 33, wherein at least one of the housing
member and the core member has a coefficient of dielectric
loss not higher than 0.3.

35, The apparatus for manufacturing a laminated-body
according to any of Claims 24 to 34, wherein the housing
member is a split-mold.

36. The apparatus for manufacturing a laminated body
according to Claim 33 or 34, wherein the positioning means
supports the peripheral lamination surface of the laminate
structure.

37. The apparatus for manufacturing a laminated body
according to Claim 33 or 34, wherein the laminate structure
has a through bore extending in the lamination direction
and the positioning means supports an inner peripheral
surface of the laminate structure which defines the through
bore.

38. " The apparatus for manufacturing a laminated body
according to Claim 36 or 37, wherein the positioning means

has a coefficient of dielectric loss not higher than 0.3.

e
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H ange 3; di anmeter: 600 mm thickness: 25 nm hole dianeter: 90mm
(b) Hi gh-Frequency GCscillator 8 The high-frequency oscillator 8 is
cofstituted with a known circuit and set to generate a frequency of 13.6
MHz. A frequency enpl oyed in high-frequency dielectric heating is
generally within the range of 4 - 80 MHz, but any frequency in the range
of. 1 - 300 MHz may be applicabl e. The hi gh-frequency oscillator 8
is provided with a tenperature sensor for detecting the tenperature of raw
rubber plates 1 and stops the output w38 two hours have passed after the
tenperature reaches 140 [err]C . (c) Upper and Lower Mdlds A, A2

The upper and | ower nolds Al, A2 are formed with <circular steel plates the
di aneter of which is larger than thggsPRAdY i nternmedi ate nold A3 provided
t her ebet ween. -

METHOD OF PREHEATING LAMINATE, AND METHOD AND APPARATUS
FOR PRODUCING THE SAME

A method of preheating a polymer plate by induction-heating by
applying a radio frequency voltage to a laminate in the direction of its
lamination through electrodes; a method of producing a laminate, comprising
induction-heating a polymer plate by applying a radio frequency voltage to a
laminate in the direction of its lamination through electrodes in a state where
the laminate is housed in an annular container encompassing the surfaces of
the laminates, and pressing the laminate in the direction of its lamination at
least after completion of the application of the radio frequency voltage; and an
apparatus for producing the laminate.

e
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(d) Internediate Mold A3 and Central Core A4 Material suitable for
the internediate nold A3 and the central core A4 should have a | oss
caefficient (dielectric constant X dielectric |oss tangent) of not higher
than 0.3, preferably not higher than 0.15 (neasuring nethod: JIS K 6911,
testing conditions: -tenperature 20 + 2[err]C, relative humdity 65 5%
testing frequency: 1 MHz), -2 2-

and be superior in strength and heat resistance, have a small coefficient
of linear expansion and a | ow absorption

d ~
¥ g ‘ll
@ . ol
H [N
s & o
— O
- ;// \\_c:
o« \\"""“E
o AN L~



rate, and be available at | ow cost. Specific exanples are conpounds of
phenol resin, epoxy resin, ester resin and respective glass fibers or
ceram cs. The reason why the |oss coefficient is set to not larger than
0’3 is that, if it becones larger than that, internally generated heat in
the internediate nold A3 &nd thekpentral core A4 becones extrenely higher
tffan that in the raw rubbgr platgi so that there is local rise in
tenperature in the V|C|n|by of e internmediate nmold A3 and the central
core A4 and results in fdilure & uni form heating of the raw rubber plates
1 Al t houghwnot sffown in fhe drawings, the internediate nold A3 is
constituted as a spkit- nobd so tigat the resultant |am nated rubber body
(i.e. the lam nate Eubbero structure S after cure- adhe5|oﬁ§ is renoval from

the intermediate mdld A3., (el Parallel Flectrode PIQtes P1, P2
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efimnate the tenperature difference between the inner side and the outer
side of the lamnate structure S. Therefore, the tenperature of the
paral l el electrode plates P1, P2 is set to rise depending on the detection
tenperature of the tenperature sensor provided in the high-frequency
oscillator 8. (f) Function of Dielectric Heating Apparatus

shewn in:Fig. 6, when the lamnate structure Sis positioned between the
parall el electrode plates P1, P2 and a high-frequency voltage generated by
the high-frequency oscillator 8 is applied to between the parallel

el ectrode plates P1, P2 the steel. plates 2' disposed at equal intervals
function as internedi ate el ectrode plates. The raw rubber plates 1 are al
si nul taneously thoroughlyy heated regardless of which portions thereof.
This function

FIG. 4
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el ectrode

paralle
| am nate structure S is heated to reach

t he
tenperature uniformy and in a short tine. This is

and the function of the heading neans provided in the
P2 bei ng conbi ned,
That

pl ates P1,
the curin

f

appar ent

tenperature of the |am nate

t he
fluid-nolding tenperature region (80 -

t he i nner
hi gh-frequency oscillator 8. By a one-and-hal f-hour output

with this apparatus,

s,

g

romFig. 8.

structure S reaches a rubber
95{err]C ) uniformy in

out put of the
t her eof

portions by a 30 m nutes’

and out er

reach a
and by a three-hours

125[err]C),
tenperaturejregion (140[err] C).

the tenperatures of both the inner and outer sides
to a cure-conpletion

cur e- adhesi on tenperature region. (110 -

out put t hereof,
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The follow ng are apparent fromthe above and Fig. 8. (1) Wile it takes
nore than 15 hours to manufacture a |am nated rubber body with
canventi onal nethods and

C apparatus which enploy only the external heating
nmet hod, it is possible to conplete a | am nated rubber body in about
five hours with the enbodi nent according to the

apparatus of the present

manuf act uri ng nmet hod and
apparatus using only the

In the conventi onal nethods and

i nvention. (2)
external heating nethod,

curing progresses with
a large tenperature di fference between an i nner and an outer portion
of the lam nate structure, and thereby resulting I n poor substanti al
characteristics. on the other hand,
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euring in the manufacturing nmethod and apparatus of the

pr esent
I nvention progresses with little tenperature di fference therebetween and
thereby resulting in superior substantial characteristics. (g) Press
Machi ne

As shown in Fig. 6, a press nmachine includes a base 40
a hydraulic cylinder 41 provided above the base 40 a pressing plate 42

attached to an end of an output shaft of the hydraulic cylinder 41 and
rod-1i ke pressing nenbers 43 made of non-conductive material and -
vertically fixed to the pressing plate 42. In this enbodi ment, one of the
above- mentioned parallel electrode plates Pl is attached to | ower ends
of the rod-1like pressing nenbers 43 while the other of the parall el

el ectrode plates P2 is attached to an WUpper surface of the base 40.
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Wth the start of dielectric heating and heating by the parallel electrode
plates P1, P2, pressure is simultaneously applied by the press nmachine in
g«direction in which the upper and |ower nolds A, A2 approach each

of‘her. And when the tenperatures of the inner and outer. portions reach the
above-described rubber fluid-mdlding tenperature region, the pressure
reaches the highest set pressidre for securing product dinensions. (h)

Anot her enbodi nents of the |aniwnated rubber body (1) In the foregoing
enbodi nents, the dielectric heating of

respective raw rubber plates | is
conducted in a manner such éhag the Lam nate structure S is disposed
bet ween t he paral | el electrodegplates P1, P2, and the raw rubber
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pl ates 1, the conductive netal plates 2 and the el ectrode pl ates P1, P2

are all parallel each other, and by applying a hi gh-frequency vol tage
bat ween the parallel electrode plates P1, P2. Instead of this
afrangenment, the raw rubber plates | nmay be heated by applying a

hi gh-frequency vol t age between the upper and | ower nolds A, A2 which
are parallel to the raw rubber plates 1 and the conductive netal plates
2. In this case, with providing heating means in the upper and | ower
nolds Al, A2, they may function as heating boards. O her
alternatives include an arrangenent in which heati ng boards are
contacted with the parallel electrodes P1, P2 or the upper and | ower
nolds Al, A2 so as to allow heaw transfer. (2) Using the manufacturing
met hod and apparatus of the )
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-2 6- present invention, even a |am nated rubber body S as
shown in Fig. 9 may be simlarly manufactured in a short tinme and given
superior substantial characteristics. This holds true for | am nat ed
rubber body S having no flange in Fig, 10 and anot her | am nated rubber
body S having no central through bore as shown in Fig. 11. (3)
Repar dl ess of existence of flanges or dimensions of raw rubber plates |
and steel plates 2' , as far as a lamnate structure has an alternate

|l am nation with a plurality of raw rubber plates 1 and steel plates 2
It may be
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sinmlarly conpleted in a short tine with superior subst anti al ?®> P4

characteristics. The above | am nat ed bodi es S (Figs. 9 and 10)

i ncl ude el even raw rubber plates 1 and ten steel plates 2 However,

t he nunbers of respective plates are not limted thereto, but a
structure with any nunbers of plates may becone an excel |l ent product.
(4) In cases of a thick | am nate rubber structure having a | ar ge nunber
of raw rubber plates 1 and steel plates 2', -rise in tenperature up to
the curing tenperature range may be obtained with little tenperature

di f ference between the i nner and out €ncpdrttteostesnd InNMargdhd®@ ti ne by
rever si ng polarity of the parallel electrode plates Pl1, P2 or the

upper and lower nolds Al, A2 every fixed tinme. 1In this case, it is
necessary to nake the upper surface si @B of the base 40 in the press
machi ne of non-conductive mat eri al .

ABSTRACT

METHOD OF PREHEATING LAMINATE, AND METHOD AND APPARATUS
FOR PRODUCING THE SAME

A method of preheating a polymer plate by dielectric heating by
applying a radio frequency voltage to a laminate in the direction of its
lamination through electrodes; a method of producing a laminate, comprising
dielectric heating a polymer plate by applying a radio frequency voltage to a
laminate in the direction of its lamination through electrodes in a state where
the laminate is housed in an annular container encompassing the surfaces of
the laminates, and pressing the laminate in the direction of its lamination at
least after completion of the application of the radio frequency voltage; and an
apparatus for producing the laminate.
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(5) Instead of the raw rubber plates | of the above enbodi nent, othéﬁ

 pol yner pl ates made of diene type _ -2
7-. el astonmer (e.g. natural rubber), non-diene type el astoner,
t hernopl astic el astoner-type, |iquid rubber type or the 1|ike may be

enpl oyed. (6) It is preferable that the steel plates 2' of the lamnate
structure S are parallel each other because Substituteshpaices Februane2®Reel
plates 2' may obtain further unifornmed electromgnetic strength due to the

applied - 5.

outside portioms could not be eliminated. As a result,

in order to avoid bad influence to products, the molding

time must be prolonged. Further, measures for

improvement requires a numbér of processes and an
5 innovative method has not been found yet.

Tn case of adhesion of other type of laminated
strxuctures such as with synthetic resin plates ox
ceramics plates and. conductive metal plates, there may
be also a problem due to the temperature difference

10 between inside and outside portions. o

SUMMARY OF THE INVENTION
It is an object of the present invention to provide
a method for'preheating a laminate structure in which
15 . polymer plates incbrporated in the structure are heated
up to a desired tempexature with a substantially uniform
temperature distribution and in a short time. It is
another object of the present invention to provide a
_ method and apparatus for manufacturing a laminated body
20 with which a laminate structure is heated up to a
specific temperature range with few temperature
difference between an inner and an outer portion thereof
and in a short time.
In order to achieve the above objects, the present
25 invention includes the following means.
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hi gh-frequency voltage. In some instances dependi ng on purposes, a

|l am nate structure S may have steel plates not parallel each other. In
this case, dumm es nade of non- conductive material or the like nay be
interposed in a narrower side of the interval between two steel plates 2
S0 as to adjust the interval difference in terns of high- frequency.

(7) A high-frequency voltage may flow in varSubgtitufessheebn§ Fgbruary 2002 as it
may be applied to the lam nate structure S in Its am nation directions
t hrough el ectrode. One exanpl e is to-fake two output lines fromthe

hi gh-frequency  oscillator 8 connectable to conductive nmetal menbers
(e.q. providing gripping elenments at tip portions thereof) and

connect them withpasseakagedegl gt rm_@t Plendd imentd tef nama(elp'»—esanﬁase

of a lamnate structure Swith con uctdve L?{ fltan he qut ut
Ilnes may beinvention, there is provide od for preheatin

laminate structure which includes providing a laminate

structure having alternating lamination with a plurality

5 of polymer plates and conductive metal plates and
applying through electrodes a high frequency voltage in
a lamination direction of the laminate structure so as
to dielectrically heat the polymer plates to produce a
unified body of the plurality of the polymer plates and

10 conductlve metal plates.

According to a preferred embodiment of the present
invention, in the above method for preheating a laminate
structure, Ehe plurality of conductive metal plates are
parallel with each other. | .

15 According to a preferred embodiment of the present
invention, in the above method for preheating a laminate
structure, intervals between any adjacent conductive
metal plates are substantially the same.

According to a preferred embodiment of the present

20 invention, in the above methoed for preheating'a laminate
structure, the high-frequency voltage is applied between
the electrodes dispos_ed'on opposite ends of the laminate
structure in the lamination direction.

According to a preferred embodiment of thé present

25 invention, in the above method for preheating a laminate
structure, the ‘outermost opposite conductive metal
plates of the laminate structure function as the
electrodes.
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connected to these flanges. The outernost steel plates 2 may be

connected with the output lines so as to serve concurrently as

el ectrodes. Further, one of the out put termnals nay be connected to a
steel plate 2' |ocated substantially in the mddle in the | am nated
lzayers and - 2- 8- t he ot her

output termnals to both ends of the groundeSubshituts shect—Sthebsary 80& (a
non- paral l el feeding systen). Furthernore, both ends of the am nate
structure S may be grounded and output 4%+rm nals may be connected to two

According to a preferred embodiment of the present
invention, in the above method for preheating a laminate
structure, flanges made of conductive metal plate axe
provided on outer faces of the outermost opposite plates

5 of the laminate structure and function as the
electrodes. _ |

According to a preferred embodiment of the present
invention; in the above method for preheating a laminate
structure, conductive metal plates are provided in a

10 manner of contacting with outer faces of the outexmost
opposite plates of the laminate structure and function
as the electrodes.

According to a preferred embodiment of the present
invention, in the above method for preheating a laminate

15 structure,.the electrodes are heated by heating means.

According to a preferred_embodiment of the present
invention, in the above method for preheating a laminate
structure, the laminate structure has a through bore in
thé lamination direction and a core member made of non-

20 conductive material is inserted into the through hole so
as to position the plurality of polymer and conductive
metal plates. '

' According to a preferred embodiment of the present
invention, in the above method for preheating a laminate

25 styucture, an annular housing member surrounds the
laminate structure in contact with the peripheral
lamination surface thereof so as to position the
plurality of polymer and conductive metal plates.
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steel plates 2' respectively |ocated approximately at 1/3 and 2/3
positions of the lamnate structure (in the lamnation directions) (a
paral l el feeding system). In any fashion, respective raw rubber plates 1
may uniformy receive dielectric heating. The pressing plates of the
pt ess machi ne may be al so used as el ectrodes. (1) O her Enbodi nent of
Lam nated Bodies (1) A lam nated body with &ubstitoletshebrnt Fabiuary 2002h

pol ymer plates other than raw rubber plates and conductive netal pl ates
may be manufactured using a simlar nethesl-with the manufacturing
apparatus of the present invention. Material for the polyner plates
may i nclude, for exanpl e, widely used thernoplastic synthetic resin,

te lhggggfgti ng syntheldfaiks fo W ardised rdbsaifent (¥ fRA! 33sent
' invention, in the above method for preheating a laminate
structure, at least one of the housing member and the

core member has a coefficient of dielectric loss not
5 higher than 0.3. | |

According to a further embodiment of the present
invention, there is provided a method for manufacturing
a unified body having alternate lamination with a
plurality of polymer plates and conductive metal plates

10 which includes accommodating a laminate structure having
alternate lamination with a plurality of polymer plates
and conductive metal plates in an annular housing member
which is made of non-conductive material and surrounds
the laminate structure. in contact with a peripheral

15 lamination surface thereof, applying through electrodes
a high-frequency voltage to the laminate structure in a
lamination direction so as to dielectrically heat the
polyiner plates, and _applying pressure to the laminate
structure in the lamination direction by a pressing

20 means at least after completion of the high frequency
voltage applying process. .

According to a preferred embodiment of the present
invention, in the above method for manufacturing a
laminated body, the plurality of conductive metal plates

25 are parallel to each other.

| Accoxding to a -preférred embodiment of the present

invention, in the above method for manufacturing a
laminated bedy, intervals between any adjacent metal
plaﬁes are substantially the same.
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it is

(2) In case of a |am nated rubber body, the press nmachine is’
fromthe beginning of the dielectric heating
-not necessarily required

sufficient that the press machi ne works at

act uat ed
process. However, this is
dependi ng on types of |am nated bodies. That is,

| east after conpl etion
.of the dielectric heating. EFFECT OF THE | NVENTI
.2 0- The constitution &UWHEF%%&%% st at ed

10
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20

25
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-9.

According to a preferred embodiment of the.p?esent
inpvention, in the above method £for manufact?rlng a
laminated beody, heating by heating means 1is élso
provided under the process of applying the high-

frequency voltage. | . |
Accoxding to a preferred embodiment of the present

invention, im the above method for manufacturing a
l -

laminated body, polarity of the high-frequency voltage
is reversed every fixed time. | )
According to & preferred embodiment of the presen

jpvention, in the above method for manufacturing a

laminated body, the high-frequency voltage is applied
petween the electrodes provided on opposite énds of the
laminate structure in the lamination direction.
pccording to a preferred empodiment of the‘p%esent
invention} in the above method fo; manpufacturing a
laminated body, the electrodes are the outermost

opposite conductive metal plates of the laminate

structure. | X
According to a preferred embodiment of the presen

" invention, in the above 'method for manufacturing 2
’

jaminated body, the electrodes arxre .flanges made of
conductive metal plates and provided on the opposite
outermost sides of the laminate structure.

According to a preferred embodiment of the present
invention, in the above method for manufacturing a
1aminated body, the electrodes are qonductive metal
plates provided in a manner of contacting with the.?uter
faces of the outermost opposite plates of the laminate

stxucture.
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above provides follow ng effects and advant ages. The present
I nvention provides a nmethod for preheating a | am nated body in which
pol ymer plates incorporated in the |am nated body are heated up to a
specific tenperature range with substantially uniform tenperature

distribution and in a short tinme. The present

met hod and apparatus for manufacturing a | arBubstiteid sheei b irebhianh2af2
| am nate structure is heated up to a specific tenperature range Wth

little tenperature difference between tH@-i nner and outer portions

a short tine.

10

15

20

25

According to a preferred embodiment of the present

invention, in the above wmethod for manufacturing a

laminated body, the electrodes are pressing plates made
of conductive metal plate as the pressing means.

According to a preferred embodiment of the present
inventicn, in the above wmethod for manufacturing a
laminaﬁed' body, the electrodes are heated by heating
means. .

According to a preferred embodiment of the present
invention, in the above method for manufacturing a
laminated body, the dielectric heating is conducted in a
manner such that a central core made of non-conductive
material is inserted in a through'bére of the laminate

‘structure extending in the lamination direction.

According to another embodiment of the present
invention, there is ©provided an apparatus for
manufacturing a wunified laminated body by heat
integrating a laminate structure having alternate
lamination with a plurality of polymer plates and
conductive metal plates, the laminate structure having a
peripheral lamination surface, which includes an annular
housing mewber which is made of non-conductive material
and surrounds the laminate structure in contact with the
peripheral lamination surface, dielectric heating means
for dielectrically heating the polymer plates by
applying a high-frequency voltage to the laminate
structure in a lamination direction through electrodes,
and pressing means to press the laminate structure in
the lamination direction.

I nvention al so provides a

and in
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Accoxding to a preferred embodiment of the present
invention, in the above apparatus for wmanufacturing a
laminéted.lbody, the ,préssing means gives pressure at
least after completion of a high-frequency wvoltage
applying process. '

According to a preferred embodiment of the present
invention, in the above apparatus' for manufacturing a

'1_amif1ated body, the dielectric heating means has

switching wmeans for reversing polarity of the high-
frequency voltage every fixed time.

According to a preferred embodiment of the present
invent'ion, in the above apparatus for manufacturing a
laminated body, electrodes receiving the high-frequency
voltage are provided at opposite ends of the laminate
structure in the lamination'_ direction.

According to a preferred embodiment of the present
invention, in the above apparatus for manufacturing a

‘laminated body, the outermost opposite conductive metal

plates of the laminate structure function as the
electrodes, and the dielectric heating means is capable
of applying the high frequency voltage between these
outermost opposite conductive metal plates.

.~ According to a preferred embodiment of the present
invention, in the above apparatus for manufacturing a
laminated body, flanges made of conductive metal plates
and provided on the outermost opposite sides of the
laminate structure function as the electrodes, and the
dielectric heating means is capable of applying the
high-frequency voltage between these flanges.
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-31 - CLAI M5 1. A method for preheating a | am nate structure

conprising: 5 providing a |lam nate structure having alternating
| am nation with a plurality of polyner plates and conductive netal
pl ates; and applying, through electrodes, a high-f requency

voltage in a lamnation direction of said |amnate 10 structure so as
to dielectrically heat said pol yner pl at esSubstitptectieste- 6 Febidane2bdzody of
-2

said plurality of pol yner pl ates and conductive netal plates. .
The method for preheating a | am nate strul@ture according to claim 1,
wherein the plurality of 15 conductive netal plates are parallel wth
each ot her. 3. The nethod for preheating a |laninate structure

according to clai mded¥dZngWaer & prefierned selibb@teananyf thd) pgedlent
conductive nefal plates are bstgntially of t he sane. 2 4. The
net hod for prEWEaRtagla I'dhi REfe TRt & Earaté}ﬁcof?ﬁn&‘a%lf%ﬁtwl%gai% 1
to 3, wherei mihendt88- body | cauaBGYLIOL! 3884 E pRBkead pebyeaed hen a
el ectrodes di sposed _on opposite ends of the lam nate Structure in t he
| ami nati on dimapsern of contacting with the outer faces of the
5 outermost opposite plates of the laminate structure
function as the electrodes, and the dielectric heating
means is capable of applying the high-frequency voltage
between the conductive metal plates.
According to a preferred embodiment of the present
10 ipvention, in the above apparatus for manufacturing a
laminated body, the pressing means includes a pressing
plate made of conductive metal material &nd applies
pressure to the laminate structure during the dielectric
heating, and the dielectric heating means is capable of
15 applying the high-frequency wvoltage between these
pressing plates, .
According to a preferred embodiment of the present
invention, in the above apparatus for manufacturing a
laminated'body, the electrodes are provided with heating
'20 means. _
According to a preferred embodiment of the present
invention, the above apparatus for manufacturing a
laminated body further includes a non-conductive
positioning wmeans for positioning the plurality of
25 polymer and conductive metal plates to be laminated, the
positioning means includes a core member to be inserted
in a through bore provided in the laminate structure and
extending in the lamination direction.
According to a preferred embodiment of the present
30 invention, in the above apparatus for wmanufacturing a
laminated bedy, at least one of the housing member and
the core member has a coefficient of dielectric loss not
higher than 0.3.
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25 5. The nethod for preheating a | am nate structure according to

claim4, wherein the outernost opposite conductive netal plates of the
| am nate structure function as the el ectrodes. 6 The et hod
for preheating a |am nate structure 30 according to claim4, wherein

f1 anges nade of conductive nmetal plates are provided on outer faces of
t he outermost opposite plates of the | anm Sabsitgeshedtur ®Febrdary 200@nct i on
as the el ectrodes. U372 7.
The nethod for preheating a | am nate strifeture according to claim4,
wherei n conductive netal plates are provided in a manner of contacting
with outer faces of the outernost opp05|tem£I ates of the lam nate 5
structure and funddasrdisaig h@oeﬁetﬁ odgmenhe fettled pyesent

preheating a iﬁ\?ém?ﬁ}.@nﬁ [ ab&?&oégbﬁga‘cﬂsdgép ?hae{ t%%r? nthe

el ectrodes are eat ed eati ng nmean
preheating a 1mnatedsbodm utBelbousinadimegber &8 ofsplitrroldio 8,

wherein the | ami nate . q§1d Ueh ULe sk drtdl OUFBAPRERLD die ) @MhRaLEAR

direction
5 invention, in the above apparatus for manufacturing a

laminated body, the positioning means supports the
peripheral lamination surface of the laminate structure.
According to a preferred embodiment of the present
invention, in the above apparatus for manufacturing a
10 laminated body, the laminate structure has a through
bore extending in the lamination direction and the
positioning means supports an inner peripheral surface
of the laminate - structure which defines the through
bore. _ . _ |
15 According to a preferred embodiment of the present
invention, in the above apparatus for manufacturing a
laminated body, the positioning means has a coefficient
of dielectric loss not higher than 0.3.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory diagram of an embodiment
of apparatus for preheating a laminate structure
according to the present invention.
Fig, 2 is a graph of the results of preheating
25 (relationship between the temperature and the heating
time) comparing the case using the prior art method 2
and the case using the method according. to the present

invention.
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and a core nenber made of non-conductive material is I nserted into the
t.hrough bore so as to position the plurality of polyner plates and

conductive HEW/| 0. The method for preheating a | am nate
structure Ing t claims 1 to 9, wherein an annul ar

housi ng nmenber M‘\mmﬂg Im'n nate structure in contact with the

peri pheral | am e t her eof so Substitgtepicet + SirebranpP2al ity of
pol ymer plates ard 20 conductlve nmet al ]éj tes. '11. The method for
preheating a | am nate structure accofding to claim9 or 10, wherein at

| east one of the housi ng menber and the core nmenber has a coefficient of
dielectric loss not higher than 0.3. 25 12. A nethod for

manuf-act uri nQLAAMSNI fi ed body having alternate lamnation with a
plurality of polymer plates and conductive netal plates conprising:
accommodating a |l am nate structure having alternate | am nation with a
plurality of pol y]rer A ameshadd Bor c prihsabiqigretal laninate | Starneheee ar
housi ng member i s made of non-conductive material and surrounds

sai d | ani nat & L”PF& f in contact with a peri pher al | am nation surface
thereof; 5 providing a laminate structure having alternating

1am1nat:|.on with a plurality of polymer plates and

conduct:.ve metal plates; and _
“applying, through -electrodes, a high-frequency
voltage in a lamination direction of said laminate

10 structuxe so as to dielectrically heat said polymer
plates to produce a unified body of said plurality of
polymer plates and conductive metal plates.

2. The method for preheating a laminate structure
according to claim 1, wherein the plurality of

15 conductive metal plates are parallel with each other.

3. The method for preheating a laminate structure
according to claim 1 or 2, wherein intervals between any
adjacent conductive metal plates are substantially of
the same.

20 4, The method for preheating a laminate structure

| according to any of claims 1 to 3, wherein the high-
frequency voltage is applied between the electrodes
disposed on opposite ends of the laminate structure in
the lamination direction.

25 5. The method for preheating a laminate structure
according to c¢laim 4, wherein the outermost opposite
conductive mwetal plates of the 1laminate structure
function as the electrodes.

6. The method for preheating a laminate structure

30 according to claim 4, wherein flanges made of conductive
metal plates are provided on outer faces of the
outexrmost opposite plates of the laminate structure and
function as the electrodes.
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applying, through electrodes, a high-frequency voltage to said
|.am nate structure in a | am nation direction so as to dielectrically heat
sai d pol yner pl ates; and—5—"""applying pressure to said |amnate

structure in ~ sald | a m\ \Edl rection by a pressing neans at |east
after conpl etlon m quency vol t age appl yi ng ocess.
E‘i‘l st hi

13. The net hod f | am nat ed® eigiiestc S FEPREY 2002 ¢l ai m
12, wherein the” pfurallty of cond%tlve netal plates are parallel to
each ot her. 14. The method for manlfacturing a | am nated body
according to claim12 or 13, wherein intervals between any adj acent
netal plates are subst tlal h ane. 15 15. . The nethod fo

manuf acturing a | dm nat 8 E‘@&?}l’ efétrc&‘EF]ﬁ@a‘Ebn%nﬁ &F‘"‘Eﬂnéltrﬁs qtgrtgq)tliqe

wher ei n heat i{id¥ding hedl i dpaiwans iwhéksdn Picddired ivrdenethe psPsESS Of
appl yi ng the high- freguency vol t age. 16. The nmethod for

manuf act ur i nR%E | BFPYaded BBdf Z@%r‘lﬁ n§CRBaghyIgs Walkts quter (fages

wherein pol ari#y fr, % | SafFev d xed
tinme. dﬁ7 % ngPhgnggh factcﬁ/ue?l ﬁﬂéiﬁg‘lgsam ﬁgt ed Eody%i a%%%r di ng
e

to any of &l adtruqture amd ﬁ\h’é@*@lﬂnt a8 khghelectgpdgSency voltage is
sl 20 b v e ShECyGRAEn TP el e P T S iy

| am nate structure
f or manuf act baca:a:@rt&lmgrritnatcekalbmdﬁ or atcomliengiro thei mlertrddesei arehe

el ectrodes ar t site conductive netal plates of the 30
| am nat e strulg %‘%d by%é&ﬁf?é m%%ﬂgmet hod for manufacturing a | am nated

body 9. The method for preheatlng a laminate structure
' 10 accordlng to any of claims 1 to 8, wherein the laminate
structure has a through bore in the lamination direction
and a core member made of non-conductive material is
inserted into the through bore so as to position the
plurality of polymer plates and conductive metal plates.

15 10. The method for preheating a laminate structure
according to any of claims 1 to 9, wherein an annular
housgsing member surxrounds the laminate structure in
contact with the peripheral lamination surface thereof
go as to position the plurality of polymer plates and

20 conductive metal plates.

11. The method for preheating a laminate structure
according to claim 9 or 10, wherein at least one of the
housing member and the core member has a coefficient of
dielectric loss not higher than 0.3.

25 12. A method for manufacturing a unified body
having alternate lamination with a plurality of polymer
plates and conductive metal plates comprising:

accommodating a laminate structure having alternate

~ lamination with a plurality of polymer plates and

30 conductive metal plates in an annular housing menmber
which is made of non-conductive material and surrounds
said laminate structure in contact with a peripheral
lamination surface thereof;
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according to claim17, wherein flanges made of conductive netal plates
are provided on the opposite -34 -
outernost sides of the |am nate structure and function as the el ectrodes.
20. The net hod for manufacturing—a—tan nat ed body according to claim17,

wherein the el ectr tive metal plates provided in_a manner
of contacting w C} mmlﬂl mm‘u uges of t heSuhstiieghaet - 5 krebpeasy 2803 at es
M

of the lam nate structurer 1. The,nmethod for manufacturing a
| am nat ed body according to cI aim 17, "wherein the el ectrodes are 10
pressi ng plates nade of conductive net aI pl ate as the pressi ng neans.

22. The nethod for nuyf act ur am nat ed accordin to cI aim 20
or 21, wherein thé‘Pgﬁé@tqgodeskggE {" @Qteé’d:rﬁﬁoer%atlﬁ r%b’a&%é encys.
The nethod feforeyd acter igwicd |Rmiteied badticturscordi ng tlaraﬁnta@ioﬁl ai Ims

12 to 22, wherein dielectric heat |, n I's gonﬁct ed in a rraan uch that
a central dreckier O n@f c&ﬁdu@i—? BCRELERLAY i RephsePaid |pohymer

plates; and

5 applying pressure to said laminate = structure in
said lamination direction by a pressing means at least
after completion of said high-frequency voltage applying
process. _

13. The method for manufacturing a laminated body

10 according to «claim 12, wherein the plurality of
conductive metal plates are parallel to each other.

14. The method for manufacturing a laminated body
according to claim 12 or 13, wherein intervals between
any adjacent metal plates are substantially the same.

15 15. The wmethod for manufacturing a laminated body
according to any of claims 12 to 14, wherein heating by
heating means is also provided under the process of
applying the high-frequency voltage.

16. The method for manufacturing a laminated body

20 according to any of claims 12 to 15, wherein polarity of
the high-frequency voltage is reversed every fixed time.

17. The method for manufacturing a laminated body
according to any of claims 12 to 15, wherein the high-
frequency voltage is applied between the electrodes

25 provided on opposite ends of the laminate structure in
the lamination direction. |

18, The method for manufacturing a laminated body
according to claim 17, wherein the electrodes are the
outermost opposite conductive metal plates of the

30 laminate structure.

19. The method for manufacturing a laminated body
according to «claim 17, wherein flanges made of
conductive metal plates are provided on the opposite
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t hrough bore of the am nate structure extending in the 20 | am nation
di rection. 24. Apparatus for manufacturing a unified | am nated

body by heat integrating a | amnate structure having alternate
lamination with a plurality of mat es and conductive netal

pl ates, said | am nate st k“““\l\\\mﬂm“ a peripheral |amnation surface,
conpri si ng; an ann{§Bay ng nénberSubkiitote sheetrall&Febfuano?02
conductive material and surrounds the | ag}"pat e structure im~contact with

sai d peripheral |am nation surface; ) di el ectric heating neans for
dielectrically heating 30 said polynmer plates by applying a high-frequency

vol t age to said lam nate structure _in a lamnation direction t hr ough
el ectrodes; anttermost spdessiafy Heandamgngtes SEFMCTERe nand SFWReELPB in
Substitute sheet._5 2002 -35 -

the | am nati%ﬁd?l?%c?f%gﬁygags' 25. The apparatus for manufacturing a

| ani nat ed body 2dccoTtengrethad af or 2manmiacsiur inige dr dauiing teshnsody
0 e oS fadbrh A B CEGRAT S, oy lgbii Sl MG e

5 conductive metal plates provided 3in a mwanner of
contacting with the outer faces of the outermost
opposite plates of the laminate structure.

21. The method for manufacturing a laminated body
according to claim 17, wherein the electrodes are

10 preséing' plates made of conductive metal plate as the
pressing means.

22. The method for mamufacturing a laminated body
according to claim 20 or 21, wherein the electrodes are
heated by heating means.

15 23, The method for manufacturing a laminated body
according to any of claims 12 to 22, wherein dielectric
heating is conducted in a manner such that a central
core made of non-conductive material is inserted in a
through bore of the laminate structure extending in the

20 lamination direction, _

24, Apparatus for manufacturing a unified laminated
body by heat integrating a Ilaminate structure having
alternate lamination with a plurality of polymer plates
and conductive metal plates, sajd laminate structure

25 having a peripheral lamination surface, comprising:

an annular housing member which is made of non-
conductive material and surrounds the laminate structure
in contact with said peripheral lamination surface;

dielectric heating means for dielectrically heating

30 said polymer plates by applying a high-frequency voltage
to said laminate structure in a lamination direction
through electrodes; and

pressing means to press the laminate structure in
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body according to claim 24 or — wherein the dielectric heati ng means
has sw t chi ng nE?EEﬁLQL/LeVEFg?5/’pQ|arity of the high-frequency voltage
every fixed tine “ pparatus for manufacturing a |am nated
body according to mﬁx\%\\ 4 to 26, wherein el ectrodes receiving
the hi gh-frequenkm\ ge ‘are provi ded at opposite ends of the

| aminate structurésn® t he | am nati on di rSubsfitoie.sheét — 5 FeBRaryl2002appar at us
for manufacturing a |am nated body aggzording to claim 27, wherein
out er nost opposite conductive netal plates of +the |amnate
structure function as the el ectrodes, and the dielectric heating

nmeans i s capa i : | gh- frequency vol tage 20 between these
out er nost oppgiéllgt gg“é@%ﬁéﬁé‘%%% pl at es. 29. The appar at us

for manuf acturingSa IThe napmhratumdyfaccmativfipaticing ma27 ladioradied
fl anges made of , . _conductive, netal_.pl S a r.ovi.ded Qut.ernost_ 2
opposite side OQ'V EY‘Fé:cflg Tht Eosﬁal?c?‘t“h?%gf uw@gf‘%&%sﬁﬂeggesgﬁg& F‘b%%%? and
the dielectrigibeatipgeseane i stcapte aftefr apphplegidie bEfghaf texglency
vol t age between these f.lan 30. The apparatus for

es. .
manuf act ur Pngt ACARARAAT ér(?lé'(?‘-:g%cﬁp%]cmgii%o?%sﬁrai m 27, wherei n conductive

met al plates proygi deghd n a'b%@fd@iss of f @o Nt feti#mguter amifooesa of
out ernost opposite plates of 'the | am nate structure functign as the.
el ectrodes, ahg@dvhacgoxddng ko claim 24 or 25, wherein the dielectric

heating means has switching means for reversing polarity

of the high-frequency voltage every fixed time.

10 27. The apparatus for manufacturing a laminated
body according to any of claims 24 to 26, wherein
electrodes receiving the high-frequency woltage are
provided at opposite ends of the laminate structure in
the lamination direction.

15 28. The apparatus for manufacturing a laminated
body according to claim 27, wherein outermost opposite
conductive metal plates of the laminate structure
function as the electrodes, and the dielectric heating
means is capable of applying the high-frequency voltage

20 between these outermost opposite conductive metal
plates. | '

29. The apparatus for manufacturing a laminated
body according to claim 27, wherein flanges made of
conductive metal plates and provided on outermost

25 opposite sides of the laminate structure function as the
electrodes, and the dielectric heating means is capable
of applying the high-frequency voltage between these
flanges.

30. The apparatus for manufacturing a laminated

30 body according to claim 27, wherein conductive metal
plates provided in a manﬁer of contacting with outer
faces of outermost opposite plates of the laminate
structure function as the electrodes, and the dielectric
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heating nmeans is capable of applying the high-frequency vol t age bet ween
t hese conductive plates 31. The apparatus for manufacturing a

I"ani nat ed body ng to claim27, wherein the pressing neans 5
i ncl udes pressin ﬂ

m of conducti ve metal material and applies
pressure to the | during the dielectric heating,
and the dielectrié¢ M ans is capSisttute sheeht-piFregruans2002
hi gh-frequency voltagé n these 3 essing plates. 10 32. The
apparatus for manufacturing "a |am natéd”” body according to claim30 or
31, wherein the el ectrodes are provided with heating neans. 33.

The apparatus for manufacturing a | am nated body according to any of
clai ms 24 tolemtimgheeans denmEpsbile of applyénrgushe digusiredrengy

means for aré%Oﬂéegﬁéﬁetﬁégéa&bhau%wg' HeRa1apdeqaductive retal

plates to be 1 &n ositionin I nc es a core nmenber to
be inserted in a Hﬁou@heboapparapuaw imankBactwrhage at rlrmninatedd

anuf act or | ng Sy aRCRAPERnS Wb bIERh 2T smerei'chas Dl Wieaft

one of theS irmlsdeg npreesiagd hates e mmd:eberOIﬁas conhuftiivg ermebal

mnut actur | nd A TR halEd SPHOAF SESTIG §5 ENY arieHE S

wherein the during the dielectric heat:.ng, and the dielectric

heating means ig capable of applying the high-frequency
voltage between these pressing plates.

10 32. The apparatus for manufacturing a laminated
body according to claim 30 or 31, wherein the electrodes
are provided with heating means. '

33, The apparatus for mamufacturing a laminated
body according to any of claims 24 to 32 further

15 comprising a mnon-conductive positioning’ means for
positioning the plurality of polymer and conductive
metal plates to be laminated, the positioning wmeans
includes a core member to be inserted in a through bore
provided in the laminate structure and extending in the

20 lamination direction. _

34. The apparatus for manufacturing a Jlaminated
body according to claim 33, wherein at least one of the
housing member and the core member has a coefficient of
dielectric loss not higher than 0.3.

25 35. The apparatus for wmanufacturing a laminated
body according to any of claims 24 to 34, wherein the
housing member is a split-mold.

36. The apparatus for mahufaéturing a Jlaminated
body according to claim 33 or 34, wherein the

30 positioning weans supports the peripheral Jlamination
surface of the laminate structure.

37. The apparatus for manufacturing a laminated
body according to claim 33 or 34, wherein the laminate
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housi ng nmenber is a split-nold. 36. The apparatus for manufacturing
a | am nat ed body according . to claim 33 or 34, wherein the 30
posi ti oni ng means supports the peripheral |am nation surface of the

|.am nate structure. || b A ppar at us for manufacturing a | am nated
Body according to cl M'muwlmi&“ln@mr ein the |am nate

-37 - structure hds & thraugh bere ext endubsgtuteshaet —1Srahivary 8602
direction and the positioning neans supp_%r;]t_s an i nner peri pheral surface
of the lam nate structure which defines’'the through bore. 5 38. The
apparatus for manufacturing a |am nated body according to claim 36

or 37, wherein the posi tioni ng, means has a coefficient of dielectric
loss not hiffHeiCERER Bag a through bore extending in the lamination

direction and the positioning means supports an inner
peri;iheral surface of the laminate structure which
defines the through bore.

5 38. The apparatus for manufacturing a laminated

body according to claim 36 or 37, wherein the
positioning means has a coefficient of dielectric loss
not higher tham 0.3. ' '
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