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- 2 - posed'¥n response to this situation, but these are heavy and are
diffi- culx Ro process at construction sites. Fur tThisShaotHas Been Reglaced
difficult to Yecycle these when they have becone ind i ﬁﬂ SO
there are prob; lens in disposal as well. Th

conposi tion boards beside pl ywod boards. These include particle boards,

fi ber boards, wdvod cenent boards, and boards mnade from wood chi ps m xed

wi th paper pulp, fiber, and particles of waste naterial. In
particle boards, wood froHIGHSSTRENGTHE€OMPOSETESBORRD f rom
construction work, waste Tmaferial, and defectiive wood are pro- cessed into
chips. A synthetic resin bonding agent is added and a board is forned
usi ng hot conpression nolding .- In fiber boards, a synthetic resin
bondi ng agent is mxed into FJERD OBeFHFaINVENTION ession nolding is
performed. Because there is a uniformdistribution of wood fibers, there

i s no directional Thg nnesent riamgntionr rebases dioow ogddmasepiad s Ansh maxe spegifis
gives it the advan- tage of not, splitting or _ warping during use.

I'n wood ceneiypbeindes tRosammnsite Reprds feiptonesd Xobh %&?-gﬁénquﬁséegséd
in a calciumchloride.solvent, and,then mxed with, cenent. Thi,s is.then

bl aced i 1 51l SFRETIANSBIELSs SARRER dratPpaTtE P PEFdRdecarin £1alY shE M4t Ing
mat eri al toc(g{esé;% o] Qﬂdtggﬁgrzﬂo?ﬂﬁlﬁst ol [ ow bl ocks and the |ike, and

al so has the advantages of “berng a good“sound insula- tor, heat insulator
and fire insulator. Thus, the raw materials for the conposition
boards described above conme frommaterial that would generally have been
burned or dis- posed of aPIFCREPTION) B THE PRAOROWSRTMI | trees, wood
scraps. waste wood, and defective wood. These materials are broken into

fine pieces and Weed Wearidsbeade dirofd aloed. matetial inckidet pfywoodpbeatds, phrti-
vari -

¢le board and fiber board, and are widely used in civil engineering
construction'work ind general industry.

Plywood boards can be made by taking thick lumber of tropical
tree and slicing it into thin slices with a veneer lathe. A plurality
of these slices are then stacked and glued together so that their fibers
are arranged perplrmdicular to one another. Another method for making
-the bbard is to mix saw dust into glue and have it harden into the
shape of a board. Thin slices, as described above, are then glued onto
the front and back of this. Composite boards of these types are used in
large quantities in: civil engineering constructions and the like. How
ever, manufacture of these boards requires a lot of large trees. It
takes many years lor a tree to grow to an adequate size, even in tropi-
cal regipns, and cutting down these trees without adequate preparation
can destroy a forest. " With the recent cbncern for global warning and
desertification, it has become necessary to reduce wood consumption and
preserve forests. |

Boards made_of aluminum and thermoplastic resin have been pro—
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-3- ous kinds as well as everyday waste products ar,e.gelt Q géstrkpaedr aw
material. Thus, in conposition boards the natural i Is used
efficiently, and different kinds of waste product s}—m Wﬁm‘j cl ed
into a useful product. Therefore it is expected that n  boards

wi Il continue to have increasingly w de usage. However, while the
conpositio rds descri be eve .can be wdely used in furniture and,..
structur al Beard 1 reERoRsRcte JRTY ubGRugh. bk YobstrRts gl YoRpd: Bk (it

[ egul ar CouRpsifhe phaaees BlShotiubiigH kitedd! FuliPholHTT ol URN @A APNIE! fo
panel s, where an especrally high Hegree o? strength I's necessary.

Furt her nor gecydle! idse RBBhAEhdIANAVE NBEANALIRdUSE! iRl aPES el G BRére ak8%prob—
between particles. In order to use these in furniture, it is neces- sary

for the nalemisain tdishagal aaspadilfic gravity of at least 0.65 so that it
can mai ntain adequate strength at the joins. This creates a limtation in
producti on costs Blietecanmpagiswesemposition bGanpodiesidn dlgwmoddabeardss These
supporting strengths for regular wood screws, nails and tapping screws,

t hus requi inpkpdep@arhiclechbeards afibeiethgardsst wpedscement boargspoznd j bpards
board can al sp expand, deform and, lose jts shape sig- _nificantly due to
humi di ty oF‘“Hﬁ‘? sf)tf'ﬁf‘é.w?ﬂ&sc%ﬁc‘eé“}’fe akty Sgwes Bulpofiber.oaad gastiglgs of
expose it LAset el o rial Al so, the production of wood boards involves the
use of mel amne-" Ures topol ymer resin bonding agents. Formalin, which is

one of the in- = grefbenide BEMILSwAbALGN GHELNANELDE BRAMIEHAD DEAGSSS

and can be released 1nto the air over g period. S een CI

as a heal tfomagahdtruction wdPk,"Ra3ed HRREr1AS RRENI PFNPPE I S WSS TRTE
t hese drawbacks is

cessed into chips. A synthetic resin bonding agent is added and a
board is formed using hot compression molding .

In fiber boards, a synthetic resin bonding agent is mixed into
plant fibers and hot compression molding is performed. Because there is
a uniform distribution of wood fibers, there is no directionality in
strength or expansion and compression rates. This gives it the advan—
tage of not splitting or warping during use.

In wood cement boards, wood chips, wood scraps and wood wool are
processed in a calcium chloride solvent, and then mixed with cerrient'.
This is then placed in a mold and compression molding is performed.
This allows the material to be formed in thick boards, hollow blocks
and the like, and also has the advantages of being a good sound insula—
tor, heat insulator and fire insulator.

Thus, the raw materials for the composition boards described
above come from material that would generally have been burned or dis—
posed of as waste,_éuch as miscellaneous small trees, wood seraps,
waste wood, and defective wood. These materials are broken into fine

pieces and used as fibers or flakes. Waste product from plants of vari—
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to glue reinforcing material consisting of glass ThxssleqetHaﬁrﬁG lacgd

-4- fiber sheets that have been saturated with a ‘Irem n.
However, because this kind of reinforcing materi aI that is
thernosetting, an attenpt to increase strength by |ncreaS| ng the fi ber
content will result in a deteriorated resin saturation. Fur- therrmre, It

is diffi Cu'étd;ﬁt | gﬁ%‘ée tshgv df%é | &) rwar& JQSﬁSn T eI ?'ﬁe alélfnllsaé[d s A

strengt h an tness. ona cessary pressure an

1 heat for gal&ngiper Ofn tdd?ﬁ?? P(flfiq{oér‘asam@q{htutraﬁ ﬂ@b‘ﬁi‘b@loft WoHaOts

boards. This nmakes produdtion di t and | eads to alterations in

the wood beajed bfORiéhAyheahd 2aHIEFrO&SEWiAds of waste\prbaddtfSatdellBOSRIdY-NY
resins are used, there |s the difficulty involved in preventing the

war pi ng th&uedcnwmanmesmhq:mramessmﬂmftohat it0G§ ugspatite dnth darcdenp oxition
OBJECT AND SUMVARY OF THE | NVENTI ON The object of the invention is
t o over contbdardsdwallbeaiiinot thdavprimmreasinglyswridbeamsageove. A
further object of the present invention is to provide a high- strength
conposi te board t Roweverpawhile fha opB@Posétion E’Iﬁ'&t“d§a¢eg‘31ﬁ} d apogascamnfer

resour ces, rev nfs water absorptioon from decreasin expansi on, that
i mproves tt’(%" P’dFﬁ{j st dwgmdtare sst&“&'i\)érnlirfﬂaf‘ﬁ%hal ﬂ‘%{s ‘Hg%‘ﬁé‘ﬁ? teq, 1ts

properties 1t hﬁ‘t lafsgr r%‘l '<d:8rtrn)?ta958ré Fglsli%lp%rt | C(])Slte (21% Rt Ck@snft gnsurt—

| i ght ness, JERt TVE

has a | ower, lﬁ@ﬁﬁj %egf éa{r@ cBnc}QHes %Ié;lélgaéﬁeresgileéspe%l gﬂ Hggr%e

pr esent i nvention a rein orcing plate s gl ued to one or es o
wood board (ﬁssﬁ%%(grthbﬁﬁ @Q@g@ar)}[he reinforcing plate

Furthermore, particle boards have inadequate resistance to peel—
ing between particles. In order to use these in furniture, it is neces—
sary for the material to have a specific gravity of at least 0.65 so
that it can maintain adequate strength at the joins. This creates a
limitation in production costs and compactness.

Composition board also has weal supporting strengths for regular
wood screws, nails and tapping scréws, thus requiring special screws
and metal fasteners.

Composition board can also expand, deform and lose its shape sig—
nificantly due to humidity or moisture. This makes it inappropriate
for allocations that expose it to water.

Also, the production of wood boards involves the use of melamine—
urea copolymer resin bonding agents. Formalin, which is one of the in—
gredients, remains as a residue from the production process and. can be
released into the air over a long period. This has been cited as a
health hazard.

On method that has been proposed to overcome these drawbacks is

to glue reinforcing material consisting of glass fiber mats or glass



conprises either a single prepreg sheet Qf,;sghegtlmggée},kgplég prepreg sheets

stacked so that the fiber alignnent is diflf sheet .
- 5 - The prepreg sheets are nade by alji mu WIMOUS |l ong fibers in
a single direction on a plane. This is s t her mopl astic re-

sin so that it is 40 percent or greater and 80 percent or-|less of the

wei ght cont@gpt, Ahdelts Lfﬂageflave been saltFatdaO B0 thﬁjﬁo gttﬁrg%éxie Irigmboard,

fi ber board, conposite oard, wood cenent board or boards

m xing, pressurizipgvaRe, HEdideo (wprdiingar apsr_eaﬂfiomeg kideriagonbided Aokid
a bondi ng agent and smal | particles fromvarious waste products.

I n one preftdrateds arlzath 08itingheas uift@epOlt of hec M BOAEHE 1IN byMinehe hfhg
reinforcing plate will be glued is saturated to a depth of 0.1-1 nmwth

t he sane t hdenbhastdontiessi willhatsuk dat ardétedionatdde reein dathoatiorg pFai-e.
The reinforcing plate is then glued to the resin-sat- wurated |ayer. Al so,
it woul d bdhgemergy| & tisg diffi¢wlishormakiebthe matdrial HdinesiPheset factiord put

| ayer. .., ln another preferred enbodinent, the reinforcing plate is
made by stldBMiagorsppu strepgthrangd dighiness .t nAdditionmilbpr it 4 enenessarydte n
dif- ferent g&rections. IS Moulq be desirable to Eave bet ween two and.
four |ayer®PRy BFEpFRLE anl heat [for g lopg Rerigd ghdiimg,in epdes 4o attaflg

h ke y in-, f i ) h | .
coot 11t entier REFIHT, to Padd Wodle ® P Rig Rl dedhIRlo LR  ana atsq,

voul d al 50 188d80RS ittt ak forfd Gkie WESdBRIaFA! Foth Sld' hRLE Ea pFBYGuld.0m L he

sane resin used in the reinforcing plate, on t surface or an i1nner |ayer

of the reinforci ngsplotigeas thermoséftiN®WebinkSPrdsd@sithakb Sist Ph& WieficiPly
only the side surfaces

involved in preventing the warping that accompanies the compression

that accurs during hardening.

OBJECT AND SUMMARY OF THE INVENTION

The object of the invention is to overcome the drawbacks of the
prior art described above.

A further cbject of the present invention is to provide a high—-
strength composite board that is based in a wood board that saves pre— .
cioué lumbe? resources, that prevents water absorption from decreasing
éxpansion, that improves the holding strength of wood serews, and that
has mechanical properties that are superior to prior art particle
boards such as lightness, strength, rigidity, and lifespan. Thé pre—
sent invention also has a lower emission of formalin, thus making it
safer.

In the present invention a reinforcing plate is glued to one or
both sides .of a wood board as described above. The reinforcing plate
comprises either a single pref)reg sheet or a plurality of prepreg

sheets stacked so that the fiber alignment is different for each sheet.



b:Jt aI;o the ends of the wood board withy & e} nfiar 8lARefcad €S-

Furthernore, in another enbodinent, ala an em bossed
surface sheet, a decorative material or mmw[lmIBMached to

-6- the surface, and then a protective r ' ttached in top of
t hat . It would be desirable to use a polyolefin resin or a

Pong 11 bers THosaePRet TkTBefrs dpbif b7 HEREAR S dhGoud RO MOS =

| ong fibers mx &G PRt e Telnforclng

fiber, but _sihgly\qﬁgci%np%t hCpild.Y gﬁﬂ rigbéﬁutrgté{?%vﬂhaﬁstﬂeirhﬂgﬁa§ﬁ@ re—
i bers. Th

carbon f e above, and ot her objects features an

advant ages ¢gh shetpdE-it SEN0 peYeshi Wy Widatkecana 8OPFEEEEnt 02MELE of the
description read in con- junction with the acconpanying draw ngs, in which

li ke referangighiugententalos tiasifgbese the sane el ements.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective draw ng
showi ng an enbodi Whet wafodt hearki gansbeepgthicdenbosid e fbber chadrd heoprpsdhe
i nventi on. Fig. 2 is a perspective drawi ng show ng the .
hi gh- st r endtdardenwoodpementphbapnd ofr biogrds medpaels om tisingeneressurizing Fugd
3 is a perspective drawi ng showing a different enbodi nent of the present
i nvent i on. molding weog seraps gnd, yoods tiherorombined Wil fi hgnding agent and
hi gh-stren%th om t.gi)essi Ee It]?loard.ohuasvi ng.a SW:;:?&% material on its surfaces.
Fig. 5 is &h enl8Pyéd T o5 EBEIBH F &’ nl" 81" % wod board having a
resin-saturated | gyef,, ‘lﬂ}%?&hgedt *é%t?&’i‘ﬁpkﬂ?,r 'Ele' %?Ha%er 68 the Wt bdarlCin
reinforcing plate Is saturated on a surface of the wood :
which the reinforcing plate will be glued is saturated to a depth of
0.1-1 mm with the same thermoplastic resin that is saturated in the re—
inforcing plate. The reinforcing plate is then glued to the resin—sat—
urated layef. Also, it would be desirable to mix in short fibers with
the resin—saturated layer.

In another preferred embodiment, the reinforcing plate is made by
stacking a plurality of prepreg so that the fibers are oriented in dif—
ferent directions. It would be desirable to have between two and four
layers of prepreg.

It would also be desirable for the prepreg that make up the rein—
forcing plate to have an thermal expansion coefficient in the direction
of the fiber of 10 “3/°C or lower.

It would also be possible to stack a thermoplastic resin plate, -
made from the same resin used in the reihforcing plate, on the surface
or an inner layer of the reinforcing plate.

It would also be desirable to cover not only the side surfaces
but also the ends of the wood board with reinforcing plates.

Furthermore, in another embodiment, a layver comprising an em-—

bossed surface sheet, a decorative material or the like in attached to



boar d. Fig. 6 is an enlargedyclfssnadeédRepladdawi ng of the wood
board shown in Fig. 5 wherein.short dinto the resin
saturated |ayer. -7-

Fig.7 is a drawing for the purpose of u !m“ml““g! a device for making the

hi gh-strength conposite board of the present invention. Fig. 8is a
drawi ng fqg t rLROS f cLi i .devi.ce. . i t i

Strength oie ASTAHER: sEndnofEACh BE AR & e kEFi e BB ek 18 1O of
In these q{ap ngs, the thickness is exaggerated relative to the surface
dimensions in order to indicate the derails of the cross-sec- tion
configuration. Tt wouldDBEAISERJBESGR RELON £51y01Es iNREFERRDD EMBSHIsVENfe
Referring to Fig. 1, there is shown a flat high-strength com posite board
1A approprieair d®rtheseesin danchetgeinfareimgpdatéie ThkecontReusdoionpfipked es
12, 13 are attached integrally to the front and back sides of wood board
11 t hr ougmixest rimt o st sednfonkingsphateatan abecany geseraHyt kpownr fHea, bht
wood board 11 is fornmed by saturating the ther- noplastic resin used in
rei nforci g poalds b pargicularly deginghleitog useagdassofibeyscgmek icaa hon
stack of prepreg sheets. The prepreg sheets are made by arranging long
continuoudPEB®rs in one direction and mixing thermoplastic resin so that

h i gh [ he fib is b 4 d 80 o
A CRSIR AR FNE R Al g R O S T
orientatl %@n@fi Jeri‘ﬁ b\%'iﬁ BkEo e];];a?%)%g(t-:nt from thel_ﬁ@écljiﬁtiaqqplrbgg IA ¢ nd_er

to attach Wwood board }11 and rern
junction with the accompanying drawings, in which like reference numer-—

als designate the same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective drawing showing an embodiment of the
high—strength composite board of the present invention.

Fig. 2 is a perspective drawing showing the high—strength com-—
posite board of Fig. 1 formed with a bend. |

Fig. 3 is a perspective drawing showing a different embodiment of
the present invention.

Fig. 4 is a cross—section drawing showing a high—strength com—
posite board having a surface material on its surfaces.

Fig. 5 is an enlarged cross—section drawing of a wood board
having a resin—saturated layer, wherein the same thermoplastic resin

- used in the reinforecing plate is saturated on a surface of the wood

board.

Fig. 6 is an enlarged cross—section drawing of the wood board
shown in Fig. 5 wherein short fibers are mixed into the resin saturated

layer.
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plates 12, 13. The n1n|nun1tenperatu&ﬁsggafgpgémkamkap mel ting point of

t he thernnplastlc resin saturated in gl plates. Wile the
ﬁﬂ ﬂ The pieces are joined
ng a press.

resin is nolten the plates are put on
by cooling at a pressure of 3 kg/cnfer
During this procedure, the nolten thernoplaslic re5|n penetrat es
-8- through the rface into the s aces betvveen WoQ artj.cles or
li ke, and surrou%;%j h}es 513 gl ?Ioés ﬁ'l’ﬁ"é”?%sferrso Egg{er@aeraltegm P&y
15. Wen t be&a -
en R akeRg ViR en Obfre ?.%@h EGANBE13%bblrd "BOPE Gileledd 1?108'11{01%"?

forcing platesl rma firm via resin-sa

Referring to Fig. Fig.téeakeal arahend £6t qihles aipbB@ 6te$1le@c§ﬁ§ilhg ar%te%@ce for
| ayer. Referring to the drawing, there is shown | arge particles

whi ch make mpkihg teatings ¢htistrenfthostd thoarightsir&igil @onifddite bcﬁirﬂSoﬂ.Jma
are present at the surface layer. Reinforcing plate 12 com prises a
prepreg 12-gresestainvesdieny. 12-2, which are stacked so that their fiber
orientations are Ee endi cul ar to each other. Thernoplas- tic resin 16 is
resin that has pehdt thaseqdr andngeo thsoshickness dm exaggerdtedciralativat ko the
In this may er | astic resin fills up the spaces between the fibers
di stri but ed® arcgna?ﬁeé‘?h%"i)l ordsr E?Id“é?tlcf‘ﬁ% thenderpils of the crggsrpac—
spaces bet i.cl es that make up wood board 11, thus nmaking them
I ntegral . lll}ﬁlg %Ie}gfj raltlon strong bond between wood board 11 and
reinforcing plate 12, 13. It would be desirable for the thickness
of resin--saturated |ayer 15, i.e. the saturation depth of the resin, to

be between 0. 1 mypanitr Ep WHSCIIPAT0RS OFPFRY PRUTHERKIAESAANGENTS, | not

adequately forned or 2 he

bondi ng strength mferﬁﬁﬁga&aswggmftﬁ@mhx sh&nt 'aefp&thﬁﬁgﬂa@.@'reﬁém Tom-
difficult to have a

posite board 1A appropriate for use in concrete frames and the like.

Reinforcing plates 12, 13 are attached integrally to the front and back
sides of wood board 11 through thermal adhesion. A resin—-saturated
layer on the surface .of wood board 11 is formed by saturating the ther—
moplastic resin.used in reinforcing plates 12, 13.

Reinforeing plates 12, 13 comprise a stack of prepreg sheets.
The prepreg sheets are made by arranging long continuous fibers in one
direction and mixing thermoplastic resin so that the weight ratio to
the fibers is between 40 percen.t and 80 percent. It would be desirable
to have between two and four sheets stacked so that the orientation of
the fibers are different.

Heat is applied in order to attach wood board 11 and reinforcing
plates 12, 13. The minimum temperature for this is the melting point of
the thermoplastic resin saturated in the reinforcing plates. While the
resin is molten the plates are put on wood board 11. The pieces are
joined by cooling at a pressure of.3 kg/cm? or less using a press.

During this procedure, the molten thermoplastic resin penetrates



depth greater than 1 mm and a resin- g} sHeABIBdeARSNacddnat i s so thick

woul d not increases bonding strength a Referring to Fig. 6, a

plurality of short fibers 17 is dis- gmnu! surface of wood board

11. This results in an even (greater _ h because short fibers
+ 17 becone entangled with the glass fibers in reinforcing plate 12.
- 9- t ORI PEed Gheb Uy 2BaPbalferhRen WotRUbEriiR1de ! ok Qike
preheat V\Dolaﬁg%%{ld l%‘i@tg act_enpe(r)g{gurgal%gh eno_lﬁgh too QFI BW t he trhe_rm)-l ’
plastic reand s@rfb@Mds TileS wood Ddritddieshe FhW sEmEesi Fesiansaf dfedviayd ¥
fill the spaces in wood board 11, thus providing an adequate thick- ness
for resin-gat urWhed dhayeésihdScools off andtbevumhes abkid, beo@bdriabtiell andovein—
the surface of wood board 11 or reinforcing plate 12 beforehand with a
resin fil mfoeciagl pbatdshd2sake formsianfirsedbomd rdanferinisgiprated 12yenVién
wood board 11 and reinforcing plate 12 are joined, the resin in the resin
filmmelt and perRRefenrdng iatBighd,stherecdsoshousddpbrida afi the| resiphisatu-
i ncreases the thickness_of resin-saturated |ayer 15 ,as well .as the resjin
content, tﬁ&%e‘iju’é’rya?ﬁ'-' Referiing te thedragyng., there is ﬁl‘r‘PVY'hilél"&ﬁyPa’f%les
formation resin-saturated, | ayer 15 an t surface of woQd board 11
ol ovs o sikohy MR BUkGalp the Srer Seednrof nsdi bREFA kS erBR Pertinng
plate 12 w ty I I S f nelj ag . ny _
exposed ar 8?‘%#% t%g%\%gohglgg&ggc#egggds,@rftaﬁgsijér‘%%u’ci ﬁgg?férr?r{a'féjﬁhél&é;sq?pé{;ﬁon.

Referring p0ifdd-a HrepPeke:2s15ARWN 2P EFRAE I 1R, Hhiktheabb Htackell DRt

conposi te board of ‘the present invention, In whi c’h there is a bent board
I b having gRedf CUBéE SFiRhtubRiild Ate bErbbhadicimedtseddch rdtherl NTHegivPlas—
plates 12, 13 are bonded to wood board 11, which has been

tic resin 16 is resin that has penetrated info wood board 11 from rein—

forcing plate 12.

In this way, thermoplastic resin fills up the spaces between the
fibers distributed in reinforcing plate 12, and at the same time, fills
up the spaces between the particles that make up wood board 11, thus
making them integral. This results in a strong bond between wood board
11 and reinforcing plate 12, 13.

It would be desirable for the thickness of resin—saturated layer
15, i.e. the saturation depth of the resin, to be between 0.1 mm and 1
mm. In cases when resin—saturated layer 15 is not adequately formed or
when the saturation depth is 0.1 mm or _less, the bonding strength de—
creases significantly. On the other hand, it is difficult to have a
depth greater than 1 mm, and a resin—saturated layef that is so thick
would not increases bonding strength anyway.

Referring to Fig. 6, a plurality of short fibers 17 is dis—
tributed-at the surface of wood board 11. This results in an even
greater bonding strength because short fibers 17 become entangled with

the glass fibers in reinforcing plate 12.



bent. This enbodinent is appropriate fﬁ_r curyed concrete panel s and the

i ke. When the vertical and hori & ‘ohs of wood board 11
and reinforcing plate 12, 13 are ident ' I ssible for reinforcing
plates 12, 13 to be peeled off at the c Ir -Referring to Fig. 8
in order to prevent this problem it would be desirable to use a

reinforcing plate Wi tlcal ori.zantal . .

- 10 - dinensi on;glla't??#(}fa %&gdg%%eﬁgtfogﬁgqgeéf{tﬁa%gt hltgs‘évog dV\B(e)dd%%gra&)lfl?o
In a high-pgrleh8ROWHLIOBRARE LBl 803 Felfpet Al NiSH drbuh B0 IS the thermo—
reinforcing plate 12 does not peel off fromthe corner of wood boarcf 11,
thus al- Iplesbir a@sigrtdameli.ngThis is so. tWay DRE MRWihE PESMERan effectiv—
reinforcing plate 12 from being peeled off fromthe edges of wood board 11
woul d be t ®@lpafiél thenswacrHsndgn pivabé H@arddll, arlgesr prrbaid ingodnbadegudde tHhek—
ends of reinforcing plate 12 would be bent over to cover wood board 11.
Wth this dessi fer desbsatiradedslaydr wdod board 11 woul d be covered by
reinforcing plate 12, thus in- creagsing the overall strength of the
conposi te board a¥ Wouldaadlsbe ppssihlegte rrovescthe surdaee pfawoode bosrdelk.

This prevents reinforcin plate 12 from bei ng peel ed off.
Referring t% W@foﬂ?lnghggﬁt‘i %gsmegaﬁ‘érfﬁ!ﬁﬁ ger?ﬁ)‘&r g'l‘_’fb.mﬂéﬁ from; the jsqane

I . .bond .th k of d d . .
Dt 2 e R BTSSR o R BRSPS bt
plate 12. fé{ate 12 \gﬁnlj%?ﬁe&m?h% 'r%sh? gﬁ tlflseEQ'e'sﬁln CONE %?ltf ra%rﬁefygrlﬁeﬁégﬁgse

mat eri al | npr oves e nol rel ease aracteristics relative

concrete. jhioitheP9EfaltkbCof oRE HRaFH! § ACFelTBE ef;ljri%l ir‘ié'ﬁatasie? SPPh L8R Lpe

con- crete is to be snooth or polished. It is So possible to use an em
resin—saturated layer 15 as well as the resin content, thus guaran—

teeing a reliable bond.

In this way, the formation of a resin—saturated layer 15 on the
surface of wood board 11 allows a strong bond between the surfaces.of
wood board 11 and reinforcing plate 12 without requiring the use of a
bonding agent. In addition, the exposed area of the wood is decreased,
thus reducing formalin dissipation.

Referring to> Fig. 2, there is shown an embodiment of the high—
strength composite board of the present invention, in which there is a
bent board 1b having an arcuate cross—section. In this embodiment, re—
inforcing plates 12, 13 are bonded to wood board 11, which has been
bent. This embodiment is appropriate for curved concrete panels and the
like.

When the vertical and horizontal dimensions of wood board 11 and
reinforcing plate 12, 13 are identical, it is possible for reinforcing
plates. 12, 13 to be peeled off at the corners.

" Referring to Fig. 8 in order to prevent this problem, it would be

desirable to use a reinforcing plate 12 having vertical and horizontal



surface material 14 can be used to trans
on to concrete, such as wood grain, nmar line art, and
the like. For high-strength conposite boards used in interior walls
and partitions,. surface npterial,l1l4 c i ai

thin V\Dod‘ésﬂnf)'i‘%ltogg,I%%daf%esqr?ivéhat I'E(r)l?aﬁéé) é?lggftrhl?gé,wa%\)ggt ﬁg%chr ggfs{ign?
ma- - sopiari S h ; I [ @i i
foil. e e e G R R, SR Tine
rein-  forgi{ig P2adSed hdl0pheBPRSIE Aldnt Bid lcdheYCof iodd LR d bl ¢ thasappty
a bonding agent to this surface and attach a decorative surface nmateri al
to the surfgeihg Hdavetehandiingondi ng agent may not be able to form an
effective bond, preventing an adequate bonding strength. In such a case,
obt ai ni ng an adeduattbeboway rip srevenit neidpreinguiplateplddeoni hging peeled off

r ei nf or ci ng pl at e surface by sandi ng, corona _di scharge treatnent, hem %al
et chi ng anframethe ledgeshet evegdekoard dilomouddnbe dondpde rrainforqing plate 1

PO 0 C S cham o b0 AT 8, RS ST B SRR Bl ORI
in- f ' | at f hand. h '
1T OB 86 5] S R SRS WY, HRIL RN RO S

the reinfgfolagaPhaheaPENSkERI® RO oAy OVsirEelng e N2 I9sasath e

surface materral is a ererntorcing pla hls-resu1t3|n

resin-sat up A £¢hid AMfle ovelhlAlsth@nkbR SNaniesoh PoritB BYAPYSAY w¥lll @B in-
provi des a strong bond between the reinforcing plate and the decorative

material . creasing the local strength at the corners. This prevents reinforcing

bossed material in order to provide desir@smemasBmRDil@m of a building

thus increasing its aesthetic qualities. e latter case,
esigns and patterns
e, brushstrokes,

plate 12 from being peeled off.

Referring to FIg. 4, there is shown a composite board 10. Rein—
forcing plates 12 and 13 are bonded to the front and back of wood board
11. A surface material 14 is attached to the surface of front rein-
forcing plate 12.

When the bcard is to be used in concrete frames, surface material
14 improves the mold release characteristics relative to the concrete.
It is possible to use a surface material that is smooth when the co.n—
crete is to be smooth or polished. It is also possible to use an em-—
bossed material in order to provide designs on the front of a building,
thus increasing its aesthetic qualities.

In the latter case, surface material 14 can be used to transfer
various designs and patterns on to concrete, such as wood grain,
marble, brushstrokes, line art, and the like.

For high—strength composite boards used in interior walls and
partitions, surface material 14 can be paper prints of wood grain, thin

wooden plates, and the like. For exterior use, a weatlher—resistant ma—



In this case as vell, it would befig§ickdhkBechReflreeer the ends of the
conposite board with surface materi to prevent surface
material 14 from peeling off at theﬂ%a“[unln The following is a
description of the materials used i € parts of the invention.
The thernoplastic resin used in the reinforcing plate is not par-
ticularly If L.ed. r 1 oy sed; -
styrene, postlgs\%“nyleo q‘éﬁl g?iudsg?&%s l!r"Z('iill g%{-%ckgéllrlrll }Moé\}v_ﬂgg%g‘??& Hp@l%%f%/?ﬁéne.

l'ow-density pol yegayhGeg, (Ht 9RifShdrnYopRlst & MeseRerayRQ! YPFMBY! 6A€he rein—
- 12 - polycarbonate, polybutylene terephthal ate, polyethylene

t er epht hal sftgcinpolpyatdeis wdtl eBpecpl s Wit paetiveql yetidybokBibiR tot bpdey a
nane: ULTEM, polyether ether ketone, polyphenylene sulfide, and the |1ke.
However, ibording aglenst t@ndtiby, swwfaicer asdsattach, apdeceratdnd suadyce abiatertinl
after disposal, the optimal resin would be the generally used polyolefin
resi ns and ttchéhpos ysfacane Howives, dhehberding paehly imag notdbe paily pra fgrmnan
Exanpl es of contjnuous |ong fibers that can be distrjbuted in the
rei nfor ci neffeatige homgdepreyanhing an cadenvatrohonding séranpghhde Iof syehsa
(registered tradebrrar.k." Kelgxll ard'r'%; at#ra . or% nic fibers; nmetal- lic fi berfs
such as ti tSfCan? BOPSE 41 4 "é‘?ges QREING T I MO ARPL THLUET PTOGERSIE ©
gl ass, car [d ] c i d er,. t resen [ i I.S _not
Peatr ot ed g FREUAEIAR PLAY Sual YR nandfio, SF6iina (DUERALER 3 aRente,
have adequ n G ai | n '
dfemidA 8¥| i S0 thE B 2 ”Fﬂe@“?%g[&g%’ %fg[ﬁgSl:é‘sﬁhgngBH%@erably

The | ong conti nuous ers are mxed at a rati perc
wei ght. It jweubasde mroaectadd eodesi rable to have a ratio of 45-70

In order to overcome this problem, it is possible to attach a
porous sheet, suchk as thick paper or non—woven cloth, onto the rein-—
forcing plate beforehand. Because the bonding agent éan penetrate ef—
fectively into this porous sheet, some of the thermoplastic resin in the
reinforcing plate penefrate into the porous sheet when the decorative
surface material is attached to the reinforcing plate. This results in
a resin—saturated ‘ayer, similar to the one described préviously, which
provides a strong »ond between the reinforcing plate and the decorative
material.

In this case as well, it would be desirable to cover the ends of
the composite board with surface material 14 in order to prevent surface
material 14 from peeling off at the ends.

The following is a description of the materials used in each of
the parts of the invention.

The thermoplastic resin used in the reinforcing plate is not par—
ticularly specified. For example, the following can be used: poly-
styrene, polyvinyl chloride, straight—chain low—density polyethyl_ene..

low—density polyethylene, high—density polyethylene, polvpropylene,

__11-_



percent by meight. If the ratio isTMeﬂﬁaHha&méﬁqmﬁ&ﬁent, t he nol di ng of

the reinforcing plate becone difficyl the increased fluid- ity
of the resin at high tenperatures. | m&mt beconmes diffi- cult to
obtain the rigidity and wear resistance or a board. Also if the
rati o goes beyond 80 percent, the adhesive properties de- crease and

Shepi 00, DoRRASbEA) ol pistend G SERL RS, BONRLELPALS (B by igge.

rei nforcing prate are atran a

that woul d ;qﬁgl%mé}yﬁ]msﬁ'b,vepol%miga}%a,;bbffap%;L&lnﬂe "@Fpde name: ULTHM)!

al so be possible to have a staCk o ers o ese ers conprising; a

layer in wydilyether fédRrs kaE6n o) iptlyplhenyléne Hilefde, and the like. However,
- 13 - tion that would receive bendlng stress during use: and a layer in

whi ch the it bermsaiof streargidd pargpendisistaricd,0prices dndeebtpdlability aftdhe
prepreg layers used in the reinforcing plate can be made ac- <cording to

t he met hod ddispeisededithe dpiiamek er dsHind vopeld Feet dhte Belbleiradly arsed\qol3-ol2iiG8.
In this method, nonofilanment glass fibers used for strengthening, are
processed iahims cams i tiye ag&%b’,SWerFSJﬁ@t Harely| agpdsdyie iy le ngeamaky
silane. A bqndle of a plurality of yarns is pulled with a fixed tension
and proughtPY'¥PEORJHt™Mct with nolten thernoplastic resin. Resinis

dinsid h wWhi | e bei h h h d. | .
It “wour d be desi %?%I’E‘%é&fasénf‘w%ggg . (3! %t?cgﬁfi%%eedd.s{rjhagéﬂbér‘, the
1t be_desi rabfee". _ :
the i nf orcing ChPARE"Eak 8 FEREIES P Qb ke REs B R Hnel UBR a TR PN

o o SouTs (pine U e i UL PUEPA SR e O s, Dt
thickness 1lic fibers such as titanium, boron, stainless steel; and inorganic
fibers such as glass, carbon , silicon carbide. However, the present
invention is not restricted to these examples, and other fibers can be
used as long as they have adequate strength and can be obtained cheaply
and in abundance.
The long continuous fibers are mixed at a ratio of 40—80 percent
by weight. ‘It WOl'tld be especially desirable to have a ratio of 45—-70
percent by weight. If the ratio is less than 40 percent, the molding of
the reinforcing plate become difficult because of the increased fluid—
ity of the resin at high temperatures. In addition, it becomes diffi—
cult to obtain the rigidity and wear resistance required for a board.
Also if the ratio goes beyond 80 percent, the adhesive properties de-
crease and shaping becomes difficult.
The continuous long fibers in the reinforcing plate are arranged
in a single direction and in a direction that would generally receive
bending stress darling use.

It would also be possible to have a stack of layers of Lhese

fibers comprising; a layer in which the fibers are oriented in a direc—

— 1 2-..



at 1 mmor |ess even when between 2 andhi4 Sk s lacf"dacked t oget her.
The conposite board can al so warp, when ﬁg plate has large
coefficient of thermal expansion. Theref e desir- able to
keep the coefficient of thermal expansion at 10[err] or less.

Exanpl es of material that can be used for the surface material include;

foam or none{A%h &NSFASSYEDeAR ROANRORNENS A ShYSLILERRA BIESES' 1 suhion |

t hernoplastic resin pro suc he

woven and Nofe WEKERs Gia! BRidiRdE bePPLHATLAYS [6 NS aiiRBiod.esin s to be

used as the surface material. it would be desirable to use the sanme type
of resin as is usdtel Prepig 18Vé¥<LuGedlin tAbaAnforcing plate can be made ac—
- 14 - The followng is a description of the procedure used in

bondi ng t heombiog twahe metkéheliseloskdr i Jgpanase Laid—open Patcg@nBuBlicativa
procedure involves heating the reinforcing plates conprising continuous
| ong fibersNanR142d68ppl astic resin to a tenper- ature at or above the
nmel ting point of the thermoplastic resin. They are then placed on the .
front and back si fedhis mpthebomennfilamentgdase fibersysed clprt Binenghhening,

press roller, and the oartgl s sh led. A surface material is bonded to the
1

surface, if2Hedldoggpsed with a coppling, agenfogushods d'és"&ﬁ?ﬁﬂ‘é‘y(ﬂj%ﬁ'%ﬂﬂgé. trdnd
' h I di.ng.  Bot h t.h i nf ' t d the woo ogrd is
hoat od o aeehd3d sfinf0l A MIRAE B 18581 B R Frsnsels oufed o ek

reinforcingsix@hialénsidiCRnd N I‘(Sl?%lg{ GhES Wortadt ew{'%ﬂdA&?%N%%r%gﬂggs@%?g&’%@éd

together. A press that 1s heat bet ween room tenperature an

to apply presmiria pehvbeited: in&dEther Sllarﬂn@vh:ilﬁlf%éimge?m'throu h a Hedt@d
necessary to elimnate any air that is present between the prepreg layers

in the rei nfelerng plate, but if bonding is done under

It would be desirable to stack two or more layers of prepreg.
However, when a reinforcing plate is attached to only one side of a wood
board and the reinforcing plate is too thick, it is possible for the
the composite board to warp.

Therefore, a single prepreg layer should be between 50 and 600
micrometers, and also, it would be desirable to keep the total thickness
at 1 mm or less even when between 2 and 4 layers are stacked together.

The conzlpo-'site.board can also warp, when the reinforcing plate has
large 'coefficient of thermal expansion. Therefore it would be desir—
able to keep the coefficient of thermal expansion at 10°5/ °C or
less.

Examples of material that can be used for the surface material
include; foam or non—foam sheets such as polypropylene, polystyrene
sheets; thermoplastic resin products such as PVC, PZT sheets; metal
foil; paper; woven and non—-woven cloths made from various fibers. When
resin is to be used as the surface material, it would be desirable to

use the same type of resin as is used in the reinforcing plate.
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t he above conditions, air is usual . Phdt AbyBE Wural ly. Also, the wood
board w Il not be damaged If the p n the range de- scribed
above. Al so, of course, there is no m%mw sing a rein- forcing
plate that has had air elim nated b and that has been cool ed.

It is possible to heat the reinforcing plate and the wood board separately

W thout havi ng “Ti"?l'@ f@ﬁobv@n o %.Cheg\éttlgtﬁﬂf:%foﬁmae procbluté usESInPRSAEDE

to have the reinforcing pla e placed above the wood board so that they are

heated si net RAUBLYrd and the REfbFéiNG phPafeQg. 6, it would be desirable
to distribute short fibers on the surface layer of the wood board in order

to obtain good hprHntgas) thegprocedureoidwblats hdnting ftdet reinforoivey eplates
forma ther- - 15 - noplastic resin
| ayer contemprigiagoconfinbeus hetgnidre rshendodte ripoeplasbind resite toeantffeanpexry
plate, thus having the short fibers connecting the two during bondi n%

The short 4fiurer atusedabere the| mﬂjtmg)qu}é@v@%?ﬁh@ thegmanbaside rpsin. They

If the | h | kag b

the 1engt nhgr;?aélltles'ldteii;ﬂﬁtld?}béhﬂo‘ir°ﬂéﬁﬂ‘{] btk S8 Bh thF AL Bokre (LLSPREF o
| th f th t. fib bet h

f?ggrs cgﬁllsbégpi’cﬁd’ ék&hﬂg Salpgﬁ'efgq’l \égﬁﬁrreas‘}‘ﬂ%l bgf’g‘rd bor® yegFer r‘gsﬁﬁg%.t
fibers, glrﬁ%?extltalfe{s ’bo?l%%dwgetiﬂe%&tﬂc@antR%céssﬁ?%'hat . A thernopl astic

resmlayer con ese laye s to it uniformy covers

the surface of ”1@ gﬁ@fﬁ%dlélr(YWHbg 2l £drePfe FAHIePbBAHOUSINET thd¥En al
surface of the vvoo oar opped therno- plastic resin containing

gl ass fibegsnding. BotWidR &foReiPDR1ass iahd ¢Bé 'wbsd Needmtl ikohédedrbt ang

point or above, it generally nelts into a fluid state. However, in

conposi te t@nperature around the melting point of the resin in the reinforcing
plate. Then the rzinforcing plate and the wood board and put together.
A press that is heated between room temperature and 80 C is used to
apply pressure between 0.1 kg/cm? and 3 kg/cm?

It is necessary to eliminate any air that is present beiween the
prepreg layers in the reinforcing plate, but if bonding is done under
the above conditions, air is usually. eliminated naturally. Also, the
wood board will not be damaged if the pressure is within the range de—
scribed above. Also, of course, there is no problem with using a rein—
forcing plate that has had air eliminated beforehand and that has been
cooled.

It is possible to heat the reinforcing plate and the wood board
separately without having them be in contact with each other. It is
also possible to have the reinforcing plate placed above the wood board
so that they are heated simultaneously.

Referring to Fog. 6, it would be desirable to distribute short
fibers on the surface l-ayer of the wpod board in order to obtai_n good

bonding strength. It would also be effective, however, to form a ther—



h ] I

terial containing 40 percent byrhiush as(BleenrRapleced)f fibers, the resinis
prevented fromflow ng freely vm | attice. V\hen pressure is
applied for shaping, the overaII uniformas a result of the
fiber structure, even if the fi ber S ructure |s changed. Thus, resinis
prevented from | eaking out and a high quality, precise shape is obtained.
The rei nf omgopigspicatresianday bre condgdidiagr shaortstiblees daebmntihgr aood Whod:el tand
thernoplastic resin in the reinforcing plate is in a nolten state. It is

t her ef ore mheessimfyreingapluta, ddwichdviag ten shortriibetsecorreatiimg idtee pwioo
the cooling and integration step i'n a short period of tine.

Ref erri ng dorBig . bondingere is shown as exanple of such a device for naki ng

hi gh-strengt h conposite boards.
The device conpri Sharhéib%ﬁe%%edzé?ef%ra b‘?‘@ﬂ?a?fl REtweea Qdommpeng d00amnbt

Eéﬁifggoagﬁrbﬁﬁﬁ?ﬁa% Gengin’ fg gSaotiieh Bl ; aﬂeg@z%%%ﬁ%%{rlﬁﬁf%ﬁkhg
breheat  ng IRGFoAvERCPHE tebgtPrafbCtopdidy ddes " BR Fhabth S8 GmBERYSEL dinkage
around t eyl ek AilkNfength 14F heEIRA! A te&*g f5°Bh et dsucegl%%owm

plates 12, reinforcing plates 1 by a press
for making reinfppgi @Hopi giBefodam N b émnéu@wpmwefuﬁ Pestnedibyrs,
reinforcing plate preheating hot press 30 to a tenperature at or higher -
than the poiyést@rppesin Oibdie EheyPaS! i fotie®ioRenSEAdth Narid Shier Didkect i on.
Rein- fbrcing plates 12 and 13 are protected on both sides by renovabl e
sheets 22. A tRernvegilagt kheesiidagar tdumtapping shedeadayofs el foranead
plate 12

that it uniformly covers the surface of the wood board. It would also
be possible to cover the surface of the wood board with chopped thermo—
plastic resin containing glass fibers.

When the thermoplastic resin is heated to the melting point or
above, it generally melts into a fluid state. However, in composite ma—
terial containing 40 percent by weight or more of fibers, the resin is
prevented from flowing freely within the fiber lattice. When pressure
is applied for shaping, the overall shape is kept uniform as a result
of the fiber structure, even if the fiber structure is changed. Thus,
resin is prevented from leaking out and a high quality, precise shape is
obtained.

The reinforcing plate and the wood board must be made integral
while the thermoplastic resin in the reinforcing plate is in a molten
state. It is therefore necessary to have a device that can go from the
heating step to the cooling and integration step in a short period of
time. |

Referring to Fig. 7, there is shown as example of such a device

for making high—strength composite boards.



is renoved by a device not shownpjifisHedt BlagBeami d Then the plate is placed

on the die of joining press 40 by i ce not shown in the

dr awi ngs. Then, wood boar 4Mﬂﬂ on the plate by a conveyor
device not shown in the draw ngs. fTrerent conveyor device not shown in
the draw ngs carries reinforcing plate 13 to joining press 40. Wile it 1is

being carried, rerRYadteiceNeBinpEdses: dadiopréssS2nf pee plediRinkatite wdod
renoved, and then the plate is placed on wood board 11. THe punch
of the joi boagdpr asholepeenss3tntbraprehectpngsshe er ©inf areiingopdiang; pAades
12 and 13 as well as wood board 11 between them The die and the punch of
t he j oi ni nipimingspresst 40 nfdrl cpoliogaame | onttingor the circul ati on of

cool ants. The die and punch are kept consi stentI}/ at a tenperature

consi derabl y | owd¥oedppande Liepriodgcehibn aopressel emamakingppiogdt beardsi(mot .
This cools yreinforcing plates 12 and 1 and d .

217 2hoarhown Brihecktanings)THs Fﬁ%tﬁﬁobya‘@?ﬁohﬂégrlnp%am@g HYhPEEFeASt h
conposite board.is, go et ed, The following is a,descripntion of. the
oot ts Tr o Uttt ABRL ¥ cirtage g Aot RebfinEpkSufy df RAURE Soink
characteri gti o] LGRSt h | t e Lhygntk@n. -
In the com%gr g?ﬁvféh:egg?glpq%gltéév g???ér@%@@ﬁ%i%ﬁﬁfo&n@o V\gggigga?gé %gd

rei nforcing;pligh ,W?é?nfdi%‘i‘HF PEaideses] Hed prddedBDy 85HpregiPt &S hakihge
enbodi nents and 1 test sanples for conparative exanpl es were produced,

and their péiFoeding Flapes(ctSshowahanithal dsdwieigghhsis Bedtdd @y irkenfsticéng
measur ed. - An outline of the tests is as foll ows. ' The

prepreg | apkbate preticiabing ds@t tpersssshpbeanwermpeat dturedatacr highali nhamo thhe
nmet hod di scl osed i n Japanese Lai d-open Patent Publication No. 2-42168
descri bed wmigdving point of jthegihermaopliastic sesin wsedsbnl, its herddudionar Rein—
nmonof il aments 13 m -
forcing plates 12 and 13 are protected on both sides by removable
sheets 22.

Removable sheet 22 oﬂn the upper surface of reinforcing plate 12
is removed by. a device not shown in the drawings. Then the plate is
placed on the die of joining press 40 by a conveyor device not shown in
the drawings.

Then, wood board 11 is placed on the plate by a conveyor device
not showh in the drawings. A different conveyor device not shown in
the drawings carries reinforcing plate 13 to joining press 40. While it
is being carried, removable sheet 22 on the lowér surface of the plate
is removed, and then the plate is placed on wood board 11.

THe punch of the_ joining press descends and applied pressure on
reinforcing plates 12 and 13 as well as wood board 11 between them.
The die and the punch of the joining press contain fluid channels 41 for
the circulation of coolants. The die and punch are kept consistently

at a temperature considerably lower than the melting point of the ther—

moplastiec resin. This cools reinforcing plates 12 and 13 and wood
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croneters thick and are processemlsvShéeln ket hacyl oxypropyl tri methoxy
silane. 1,800 fibers are bundled |ng no twists. The 'yarn is
a e |n

pulled with a fixed tension and a ngI e direction. The prepreg
| ayer is fornmed by having resin p ne r 0 yarn using a heated roller
rubbing resin in. When carbon fiber is used, the fibers are

monof i | americard b detweenet9éri. t MR . thefni spVakbicf Pééﬁhd ahdopPhe ﬁﬂﬁ@%tﬂz@éﬁ?
wi thout using a bundling agent. A fixed tension is used to pull the tow
and al i gn tclhemosite dosirdgise cdmpdetédon. The prepreg |ayer is forned by
having resin penetrate into the yarn using a heated roller rubbing resin
in.  Prepreg nadeTha following s ovidiscgdptdoadbbdihen rbetsefir atecomparative
thernoplastic, resip and the fiber. The fiber content can be varied

bet ween 1Gesb%rE%Fﬁ°rafH8d8®“p8F€éﬁtt‘bysﬁldéibgﬁﬂlea§hﬂé@§§§a¥%}lcan@lf tthe high-—

]Eg:,frlégess %%”%§§th l)(:ec}rx\ggglt% Oo} tq;m %rxl'gs%n nverr:temrneI n{ %Ifggo%ﬁ{;%é&ggggye%g
| ayer, c 0 ckin re ayers.so t
f%er or| en o%{s}fglreee[rt égglg)n X“ t"% t o a‘@ﬁ’oc%fﬁg &l 1eINES r%?e?lral%ﬁ@ Yere

Table 1, thgeg. ISAgh@mlIlBedceafdva%stt ? AmBIRLT6P n3NERDAIRAR L OLnd "y
Rettd.

enbodi ment s of the present Invention an paratirve e

Prepregs AtEsthﬁdﬂlﬁlb@eﬁorceaﬁl%trat)fvebgﬁXﬂi%é%eﬁeﬁpﬁuceﬁnd t@l%'ilc gmc\jzslfé’al

weight, and relate to the present invention. Prepreg F an prepre
out si de t hpsoperides Amdlecligni¢atdstirongties,! ARHSthe 3O RRFealnewQuesd®podi ment s.

TABLE 1 CONFI GURATI ON OF PREPREGS . . Fi ber
Thi ckness Vg ghitlinSyofbohe Fidses is as fdleéews. Cont ent

per unit area (Wt 99 (mm

(kg/nferr]) Ahe prepxeg layrlsypsedyiretbese tB6t sample w@r20all made acd. 3

cording to the method disclosed in Japanese Laid—open Patent Publication
No. 2-42168 described above.

If glass fibef is to be used, the fibers are monofilaments 13 mi-
crometers thick and are processed with 7 —methacyloxypronyltrimethqu
silane. 1,800 fibers are bundled into yarn having no twists. The yarn
is pulled with a fixed tension and aligned in a single direction. The
prepreg layer is formed by having resin penetrate into yarn using a
heated roller rubbing resin in.

When carbon fiber is used, the fibers are monofilaments 7 micro—
meters thick. A tow is formed from 12,000 fibers without using a
bundling agent. A fixed tension is used to pull the tow and align them
in a single direction. The prepreg layer is formed by having resin
penetrate into the yarn using a heated roller rubbing resin in.
Prepreg made in this way provide good adhesion between the thermoplastic
resin and the fiber. The fiber content can be varied between 40
percent and 80 percent by weight as necessary, and the thickness can be

between 0.01 mm and 1 mm. The reinforcing plates can be formed from a



B d ass  Pol ypropyl ene heet Has Been 0.3 C d ass
Pol ypr opyl ene 85 |“ “lmulj Carbon Pol ystyrene
60 0. 20 PoI yet hyI ene 50

0. 20 0.3 F GI ass Pol ypr opyl ene 0. 20

0.3 G G ass Pol ypr opyl ene 0. 20 0.3

The tests ypfiflePpiebebe LA, ofi fin fe@@r Beansr ki WB9dsbtcing tweo@repacgs.
Referring to Table 2, there is shown descriptions of the wood boards used.
Each of t hkayead sboahals thver Bikoart oir 1ol a5 06N s par pe pd éprlegs toheacmpther.

| ength of 500 nm and width 500 mm were cut out in pairs. The reinforcing
pl ates were for nBefeyringntiv phleghs bhbere Vo grapr dhs tonfigupabionsof tirapreg
their fiber orientations were perpendicul ar.

- 19 - sheets made fop tgeLeEbLodm@@t\Hqummmsgpt warendonrpd the com—
(Sﬁ%m fic [-Jrgll'gtlgg,igmboqlﬂnﬁpés1 a e“reé’ﬂeﬁﬁr‘% & gonflaye?tégr?tent of betweef24b y

|\P/¢C3)d| urr;l'][: Elgﬁ? clnegéereg Q@rpercent )(;ﬂvgelght “and relgte to th8e presex'l_.binvenl\{on

Medi um fi bg P&?‘i‘ and prepreg G are QJugsxde this - rTde and are use@\lm the tests

Soft-fi ber

plywood a5 comparative embodiments. 12 GO Lauan pl yvvood
9 GP Lauan pl ywood : 5.5

TABLE 1 CONFIGURATION OF PREPREGS

Fiber Thickness Weight

Symbol | Fiber Resin Content per unit area
(wt %) (mm) (kg/m?)

A Glass Polypropylene 50 0.20 0.3

B Glass Polypropylene 53 0.20 0.3

C Glass Polypropylene 85 0.20 0.3

D Carbon| Polystyrene 60 0.20 0.3

E Glass Polyethylene 50 0.20 0.3

F Glass Polypfopylene 28 0.20 0.3

G Glass Polypropylene 90 0.20 0.3

The tests used particle board, fiber board and plywood as the
wood boards. Referring to Table 2, there is shown descriptions of the -
wood boards used.

Each of the wood boards were cut into 500 mm square prepregs
having a length of 500 mm and width 500 mm were cut out in pairs. The
reinforcing plates were formed by bonding together two prepregs in a

pair so that their fiber orientations were perpendicular.



Referri'ng to Fig. 7,
conposi te boards

| espectively

kg/ cnierr]

there is shown a deV|ce for

[ . The die and'[hiséh
joining press 40 are heated to
[ . Pressure

kg/cnferr] for two m nutes.
pl ates are covered on both si des
is while the plates

0O [err

with a peeling fi
are preheated for t

maki ng hi gh-
press 20, hot

strength
press 30 and
]C and 70 [err]C

om hot press 20 at 3
At hot press 30,

t he reinforcing
| m22. A pressure of 0.1
wo m nutes.

Pressure is applied fRABLEBI 12 ng QONFIGURATION ORWOODUBOARDS. kg/cnferr].

The structure and rraterlals of the test sanple used are as shown in table
3. Excl gyt roSe—stown - the-—tafy e.
all the enbodi mgnts werle made in the sane manner 4ds $ptidierepThickness

- 20 - TaBrmbal | cONFI GURARE @S akiquATERI AL OF Govrts) TE BOMRDS
Enbodi Wod . T Nl Or cenent REST N-saf u- - ment
boar d PrefredfN | Triple—layered particle hoardy | ayer  Nofes 12 No.
synbol- ..+ Plac . (m 1 PN

ar 2 layers | BE® di Bsiple-layered parpicle board | PN =)

| ayers Both {id s e 3 PN C+ 2

I a%er S Bot h 4i ng§q Medlﬁfnlhbgr %Oaﬁd PN D}-)'s 2 layer éz th
si des Meduﬁn_ﬁber RMara E+ 2 llayergss Both sjdes

0.3 6 PQ ayers Bot h _si des 0. 4

7 PO - FHR |aSGft —fiber bRakh sides Q32 B2 PO
A- 1 | ayer —S-ge— 02 -a. PO Ak

| ayers Bot h Lauan plywod! [ ERR] 10 P2 i&

2 | ayers Bot f—st+des - t FERRY 1 PO

A+ 2 layers Bd®® di Hesan plywood 0.4 [ ERR] 129 FN
A+ 2 layers Botthr—grdes 0= 13 EN B2

| ayers Both ¢i d€sP | Lauan plywegod 5.5

Referring to Fig. 7, there is shown a device for making high—

strength composite boards.

press 30 and joining press 40 are heated to 100°C,

lespectively.

Pressure

minutes.

The die and the p

«s applied from hot press

unch of hot press 20, hot
200 C and 70 C

20 at 3 kg/cm? for two

At hot press 30,' the reinforcing plates are covered on both sides

with a peeling

film 22.

are preheated for two minutes.

A pressure of 0.1 kg/em? is while the plates

Pressure is applied from joining press 40 for one minute at 1

kg/cm?.

The structure and materials of the test sample used are as shown

in table 3.

Excluding the following conditions and those shown in the table,

all the embodiments were made in the same manner as embodiment 1.
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15

14 FN C+ 2 layers i e laced 0.1 EN
D+ 2 layers Bot h si des eetma?hgﬁﬁ h FN E+ 2
| ayers Bot h si des ﬂ“m\‘““mm?\“\ A+ 2 layers
Bot h si des 0.4 A+ 2 | ayers Bot h si des
0.4 19 FO A- 1 | ayer Bot h si des 0.2 20
FO A- 1 | ayer One side 0.2 21 FN A+
2 layers  Bothg319€3  CONFIGURATIONS'& MATERIAL BﬁR]:OMPosﬁa: BOARD§N
A+ 2 |l ayers Bot h si des 0 8 RR] 23 FN
A- 2 |layers 1%ot h sides [ERRJ %4 GN
A+ 2 layg | des : . _
| ayers %ﬁ rﬁl 4 O\sk{mar Pre % 2 Igézléforcen?e%é\l Ref i Eat Ita 5
Bot h si des 11 B G\ E rayer s rE&otlﬁ Sides
b Place” Y €{rim)

0.2 ogl 2 o™ E+ 2 lavels Eat%g dbs ( 29
GO Atl 23l ayerpN |B$h sgd@Fers Both sidés4 300.4 (F‘P At
2 layers Bogh side | B+ 2 layérd| Both sides (O o2 1 layer
Bot h si des 3 N C82 2 layefd| Both-sided | ayer 0.1 (ne si d¢g
0.2 33 4 OGN PN A+D+2 2dpgess| Baih siddss 0.2 0.4 34
e A+ | 2 Bayers PN BotBr si Ydeyers| Both sidles 35 0.3 GP A+
2 |ayers [~Botirsides - o Synpor T I} Lie
prepreg cofum©bi ndi cds |t Mt t%vdatvay% s (B‘Othp‘?léﬁﬁeg havi n§-4ber pendi cul dr
fiber orieft at ons se¥. 1 layer ||p othdeent s 9, 28-% and |33
(i ndi cat ed] wi aj whi %t' ~ ma;l{ &Fr ne side 0.2
- 21 - in thel\ nof es bl 1 5" Vbl e}dep o one o? 4 he dei rﬁorci ng
plates is peel ((i!d pf f 1dlir il ngt he Wﬁf%g (‘g sides 't he joi gt ng pres and
a 0.2 nmthicK _noh-woven|cibth ?‘r'al&é(eﬁ m ol e?‘l‘h?fsem tereEl thallate g
attached ap s%fa‘e rmeri qua E}g' J 0@ NGde bpndi NGy ent i s
applied to|thggsurfagg of f n@r]a Yen E ajthin nut |plate ]0.2
mmthick i§ atlgac hed. N + 19 190Red ma@togh@ and 34y (@ bl ack star
mark * in phejgotes mpl um§+ dgiriafdrs e ngtﬁlmegro,ess ay.d he jjoi ning
press, a npn- 1gSt et gfy n? 2 ypg qwggge ' §th gluk,gq 1;)0 mcggretens thiclk is
i nt er posed hat n tho ai nf ar ol ng p toc and t Fant  and hm%&% Of
t he wood 17 FO A+ 2 layers Both sides 0.4

18 ¥P A+ 2 layers Both sides 0.4

19 FO A- 1 layer Both sides 0.2

20 FO A- 1 layer One side 0.2

21 EN A+ 2 layers Both sides 0.4 b d

22 EN A+ 2 layers Both sides 0.8 *

23 FN A— 2 layers Both sides 0.2 A

24 N A+ 2 layers Both sides 0.4

25 N B+ 2 layers Both sides 0.2

26 N C+ 2 layers Both sides 0.1

27 N D+ 2 layers Both sides 0.2

28 N E+ 2 layers Both sides 0.3

29 &0 A+ 2 layers Both sides 0.4

30 GP A+ 2 layers Both sides 0.4

31 &0 A—- 1 layer Both sides 0.2

32 N A- 1 layer One side 0.2

33 N A+ 2 layers Both sides 0.4

34 N A+ 2 layers Both sides 0.8

35 GP A+ 2 layers Both sides 0.4

A “+ ” symhol in the prepreg column indicates that two layers of

prepreg having perpendicular fiber orientations were used.

In embodiments 9, 21 and 33 (indicated with a white star mark *%

- 2
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boar d. | n enbodi ment 11 {4nShssdiassee °¢drj angle mark Vin the
notes colum), during the joinin re joining press, a
non-woven cloth 0.5 mmthick nmad ber 17 microneters thick is

inter- posed between the reinforcing plates and the front and back sides
of the wood board. I n enbodi nent 23 (a triangle mark Ain the

notes col uff)yhe otk 89c N9, NhNLe HOPEBES HeeltNFrdRi BhODMEBESTefhforcing
non-woven cloth made from polyethylene terephthalate 0.2-mmthick is '

i nt er posedphedesces péeled VUfNf@uEING qHeAtiosn Bl prirebsont taed jbharingsiplessof

t he wood board. Referring to Table 4, the test sanples shown in the
t abl e wer eandreal@®.2 mar daickt oomelkveoveanphithsmadeviriom tplotyatbplenec dxephhiakade
In the foll owi ng conparative sanples, the ones in which a com posite
board was iaddtaghed tagcisunfaceimhbeniahg pind edierieininde ahindinghagenirds
condi tions as enbodinents 1, 12 and 24 above, except for the different

fi ber cont&prpdeds teHder spRfapcioigthn ons watpsseledhpand: #idinswindnut Rlate

cut in the,sane djnensionsg, as the enbodi nents above. i.e. 500nm squares,
and were t%ét gﬂnumg f%@igﬁ%‘gonditions as the enbodi -

vaon veereS 1aShEnGa RS B in MR Ak S lRE A 10 G AFRL VE

EVMBODI MENTS . orci ng SI n-sat u-
Board cﬂtﬁﬂ{r@n% durinf theplllbinin%iﬁléb?@sé-aeyterthe iOPiESe pré¥s, YHWH

Pl ate _ ayers Bot h sides 0.5
2 PN stre®think |pol9bSopyl ¥t ReSifld$lm 1005 midrdmeters thick is interpoBed
used board only 4 PO not used

board onl ybetween the reinforcing plates and the front and back sides of the wood

board.

In embodiment 11 (an upside—down triangle mark V in the notes
column), during the joining process at the joining press, a non—woven
cloth 0.5 mm thick made from glass fiber 17 micrometers thick is inter—
posed between the reinforcing plates and the front and back sides of the
wood board.

In embodiment 23 (a triangle mark A in the notes column),
during the joining process at the joining press, a non—woven cloth made
from polyethylene terephthalate 0.2 mm thick is interposed between the
reinforcing plates and the front and back sides of the wood board.

Referring to Table 4, the test samples shown in the table were
made in order to make comparisons with the above eml_)odiments.

In the following comparative samples, the ones in which a com—
posite board was made by attaching reinforcing plates were made under
the same conditions as embodilllnents 1, 12 and 24 above, except for the
different fiber contents of the reinforcing plates. These comparative
samples were cut in the same dimensions as the embodiments above, i.e.

500mm squares, and were tested under the same conditions as the e_mbodi-~



1 1 -

5 FN F+ 2 Iayers Both si des 6 FN G 2

| ayers Bot h si des < : IE‘ebnRep\acednot used

board only 8 FO not \

board only 9 F‘P not Em

board only 10 Bot h s | des

€\ Gt 2nlenysrs Both Si des < N not used
board only 13 GO not used

board only 14 not used

board onl yTABLE 4 O(I\IFI(HMH%&W 6F BOAREISHEH CAyPARAITVE| EMBEDIMENTS
Test for bend| ng properties: JI'S A5908. Measurenent of bending strength

and bendi n a Lluty - :
conpri si ng pIy Woodn| y. vat|eReadoseing jn&eém—sasvs p5908. Aftdr
24 hours ¢f j §§ in DEBPEPE thg water absorjpfPusnr kexerhe Nat&sge |i n
di mensi ons |dJ¥0+ Phlt ur e absorptlcn ard &tfe chlange @ hi ckness due t
noi sture aljsoryp L 23 - tion -
are neasur ¢d. P W W)od scraé"G\‘/a hoI di nﬂt %%sqth JIQS5A5908 Per f or neq on
enbodi ment tjo 1gyand gonpa e 1tg For malfi n
test: Conp iizo JIQJﬁTJ’Jﬂ adi rnne# ”@9@4%‘?&‘& tlhe \/\nj)bdl boards used in
t hese enbo |m§§1 S. PN n&eggé@g tlest: Test tg observe if pPaRlAr@JoRKAUr S
or not at ondi agrsuriaa;e_be%j.uhe_wgd_ﬂaam_and_m j j
pl at e. 4 |RefPOrijng twotTakéd 5,/ there is shown the resu| thoardosnlygst s
of :

5 N F+ = 2 layers| Both sides 0.5

6 FN G- 2 layers| Both sides < 0.1

7 FN not used board only

8 FO not used | board only

9 FP not used board only

10 N F+ 2 layers Both sides 0.5

11 N G+ 2 layers Both sides < 0.1

12 GN not used . board only

13 | GO not used board only

14 GP not used board only

The tes‘ts that were performed were as follows.

Test for bending properties: JIS A5908. Measurement of bending
strength and bending elasticity.

Breaking load: performed only for samples comprising plywood
only.

Water abéorption test: JIS A5908. After 24 hours of immersion in
water, the water absorption rate, the change in dimensions due to

moisture absorption and the change in thickness due to moisture absorp—

__22_
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"conposite boards in which particle boagi u ed e wood boar ds.
TABKE 5 COVWPARI SON TEST OF COWPCSI TE B BOARD I
Bendi ng Test Moi st. Absorp. eaI T

Wat-er Expansi on Screw /unit El asti  Absp.

Hol dg. area  Test M -city Size  Thick.
Forth tion aré‘%@{glﬁfeﬂﬂ. kg/ m“r[ err] % % % kg

kg/ merr] 13 0.1 1.1 75 7.8
[er] E 2 W%oa scré@(holdmg %5rength ﬁSlA5908 1. Perform&@®2 on emEo&ments
[err] M 3 0. 1.1 90 . 8 B
4 5.9 1 t60N and cﬂ)ﬂnparatlveOeﬂabodlmbnls 1 t0615 7.5 [err] o] 5
4.0 410 12 0.1 1.1 70 7.8 [err] D | 6
4.4 450 Fofmalin tésti Compadisén usin@Sembodignents 1, 17 @drand the wodd
4.3 440 14 0.1 1.1 65 . 5.6 [err] E 8
4.4 34(poards gged in thegegembodpments. 5g 5.3 [err] N 9

4.3 450 (. 0.1 1,1 76 w2 err T 1

5 2 470 Plleflmg testy Testlf.q obser—yg if peeg_uég occ\%ﬁ r(%r not atlghe
6.5 .1 6 8 . re 1
1.8 30 ondlnglsgrface %6 ‘fjgen th& g(ood bgarrd and l]lZﬁ remi(?‘gﬁllrl% plage. 5
393 58050 Rjegeﬁrlngq?o%ablelzé there7?s showr?-ti'ne resﬂ‘lts Mom ?’ests S
48 0.deinposife oards $® whick} pdrticle boards weﬁ d@b@'zﬁs @hé Qb@odm:fd"arh%”]

in the peeling test colum indicates that there was no peeling at the

t hermal adhesion |ayer. and that there was internal breakage in the wood
board . A cross mark X indicates _

- 24 - that TARKE SwasOQMBARIBON TESTOR GaVPOSITEABRARID 'USINGERARTICLE BOARD
Referring to the table, when partlcle boards is used as the wood board,

t he hi gh sgremgth CUITpUblTFbﬁaT 5 mas o |
strength thrleg to ﬂﬂmdmgrfﬁ@stt hat of eMDML e‘\'!ﬁgﬁpd Veight o Headi ty
i s strongef by a {acror of Waterwhen r Brpppsionng Scegves /andt brranded
on both si Hi, Nat &Htrgns %karsdh de%bsé’as;efﬁ}érd To t@b ]Fogfl; had&edn| dirstyo
noi st ure apsoripti Jrliggecr q&g ) hal%f, a %éx péﬂk‘j nl o ke kg /m?
1 4.3 450 13 0.1 1.1 75 7.8 ©
E 2 5.8 500 15 0.1 1.1 82 7.8 ©
M 3 6.1 520 13 0.1 1.1 90 7.8 ©
B 4 5.9 600 11 0.1 1.1 65 7.5 ©
o) 5 4.0 410 12 0.1 1.1 70 7.8 ©
D
I 6 4.4 450 -10 0.1 1.1 95 6.2 ©
M 7 4.3 440 14 6.1 1.1 65 5.6 @)
E 8 4.4 340 30 0.6 2.1 58 5.3 ©
N 9 4.3 450 11 0.1 1.1 76 6.2 @
T | 10 5.2 470 12 0.1 1.1 75 8.0 ©
11 6.5 670 12 0.1 1.1 96 8.7 ©
C 1 1.8 300 9 0.045 0.8 67 7.1 ©
0] 2 2.1 580 15 0.09 1.1 72 7.1 X
M 3 1.5 290 50 0.2 7.4 42 6.6
P 4 1.6 290 48 0.18 7.9 35 4.4

A double circle mark © in the peeling test column indicates
that there was no peeling at the thermal adhesion laver, and that there

was internal breakage in the wood board. A cross mark x indicates

_23_
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thi ckness is less than 1/6. Al so, WoEgh %8 strength in- creases
by about a factor of two. The ﬁ show t hat when the fi ber

ﬂEeWﬁ
content of the rein- forcing plate i ﬁﬁ u iof | ess (conparative

. enbodinent 1), the in- crease in strength is not very good. Conversely, if
it is 80 percent (conparative enbodinent 2), it leads to bad results in
the peelinghite$here was peelidg Htothd thermal esdlidsibnt heyed.was particul ar
i nprovenent in strength in enbodi ment 4, which used carbon fibers in the -
reinforcing platReferaimg ita ieboablegnwvhéd, patticle bseddsais- weed nagltheswolodt h
between the reinforcing plates and the wood board. The tests in
whi ch fi beboduvdys dheakighs edrens thheommesitsobodrdesle the aprbsentdinvent lon deasea
manner as the above particle board tests except for the onission of the
wood scr ewPABA#REgSinengtht hhresite four “meSRéﬁéF refngarbicigpbeagd.  Hending
ts of the tests for fiber board.

shown the resuyl. t he comosite bo S _usi.n

Ref erring fﬁast%ﬁ‘élttyab’f‘es, riof'g@_énbﬁeasfeaé"'gofh P fedi WieR; beinlongge piates
used, the results are simlar t.g thgose wh article hoard i S

Thus, the Rrgitzarmed, Rrcbafheifet natsiat ofbs fFHof Lontohbe o b s ox
bending. st peRGidh WHeCPo ol Qtirel S IGH MerbhbES HORalr, aHANdkBEnsion of
elasticity 1s stronger by a factor of 1.5 to 2. en rein-

- 25 - forghiwkpésd efs de8sathanded60n RAMd] Wolas scyahvehod s Pér@Agth in—
decreases 1/3 to 1/5, expansion due to npisture absorption decreases by

hal f, and ceedga@Bsbhenabbut B Exer@¥sof swoess than 1/6. ~ TABLE 6

COVPARI SON TEST OF COMPOSI TE 'BOARD USI NG FI BER BOARD I Bendi ng
Test Mhetresabsoradso\Viloav thagi gitenPébe fiber content of the rein—
Wat er Expansi on Screw /unit

forcing plate is 40 percent of less (comparative embodiment 1), the in—
crease in strength is not very good. Conversely, if it is 80 percent
(comparative embodiment 2), it leads to bad results in the peeling test.

It shpuld be noted that there was particular improvemént in
strength in embodiment 4, which used carbon fibers in the reinforcing
plates, and in embodiment 11, which used non—woven glass cloth between
the reinforcing plates and the wood board.

The tests ir which fiber board was used as the wood board were
conducted in the same manner as the above particle board tests except
for the omission of the wood screw holding strength tests.

Referring to Table 6, there is shown the results of the tests for
the composite boards using fiber board.

Referring to the table, it can be seen that when medium—fiber
board is used, the results are similar to those when particle board is
used. |

Thus, the high—strength composite board of the present invention
has a bending strength three to four times that of fiber board.

Bending elasticity is stronger by a factor of 1.5 to 2. When rein—
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E No Stren. Elasti Absp. This Sheet Has Been|Rg,

p are M
-city Size Thick. Forth Hum”"mmrmw err] kg/mr[err] %
% kg kg/ mferr] 12 0.1
7.2 0.1

%

1.0 [err]

0.9 7.2 [err] M 14 13.2 510 12 ©0.1

0.9 forcing7pPates aferatrang®d ohSboth2sifles, waler absolption deﬁ;rl;ases
1.0 6.8 [err] O 16 8.7 430 11

1.0 1/3 to71/§, expat@s;;qn] dueDXo moistire abgoBptionif86creaseslby half Oadd
1.0 6 [err] M 18 0.7 330 13 0.1
1.2 expans1,gn80f thlc{(@,qeqrq is kess llty.n 1/9 7 460 12 0.1
1.0 [err] N 370 0 3

1.0

1o TABL€ ‘% COPEA#JSON h:sg%}}" cgyﬂﬂé%rmﬁau US I@g FIBER @%RD
1.0 [err] 11.4 520 10 0.1

1.0 I 7 4Bend[1 "Pest 5 MOI%E Absogg 1D Weight

0.8 T 142 ér r(j QVater }B?ﬂf 0 revs;l'5 / ﬁ't

1.1 E | Né| Btren. K E1aMti| Absp. P dg.| are

6.0 P M 3.3 280 —city f15 0845e 4fick.| Forth 4.5

9 00 | Kghmm?| kg/@nmd]l &3 % % - B.6kg kg/m®

W th errbodl retrt—tS—whiehrtses—spH—&b
it and the ropet? | es903 | hedBbard (2onparativ

eobodj ment Q) 7sho

the test dA tSI%reIQI.@n fiodht|y 2dpefiod.1 0.9 in the7case e
particle b Ml (weS| ud8d2 | hebi@sil t 32shpw Othat 9h®n |t he fi ber 7cdnt
t he reinfor Bn atézr% 40 P89cent 13r | | eBsk conpal at|i ve enblodbn®nt| 58 {he
i ncrease i ,th Bs7 npt 480y| gdbd.| Cobwkerisellyd iff it is| 80.perce@
(conpar at i De |rrent B) . 11 eads tp bad resw [S T the jpeetTnygtest
I n these t st Trt) vvas95‘;10 5 heig was Qﬂgnlf eh nt i mpro em’érﬁ ©
- 26 - s&f( h ig',Frrbod4 nt 152 whi c&]u bon fibers4ith the©re
forcing pI S| 9.5 ugn ywood ed as the ot bo
br eaki ng Ica§ st \/\gs2 p rfgt d i fi5t ejad fl a od sicrew hgld S
test. ?e?zerrw‘gzto FEgg B erie ig showp @ device usel'Tn
br eaki ng 11.4 520 10 0.1 [ 1.0 7.4

C 5 4.8 300 10 0.05( 0.8 7.2 ©

0] 6 6.1 560 15 0.09 1.1 7.2 X

M 7 3.2 290 48 0.5 5.0 6.0

P 8 3.3 280 45 0.45 4.6 4.5

A 9 0.2 200 85 0.41 5.3 3.6

Even with embodiment 18, which uses soft—fiber boards, a compar—
ison between it and the properties of the board (comparative embodiment
9) shows that the test results are significantly superior.

As in the cases where particle board was used, the results show
that when the fiber content of the reinforcing plate is 40 percent or
less(comparative embodiment 5), the increase in strength is not very
good. Conversely, if it is 80 percent (comparative embodiment 6), it
leads to bad results in the peeling test.

In these tesis it was shown the there was significant improvement



sanpl e board 50 that is the object of t I's al so shown an

i ndentor 51 for applying a |oad, and su 2, 52, a pair of
parallel fixed cylinders separated by 4 rting sanpl e board
50. Sanpl e board 50 is nounted in support devices 52, 52, and re-
cei ves a | oad sakehkbh Gy SPRhERE 19,0Wh ibAIEHLE" Bl ol NGk PG 9% rein-
indentor 51 is increased until fractures appear on the surface,

limting | dadciagnphsisgsed. - Referring to Table 7, ther is shomn the
results of the tests con- ducted on conposite boards Iauan pl ywood.

Pl ywood has a hi gWheenthwen iyeogd twasndisbdnas nhe okasd ilardst & bregkingnvlbhd

| oad test. Referring tc Fig. 8, q 1P§{e§tﬂa§B% ﬁcg 500 mm square

There ore the increase in these qualities are not as prom- nent as in the
enbodi ment $egkiwigs merforumnedbitstdadinef fi woodbseretv deoldisgritivenztivcest. but
there is still a.ﬁ Pnlflcant I mprovenent by a factor of 3 to 5 in breaking
| oad strength. eferringdo Eigy 8 theae isnahownen dedcei wead donthabrepking

r ei nf or ci n_gir(i)agI 38%'6' s 40 percent or |less (conparative enbodi nent 10), the

I ncrease th is not very good. Conversely, if it is 80 per cent
(conparative enb e { resu n the elin
For this reason, ere agr1 aFio !rgto%g%ber g?/esgi\rr'e%nts ﬁ@é%’&t Rgue rsé;‘ﬁ'b‘?"r? 8rd

ei ther. 50 that is the ob /

VAR SON “JpEhab s the obiect of the test. (Thersis alsg’shown aIAﬁj"Feer 51
Breaking fBendppdyiegta load, and P Sdrt ARIYPESs 52/‘é'59htaE5’§f4 of -E)arallel
Load Wt er Expansi on [unit Strength
Stren. El dixed cyMmslers separated by 400 mm addesuppdi@siig savhple board 50.
-Ccity Size Thi ck. kg kg/ mferr] kg/merr]
% Sample board 50 is mounted in support devices 52, 52, and re-—

ceives a load at its center applied from indentor 51. The load from
indentor 51 is increased until fractures appear on the surface, and this
limiting load is measured. |

Referring to Table 7, ther is shown the results of the tests con—
ducted on composite boards lauan plywood.

Plywood has a high bending strength and bending elasticity to
begin with. There'ore the increase in these qualities are not as promi—
nent as in the embodiments using particle board and fiber board de— _
scribed above, but there is still a significant improvement by a factor
of 3 to 5 in breaking load strength.

The results show that when the fiber content of the reinforcing
plate is 40 percent or less (comparative embodiment 10), the increase
in strength is not very good. Conversely, if it is 80 percent
(.comparative embodiment 11), it leads to bad results in the peeling
test. For this reason, there are étlso no improvements in bending

strength either.
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24 870 5.1 860 0.05 0 8 7.1 [err] E
25 920 5.4 880 hls$heetHas Be laced 7.1 [err] M
26 1100 5.6 900 i 0 8 7.1 [err] B
27 1500 6.1 950 0.8 6.8 [err] @)
28 800 5.0 840 0.8 7.1 [err] D
I 29 490 7.0 820 0 04 0.8 5.7 [err] M
30 460 5.0 850 @ 11 0. 06 0.9 5.1 [err] E
31 400 TABKE4 COMPARISONZEEST OF COMPBSITE BOARD USINGIAUANePLYEOOD
32 880 5.1 860 - 9 0.04 0.8 7.1 [err] T
33 900 5 876 =5 L 6—8 T TCI ™
34 370 | 1 1. |0 Breaki Bendgng Test c 04 Mogst. Abgorp. ight] Pealg
10 400 | T | 4.3 Loagp . Bigter | 0. g Expangion F o)
11 5201 E | Ngj §trengtdgoStren.g Elasti|g Absp. T T- arex Test
12 260 | M |4. 780, af —cityg 13 332?6 Thigho| P .13
140 6.[5 620 kg 3g | kg/mmpy E%’mm 4.% 5 | A* 14 k&/m’gg
6.1 5 _W 0 0-16 2 Thegewer,
signifi cantp mpr errerg brgaikl ng 360 07enc 0- %gd b%ﬁ I Mg %t'iengtg Hin
enmbodi nent 2%,, vﬁ fﬁ 3 fli begod M t r @i rb o05f ﬁﬁrciorjg | atzey o
Ref erring tjogTable 3 i Sg qhovvn dgie [repul t 3 qf.ggeasurg_ Bg |t hg . ganoupt
of formalin oe:siz!ye | nsn(he hi gggst rerugmh conposi{t g lggan ds Qg ém 7. lyodii n@ntis
1, 12, 24 gno the vﬂve%a%@eaﬁf'a%%e —+n—thdgse- pfer+ng—to—t-hd
table, it dan be%leen 49t it he7 @donpossafe |boay ds hB.Magbprt!b(BnXtelwmdl fot he
amount of rledi ¢duBd if or 880 n jconpdr gd t858 tihell wogd (hdérds. 0.9 5.1 ©
- 28 - E | 31TABLH® RESALTS CHOFORMG I N|CAMPARI SOM.TEST 4.8 ©
| tem NWo o2 boar 880 Pr%;ireg 860 Hor rfhl i g;gm 0. En‘nodﬂnﬂnﬁ 10
PN A*L\ ) rs 900 l 7@0Hﬂ3. Enbgdideldt 1 0.8 | PN.3 | ©
None 5 370 Eqpodl r9ent 1910 8 0.3+(2 13afels ©
28 TP HE T a3 a0 [ 9 0605 0.8 | 071 | ©

o] 11 520 l 4.8 890 | 15 0.09 1.1 7.1 | X

M| 12 260 | 4.0 780 40 0.13 3.9 5.9

Pl 13 140 ' 6.5 620 38 0.15 4.0 4.5

A | 14 90 ! 6.1 580 35 0.16 4.0 2.7

There were significant improvements in breaking load strength and

bending strength ir embodiment 27, which used carbon fiber in the rein-—

forcing plate.

Referring to Table 8, there is shown the results of measuring the

amount of formalin residue in the high—strength composite boards of em—

bodiments 1, 12, 24 and the wood boards used in these.

Referring to the table, it can be seen that the composite boards

had approximately half the amount of residue formalin compared the the

wood boards.
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Enbodi nent 24 N A+,J,a¥eps/ ’2’7 Conp.
Enbodi nent 12 GN Havi ng

descri bed preferred enbodi nments of thél‘h ref- erence to the
acconpanying drawings, it is to be unde m i nvention is not
limted to those precise enbodi nents, changes and

nodi fi cations may be effected therein by one skilled | n the art wthout
departing fromthe scope or spirit of the invention as de- fined in the
~appended cl ai mns. TABLE 8ConpRESOLIS OF FORMALENaCOMPARESONgHES§Tal ity and
hi gh-strength wood board of the present invention is lighter, allows
easi er on-si e framdtT Mg, reqgurfes. fewer I pw nmatertat s a1 giret
conpressive gtrength.Item A stack Woogrhgerdy IayBF%m‘eSade ffgmalin - ppm
fiber-reinfofTed MLnetic 1esl Mavl Ng extrerrely mrgn [1grdrly, and
tensile strefgEmb agnﬁf‘ﬁrlned at Ileast Fbne ki 8¢ of '@¥&THopd boatdt Thus| the

board has a \e verall_—r[igldi apd 1ts . use can]resul n an
extrenel y solli {ag gﬂ hpditpegt 1 ﬁ\%\l so| withP#e nethod of& e_pregent

i nvention, i EmbRa élﬁlﬁto priovi d I af g?ﬁqugrlt te¥s of cheaQ,8
hi gh-quality ang al] EE strength wood oar ds uperior water apd
corrosi on regi 8bAPC Entih&ift7 hqve mNi ma| changgsge i N d mensi @rp due td

noi sture absc rnLl an CLALMNS 1 A r\nnr'nnci o hogrd

conpri si ng: Emboanﬁ@»ltnipr i ng |pl at e onpy i Akmgz aapbblga ity of.7ayers| of
gl ass fi ber - fretntorced—ther roplgst+e—+est-noinred—+o

Comp. Embodiment 12 N None 5.3

Having described preferred embodiments of the invention with ref—
erence to the accompanying drawings, it is to be understood that the
invention is 'no_t limited to those precise embodiments, and that various
¢hanges and modifications may be effected therein by one skilled in the
art without departiﬁg from the scope or spirit of the invention as de—
fined in the appended claims.

Compared to prior art boards, the high—quality and high—strength
wood board of the present invention is lighter, allows easier on-—site
handling, requires fewer raw materials, and higher compressive strength.

A stack of prepreg layers, made from fiber—reinforced synthetic resin
having extremely high rigidity and tensile strength, is formed at least
one side of the wood board. Thus, the board has a very high overall
rigidity, and its use can result in an extremely solid construction.

Also, with the method of the present invention, it is possible to
provide a large quantity of cheap, high—quality and high—strength wood
boards that have superior water and corrosion resistance and that have

minimal changes in dimension due to moisture absorption.
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wood board wherein: This SHRAMCBRE REYREl i bers are arralﬁed I n single

direction within each | a ss fi ber-imlmﬂuﬂi "" Eﬂ pl ast i c
resin, different |ayers qmuﬂ it i ber he t her nal
expansi on coefficient of in the direction of he fi'bers in
that |ayer being 10[err]/C or Iower and the ratio by weight of said |ong
cont i nuouswihdieis dlgihegween 40 percent and 80 percent of the

fi ber-reinforced thernoplastic resin,; the thernoplastic resin
contained in said reinforcing plate is saturated to a depth of between

O 1mm and 1nm into a surface of said wood board te which said reinforcing
plate is atthchedy high—strengtls aiotpasite boardl comprigimgti cl e board, a fiber
board, wood cenment board, or a conposite board containing wooden scraps
and fiber on whi Gﬁm@t@ppguekﬁtasmpngsnageﬁtber reinforped dhessrond agbier e
according to claim1 wherein said resin-saturated |ayer on _a surface of

sai d wood BHhAgivedFHith fs waed, boprd eomprising primarily “of S&°€‘$?fbc§§?¥’é‘e“ts or
according to C.Ia 1or Ia|m2 wher ei n: said plurality of layers of
sai d reinf 8r #ily |8Ia5fie eoHPri ses between two and four |ayers. 4. A

conmposite board 3gHar ghRGALBuR it Rfe W1TanBeECHAINYiAER WS- UITER! Within

said fiber—reinforced thermoplastic resin; and the ratio by weight of

said long continuous fibers is between 40 percent and 80 percent.

2. A high—strength composite board as described in claim 1 wherein:
a thermoplastic resin contained in said reinforcing plates is
saturated to a depth of between 0.1 mm and 1 mm into a surface of said

wood board to which said reinforcing plates is attached.

3. A high—strength composite board as described in claim 2 wherein:
said resin—saturated layer on a surface of said wood boards con-—

tains short fibers.

4. A high—strength composite board as described in claim 1 wherein:
said wood boards is a particle board, a plywood, or a composite
board mainly containing wooden scraps and fiber on which is applied a

bonding agent.

5. A high—strength composite board as described in any of the above
claims wherein:
along the orientation of the fiber contained therein.

6. A high-strength composite board as described in any of the above
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at |east one rei nf ofgisRQ: B Bb& e Ui grger in.sizethan—sai-d-wood board; and

the ends of said woo overed by the surplus area of said
reinforcing plate or I lﬂ
one of the precedin

I, C°”‘Tﬂ|||||ﬁl|ﬁ|“ﬂﬂﬂ|’ﬁﬂ||{ﬂ'engu? faces

has a surface material. - : A conposite boafd accor |ng to claim5

wher ei n: clalms&ahdmsufface material is larger in size than said conposite
board; and the ends of said conposite board are covered by the surplus
area of said surd$aice reanforcihg platés commdsposipluredaryd cctayelts)genohaoy
one of the preceding clains wherein: a protective resin filmis

att ached ts@idtlayerss compaining Kébery faxdented in a different direction.

2

7. A high—strength composite board as described in claim 6 wherein:
said plurality of layers of said reinforcing plates comprises be—

tween two and four layers.

8. A high—strength composite board as described in any of the above
claims wherein: _

said reinforcing plates are larger in size than said woo board;

and the ends of said wood board are covered by the surplus area of said

feinforcing plates.

9. A high-strength composite board as described in any of the above
claims wherein:

at least one of the surfaces has a surface material.

10. A high—strength composite board as described in claim 9 wherein:
said surface material is larger is size than said composite
boards; and the ends. of said composite board are covered by the surplus

area of said surface material.

11. A high-strength composite board as described in any of the above
claims wherein:
a resin film is temporarily attached to at least one of the sur—

faces for the purpose of protection.



