; e3eNf pNc| : 06 TpBK2PCT/ EPO2/ 13014 Form tool for producing_particle foam

nol ded parts The invention relates to a formtool for producing particle
f oam nol ded parts, having at |east one tool park consisting of a finite
nunber of layers which are parallel to each other, at |eastj S, 1N
Whicth the individual |ayers have 5 contours such that a sta 'ﬂmw‘mﬂmﬂm t he
totality of all |ayers defines at |east one part of a form can
be filled with ex angabl e beads of a thernoplastic material, and®NaVing
nmeans forpgmfﬁp‘f%/ﬁﬁn nd di schargi ng gaseous and |iquid heat t Bl
to or fromthe layers circunscribing the formcavity. Particl mmuﬂﬂm““mﬂm
materials are thernoplastic foammaterials which are wel ded 10 tqg@f)og_er to
bl ocks or to nol ded parts from pre-expanded, still further expandable snall
foam particles. The shaping and the welding are carried out in the steam
nol di ng process in form_tools designed es itally t -_- - The known form
tools are fabricated of Fommnite: onpiadueing pArlicig 204 s al um num whi ch
afterwards are provided with borings in order to set in nozzles 1 S through

which it is possible to bl ow superheated steamin the.for i der

hi gh pressure. Bdgdevensiga f@iﬁ‘%%b%ffdﬁb@ﬁ@&%%“{%%@ %‘%rc%?tgha&?’ene

(EPE) or Dol YRLaRYl,eRgs{ FRPIod8blANSkAdof Befidies Mriberi diYlagdis isch end and
at, bo 0

condensed. After m tool halves which are | ocated in a steam
chanmber as wephraBsl ROedchatheniteldagan tsegthentheid Whieh éha ingivadynd HERPRYF by

alternatively both steam chanber, hal.ves, being a | heat sfk St eam
Due to thi$, ceriowsspek thes A tack dagied iy t&*ﬁimeﬁwf%i@d‘g b Eggit’%?ttlgﬁg

tenperature whj £ 48 VBBl with exliblg bedds bffie tiamibplasés on

t he surface ?@@e?ﬁg?&ﬁ%&‘?%‘%?m joint). Afte.ﬁ/ards, t he si gg of t%g form
tool which is naueiallmdttheingantdns ffer supplyingsnd ischaigRenSaRpeus & ’qul}‘l’gh ter or
-2 with another cooling nmedium ereby th i 'y cool ed down
but the produdmasisamedia)te of ﬁam%mﬂéfsw gwg?r%b?% @g%%@g{’)%@?zed. | ndi vi dual
aspects of the manufacturing and the utilization of lamnated formtools
are known from tpe pat@nt hiafeRRt 46 SherfoPfasdl féein ITat@B8s ddbdr piseweldne

production of formng tool prototypes from stacked,thi ayers,. fr whi ch
contours doe augetherttojodkaoeito b@é&‘dmﬁﬂ@\é@& Peatxpapdrd, ftﬁ% ﬁirﬁ’f’& Sxpang %;en:
contours shaping.the form r Ofdt A€ WQ@netRe RBried Ahteethe tedn
Patent 2 679 1§7‘gaud€)§‘8‘r%‘3§fég‘nf%x%}gaﬁﬁlgléﬁﬂgh pr esgure deep-draw ng di e whose

femal e die is feimtrovess pfdRmtoslstesignedrespeailiyttherefornor i zont al |y st acked
10 in a seat. By nmeans of exchange, insertion or renoval of individual

regions of this female die, it js possible to _ch [ iggl y the

geonetry of the fToerknewn fOFmaWEI{Si ?‘Tgtéﬁt?%ca\tﬁgyogp_ﬂtlﬁd;g@gﬁ Igilﬂé%g@g?gguced.

DE- Al-44 09 55%%%?&{1 '\nﬁﬁ(?rhgfté}%'ﬂqu%e bRREAESPR batihys foordetie ShaynAREISt bent
onents. 0

sheet netal co Isto inthe formof a bencﬁln %ncﬂ %ggéror a
femal e 15 § e imowdnwhishdt Bf paasiplec bdew isuprrheatedkptean iR MSORHTAYHY Af'e
coupled to forma pack and are arranged in sequence in direction of the
bendi ng axl e ohighiPEESSESt | their faces bei ng in contact. U S. Patent 5 031
483 di scl oses the production of deep-draw ng die nolds

Beads made of expandable polystyrene (EPS), polyethylene (EPE) or

polypropylene (EPP) are blown in the form cavity of the tool and condensed.

After that, both form tool halves which are located in a steam chamber as well as
20 the vented particle bed therein are penetrated by alternatively both steam chamber
halves being acted with superheated steam. Due to this, the particles at least on the
surface are heated to a temperature which leads to the welding or the caking of the
particles on the surface (thermal and integral joint). Afterwards, the side of the

form tool which is away to the particle foam is acted upon with cooling water or



fabricated of contour-cut thin layers which are arranged in parallel to the
parting 20 plane of the tool, the direct placing of cooling or tenpering
channel s being provided. Besides this, the patent describes the possibility
to nount spacing neans between several séfected layers in order to bring
pressurized air or vacuumto the surface of the work piece. But this does
not make it possible to introduce wel ding or cooling nedia over an area.

The cooling is, painly carried gut by heat, 25 conduction. .The unif

venting of th¥ith@ppthenegolingm u‘f‘h@%f:‘iegy iﬂ?ﬁgfo‘)\f\}ﬁ%qli on. F‘%Pd%‘fﬁ%‘ﬁ? bluﬁ{h[@he
production of 15l ORATMbRISE phR TS Aso &tdbifisdd, Pr ovi ded. Particle foam
formtools \/\h?@%ﬁ%érd?ag} oduced I n tﬁe forsr’g of 1tvvo shel | s whi ch have webs

wi th nozzles by means of stereolithography are known from -3 EP.A 1-0 908
286. The shel | s lndiidvalcaspédts bEthevinanuiactering andithg usilizatiansetlaminated formn o der
to give the necessary stability to .th ol . Particle foamformtools nade
of silicone aW8?WEk§%W%§PWh§¥%tBVﬁ1ft§r§8}r '0 both sides of the tool half by
simlar pressure control are known form DE-Al-195 00 5 601. According to

DE- Al1- 33 390 826 pmd 1ER A1-088 1REcrie8 thd eradutiicabf thrsvdy tuol pgeetypeshirom ari se
frominpressions of nozzles on the surface of fogg} nol ded bodi es. can be

avoi ded by ushiagked thisdnyess ffose whighicoRtouss are q Qut By 1ageisbedtn or wateieh thep g,
this, forns a i ofsi: fﬁﬂjn & ¥ea b oY tPfe Sofb®ued 10
metal . WO 94/ Efg@%%g@\g&é)g{e&g%aﬂﬁfgkrt}g |n§{%l atlgeﬁlo%?égyﬁe rmellzcilgd part tool in
order to reduce the energy consunption of the production of particle foam
nol ded parts, paySi alear 2678l 72 ndescribes rani exterhalphigh @seseuretdsep-dradyigy die

tion for the weldi f the f icles . ' 9% of th
R e e
cycle timgg by F@@ﬂ_\/@y fhkdnd d¥eex ﬁ&h{gep&sém&haﬂie@aivammnaiheruamegroas oftiance of

the insulating layers restrict thi's process to polystyrene foamparticles

whi ch are prodeasledigtit isqpossiblepe changeesnickiyl and émlpﬁ&wtwfetheg?fébt of

the invention is to develop and to inprove a formtool for 20 producing
particle foamCAGtyaY lﬁé}lntsgpaéf@?ﬂ}?ew?{lfggem??%ﬁg’d at the beginning, such
that a faster conputer supported production of particle foam nol ded parts

with a good surfpgea fyalgotascateseries Uichaing tosll edpegallyf fot e Svormingoal bent| es
can be made possible and at the sane tinme the necessaré/ sﬁea@r) an? ener gy
YRen ARVt B

quantity can isheetanridedmponeritelditipiop! imtbe franein PRpding “this
obj ect is .,achigved for r f: } td foem ckni ng
by the fac}s tffg? 1558 Hog%egrf(s)a Iggrc fé%g?‘}dgﬁggéﬂ?mg?pﬁ%e@?{?’ﬁ@tgﬁ%% regi Eﬁ? i

adj acent to t h@dff& mraayed ¥, segtermedafdireetion o thenbending ade lof shrErolt §eif or m
channel s which are outwardly seal ed but are open inside the tool part for
t he penetrati ofacestbeingdnganiétus and |iquid heat transfer nedia. -4 The
solution according to the invention of the nentioned object is achieved by
a stacked arrangefenp, i £z digs dig6RE ithe Proliushicin £ deq-draiving didi mdliisal

| ayers to each ot'her, causes an uniform supplying of the thernmnl active
medi a for the fabticktedjobbontdue-dubthin payrers wh@g a5¢ apenggd inPasple) tof8e PEIng e
cooling of_ the foam5 particle f_{the .hody . £ @gd of
the form t%bl Bghe zé?lfsthé‘é(?lv 3 ?‘He@h%la?%%{@ vg(%ﬂlln g&o% t‘cglﬁgo%:aﬁgeﬁﬂbﬁg@t he
filling. Prefepablitd. Bepasheans ethespaam dacribsathenppssiddityetbemofintr SRASHIE ng

are used as thermal active nedia. The | am nat ed arrangenent, of the rm
t ool accor di ngmeans brsweensstietebselectesilayers ik OHSHIRRINERTESSIIAE 3T 8 Ol

superheated st T the Suf 23 of B8V Pl BuPUfs dbdiendt deks ipshsivlOm mirbdadedes

welding or cooling media over an area. The cooling is mainly carried out by heat

25  conduction. The uniform venting of the form tool during the filling, which is

important in the production of particle foam molded parts, is not provided.

Particle foam form tools which are produced in the form of two shells which

have webs with nozzles by means of stereolithography are known from



10 directly in the formcavity inside the tool and ensures in this way a
fast heating and a fast cooling of the foamparticles. In conparison to the
previ ous usage of separate steam chanbers, this | eads not only to

consi derabl e constructive savings but at¥o to a considerabl e reduction of
t he” steam and energy consunption. Since the formtool according to the

i nvention does not have any steam nozzles which 15 form at the sanme tine,
a part of the formcavity surface, the rticle foam nol ded parts. f.ornmed
Wi th the t ool EEdod ok gyl h peerhaciied 1 Ho (SRR Ry o o A=

i mpressi ons o : BSitstdthégdl. This leads to an optical

i nprovenent a%rgéétg%?ﬂg%éﬁ%ao glrasuP?ace quality of the nolded parts.
Preferably, the layers consist of a wel|l heat-conducting nmetallic naterial
and 20 are prodBeritld foamoformabols made lof widichas ansh mephazicati stabdized fo Bthnpl e.
It is particul.arl referr that. the | ayer aonsj t , stgel

al uni num or aﬂg%f'l %rf?‘ﬁﬁ?ﬂﬁﬁa &Ry Sippigt Blfea%’lr%// €0 Stﬁog af%)‘flz(?vgr?fg?rgpgﬁtAf rlg%()'? he
desired neg erg@. by conputer-aided means, such that right fromthe

begi nning the contours of the particle foam nol ded part to be produced are

exactly determ ned, such that it _is not necessary.to subj ect the
contours to a suissewingnttor REAeht . 3401260 Aogi r%)'%@rto tfi) |5§§e$§> i PGEk al

working it is_possihl . . N .| t ! as for
exarpl o cutt | ARROy RS, it BriEe BYG hpERlont drigalel 86 WL ikt Y Bl ¢
to produce thaoldyd@odicdanbe agoidedOyminges taul dedaqerwitiels s fiely poriogs irieaan f or
t he production of prototypes, for exa_n‘gl e by usi nﬁ\{ he "I anf#g ed obj ect
manuf act ur i ngfaceORpr thag %ﬂ@%éﬁ%’u.sed whigh| Gongist SeRFB ei&jé’BdEalE ISR of the
formt ool 1@CCﬁ{e ilng to the invention the | ayers have openings which are

di vi ded by soli'd webs and are arranged, such that a plurality of chanbers

which intersperse the tool part are formed in a stack formed by the
totality of all Weaye#8997Bheopaese theahalinsuwdtiondhe mokded deg tpldiy grisr &

advant ageously the total mass of .the_.t,ool, ,favor f f tive

di f f usi gn of %’?ﬁélcag&mgyaﬁ%r“}‘m&% Oﬁi}}ﬁ P"P?‘éﬁ’s‘)f‘e‘}sf p%é%?qgffg@%?e?}ﬁ&&

super heat ed Stpﬁ?{éhl%ﬂ? ﬁﬁ%’ lcbRenY¥Bh A prédeSsed H&S &ead) Yorzampiion fordthe eriling 0 a
erio

considerably in oss of energy in conparison to the additi na,{5 st eam
chanber s necesfahy foam tpaetigdes o inferiorvilei EY, ofatheoenrerayy 1@ det ad¥ssd et iBh, can

be left out becauge the cavities therselve [ egkadcoyrt he
openi ngs ¢f t HRANUAFBITE ¢ R@H%Q%epﬁshﬁpgﬁcﬁ%%%o aﬁgt%g%?ﬂaﬁbercand at
the same tinme f&Sahibs dnldRerdial Rest@stice g tainsulating layotsatestrict filsaproress ta

particul ar advantage of the formtool accordi n%ééﬁ)q;t he invention is the

fact that the potystyvemesfaafn pagsictesrwhiely@rq Bipepsse W ERRSTAYIS Y YEET wal |
as well as steam chanbers, nedia guide and support. Due to this, the tool
mass is 15 redJ&8E° the energy consunption and in this way the operation
expenses are di m nished and the arrangenment of the tool sinplified.
Preferably, at |@astobRacbftkeomenliayés tofdevelep apk toHmsow a|fogs ttognfor

prol ongati on whi ch operates as heat, exch surf rQJ Lanwt he
openi ngs A0 i rPrefeingparpele Joamm g‘fde‘?ﬁtlstogﬂl%ﬁy%e 5r§t?()§lreﬂ%gg{é bt(:3 ?lglﬁn% bérl{&hi n

both directio 20uleP s@piorel Brodieén bopatticle foapandided pattssyglam or
anot her hot ggt?atl %ﬁ‘gﬁ’?g‘édg%‘hréﬁ%‘{] th? chanbers, and to a ,f}a%t er . coolJ ng

when water or goudt ueface quality gndwei uniform ovelding af th feam PaTisles &R be made

Preferably, the formtpol .accordj.n j %@H’ l¥nti&as wepl yi ng
pi pe and only B‘?Fél%iﬁ ?&‘ﬁﬁ? Hlenﬁ”}ﬁ B@%f%& nfg%gségg\é trglnmégg‘?g?ne%di%ggsed as
heating or 25 capbdi@nsiEeiaBlypecause the general construction is suitable

for the flow of both the gaseous and the |iquid heat transfer nedia.

Preferably, the defined distances between the |layers are fo
i nt er medi a2® pl atAssoudingte hednyangepdsAechs 3 bg(@ﬁ?%rr ?‘ngqrmsllrogggf @4 YRe

tool. As a resuylt ti?rgedrh??l{e{ VeghHiRE &) Bledadtos @tk MPdrk ateSarfin@edj G ttasttin theer
€ 100

external si des™5f" .
regions adjacent to the form cavity, at a defined distance to each other to form

channels which are outwardly sealed but are open inside the tool part for the

penetration of the gaseous and liquid heat transfer media.



-6 while channels which are parallel inside and have a defined width remain
open for the penetration of the nedia. Alternatively, the distances can be
formed by stanpings, mllings or etched recesses at one or both sides in
the | ayers, the stanpings being preferabfty 5 designed as waves, channels,

ri bbings or knobs in the formof truncated cones or truncated pyramds. A
regul ar diffusion of the stanpings in formof knobs or waves is

R A P i e P e

engaged with t | Oni i d; : iha to

t he out si de aﬁgﬁgkegi e{r}g‘iél el#ilgrgwﬂggﬁ 't g thgiglﬁg&% ﬁ}sga&gﬁﬁmpggﬂl?%g% | ane

bet ween two feach dthéry eausentan thiéorme syyeptying eofothkethemud| actied fmedididor theer s at

by mat er 1 ol 2BEEH PhaoET BEREE df NERIFY Mol Bricharari et g

screw ng of splrdeks, N thd BR1deBRUS fSRitdIRertONRARCS Cle HOMPIRE but A1sdsdrser S 15

by sol dering as well, the thin layers having a lower nelting point than the

| ayers t hensetovtbs fasTientingadfi theytool dutieg therfiling direfecably, dipayheated $team arent i on

to the external regign and.to the parti plane .can be carried out . by

pl aci ng |i qui e i ext etwee ayers
ReauE vt i oqp s AR hedchsP o " BuctBl g daie

as wel |l as byakapeinedt ofdledbig ted] adédréiakde thathvemidreleadOlotehorfiggetiedwy i al  or

seal i ng conmpound can already be applied to the individual |ayers and can

get the desi r suppheelf supgrhestee sieamang obeqadingrwaserrover Reidpesg apd fiagsahtifesng by

heat i ng. r i Si | . r.asi.ns, fi it h i r

noun seal tnt SRSl Bt S8 e OabBE Ml s nsts UL EERSBIE

netal envel opendvhifedt coulingbflthe foaahitictess &alcsmphigsonharthe previvekusege dhe

| ayers 25 can be arranged around the formtool. In apother preferred
enbodi ment of senaEate sepmichambers cihisdierds 1o onhisto; GoRgideraBls, CORBINAINP SaYIBEK s of

| ayers which gre a Y have, &4 ' ) gl e
connected to ggtcﬂg%ﬁ%ggs&%%abgggﬁu}:@n ?2@‘& S cagﬁ({r E%%? E%I{r%llelﬁ%gggevecr: al

angl es whi ch dieffoern tholoavcbitkeng iogtht ivegtien doed het lpae tahy gtepinamezled wdseh
enbodi nents of the invention are particularly suitable to e it é)dssi bl e

to show uhder & af thersame sime, 2 PRE of ierfoRp(cAVY pHface hREUARE 8arp6nq}§
produced and %)Qnsr f?)%%ﬁ v&tiﬁlethé\%ﬁ gﬁc‘fofr&ﬁg to % ifvéRoH!dan nbdiow Aiyadistaitagks.

packs or clusters o ayers are connected to each other can be
arranged at atrypressiomschfditdafrenentes an ghesirface.dl e sadotomroptical iswrovearent i n
their totality at |least two too art. ich t her constitute the form
tool. In ot he@n&%%g?lﬁﬁgﬁ@o‘bgfsuﬁl%gﬂwﬁl‘i’hw%ﬁr’ﬁi‘g&ﬁ?%t si des of the |ayers
whi ch circunscribe the formcavity can show a structured surface,

particularly a sgrafipgfly Ohe Q%@Fseﬁbrﬁisf bag evellTheat-8ondicting metatlic matdriat andan
show for exanpl e sguare or 10 round, raised recessed cross sections and

or
in this wad) f@rapradweeddn erm of thindameilaspr sheqt aretels forgxamplepkds parlcylgry,
cavity. Surprisi I 1L turne : r, a1 the front
Si desyhas apcé’ﬁ%t?lg%cr%t é’eilérj?ﬁsu(g)r?g%e&%fasn? ﬁg&{%ﬁﬁ@ﬁ%ﬂﬁﬁ%?&é@%@iagl];)y-of t he

finished particle foam nol ded parts. The unpl easantly screechi ng noi se
whi ch usual |y appefsrsblduttiengyers e foni Goirothebdesived rmatemalshyr campatenpidadl ded

parts nmade of particle foam rticularly of polystyren article m
(Styropor ), é‘a‘??n&es"acglofbébﬂlgé‘ggiﬂr? T F%‘%‘F‘Ee@‘f’i %’é’lt“é‘r%)?%ttﬁ% palétlscll:? if{)%z
surface structyfiged hite iShEfoBhcedpEe ity Qetefhind@ ! itk tHaditiif Gottecdearyaoind out
enpirically fromcase to case, which particularly depends on the tyga? of

t he expandibl esupjetttine contuts. to Brrubsdquentdisatmeny. Bar quiingsait theclayergin fiig

d d 20 ticle f | ded ts.. : ' hikcal |
Dy di 17 er ont " SUPkSNEE & RDRT € Cobpah gl ot g Afpldie MEIERTOPBREAIECT Ve

formtool accoigifioby Rséheal¥Ety wveter ?a. Howbesrahliyalshpossitlé Yo pioseamthect ed
in order to avoid unnecessary energy. |l osses. The inventfj or}1 is furt herf
descri bed wit hayess dyantg @ @omn@teaplgﬁﬁl REReesS which 1s known for the production o

prototypes, for example by using the “laminated object manufacturing (LOM) -

30 process”.



25 - Figure 1 is a perspective view of a tool part (formhalf) of an

enbodi nent of a formtool according to the invention; - Figure 2 is a cut

vi ew t hrough anot her enbodi ment of a tool part of a formtool according to
the invention; _g_ - Figure 3 is a per8pective partial view, partially in
section, of a group of three layers fixed at a defined distance to each
other by stanpings; - Figure 4 is a partial view (partially in section) of

anot her group of layers which are nutually fi xed St ings;.5 -.Figure 5
is a schematic $v@njagnantageoasempodiment b ther ;%ttaaﬂ/%?@q?ﬁﬁp myentiog, g
Figure 6 is We?ﬁ [ VLBV VRE arrihd el s@he

sol dered to :%%ﬁ ot féé‘% %?g@??%h%hhég@}ﬁbﬁ%f%%F(ﬁgvggésd%rﬁgeﬁtO }[Mﬁ% |?1venti on
consi sts of tat & phiralptgrdf chdmhés wiiicthinserepelrser thre doal paet are fgrhedentaastackway

the tool parts 1 nsj st t hepgel ves_of a finite nber. of. | ayers 10

whi ch are pargﬂ“@ﬁ%’ﬁ%é‘ﬁﬁ%ﬂ?@ﬁ?ﬁ%éﬁﬁéﬁf@Volhﬁn? HEH’&F%WI%%%&%&%??L t he
| ayers 10 §0n§d\%htagéo&|l9wﬁ%%tm SRR TheMdLE Havdira Cdfer Bi¥d SRFEGRINE Aiff@iistest means.
Three stacks A, B, C (Figure 1 ) with different directions are forned from

the layers 10thet gasepusdand diguid heey dransfengnerba,t b vetighe Rupsehagtpdl steamr adged i n
I el d the. stacks bei ted | | t
o T Che”dr abePIERoG et PreBr Ty BEar dnd Te g a(gGinghelly’ SBdrGse 66, PO

the tool partbfgepPhRBemParisdh o tHedidditibnal stbal @hemB&s haxssae gt cher wriorsmch t hat
the stacks A, B, Cforned by the totality of the layers 10 define

respectivel y whys acoofdingto thermwentiontoan el et trgausg theeavitias|themsglyes,
expandabl g, f oa earl s a of .a t St i . for
exanpl e EPS, E’gl e Eﬁg{qgiygtﬁégpeql%gsf%ﬁh]gg 8&0%#?89? tgér |c(t:1P§%? Igasr?ﬁ%}rrlol ded

parts thereof ;yghthd ahBat i 8@ HRledhfinpli®c 686 cooling watwlacq@midlatbr.i s provi ded

wi th one single supplying pipe 3 and one single discharging pipe 4 for

gaseous and liquid heat transfer nedia, particularly for, 25 super.heated
Sinrie g

steam and cool i nghahat ér partigplaradvapiageal thei formdpelace ARG 18
according to Hhesl NYERY I@o&léédrg oF IRUREMIGR 1BRrS HEAE the FortiBe WEdIAWaIDa®f t he

beads and afterwards coo wat er or anot her appropriate cooling medium
for the -9 eatlingeaf chirabeasodedieuids addsyppett. Bnel tothis, Hhe tend mags ds gui ded

t hrough the tool part 1 through the sane pipe. The,layers 10 ar rranged
at a defihed dPEICEhcEC GIERC ﬁg‘&?ﬂ‘é’?lo? ﬁo&n&%&’ﬁﬁ&g_%@@%ﬁx gggsfgta(%@&

whi ch are out vabdlished aak 8t dfangéthént bf 1hedbd] sehplifgen inside the 5 tool part
1 for the penetration of the gaseous and |liquid nedia which operate as heat

transfer nedia. Due to this, it is obtained that the heating and cooling
medi a are gui dedPueargblpjuiat klegst aeaghy pecondr aeefof et t §19ck PAXES & 188K %€t 0 t he

formcavity 2, éﬁggﬁifﬂa&hikﬁ obiaBORShA xdrfndd GRBBOLIG FBRLANN RS RAing9d Wi L

relatively | o’ osses i n ctions, for” the heati ng as wel |
as for the coqfijfithe MNaaiHeRI Thid vesltagea tister heatftranspdroinl botic diveationgy and se he
invention is that the . : h

20 to a faster heating when superheated steam or another hot gas is guided throug

the chambers, and to a faster cooling when water or another cooling medium

flows through the chambers.

Preferably, the form tool according to the invention has only one supplying
pipe and only one discharging pipe for the heat transfer media used as heating or

25  cooling media because the general construction is suitable for the flow of both the

gaseous and the liquid heat transfer media.

Preferably, the defined distances between the layers are formed by
intermediate plates which are placed only at the external sides of the tool. As a

result, a nearly completely closed wall is produced at the external sides of the tool



construction in segnents with integrated supplying and di scharging of the
heating and cooling nmedia reduces the total mass and at the sane tinme the
total energy demand of the tool. I 5 In another preferred enbodi ment of the
invention the |ayers 10 show openi ngs 7-%hich are divided by solid webs 6
(Figure 2), the openings being arranged such that several chanbers 8 which
intersperse the tool part 1 are fornmed in a stack D forned by the totality

of all layers 10. This enbodi ment has .gavitijes i-ch.ensur : kGi ent
vol une for thwhilgehangels hig eBI‘rapElénﬁIgf F’\‘fﬁlarﬁ?c?i ﬁ(’%%f)dg‘?tﬁég %3%§%%5)% 20 and
cooling water | bR ofheGhddia nation of the energetically inconvenient
st eam chanbergsher?ggggdggfr?? ?lr? thé prior art and additionally reduce the total
mass of the tool. In order to avoid the escape of the nedja to th ut si de
and a direct fl \itermativelyhthehdisteneasi ¢ag sl formed by tempings, radhegs; on/gokiher

tool half, the layers 10 at.the external .sides.af : . nar, e
pressur e- seal BfetSG° @gcor?eo?rhg?t?l F@FS é&lgﬁﬁl@l‘%}g/ g’% ﬁe@&“ﬁg%%ﬁé’?ﬁé@@

sol deri ng. 5 Thgedafdingdvales lAReRSs, @fbbirgs ot &yiehssin e farmeaitmmatedreopemorbe
obtained in difféerent ways. If for e_x&rr_pl e thEt al sheets ichfﬂiebss(grarrped
at one side atrunepiedepyregidsard segulart Gitivgion of e SN LA™ B KPR Exanpl e

sone with stanpin i o) } rfif i QRRralldh @erdterind Ng

| ayers 10, co &Y elr%ip%g&%lgag@%r-g%gé@’t%ﬁ%%%%pméﬁgr%dn?grﬁbﬁut such Iighat t he
stanpings 11 afeheAny@seachd man@giswhich(FalgupessBle wmith fins which armgneased
secured positively against displacenent. But the stanpings 12 (Figure 4)
can al so be ofwithetach gthekch ot her, such that the individual | ayers 10 are in
poi nt contact or in line contact across the entire surface 5 and, as a
result, fopma dj i i B e Afisil@ind®direct floev dfaheri ng

t ool wal l .%A deﬁnﬁgéé?g?éa{?\g}éé%gt eeoetﬁrl% ﬁigg?ndi vidual layers 10 and.in this
way a defined meitia prafghrtabbarting plnabetweien twio &rm pdvesHaierie EsBeive REER t he

| ayers 10 is preferab obt ai ned by an i.nte - di Ensy I

po?/ous corrpouPIGOl\/\I\%ﬁ t% 1ygEs Ptagﬁrg’xirﬁg\/\ﬂ?%%ggﬁlg %rla {)\?}fedgéc?ﬁ‘% tﬁjhgz'{sbtﬁa?rtg%gs 11

are stacked i fhaiffe@} %Ié?éra‘ﬁ thyAhRd RN Geembtag etk ds oveldingf diffusionwskldéng, at t he
t

contact points ol e stanpi'ngs 11. Before the contours are stgr@ed or cut
out, layers ofbondimgesirewingatreolderings Ehenlayeisean bs copectaelor othel B3¢ t o t he

| ayers 10 which fuyse. on after. the as | ; RYViHag fe fap@at ment
and creat éSSoIWe?qtfﬁi"dm@cﬁﬁﬁ’%%ﬁi%%@“ﬁ%@%%lé@%o%&ae&?% i%&g%?lnt s by cagi Ilarity
(Figure 6). Thg.ptheLs way round, soldered stacks of |ayers 10 can so be
separated again in the individual |ayers and, if necessary, can be
exchanged for layers 10 having other contours_such that it i ssihl.e to
manuf act ure nol ddepsealing ofithe: ferAbionk AcEdRB {9 e IBYPIHAR to Pben?’a%@glel%bgb t he
| ayers 10 which ¢jr i f AV hibyv2ole8Re HHEM cursble umtariabsdn
surface (not sﬁrb(ﬁ}ﬁ’ tﬁﬁ%ﬁ%ggﬁ%%h%&%é%e desiyrped S rEcture, her e ﬁi:.an be
etched or can gl engabspiendetvea tiee laygress ofelbws brhoagingh FIPEThg of

the layers 10. It is also ssi bl e t.o, place sol I fe
I ayersylo Hof opderings Hetfs éﬁ ering MateRial ﬁre Aot 9°a éjéggdtcagggg%dﬁﬁ;ﬁ\éﬁgg%d The

particle foam gl dedifaf fader e BorPfed REARMTrBG scalingleffatonbiueict dhain sehing
according to the i1 nventioh and

are preferably made of. expandabl e

pol ypropyl ene OERREmbLng bpheaing Ferthissiicepes andiging fifsd E‘I‘@’uﬁgwnymu%?df orm
wel ding of the particles and a supo nbPRis. PrazEaslsi @rempfetest eam
nozzl es and wi toﬁ“%i 8\70‘388@366%%?“%& ?érjlg%:a?ﬁgr?wr?gl se. gﬁ%& ma?uf act 8ri ng of
the nol ded par tgehiSenvelopd: vah@Ebemakdld pogsstieesehlorthe chainelsrhetwers 1 1Y | ow
energy consunption, the costs are reduced. - 12 Cdains 1. A formtool
for producRfig manbeetrengedarquad(teefer®dpels, having at | east one tool part ( 1
) consisting of a finite nunber of layers ( 10) which are parallel to each
other, at least ip seqnent s idleWbbditheh6t ihedbivh daotlactaiimpsio the Djvertione
contours such

several stacks of layers whic

directions are connected to each other. The parallel layers can run at on¢ Or

h are arranged in parallel and have different

several angles which differ from the right angle to the parting plane. These



5 that a stack (A, B, C) fornmed by the totality of all layers (10) defines
at least one part of a formcavity (2) which can be filled with expandabl e
beads of a thernoplastic material, and having nmeans (3; 4) for supplying
and di schargi ng gaseous and liquid heat -transfer nedia to or fromthe

| ayers (10) circunscribing the formcavity (2), characterized in that said
| ayers (10) are arranged, at least in 10 their regions adjacent to said
formcavity (2), at a defined distance fromeach other to form channels (5)
whi ch are out evabellimeste aff 8t ibuentineropasticulardy siitable @ maks! it pessiblq toshpwi or t he

penetration of the gaseous an iquid at_fran r i farm t ool
according to &f %t%m apgiifger %ofgbn}orln&t%h%#st ﬁlgﬂé\%ﬁ%{e %’8@"%’%@?5 of a
wel | heat - congidgtd g 18 affbdtC AR REulAlindidfud. stddk8, askadr adisters 0O ladiersy t o
claim2, characterized in that said layers (10) consist of sheet steel,

al uni num or oWhigh as¢ conneoted 40 kagh. other crh e AR anyerwbAng differeat ghglesone of
the clains.1 to_ 3 har acteri.zed. | .S 4] i.ngs (7)
i oh are. ti viGERn By RE i dORE L el B e NG Tod e AR BRRRLIEE |
of chanbers (8Jnswhit€theifoingtsper se the tool part 20 ( 1 ) are formed in one
stack (D) fornmed by the totality of all layers ( 10). 5. The formt ool

according to claim4, characterized in that at | east. ea second l.ayer (
10) of a stack (motafomrbadmerst ﬁénb‘?"G‘PBﬁS%tffoé‘ﬁ Wcﬁhtgﬁj?%f{%émé heat

exchange surf @ﬁf‘urﬁ&ﬁb@ﬂféj f%ﬁ{'x%a@/irk}'yEiﬁeshgweargtﬂgﬁlréd@urf%e partiddearshadiapa (8) .

[
6. The formtool according to arly one of the claims 1 to 5, characterized
by 25 one si ngt etchapplifacey Thepso awractaned svifacg eardishewiafoyieagmpliepssiupisr ok he

heat transfer nedi a., -13 7. The form.tool .accerdin o _any..ane. of. the
clains 1 ﬁ& 6 IO a Fa{3ade Py %&Sﬁea FpageSeEHANS ANy ’é‘n@‘é%wt? tm(ﬁa gg‘lﬂd&l aé}ré'rs (10)

are formed by &P RdbREBRhRESSs WBifsh @vetyar ranged only at the external
sides of the tool. 8 The formtool according to any one of the clains 1 to

6, characterized in 5 that said distances are formed hy stanpings, mllings
or etched recessBgpasingpeitonmsdtaut shatdbe perfacgestiugipae of they Gpnt gdeshas § or m
tool according to.claim characteri.zed .i i -l

desi gned as Wg\‘?lésé‘,ier tﬂg cgee Py @bel ﬁﬁgo%gmﬁﬁg%ﬂsl@%oﬁ%? ﬁ}ge ?Jgr m gtt%crlﬁ?](%zrﬁ ed

cones or trunGadigs partsdmhe inplklsahfly sdfeecting Avise alhidcosually ngpdacs duringome  of
the clains 1 to 9, characterized in that said |ayers ]fleof)pa are f.i)i%gx/or
centered ilA pdrietignshetwgen wgusurfaces afipligd pars mede phpaRtiske RAVLRABIUX es or

by pins which are, e e ] ] : LioablvageereHiyng to
any one of th§%€P§'is{r$§§% q%gt@%?oa%ﬁ@g@%}@f@%e%ﬁibﬁ%) ﬁgtgé)é‘ggpd Igﬁ S (1 1%) are
connected to apclhe deheibel yurfadesstnature,sthe shédial gyseiofi thesstiibtune haiing fo be

di ffusion wel di ng, bonding, screwing or soldering.,12.. The for I
according to dPaiheutempimeallydFoIr icasedo cpsey Wh‘tcgé’é]q%ufaéé'e(}ege?%@?‘ tg%r Eé%ggrfmect ed
to other thin i 3. 58k ddahivilityayeihe duafebagofthepmeduce! ting
poi nt than saith@?ég@azlsgmf%lﬂ?ﬁensel ves. 13. '}'ge formtool accordi ng to any
one of the(cl apanticld faam hd]dedipartaceralse bejinfliencedispagifigally by differspt irase acks
(A, B, O of Ial}égrs ( 10) which are arranged in parallel and have different
directions ares"§Hected to each ot her.

With respect to a tool holding fixture, the form tool according to the invention

is preferably thermally disconnected in order to avoid unnecessary energy losses.
The invention is further described with reference to the drawings:

25 - Figure 1 is a perspective view of a tool part (form half) of an embodiment

of a form tool according to the invention;

- Figure 2 is a cut view through another embodiment of a tool part of a form

tool according to the invention;



14. The formtool according to any one of the clainms 1 to 13, characterized
inthat the parallel layers ( 10) run at one or several angles which differ
fromthe right angle to the parting plane (9) of the tool. 25 15. The form
tool according to any one of the clains® to 14, characterized in that the
front sides of the layers (10) which circunscribe the formcavity (2) show
a structured surface. -14 16. The formtool according to claiml1l5,
characterized in that the surface, of th? front si .St amped_or ?Iched.

es is
17. The form tool BHERGr Hiheg PEEPEIIF RAfE d’l’e“i’G?a”&ﬂg'r AEHPLEd & BOMRat ¢ he
surface of t r { ; fpy §@mPREs.0r recessed cross
sections. S rl]@fefe‘ll%é%? g’r‘%ﬁ:’[go ﬁﬁ%%%@%ﬁe;’w%c}gﬁ?@on}é of §$%e clainms 1 to 17,
characterized by a netal envel o{pe_ whi ch outward|ly pressure-seals said
channel s (5). 19. Higere 4ine patiel siewdpaitialy tio sesipnd 48 angtherr@owd af HYer to 17,
characterized |n. that saj.d_.channel .are outwardly pressure-sealed by a
curabl e seal alf I,Chlﬁf/e @Bﬁ@}l%&xe@gy aﬁaﬁ‘é’{% sol dering of adjacent |ayers (10).
10 20. The formtool according to any one of the clains 1 to 19,
characteriged in thgre isa schempatd sdctional tvied ofie igdiupgpfimuttallyefizesd ldydrar m t ool
is thermally di sconnected. .A3N A A2. AR A A3. AF. Ar. A A. A9N7. A2
A A(YBCDSOucE! %s $o0° X
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] F@fﬁ]§3§}s&%ﬁlaﬁ@!s§ctional view of a group of layers which are
(}/!'sgFImt RG5} xsni d Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] calsld¢red}cedchatloam] ca] ca] ca] ca] ca] cal ) ~ZF6x! sU
=1 1) #9#=###* ${ $$&} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca]ca]ca ) 1 &I &R U i * kK gy
o o C 002000 ko e TRt 40l ZHEUnEAY B AP AT CarRar e B b ) ca
] ca] ca] Ca@gal '&Pdre%&ﬁddqa]a%hgﬁdrﬁ@it&g]v@aéyl ga] 10l satscladansis@@Bthemselves

4! 4e5556r 667= 0888+9~9#: .. ::,;d;;; <<Rs<<

3 XS ]ni d]_Z] } c a}otﬁ alfinitk oainbai ofilpyer} ¢ar&léthfaf parelal tospepibs BareReYs] PdPta) ca] ¢
cal Ca] CajCalcCal CalcalCca C cal . : :
=] =a===>c >??K@é@\9&§ﬂb@§?%ﬁ%ﬁewﬁg€§t ﬁ’lg&ﬁ XS F\r} ?ih efjs] \g}zlal]cgg]r %gl]nc?ﬁ cal ca]

ca] ca] ca] ca] calaalerhaRrlGadma] Tiake sheial AaBs 6] Fadurally alithadiffateonicedtioas ca] ca]
ca] ca! HHQJI s JKKLHL L L DMOMMVIVANNOO? PPPP; o . .
QbRSS=T| TPTWI ErRfmxeshifieny]the: dawess By &g insividpal leysrp ciapids ) the ek BF%) caj ca
] ca] ca] cal].ca] ca] cal cal ca : | AN teGEDYYY+2ZvZ
Z['[[ [\f\\l\%C] ang%‘ﬁ“‘]_lﬁf%lﬁ %ﬁékﬁﬁﬁégﬁgﬁgﬁﬁﬁ% ggi]ﬁ gg{]vc_a ca) cta! ca] ca] ca]
caV] ca] ca] ca] Gakcpliaahe dfaval enbaiihen] el pemm]lchlpyers d dlaapcaripht angle oZk8a<bhbc
'c,czccc>ddd! eoeeeNf*_R | wrmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca
] ca] ca] ca] ca] daplnariéng EIE]“?:%-] cal] ca] ca] ca] ca] ca] ca] ca] ca] caBCD5i K-~ 10%&' () -
Y& 109%& ()- 109%& ()-$10%& ()-y#10%& ()-9 mlO%& ()-3109%& () - 50uci K- s,
ig‘zg ()- 3$/| _12/&' (r}li 6@&/@(“%%%@%@%&&&%%@%&' t(léatl-\t/lhe %t@/i‘m'ﬁé,)B}i: gox/med by
R () - “(Th+ R () - 0k ()-F R () -% 10%R' () -
()-ertd t?l,e totality of the layers 10 égﬁn’e)re@slpective ))/ a part of the f(gx%n cavzllly f&WQCh
20 can be filled with expandable foam pearls (beads) of a thermoplastic material,
such as for example EPS, EPE or EPP in order to form appropriate particle foam

molded parts thereof using the steam molding process.

The tool part 1 is provided with one single supplying pipe 3 and one single
discharging pipe 4 for gaseous and liquid heat transfer media, particularly for

25  superheated steam and cooling water. In the agreed utilization of the form tool
according to the invention, first superheated steam for the welding of the beads

and afterwards cooling water or another appropriate cooling medium for the



L$109%& ()-s! 3109%& () - (z | %s uV7s99-10%<& ()-L 10%& ()- &Z10%& () -
10)) 10)) 10))!'\FO!10%)& ()-m 10%&' ()- $0 dEUV7s99-Lf 10%& ()-

109%<& ()-L 10%& ()-1 10%& ()- LY 109%& ()- 10%& ()- X (}dEuV7s99-
"LI10%& ()-"y 10%& ()- -9~

109%& ()-  Y10%<& ()- 10%& ()-M 10%& ()-}/!saBuV7s9sF. 10%& ()-s,
109%<& ()-1\ y) 1 10%<& ()-

"109%<& () - sYUBL0U=&' ( #109%& ( gCDEFJ} 0aS4F109%<& () - . 10<< 10<< 10<<!c37
10%<& () - 410988ding)af t?“e deu%bm@e@)w ailé%%ﬁ&hf( fmmn%ragaémti}@ough the tool

10%<& () - | t 10581 (hrokhn Q%% blse. 10%& () - 9910%<& () - 9

The layers 10 are arranged at a defined distance to each other to form channels
5 (Figures 3 to 6) which are outwardly sealed (Figure 1) but are open inside the

5  tool part 1 for the penetration of the gaseous and liquid media which operate as

heat transfer media.

Due to this, it is obtained that the heating and cooling media are guided very
quickly and via large effective faces directly to the form cavity 2, such that it is
possible to transport energy faster and with relatively low energy losses in both

10  directions, for the heating as well as for the cooling.

Another advantage of the form tool according to the invention is that the
construction in segments with integrated supplying and discharging of the heating
and cooling media reduces the total mass and at the same time the total energy

demand of the tool.

15 In another preferred embodiment of the invention the layers 10 show openings
7 which are divided by solid webs 6 (Figure 2), the openings being arranged such
that several chambers 8 which intersperse the tool part 1 are formed in a stack D
formed by the totality of all layers 10. This embodiment has cavities which ensure
a sufficient volume for the fast diffusion of the active media (superheated steam
20  and cooling water), lead to an elimination of the energetically inconvenient steam
chambers necessary in the prior art and additionally reduce the total mass of the
tool. In order to avoid the escape of the media to the outside and a direct flow
through the parting plane 9 into the respective other tool half, the layers 10 at the
external sides of the tool part 1 are pressure-sealed to each other, for example by

25  welding, bonding or soldering.

The defined distances of the layers 10 to each other can be obtained in
different ways. If for example metal sheets which are stamped at one side and
have regular structures are used as layers 10, for example some with stampings

designed as knob, pyramid or fish bone, the forming layers 10, considering the



109%& ()- RGIEaSAF10LY10%<& ()- 10%<& ()- &L0%& ()-L10%& ()-9 10%& ()-
L310%& ()- GBdEaSAF10° @L10%<& ()- s$10%<& ()-L" 10%& ()- 9! 1 10%& ()-L
109%& ()-L 10%& ()-)~aVK@ 10< 10< 10<910%& ()-!\ &3s! 109P<P<& ()-"
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10908 () - +10%08& ()- ) 10%08 3; ' 10%08 () %4,0%0% () -
L@ 10%0% () - =Sempgiepasieon-can be @ eughsthey therstamginey § 1 aftlpasranged in register
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5 and, as a result, form a dimensionally stable arrangement as far as to the forming

tool wall.

A defined distance between the individual layers 10 and in this way a defined
and preferably constant width of the channels 5 between the layers 10 is
preferably obtained by an integral three-dimensional and porous compound when

10 the layers 10 which are provided with stampings 11 are stacked in register and are
bonded, soldered or diffusion welded at the contact points of the stampings 11.
Before the contours are stamped or cut out, layers of soldering material are
applied to the sheet metals or to the layers 10 which fuse on after the assembling
of the tool by heat treatment and create soldering connections 13 at the contact

15  points by capillarity (Figure 6).

The other way round, soldered stacks of layers 10 can so be separated again in
the individual layers and, if necessary, can be exchanged for layers 10 having
other contours such that it is possible to manufacture molded parts with another

geometry.

20 The front sides of the layers 10 which circumscribe the form cavity 2 can show
a structured surface (not shown in the drawings). The desired structure here can be
etched or can already be placed in the edges of cut during the trimming of the
layers 10. It is also possible to place soluble layers between the layers 10 before

etching and to wash them out after the etching.

25 The particle foam molded parts which are manufactured with the form tool
according to the invention and are preferably made of expandable polypropylene
(EPP), but also of EPE and EPS, show a particularly uniform welding of the
particles and a smooth surface without impressions of steam nozzles and with a

low development of friction noise. The manufacturing of the molded parts is
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gCnCi QTCCC+D} DgHC 10! a& 10%& ()-1-120%& ()-° 10%& () -
10%)&. ()-F10%& ()- 10U<W< 10U<U<} DDDAEEEFJEHC 10W<U<! a910%& () - &
10%& Q.-& 10%& () - Y10%& () - &ml0%& () - F& 10%& () - F FFGGHHaBHC
10U<U.<! 10%& ()-!'S " 110%rbnb& ()-FLGLOY& ()-L 10%& ()-LY 10%& () -
10%8& () - HQUsJIKKKKKLr S4 1L10%& ()- 1@94@%s()- 10bb 10bb 10bb! T4
10%)b&| ()-3S2 10%& ()- 't&!10%b& ()-THLLLDMOVWWHEr S4 1L10 Y10%0& () -
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q:;gégé‘Bg)Af' 1f 1QYEK i bot QB obideidg pABKHohm hdd¥i Barks, hatih ¥Rab oridPPPP;
tool part (1) consisting of a finite number of layers (10) which are parallel to each
other, at least in segments, in which the individual layers (10) have contours such
5  that a stack (A, B, C) formed by the totality of all layers (10) defines at least one
part of a form cavity (2) which can be filled with expandable beads of a
thermoplastic material, and having means (3; 4) for supplying and discharging
gaseous and liquid heat transfer media to or from the layers (10) circumscribing
the form cavity (2), characterized in that said layers (10) are arranged, at least in
10 their regions adjacent to said form cavity (2), at a defined distance from each other
to form channels (5) which are outwardly sealed but are open inside said tool part

(1) for the penetration of the gaseous and liquid heat transfer media.

2. The form tool according to claim 1, characterized in that the layers (10)

consist of a well heat-conducting metallic material.

15 3. The form tool according to claim 2, characterized in that said layers (10)

consist of sheet steel, aluminum or of an aluminum alloy.

4. The form tool according to any one of the claims 1 to 3, characterized in
that said layers (10) show openings (7) which are divided up by solid webs (6)
and arranged such that a plurality of chambers (8) which intersperse the tool part
20 (1) are formed in one stack (D) formed by the totality of all layers (10).

5. The form tool according to claim 4, characterized in that at least each
second layer (10) of a stack (D) shows at least one prolongation which operates as

heat exchange surface and projects in the openings (7) or in the chambers (8).

6. The form tool according to any one of the claims 1 to 5, characterized by
25  one single supplying pipe and one single discharging pipe for the heat transfer

media.
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5  that said distances are formed by stampings, millings or etched recesses at one or

both sides in the layers (10).

9. The form tool according to claim 8, characterized in that said stampings
are designed as waves, channels, ribbings or knobs in the form of truncated cones

or truncated pyramids.

10 10. The form tool according to any one of the claims 1 to 9, characterized in
that said layers (10) are fixed or centered in parallel by regular stampings in the

form of knobs or waves or by pins which are engaged with each other.

11. The form tool according to any one of the claims 1 to 10, characterized in
that said layers (10) are connected to each other by material assembling such as

15  welding, diffusion welding, bonding, screwing or soldering.

12. The form tool according to claim 11, characterized in that said layers (10)
are connected to other thin layers by soldering, said thin layers having a lower

melting point than said layers (10) themselves.

13. The form tool according to any one of the claims 1 to 12, characterized in
20  that a plurality of stacks (A, B, C) of layers (10) which are arranged in parallel

and have different directions are connected to each other.

14. The form tool according to any one of the claims 1 to 13, characterized in
that the parallel layers (10) run at one or several angles which differ from the right

angle to the parting plane (9) of the tool.

25 15. The form tool according to any one of the claims 1 to 14, characterized in
that the front sides of the layers (10) which circumscribe the form cavity (2) show

a structured surface.
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5 18. The form tool according to any one of the claims 1 to 17, characterized by

a metal envelope which outwardly pressure-seals said channels (5).

19. The form tool according to any one of the claims 1 to 17, characterized in
that said channels (5) are outwardly pressure-sealed by a curable sealant, by

bonding, welding or soldering of adjacent layers (10).

10 20. The form tool according to any one of the claims 1 to 19, characterized in

that with respect to a tool holding fixture said form tool is thermally disconnected.



