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SANDW CH STRUCTURE The invention relates to a sandw ch

struct ure having a pair of substantially parallel walls and a core
arranged between said walls. Sandwi ch structures of this type
are known, for 5 exanpl e, from French patent specifications No.

2.038. 668 wo osides?. 325. 503, Swi ss patent specification Necr&ddsfis

Eur opean patent specification No. 281689 and from ' UK pat ent
specifications No. 2138551 and 2263164. The latter prior art

ref erence discloses, inter 10 alia, that-tkhe core nmay conprise an array
of core units whi ch are arranged in a staggered pattern such that in

a first direction between sahd%%ﬁdg;Fﬁd'a core units are
ILag5a

substantially aligned and in a second bet ween said walls
which®is transversal to said first 15 direction at |east sone adjacent

core units partly face phe inveitdh &hes t a
o invafSidy 4ten oo o, syt Wtleils ot

core s suitable for nan¥ ng
ability to GoRRoF nPE 0B uhptaRt i LY, PRKeligl (Wallgtangd (R @axen is 20
i mted, and el ongataergagedabetpeas sdid aialdsn adj acent rows of

core units in order to géﬁa‘{'f"ﬁ SLARRIRS B Ehisﬁ %%??e%t]@ﬁ?ﬁ?g@pgogorm

el ongate zones where the_walls are not, ppor ; een found
that in such 2l ongat&aPphes from Frengh patent gagchbtepsianmiNet 2-038i-§68
stresses such that 2mnd 2.325(50%s Swids patanksspecheiv®eionald S 39aJ 566r €

may. devel op ﬁu&oﬁgﬁnséégéﬁ%ré’%éc%lﬂ%%]‘ﬁbﬁ kﬁ‘?dﬁéﬁééb Y ' Fom

The risk of cracking appeare 0 be particularly high Tn ar eas

where the gaps are peteatyspeatf ieptinps No. hdl38551 and 2363464 .he

structure conprises regTﬁaslﬂitéﬁﬁﬂﬁuﬂﬂaéQ referéHéd ddid€loses, inter

10 .alia, that the core may comprise an array of core units
which are arranged in a staggered pattern such that in a
first direction between said walls adjacent core units
are substantially aligned and in a second direction
between said walls which is transversal to said first

1s direction at least some adjacent core units partly face
each other.

Although the known core is suitable for many
applications it has the drawback that its ability to
conform to curvative in the said first direction is

20 limited, and elongate gaps are present'between a&jacent
rows of core units in order to create a drapeable core.
These gaps form elongate zones where the walls are not
supported. It has been found that in such elongate zones
the walls wmay become subject to high stresses such that

25 cracks in the walls or between walls and core may
develop if the structure is heavily loaded in service.
The risk of cracking appeared to be particularly high in
areas where the gaps are relatively wide as may be the
case if the structure comprises regions of compound

30 curvature.
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-2- It is an object of the present invention to provide a
saRdwi ch structure having a core which can be easily produced and
which is strong even if the structure has a conpl ex shape.- 5

It is a further object of the present invention to provi de a
sandwi ch str ugdyRadigVvi ng a core which is structural peimmeEessabl e
and whi ch does not form t hrough-gaps in the core web, thus retaining
its . structural integrity. 10 It is yet a further object of

t he present invention to provide a sandwich structure which is

hardly prone to L°Bh! SR Jlett\ﬁ%egraﬁeneoméﬁw@ué oV

structure duri ng t he manu act uri SY’ r0OCESS, O ctu

It is also an obj e® S3RAWAEh; ALEY {RAING, Aggoxe which cap hp easily

core-to-face skin pawdueedaandywhidilii tldtrong even bl Bheegtabstiird Mascaer e
webs, to mnimze peel « sh e|n|t|at|on poi nts. Anot her obj ect
of the invention | & SrOV|8B an 20 i ntegral neans of arresting the

propagati on Bf any It isdabbwrther elbeathefcbhe prdsehe imentsiom towhi ch

cougd H st ?ccurzkﬁhh§Whng?ha?ﬁe& sadiite Ba%%h&'ﬁecoretwhich ig The
sandwi ch structure according to i nv hereto_conprises a
core conprising an® 9‘ $PE %a %a& Yhich g?ﬁsa??%nﬁ%‘a“l n said
first direction atthrough-ggpﬁelalthelqpxﬁﬂwebutuahsspatang:ngrﬁns| n said
second di r elvhietural 1nte ity.Jhe structure according to the

I nvention is_based Jfhat it ossi ble to create
30 rel atPvely wi del§ap8 Egemﬁeﬁhﬁﬂ?ﬂg eE&rBfUHFFsBFﬁsiﬁﬁanventi°n
first direction to o pricckide dr aprdislich crmictivore whiich is hardlygpsomto to

becausf they a{edsﬁﬁﬁgﬁ&ﬁgapﬁﬁhtfBéﬂ%é%ﬂ”%ﬁg‘Eoretﬁn? ?aﬂﬂgsok thekmalls
S;gpggat ?gﬁpﬂ] ? he 3/ ruc(ta:ure guring the nrllalmlffac%:%rln% progeyssof hcrac

structure.
1s It is alsoc an object of the invention to provide a
large core-to-face skin bond area, symmetrically
balanced about the core webs, to minimize peel
initiation points.
Another object of the invention is to provide an
20 integral means of arresting the propagation of any
debond between the core and the face skin, which could
occur following impact loading in service.
The sandwich structure according to the invention
thereto comprises a core comprising an array of core '

25 units which are arranged in said first direction at
generally larger mutual_spacings than in said second
direction. '

The structure according to the invention is based

upon the insight that it is possible to create

30 " relatively wide gaps between adjacent core units in said
first direction to provide a drapeable core, but which
gaps do, because they are staggered, not form elongate
zones where the walls are not supported by the core
units, so that the risk of crack propagation in the

35 walls or between walls and core is minimized.



35" walls or between walls and core is mnimzed. WO 97/ 02945
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Preferably the core units consist of rectangular or trapezoi dal
t ubul ar sections which are staggered such . t hat the openings of
adj acent tubul ar sections are oriented in the direction of said
first directiwooagthss 5 are substantially aligned. |In thirgTsPry6e3136
per neabl e core is created through which a cooling and/or heating
fluid may be circulated. Alternatively_.the core units nmay be

oriented wWith the openings at top and bottom 30 that the openi ngs

face the walls of the phepstabBr tH So¥HeO¥hies i Pl
t-hr ough-t hi ckness %%ggr essi on %’d shear strengt sist q.'rﬁut rte 8};‘%31' o

core-to-face skin ezpidal FiPylar pectdgns which pxe  stagaered, sughch

wal | S is preventedthat thstopenis of adjatentr tubuldr vt idns pirer ced).

It is also preferredithabat g Qii%cftg.o'i’lr Sfeéﬁbdaf'és%] diredtion gﬁd. |
abric Wk ch 98 anm nat ed

t hereof bonded to a carrjer cloth or f, ] ater

or bonded t @ one offEhEulgFprtially aljgnege Imnbhierway rauq@eymeable core
Furthernore, it isipreteated timdughaviiehe auebbling eand/or hdadiged Figighe
catrier cloth such I fp4Q1 . I |s. 1n_a,substantially
flat position adj aE:'%%tah(?\(I)\érggpclrdm:é\da'ur‘#]'t(%:s‘;3 zﬁgﬁéﬁe% cgﬂ%t%"’erre YRR, H'ayegsnd
direction and are ©oriented with theqpenings atffertar thatitiqsh southathihe
gaps are - pr epentingst feee thl ardls %lfiélﬂhedsﬁﬁﬁﬁ:uﬂééél mrédp&%&'ﬁes )
t hese gaps ve a w e ). .4 tines. the core he t.
If in such icgse thyr%%?gpuﬁﬁtgg%t?e&ﬁecg% %nsgu qre -oeeLon *{‘tﬂ)lﬁhaﬁars@ﬁﬁ}ﬁgﬂof
whi ch the openi ngs bitersduced eorg1o-£face skinl bgnddardm, sintk flalilds £abw
these sections wi | lbe@@B8hathd sandwich RR1AeNd80ptevéicadi di WIS i10tea

adj acent sections 30 .Jesi.n that will flowinto the narrow gaps, if

any, bet vveg'ﬁ f’ﬁgseugf‘%e% @resénteﬁggdb he thus fused side

wal I's will form drapeaBteis-atsgnprafiesiredr thatlethe core units are each at
15 one side thereof bonded to a carrier cloth or fabric

which is later laminated or bonded to one of the walls
of the sandwich structure.

Furthermore, it is preferred that the core units are
bonded to the carrier cloth such that when the carrier

20 cloth is in a substantially flat position adjacent core
units touch each other in said second direction and are
spaced apart in said first direction such that gaps are
present between adjacent aligned core units and that
these gaps have a width between 0.04 and 0.4 times the

25 core height.

If in such case the core units are rectangular
tubular sections of which the openings are substantially
aligned the side walls of these sections will generally
be bonded to the side walls of adjacent sections by

30 resin that will flow into the narrow gaps, if any,
between these side walls so that the thus fused side
walls will form drapeable I-beams which provide
significant reinforcement of the structure once the
resin is hardened. Even if no resin would flow into the

35 narrow gaps the side walls of adjacent core units will



srgnrfrcant rei nforcenent of the structure once the resinis

hardened. Even if no resin would flow into the 35 narrow gaps the side
wakls of adjacent core units wll WO 97/02945

PCT/ EP96/ 03136 _ -4- support each
ot her and reduce the risk of buckling and create a drapeable |-beam
confi gur ati ONggq o7/02945 If the carrier cloth is |am nated scrnerossived

i nner surface of a wall of the sandwi ch structure then the 5

core can be laid over areas where the wall has a |arge curvature in
different directions, i.e. it is a dFaﬁeébIe core. The

core units and/or ggﬁg kléﬁéﬁ 5€H&§@ﬂﬂM&%ﬁn¢e the f{ékuqéu i Copeaﬁade of

a fibre reinforced e units
are | aminated or bSﬁGéHetB fdrapeable I-hegamscepfigeratiemi ch structure

and/or the carrier cloth the cariher? clothl h.anlaﬁﬁﬁatfbdhﬁﬂai@ﬁr%auihﬂéﬁ S

15 ' Such as a | PHASRPRGChat FRH G SR PapReLaR s pruchie’ HER Epero

Such | am nats ng of coe cancbenlaid tcaremt@reas wheva| tl(xe)waaud/kms eadmirge
cloth is also usefghrishthbe 1n dlffé%ﬂﬂéMdEQeékiaﬁéurf ¢S HfURQILG to
repeat ed i npact. t he sandw ch structure Is a tubular, flat
or 20 curved cgﬁBBﬁgh}eo?°€?shlp, such as a hull, bul khead, bow,
deck, wal kway or storafbet aoke tireite landfor thy walls of tHeh@asiiwdchur e t 0
wi thstand repeat edsua:aeetxse%aﬂ%a ddife of a flﬁi’ékrginfj@f%a fa's%&c' s of
signi ficance. . .If the sandw ch structure according to the

i nvention 20 Patg§¥ifdlt or the nanufacture of a pipe then a core may be
arranged between the i Dfiethancoxeitwrita perevdhintnaved har tbonded to shegger ed

| engt hs Clrcunferquiggle tﬂeléﬁﬁﬁﬁléﬂﬂgﬂfﬁéture and/&¥ Ad YeHriekOb168RC

of application, by w nd |ngpa abric carrier tape carry. a% staggered
open box core unit¥¥3g co Fté?’f“éaﬁ%ﬂ-'hr%’i’dtpﬁe#m%?ug?p’esv%qt
form part of a containing means for a cryogenic fluid,
15 - such as a liquefied natural gas storage tank or

pipeline. Such laminating of the core units to the
wall(s) and/or carrier cloth is also useful if the
sandwich structure is subject to repeated impact.
If the sandwich structure is a tubular, flat or
20 curved componenf of a ship, such as a hull, bulkhead,
bow, deck, walkway or storage tank then the ability of
the structure to withstand repeated impacts without the
risk of delamination is of significance.
If the sandwich structure according to the invention
25 is used for the manufacture of a pipe then a core may be
arranged between the inner and outer pipe walls in short
staggered lengths circumferentially, in longer lengths
axially or, for ease of application, by winding a fabric
carrier tape carrying staggered open box core units
30 helically around the inner ﬁipe wall. _
Preferably, when seen in longitudinal direction of
the carrier tape, the core units are arranged in
alternating rows of two elongate open box core units and
three short open box core units.



Pr&ferably, when seen in |ongitudinal direction of the carrier

tdpe, the core units are arranged in alternating rows of two

el engat e open box core units and three short open box core units.
W97/ 02945 : PCT/ EP96/ 03136

- 5- It is also preferred that in each row t he openings

of adjacent oweryrlesdscore units face each other and a POTAEPIS/B313 esent
bet ween adj acent openings, while the carrier tape is wound around
the inner pipe wall at such 5 a pitch angl e that adjacent edges of the
tape are conti guous. Thes€ &nd ot her features, obj ect s

and advant ages of . e | e;ac [ t.q t ' tion
will becore appAFett Fram Mt satac Padkr 1°EREE Qi che dpedliEH
and drawi ngs, in wefcRdjacent ocpen bax pore amidks fageereh ethen and a
secti‘onal view of Fap is pressntVbétwsdd UljdcendCopedings } avHil: ivheent i on;
Fig. 2 shows a sectional vkeM/of t he s ru%@qﬂ@ t . structur oftFi 'h;
taken along line | G 18Kd “EBEN P VTR @ o EBP $RPPH P RS (L A% c
Fig. 3 showsSa secta mi&ichvapglef thake adjandnthedges of the fkapgans Fig. 1
taken along |ine |ldodtliguaag.seen in ‘the direction of the arrows;

Fig. 4 shows a schemat| ¢ sectign Vi € f an area 20 of .t he sandw_ch
structure of Fig. 1 whgﬁgthgnaa? ge{ﬁ%%é{ures, PﬁéegF?u%??w%Q 3858, 8% i n
the direction of |itie |sandwich structure aRigprdinghtasthe stireenttion sadili onal

view of an area become?® appAeABNEYbR Ntifd ddotip@n9ing! 81afndhelissdhieenal |'s
of t he struc%yre aré curyed jp the direction of line IIl- 25
h@%h

e
REE 10 Fiapd grawipgsa i ¢t | ongitudinal sectional view
of a doubl e-wal | ed pi p&Figectli showhi ahsclamatiixedateral sestoyuEl ediew rofy aof

core units accordirg&&é%f. estructureiggéggdfﬂﬁ E%n@he invention;
Fig. 2 shows a sectional view of the sandwich
. structure of Fig. 1 taken along line II-II and seen in
15 the direction of the arrows;

Fig. 3 shows a sectional view of the sandwich
structure of Fig. 1 taken along line III-III and seen in
the direction of the arrows; .

Fig. 4 shows a schematic sectional view of an area

20 of the sandwich structure of Fig. 1 where the walls of
the structure are curved in the direction of line II-II;

Pig. 5 shows a schematic sectional view of an area
of the sandwich structure of Fig. 1 where the walls of
the structure are curved in the direction of line III- .

25 II1I;

Fig. 6 shows a schematic longitudinal sectional view
of a double-walled pipe section which comprises
staggered array of core units according to the
invention; and

30 Fig. 7 shows the encircled detail of Fig. 6.

The sandwich structure shown in Fig. 1-5 comprises a
pair of substantially parallel walls 1 and 2 and a
staggered array of open box core units 3. The core units
are each at one side thereof bonded to a carrier cloth 4



30 Fig. 7 shows the encircled detail of Fig. 6. The

sandwi ch structure shown in Fig. 1-5 conprises a pair of
substantially parallel walls 1 and 2 and a . staggered array of open
box core units 3. The core units are each at one side thereof
bonded to a carrier cloth 4 - WD 97/ 02945

PCT/ EP96/ 0313&0 97/02945 _ - 6- PCT/RRD6/A3G S

| am nated or bonded to one of the walls 1 of t he structure.

The closure fabric 6 and the other wall of thg structure are then

| am nated or bonded onto the core 5 uni fs®to0 formthe outer surface.

The core units 3 C(v)’ﬂS' &t 187 146 O:coq:r btoﬂaghgé? one of WM gl are

|
st aggered such that the openi ngs acent tubul ar sections are
substantial ly aligtb& structur&paced apart at sel ected nutual distances 7
and oriented 10 | NThBecTbégfd ifabrdlc l6i aadl the lothderwll iof the

direction of line IlI-111_side wall f adj ac ul I ons
only partly face egé'ﬁ'u&EHEF T Nt %%5% Pal Lﬁ%&%}%léﬁ&) the :?So?& ng.
By "bondi ng t#$e cor andtist so3foomtthe utersuzifecs.4 15 the core can be

manuf actured in an aut gRt 8gré 43R4 tH '3 consist Eherééééﬁéﬁléi(ﬁﬂbuiaﬁﬁr F?
or |-

wound up easily around . an axi s parallel t jne I11-111
when the core sectipns which axe r%ﬁ%@fr&‘? FH@ROH‘%? Ehe (ORISR Fe OFhus -
scrolled carrier cladjacénsottbalar heeqhionmareasubstantbally aligneds easily

transportable. el aced tagé?tsgﬁ"’ﬁbiébﬁcﬂ-mu‘i:uﬁﬂddﬁséaﬁcéé’r'ﬁ arfd GraReae,
in articular in

e directi of | I1-]1_and alsqg in .
the directid® of | idfe e SEFRCHARR ‘Eﬁgl’s"c“r L#C‘?'&Fé pgereas in the ddrecticp,
it can conformto @f QdmesTrUeIlIeside fwalds of adjacentr tulbhbap sections

al ternating curvat S LNEhBEE 8 LN GRMtyad | N
the I1Il-111 direct :aéjnﬁ’ ﬁ?’éﬁﬂ? pace %éa‘ﬁl‘rli%trhegl. g’?ﬁﬂzaﬁay be slit locally or

applied inverted spacing.p pat ches locally to accommpdate such conpound
By bonding the core units 3 to the carrier cloth 4

15 the core can be manufactured in an automated fashion.
The carrier cloth 4 can be wound up easily around an
axis parallel to line III-III or II-II when the core
units 3 are arranged on the outer surface of the thus
scrolled carrier cloth 4 so that the pre-manufactured

20 core is easily transportable.

As shown in Fig. 4 and 5 the core is drapeable, in
particular in the direction of line II-II and also in
the direction of line III-III when the structure is
convex, so that it can conform to curved structures. If

25 there are sharp, alternating curvatures of the walls 1
and 2, including concaving in the III-III direction, the
carrier cloth 4 may be slit locally or applied inverted
in patches locally to accommodate such compound
uﬁdulation.'This creates a structural core which can be

30 readily laminated over regions of compound curvature
without the need for heating or pressure and without
forming through-gaps in the core web, which would cause
shear-weakness.

The walls 1 and 2 of the structure as well as the

35 core units 3 are in the example shown made of a fibre



uddul ation. This creates a structural core which can be 30 readily

| am nat ed over regions of conpound curvature w t hout the need for
heati ng or pressure and w t hout form ng through-gaps in the core
web, which woul d cause shear - weakness. The walls 1 and
2 of the structure as well as the 35 core units 3 are in the exanple
shown nmade ofywg ofdis WO 97/ 02945 PCT/EP96/03136

PCT/ EP96/ 03136 -7- rei nf orced
pl astic, such as an isophthalic polyester, _ 7 vinyl ester or epoxy
resin reinforced by glass, aramd or carbon filanents.

QG her formable mat &réiﬁharcaaC?laﬁtf@t P Rg ﬁn 1-o§HaEm yestepQul d,
however, be equall Y,4Sul tab

t t
according to the VvinYl ERYEK: PHepoxy resin rd reﬂ’ﬂ gﬁ%@ﬁ%’ﬁ%f%&% Sy

squale open box corg carbon fhlawedtsn the pattern shown in the drawings is

10 particularly US%EHErSEBEtﬁaEIe m&wﬂs s§h8hbnagd tﬁ@\l_a% 1dldnd air

escape routes to the rins_of the units from ere V|athe
interior of ?he uni qmgpragﬁécﬁmygulgi,allpwever, bFa?m‘\%JtJéﬂ i takdedfor 1
and overl ayed by t hmeclinsithg sandwich asimaiteartoactcopdibe valghe?. 15

Thus, the sandw ch jfyigtigne can be assenbl ed wi t hout appl ying

Si gnlflcant pressure in or er to strike out any air entrapnents
between the core unitsTBeaigetfk staggeregmeariy fguate |opep Roxpgore

under stood that inwariter 3t dn the pativerr shivymaih ehéer dpawiigs tie presence

ol osur e ol obR 6 bedEtI e ths; uSkRFE SURE 4 Bréfise s R0 Wl iitigle,

of significance, siaige mpsntrpu'ppedtrautrhe:anims of thepuniesdd |and didowd out

fromthe wall-core dHir@ k3Gethe interior B M hﬁ&@stbﬁefx“ﬁlﬁ‘éi&h@ 3 hge
core units 3. 25 g g liPedl BASTSE1P ) S LuddRE, RS BBl N Al g ent
laminate forming the wall 2.

i5 Thus, the sandwich structure can be assembled
without applying significant pressure in order to strike
out any air entrapments between the core units 3 and the
walls 1 and 2. It will be understood that in order to
avoid any air entrapments the presence of a permeable

20 carrier cloth between the units 3 and a permeable
closure cloth 6 between the core units 3 and the other
wall is not of significance, since any entrapped air can
be readily rolled out from the wall-core interface to
escape into the interior of the core units 3.

25 The presence of short gaps between the adjacent core
units also provide a debond arrest capability in the
event that any delamination would occur between any of
the walls 1 and 2 and some of the core units 3.

The risk of delamination can further be reduced by

30 bonding the core units 3 to the walls 1 and 2 and to the
carrier cloth 4 by a compliant resin such as toughened
epoxy, urethane acrylate, methacrylate, etc.

Use of a compliant resin as the laminating resin or
as bonding agent between the various components would



units al so provide a debond arrest capability in the event that any
del ani nati on woul d occur between any of the walls 1 and 2 and sone
of “the core units 3. The risk of delanmination can further be
reduced by 30 bonding the core units 3 to the walls 1 and 2 and to the
~carrier cloth 4 by a conpliant resin such as toughened epoxy,

uret hane acryyif #mdi8t hacryl ate, etc. Use of a omrkreams1ss esin
as the lamnating resin or as bondi ng agent between the various
conponent s woul d WO 97/ 02945 -8 -

PCT/ EP96/ 03136 ' - 8- make the
sandwi ch Struct ur e pgiyiel %hbesﬁﬁdﬁféhsétf@&ﬁﬂtee%mtable £8PAES S ¥bdle

i n cryogenic service. ndw ch structure accordlng tot e

i nvention rENPBRGHS éﬁﬁl#ﬁﬁt?%ﬁ *Qlﬁﬁ%QQQQHgsse§Hbﬁ%rt beams, hulls 5
i ncludi ng the bows, dethe, sdadwbehsstrixetneres aceording, to the 1nn§ﬁﬂnan
partitioning, cabl f l4pS
and ot her marine q’ﬁv ?ﬁﬁﬁ EéBEEEQQiOﬁamél?Lqmeshdsu par fgéjasnbér)fs h%ﬁl

cl addi ng, wa$ls, rdacduding thefbews e deckmkidegkhplpengsuperstrugtinash|

trays of land 10 moddlé%sp@éi:ﬁitﬂﬂnﬁ'@ |cﬁ]§1eb% gyehrﬁhﬁfngi,ncta&iw@ﬂd es.

It.may also find a t|on o nd tan cryogenic
service, such as %& k%ﬁ? 8858 eﬁdFPEéPeLﬁﬂgtﬁﬁééb?ﬁFshlps and
onshore. stnugtnggeneadoinomn#t nsor ¢ledding3 wallsalrapfed 15

gpteni ngst Erovi de a ﬂilefdf%@bEQuﬁRiﬁgy\/%ﬁﬂSh MdnksPa88288ble tray®fof 114nd
et ween e

I'ls an e used for
cool i ng of ?_éva A Rﬁgqrgaﬁlc’g 5%%I:|L edf v%%ésﬁifagvgn‘gl?%"y'f% ince,
for | eak and/ or Ttaimgyr elaet Eind oapplfnmath@at inxphpetinesmpdEanks f or
creating a vacuum tﬁi ogaalualséivilcémdm?ct{ @s dome- shaﬁé&aéxhdﬂg an

o oved ot o A LU WhE e on BRIk, T 20,02
i nsul ati on The presence of open-box core unlts 3 with aligned

15 openings provide a permeable core which permits passage
of fluid between the walls 1 and 2.

Such passage of fluid may be used for cooling of the
walls by a cooling fluid to achieve fire resistance, for
leak and/or failure detection, for heat exchange, and

20 for creating a vacuum between the walls 1 and 2 for
creating an improved insulation. A fluid which
subsequently sets may also be introduced via said .
aligned openings for e.g. thermal or acoustic insulation
purposes.

25 If the sandwich structure forms a tubular wall of a
pipeline then this pipeline can be used for carriage of
two separate fluids.

Referring now to Fig. 6, there is shown a double
walled plastic pipe comprising a sandwich structure

30 according to the invention. The pipe comprises an inner
wall 10 (shown in dotted lines) and an outer wall 11 and
a core comprising an array of staggered core units 12
arranged between said walls.



pufposes. 25 I f the sandwi ch structure fornms a tubular wall of a

pi'peline then this pipeline can be used for carriage of two separate
fluids. Referring nowto Fig. 6, there is shown a double

wal | ed plastic pipe conprising a sandwi ch structure 30 according to

t he invention. The pipe conprises an inner wal | 10 (shown in dotted
lines) and anyydRbesdel | 11 and a core conprising arecEmg/nsibe
staggered core units 12 arranged between said walls.

97/ 02945 : PCT/ EP96/ 03136

-9- As shown in Fig. 7 the core “uni fs 12 are rmounted on

an el ongate pol yet her Rébéhé}wﬁa:fﬁ'ﬁ taﬁp%h%?’c%bv\ﬂniés 12 arehﬁ‘d

wound around the inner en 1 n ongltudlnal

pI pe
direction of the c@Y eéPngate pelypther @%?qqclG?FF&FEdt%9€t¥ﬁ3¥ﬁ#Qﬂm§ﬁ n
Fig. I6 and 7, - tl)).elhla:e.lﬁ.?rﬁotﬂﬂdt&dtﬂldirﬁheaﬁm&@'eﬁlpé Walkrogyg i ng rows of
two el ongate open box r s en _hox core
units 12B. Fﬁ eac éoh&%%%mipraggé%?%%t% %Pa aa"'(::':-e:"nr 10
cofe units 12 and t4&®eod3n éﬁdslbﬁsﬁlrﬂ;%hjhycéhp agrews in Figni§ @r@ Tace

the gap. Further morget &%r@%ﬁluel i3 dre alx&anged mrramaéeﬂa@ihg heowsaIdg er
tape 13 such that carrier terface

e 13 12 | :
the core units 12A%§'r?de onga eﬁ%e%fb%’ajéé) S ER i?l e SI d h:B?/ sqﬁaeﬂv\n t hout
a spacing 15 t lpmesh dogesprangntt@ 4Bt the core unit 12B in the

m ddl e of each row of trar eachheéd &cgaep und tis ia%eseﬁtybetween adjddentf aces

the sides of the core un|t of t f t I t
core units 19A core unit %éhﬁvﬁﬂe‘f elf?%en §"P%e°%cgg 1381"%8%1&‘? \gécf)?rgedonga ©
helically 20 anmintg tl2e feoesetheadgap 1 Futtheamiore phectonaghmitsat2 are
adj acent edges of %&@e‘a@fﬁr ﬁhé“@éi‘f‘{‘éi- a&é@% Q3NuOHOLRat at the 3G

| ocati on of the openlngs 0 e core
tape 13 - core unit 12 interface the core units 12A and

12B of adjacent rows lie side by side without a spacing

15 therebetween and such that the core unit 12B in the
middle of each row of three short core units 12B only
partly faces the sides of the core units 12A of each
adjacent row of two elongate core units 12A.

As shown in Fig. 6 the tape 13 is scrolled helically

20 around the inner wall 10 at such a pitch angle that
adjacent edges of the tape are substantially contiguous
and the location of the openings of the core units of
adjacent windings of the tape 13 which result may be
staggered, aligned or in any intermediate position

25 without obstructing the fluid channel between the walls.

The pipe section shown in Fig. 6 comprises a male

end 15 and a female end 16 which are shaped such that
the male end 15 of one pipe section fits accurately
within the female end 16 of an adjacent pipe section.

30 As shown by the dotted lines the core units 12 are
machined away at each end of the pipe section such that
the core has ring-shaped ends. The open box core units
12 provide a slightly spiralling annular fluid channel
between the inner and outer wall of the pipe section

35 through which a cooling or other fluid can be pumped.



adj’acent wi ndings of the tape 13 which result may be st agger ed,
aligned or in any internedi ate position 25 W t hout obstructing the
flaid channel between the walls. The pi pe section shown in Fig.
6 conprises a nale end 15 and a fenmale end 16 which are shaped such
t hat the mal e end 15 of one pipe section fits accurately :
within the fenppeimaog 16 of an adj acent pipe section. 30 PCT/EPY3136 OWN
by the dotted lines the core units 12 are’ machi ned away at each end
of the pipe section such that . t he cgrﬁ has ring-shaped ends. The
open box core units 12 provide a slig ?Iy spiralling annular fluid

channel bet weentt bhei fate @nd DBIGH tiel bipk b8St P SRAON 35

tgg/r 8;825"‘“ ch a cogiiged’ 19t UL hhdhhSaNAS Eﬁ%ﬂggfﬂﬁ%ﬁces oPine

- 10 - Annexecapd] outey pipefwalis .pWhensént use @rmingy (not
grooves 17 are maclyhemm)i Bre §HBepté&’ ity ft"i‘fée§r8£>vﬁgel to prodvidy gand
outer pipe Ils. glen | n.use Orirg;s ‘éﬁnot .S ovvn? ar e nserted into
the grooves 17 to provu&ightsseal between the,fluid) chatnek prawided, by
channel provided byhe core betweenectietpize walldspipeanal 15 skl Bethl tnand
both the pi Nt ek Lok ~and . Bi I.Qr It will be
under stood that Fi %&ﬁgmérﬁgsfégg gn& Pips scéggngfi'(_: vi ew of the pipe and
core units and that thd&t18§ill bepndexgteod thagoFighofrp¥ovisdemecur at e

per spective schewatic view of thé pipd lamiddcbgepanses iy du@h g core
during nor S a F et wed _or 1] andwi ch st.ructure
L2 cordS @ndt g2all 9&1}% e a8 accgggé% aesrspec%;&g&m o

according to the inyention then the ur'e provi .
integrity contai nn@ttv- In any of the above described or other
appl i cati ons t h&fsaodflabd sis ysissedl abeougdhNghé Ocdie duPieRt heBmal

Ut act ured east| oanGt R EUbRPEE, oyt B, E10K bindwich apmidhy. S0 e
bet ween the core ufCCO¥rding to the ipyentiophitbennthesstructiitenrovidesmass
production.15 double integrity containment.

In any of the above described or other applications
the sandwich structure according to the invention
provides a strong lightweight panel, tube or structure
which can be manufactured easily and without significant

20 risk of air entrapments between the core units and
walls, which makes it suitable for mass production.
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- 11 - M S 1. A sandw ch
stFucture having a pair of su parallel walls and a core
which is arranged between sai gﬁ'm“"m ﬂH'IIl ”“{sal d core conprising an array
of core units which o ange a= sta ed pattern such that
in a first Swoonebssection bet vveen said walls adJ acent COr EpeiTEbS%/03136
substantially aligned and in a second direction between .said walls
which is transversal to said first direction at | east some adj acent
core units partly face each other, eh¥tacterized in that the core
units are arranged 10 in said first direction at generally |arger

mut ual - spacings than in said second direction. _ 2. The
sandwi ch structure of claim1, wherein tHeledrd-M.8 units consist of

rectangul ar or traptzoilisandwighastructure baeirgns paircbfasabst ey
such (hat the open! pafaplerla11e AHA%EBbrk WM 3P GANSRA BoRbbel ' S5hd "

t he di recti on al irst dire on and are’s
al i gned. 3. *%:gs'saﬁﬂ)‘% SR8 FHE‘PE&%JLBQ 3 ALKy, %épﬁﬁnunﬁ@s cwhich
uni ts consist of rearammtangedt inapestaggéréd|pattern suchseBhtofs ¥hichetar e

u tions face
P1,200¢] °d sush { halalbéce Rl uikvedh 21 wal PEIERNerk BULE" (REEL ORS T°

claim1, 2 or 3, wiwkRstantially aligned,andnin @ mecongcdixecthonsheleween
t her eof bonded to asaid wallecahiichr isl e¥anevefsd) ite %hahfhﬁskaaiﬂéét%ﬂ”

stru . The
ggﬂg\?\ndcﬁlostzfuct ureng'%oi? al m%\ﬁnadggcgﬂﬁeé%%érj\éﬁn 8 par ?gcﬁr%a%nded
the carrier cloth seele¥nshagaskeriged in thatdhe corel untntssare arranged
substantial by flat DOSsdidDIFirst direatissesit ééﬁé%dﬂi&ti Eg@fhmﬁ@ﬁ other in
sai d second sﬁgéfﬁéé‘ghmﬁqn?Lgl ggggu?efxeétlon. First direction
- The sandwich structure of claim 1, wherein the core
units consist of rectangular or trapezoidal tubular
sections which are staggered such that the openings of
15 adjacent tubular sections are oriented in the direction
of said first direction and are substantially aligned.
3. The sandwich structure of claim 1, wherein the core
units consist of rectangular or tapering tubular
sections which are staggered such that the openings of
20 adjacent tubular sections face the walls of the
structure.
4. The sandwich structure of claim 1, 2 or 3, wherein
the core units are each at one side thereof bonded to a
carrier cloth or fabric which is laminated or bonded to
25 one of the walls of the sandwich structure.
5. The sandwich structure of claim 4 wherein the core
units are bonded to the carrier .cloth such that when the
carrier cloth is in a substantially flat position
adjacent core units touch each other in said second
direction and are spaced apart in said first direction
such that gaps are present between adjacent aligned core



such that gaps are present betWeen adjacent atigned core WO

_979'_(2)2_945 ' units and 't hat tflmuluuull'"#l{lﬂm E(Ijtgﬁl 8?3\?\2% 0. 04 and

0.4 tinmes the core height . ¥hevsandw ch structure of claimb5,
wherein the carrier cloth or fabric is lamnated or bonded to a 5
convex and/ or weWogeess i nner surface of a wall of the PERRBYSTS6
structure. 7. The sandwi ch structure of any preceding claim
wherein the core units and/or the walls of the,sandw ch structure
are made of a fibre reinforced plastic 10 mat eri al . 8. The

sandwi ch structure wiitand ebati BHesé dbips have a wiRehehBrhdEn COIdu YHd S

are | am nated or bo Is of the sandw ch structure
and/or the carrier Q{j‘gt fufed Q%e CSFef%?ﬂ’ by a conpliant resin. 15 9.

The sandwi ch struct@r e T3e @aadwigh struetiure lof claim 5, swhelréioh tHe uct ure

forns part of a conddthidld JTRRRAS §0fabric 1s 1"&1!&51&9&3”55 boHada. to 10.
The sandw ch structure of ar&zog_rec gg whereln the core i's

perneabl e and for meECPE: A OF| GPRC 1M%W§P°Phpgu§hwmc¢rf &heool i ng,
heating or |eak- sandwigdt etiuaguteéui d can be punped into and/or fromthe

b 11. Th
sandwi ch strucfbf’ieg}; “ﬁ‘g“%?%?gﬁrﬁtf%’ém ok Sh RedcEaing et i i <

a pi pe havi ng subst hg,cops un'-t%né’%ﬂ/qrnﬁéﬁ WAdleueErthe | sandwith he
core consists of strucmmeeam'el madehof arfibreutetdforcaa slapegni e fabric
carrier tapgowhi ch s34 gld helically around the inner wal | of the
pi pe. 12. The san ch structure of claim 11, wherein, when 30
seen in |ongitudindl dith&EaBAwsEh pereaiiune of ap¥, Praeeding claigre units

are arranged in al tvsexzimgheoveref uaits 42 laminatefl ofUbEnde@ R theOPEN
box core uni ts and 440s ¥ @hebandwich SEGELRY En&PSP Pﬁx SEirier Ic;[lsozath

or fabric by a compliant resin.

15 9. The sandwich structure of claim 8, wherein the
sandwich structure forms part of a containing means for
a cryogenic fluid.
10. The sandwich structure of any pfeceding claim,
;whereln the core is permeable and forms part of a fluld

20 channel through which a cooling, heating or ‘leak-
detecting fluid can be pumped into and/or from the space
between the walls of the sandwich structure.
11. The sandwich structure of any preceding claim,
wherein the structure is a pipe having substantially co-

25 axial inner and outer walls and the core consists of
core units that are mounted on an elongate fabric
carrier tape which is wound helically around the inner
wall of the pipe.
12, The sandwich structure of claim 11, wherein, when

30 seen in longitudinal direction of the carrier tape, the
core units are arranged in alternating rows of one, two
or more elongate open box core units and two, three or
more short open box core units.
13. The sandwich structure of claim 12, wherein in each

35 row the openings of adjacent open box core units face




13# The sandwi ch structure of cl |n112 mherel in 35 t he

openi ngs of adjacent open box: “ Il |I WO 97/02945

PCT] EPOS/ 03136 TR H|I1|HWIII| 13 each ot her
and a gap i s present between adj acént " opem ngs and the carrier tape
I's wound around the inner pi pe wall at such a pitch angle that

adj acent edgeg, c!,f,”o the tape are substantially conti guGk¢sygroses1ze 14.
The sandwi ch SOrug ure of any preceding claim wherein the structure
forns part of a |ightweight, curved, flat, tubular or other
structural panel. 15. The sandw ch s't r:'t?cture of claim 14, wherein

P oture, P San GRS A gt Bl A,

conponent forns pacpesingfeand othe iiey fgpef ig wamd around thecd@Rsise,
supersstructure, rm@libe, wamtaﬁléxmmga pitch angtbathatCadjdcaiitd kfgedcolf,

bul khead, st orage cable tray and
wal kvvay ﬁ?pgaﬂﬁﬁn %‘Fﬁ%ﬁgﬁ}a&p %g n%f‘gg&n%4 wherein the
| i ght'wei ght St ruct dral Thansandwich cimstawe of anyaspreceding claim,

transportation vehiyhe@edh eﬁea é@ﬂshthﬁ@cfowsughyteof a lzghtvﬂe?i hth)e
sandw ch structure of cl al ns part of

the group consisti RFIEds fhat; %’V‘Z\b‘f’reﬁ’f &, oﬁ’&ﬁdﬁ@ucﬁf{f 9%?q fl oor,
trunki ng, cable 15. Ther agndwich refrusiyrer ofbedarmt bhk whareial ey .

panel is a component of a ship or other offshore

10 structure.
16. The sandwich structure of claim 15, wherein the
component forms part of the group consisting of a hull
deckhouse, superstructure, module, part1tlon1ng,
cladding, trunking, deck, bulkhead, storage tank,

15 pipeline, support beam, cable tray and walkway.
17. The sandwich structure of claim 14, wherein the
lightweight structural panel is a component of a land
transportation vehicle or of a land-based structure.
18. The sandwich structure of claim 17, wherein the

20 component forms part of the group consisting of
partition, cladding, wall, foof, floor, trunking, cable
tray, piping, support beam, tank and walkway.



