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-Qlseispanel s of corrugated board joined by creases at the vertical edges.
i"a structure is terped.a collar and differs froma box in that the
horizontal €dges of the vertical panels are assumed to be hard and

i hf I*exi bl e rather .than the rel atlvel% SPC#.' ﬁgzs hori zontal edges of . the
panel s of a box. The’ col'l ar assuned g xerci se was 390 mm | ong by
390 mm wi de byora@ﬁx.mnsmgthaumemsa@’@maﬂewm eeorrugatipg [ediyrg agdan >Bgute b°a;d
convent i onal rr;\fé;r‘ng\w@m@rm iRpre BNG W8 1PAHMGFqrpating mediyms. Tofph granagggfibgth bpards was the
corrugating with two 130 g/[err] liners and two
117 g/[err]scorreegsat pr&ae%}"é%m'i%f%r&gramge of both boards was the sane
at JO g/[err] Results predicted are shown TABLETBbl e 1. 5 TABLE 1

‘Conpression Structure strength, N 10 Sbmpasgish board '

5290 X-flute : 8090 15tructureBased on t#tesgthil edi cted results,

whi ch show gbout a 50 percent H“g. ovenent— T CoONMpTressl om strength for the
X-flute construction, |aboratorySt@adas eords X-f1 ut e"¥Bard were nmade. up into -

collars for conpression_testing gngdeconfirnmation ofgdghe predicted results.

The ‘board conponents for X-flute CORSt ruction We-e—wo—s+Rg | e faced boards

usi rig 140 g/[err Ilners and 117 [ of cof nvent erc t ";‘ e%e%t n;i.g;gssswn

These were éar ?f ET -fﬁu ?égf ts, o?y@d; ﬁ%f lrlf;IH Hdgvepr ade up intQollars for
H¥rla orﬁ& ctid

conventional (‘c ugrarmages close to the

made up experi n'eﬁeatloa b:&n&tfﬁmtlwté Const hﬁoiﬁ wre&ttwafsutghefmd(boaps usrexl 40 g/Ad @iners

g/[err] |inersnamy gﬂn’]nﬁo:gér[tenaﬂ 1'c t:fomvaewumaiheséwérewraﬂuw gi@ﬁﬁd%eﬂ@"%'ebhﬁ’ﬂ“‘eﬂp

2x293 g/ [er®] |i hwe s=°af¢dﬂ9§.'a'1&°?" Qgr 'é‘r?t argsg W?'én’treﬁ'ﬁ / rsand a"l’lﬁfp confg‘g‘?onal
- anth he Conveﬁ?ﬁmpt sﬁ;‘gg@ﬁ“ ‘& Eas san ?g‘% j%ﬂégg&/gﬁigngp@ ﬂtﬂ ‘ﬂlﬁ@(m and the
- widg by 270 nal l%%&d vhdre Jlesln rc@lla? rh [bng 8 mPhigh.

Expdri ment al boaﬁ- tresunsareshommvaatelzonal boards 30 Test property "X

Ft utje 25" A" Flute "C'" Flute Liners, gr [Berr ' 140

240 293 35 Medi un( s)TABEE Rerr ] 2x117

127 ¢ 117 Conbi ned board Ex 5{;@“"' 651 728

granfrage, g/[err] 40 Cont} ﬁ’e ard  conventional 38

4620 304340 t hi ckness, um Edge crush-test— 6—5

5.9 7.3 (ECT), KN rmestprdgesy d har disEyte “A” Flute QT'C” Flute

47 113 kPa* Col I ar 7370

5340} 50 liRsn P8Esi on, N Hardi®ss is a mé¥sure of%?he

resigtance gf the flut eqv'g";,Mg)tbyﬁ,e to crusf:,mg per pendigul ar toqyhe pl ane

of the sheet. 55 The col l'ar “conpression tests as shown in this table

conffrmthe 50 percent iCgmbinediearti in top t 67ottom cofpr essi or/28f t he
X-fl pte construction predllfif‘nwetg/mf he nmodel. This result would not have-
been! predi cted by the I\/bé( rbgyrlda In a fy gqt her serl,ﬁ%[1 of  tegdyyl aboratory
samptes of % flute and cqm,@, Fghal single wa and doubl e wai | boards were
rradefl n the laboratory from vari ous component conbi nations. Some ’

co-r@gnatlons were 60 mnektgeicrotiotestol | ars, sofi® i nto box88, some #hto both

col 'ars and boxes. (ECT), kN/m
1 45 )
Board hardness, 91 a7 13
kPa*
Collar 7870 ' 4130 5340
50 compression, N _

*Hardness is a measure of the resistance of the fiuted structure to crdshing 'p'erpendicular 1o the plane
" of the sheet. :

55 The collar compresslon tests as shown in this table confirm the 50 percent improvement in top to
bottom compression of the X-flute construction predlcted by the model. This result would not have been
predicted by the McKee formula.

In a further series of test laboratory samples of X-flute and conventional single wali and double wail
boards were made in the laboratory from various component combinations. Some combinations were

6o Made into collars, some into boxes, some into both collars and boxes. .

Selected test results on these materials are shown in Tables 3 and 4 and Figures 3, 4, and 5. The
bending stiffness and buckling load measurements were made on beams 75 mm wide Ioaded atthe centre
of a 230 mm wide span.

The figures listed in brackets in Tables 3 and 4 are the percentage advantage of X-flute Def unit °f

65 corrugated board weight compared with the conventional material.




ﬁf;s‘él,.@*sdtest results on these materials are shown in Tables 3 and 4 and
TR g , 4, and 5. The bending stiffness and buckling | oad neasurenents

were made on beanms 75 nm wi de | oaded at the centre of a 230 mm w de span.
The figures listed i'n brackets in Tables 3 and 4 are the percentage
advantage of X-flute per unit ofEB50@%3 9§&t BAd board wei ght conpared with-
t he conventional material. 3 EP O Z}Q?i_% /- Bl TABLE 3 X-flute versus

n

' of walllcBrridjatbd bdara 9/ [ err]

conventional single watlygqt (4RGN eRRAA
corrugating nedi um usedclifeQHg MIWmEcorrugating medium used throughout

Single wall X Flute 1 X Flute 2 Liners g/;err] ' B 210
117 7 & 140 Total board - Single walh o~ X Flute1 g ¥flute 2 620 10

. conponents,. g/[err] N 1 QL @ONPrESSI 0N 999 4812497 . Mgt av‘ai__l. 7254
(439 strength, N Box COWpression 3999 4744 (229 - Not

avai |l . strength Benditygai sbdrd f Ness, Nm Ma@gone dire&23ion . . 620 9.1 :
9.7 (109 12. 5 (31%compPonents, g/m* Cross direction - 4.6
7.4 (66% 8.6 (78% TABLE 4 X-Flute versus copnvent.i o | e wal |
corTugated boar d 25 @°“a'°°"‘g’ess'°" & C Iﬂpﬁta‘éa"an&qhgwéf[er r] medium
used t hr oughout Doubl &"fRa" X-Flute Qutside liners, g/[err] 155
210 30 bksside l|iners, g doprebsion 1173999 aNat(22%dpl Not avaibt al board
conponernt s . 766 strength 759 35 Col | ar conpressi on
9392 - 10190 (109 strength,. N-Box conpression 6589

7425 (149% strength,BeRANQSHEREi MY stiffness, Nm Machine did ggsion

13.4  ,; 24.7 (86% Mpchisedi¢ctiention 2! j-}“ ,V"” i gq%é (41% |
BuQé{l ing | oad, N MachiGress#i'e@ieri on 46 19 1 T4166%) 5, 86 ¥9%boy For these
mat®eri al s the advantage ‘of X-flute over conventional single wall board

in-collar conpression 50 strength to bdap Wei t ratio was bet ween 40 and
50% The X-flute advant d@@”‘ggﬁi‘%ﬁ;ﬁ‘ﬁ;‘% %%gﬂﬂ(&g?{g@@%%{%asrsi on, al t hough
| ess than in collar conpressSi 011, 2"has Bver Yo npared wi th conventi onal
' doubl e wall boards, X-flute had 10 to 15%obigéesi col | %Fluend box conpression

strength to board wei ght——r—a-t-a—es.——#dre—admt—a%e—af—ctmvemr‘ doubl e wal |
board at | ow board wei ghtQutsids lip¢rata/ehe need 1% provi de?® 55 centre Iiner

- means tRht the outside liners nust el ow in j ght board is
therefore susceptible to '?sé‘{eﬁ'ﬂ?'% ¥ buckl i ngvl\?f theglgtqgh{;@i de liners
between the flute tips. THag b&sd corperdntss for 78D buckl i ey | oad shown in
Table 4 and Figure 5 show the | arge advantage of X-flute in this respect.
X-flute3therefore has a |CGolescompmiatsioted boar P3¢ ammad@'Pi'1% before the
li ners becone suscepti bl e ¥¥9aN| ure by buckling between the flute tips. 60
- Further advantages of X-fdyt6,6eaRared to doghd e wal hadseaig are that it
requi res one | ess conponeRfremdtiinone | ess glue line. This invention is not
restricked to the conbining tip to tip of any of the conventional A B, C
or E flute Bending stiffness, Nm
' \, . . Machine direction 134 24.7 (86%)
. Cross direction : 14 15.9 {41%)
45 Buckling load, N _ : '
- Machine direction. 11.1 24.1 (119%)

For these materials the advantage of X-flute over conventional single wall board in-collar compr_ession
50 strength to board weight ratio was between 40 and 50%. The X-flute advantage over single wall in box
compression, although less than in collar compression, was over 20%. ' )
Compared with conventional double wall boards, X-flute had 10 to 15% higher collar and box
compression strength to board weight ratios. '
A disadvantage of conventional double wall board at low board weights is that the need to provide a
s5 centre liner means that the outside liners must below in weight and the board is-therefore susceptible to
failure by buckling of these outside liners between the flute tips. The test results for MD buckling load
shown in Table 4 and Figure 5 show the large advantage of X-fiute in this respect. X-flute therefore has a
~ lower combined board grammage limit before the liners become susceptible to failure by buckling between
the flute tips. .
60 Further advantages of X-flute compared to double wall board are that it requires one less component
and one less glue line. .
This invention is not restricted to the combining tip to tip of any of the conventional A, B, C or E flute
" shapes, but also covers the combining of unconventional flute structures such as flat tip flutes. Figure 2
illustrates such a fiat tip flute structure. _ . .
65 The main thrust of the invention is to provide a means of increasing corrugated board thickness and of
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§.-- but al so covers the conbining of- unconventlonal flute structures
suchtas flat tip flutes.. Figure 2 |IIustrates such a flat tip flute
structure. 65 The main thrust of nvention is to provide a neans of
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- coated with glmae bbyreambramdtomeﬁrataﬁanrana@mefhmarrmdr ums 12 and 13 are bonded
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E;’heir flute tips wherein two strips of paperboard are separa l Illllllllll
ver corrugating rollers to formtwo fluted | ayers, adhesive

t he peaks of at |east one of the I g4 and the fluted Iayers are

al i gned and brought into contact EP ﬁo %ﬁ? ?\'/vo fluted | ayers together at

t he peak ecdncermtifid strepgthcdnatheouter lmedmwuwmfmm stry prelrmahgﬁsais SIuea@tlovsrfe'ta)f
the fl ut eEF“F'H @"ﬂfg-t'P‘P’f't’ﬁ aéF'ée % Hsta5eS: o i nt ai
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zwei Streifen aus Pappe getrennt uber geriffelte Wai zen zur Ausbil dung von
gewei l ten Schichten gefuhrt werden, Klebstoff auf die Saltzen von

m Qgest ens ei ner der gemellten Schi cht en auf get ragen sowi e die gewel | ten
Schi.chten ausgerichtet Uno mteinander in Kontakt gebracht weroen, umdie
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AuBenschj chten zu bilden. 5 Revendication Proc6d6 pour realiser une plaque
de carton ondul 6 pr6sentant deux couches interieures ondul ees, H ees par .

| es sommets de | eurs nervures, proc6d6 selon | equel, deux bandes de carton
sont passees s6par6nent sur des cylindres ondul ateurs pour |la formation de
deux couches nervur6es, un adh6sif est applique sur les 10 cretes d' au

noi ns | ¥une des couches nervurees et |es couches nervurees sont align6es et
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| eurs nervures, caracterise-en-ce que |'on ------ supporte directenment au
noi ns | ' une des couches nervurees jusqu' A ce que celles-ci soient fernmenent
| i 6es effsenbl e pour maintenir i'alignenent des cretes des nervures et |'on
assenbl e ensuite deux feuilles plates aux couches nervurees pour forner |es
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