;e3e~d{"6TdQV, 19 July 2004 1 MEASUREMENT APPARATUS AND TECHNI QUE FOR .
* _PRCPERTI ES OF BOARD PRODUCTS TECHNI CAL FI ELD This invention relates to
i mprovenents in nethods and apparatus for 5 neasuring properties of board
. products, including structural and strength properties sugﬂ‘j%‘m%n&ge"
with its relationship with shear stjffness, particul arIy Machi ne D|rection
(MD) Shear. The invention also has application to an "in production”

measur enent of properties of paperhoard.
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rel ati rB{mCt{dher ondi ng pté °

one or nore of the liners. This danmage is
not usually visually a parent so a testing procedure is required to assess
t he extBACKGROLND at has occurred. 25 To date, since it is difficult to
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product strength and quality. SUWARY OF THE I NVENTION 19 July 2004 3
According to a first aspect, the present invention provides an apparat us
for providing an indication of shear stiffness of a board product, the
_apparatus including a plurality of measurement surfaces adapt¥doPd abut a .
board sanple, with at |l east two of the surfaces spaced apart to forma
nmeasurenent region, a 5 force-appl ?i ng neans for applying a force to the
board sanpl e adjacent the neasurenent region, the neaps sized so that the-
force gpakigeydads sieeardetiffress tisebpoar twisting| teshe forildisa "58@%kt 8r ni ned

el asti ion. Preferably th L nai : 10 f1 ut
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“applie Ot%ﬁ‘? er}?ak\gr oard pr'g%uct as well as data rel ati,n%uteg 25 the degree
o

of di sph@epeBNFiher thepaptobdandt puitadie for usRdinaPrasaclon @&dlating a

strength characteristic of the paperbo j dat a

mapped ayonise te&@w%@r%@%ﬁ%%&%&? Bé‘s p@cpugﬁ {é%ethle%/éetg{siégn in

appl yi nc%ugegr e&’é{‘ﬁq?é@‘ ngdtfedfeerb®irag anhigntestingt hmthedisisr dserefere the board
not " de i

pr oduct ected beyond its elastic 30 regi,on,. has,.be found to
subgg anddtedonsedds e destruativeittest mag sy F?B@afﬁg t’?ﬁ@“%ﬁ#&’ §$'6'8uct . In

regard to this further asp esent invention is able to provide an
19 Jul yS370RIg §,°Q§ ﬁ‘%ﬁrﬁ’gﬁfor%ﬁ%?letrggu%érfor mance of paper manufacturing

apparat us, SyGh feréfrd WRbbjest afheapresent inwentioontd previde ®iMeitrent, in a
manner that provides a non-destructive indicati ﬁn.agfud%@% Bame{)ggﬁ\{d pr oduct
bei ng peficient andirecashefiectivemaans 9fBeasH NG ER 10N J& &ctivel y

determ ne/control . r i 8 HAieddioneagithbqrobiehss made it
parti cup@pl”ﬁpsaﬁ%ﬁj’i ’b}%n%(??lbﬁgﬁ? ricﬁg'fén@;ég%éent .eAccordi ng Epg a further

aspegt . of the gHgtsant i nvention provides a device for nonitoring paperboard

Phel udimg: | nBakeade sesrabRgonbtan & noess Eient yRABBH S appaRuaey o8
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of the In an elastic deflection rggion. ) -

| indicate the level of “damage” of the product, but that does not introduce
permanent damage. _

25 It would also be desirable to obtain a measurement method and

apparatus adapted for use on-line which is able to continuously monitor and -
indicate the level of damage occurring to a corrugating medium during
'fnanufacture. and which avoids introducing permanent damage to the
paperboard being measured. In this regard, real-time feedback is also
30 desirable in that it would allow machine operators to make real-time and
ihformed decisions in order to minimise product variability, as well as maximise

product strength and quality.
SUMMARY OF THE INVENTION



The present invention also provides a nmethod of testing board products as
an aid in processing paperboard products, including the steps of: 15 .
appl ying a nmeasured deflection force to a paperboard product, the force

. being nmeasured so that the paperboard product is deflected?vi#PR% an

el astic deflection region; neasuring the displacenent of the paperboard
product resulting fromthe applied force; 20 using the neasured

di spl acenent to obtain an indication3of a property of the board product.
Preferably, the property of the board product for which an indication is
obt ai ned i s Adworéingao asfirst hspesy, thie priesentdaventoroprevidesst eppanaius/fori n

for marpweing fang MSEGEITOS! ShORT RATREES BT GebarH ARG Ui HhpRfalsooce
char acUgtl s Huieil, BERRERRE oY Siidos sbmEmtibsbitns budidairipte,ot eps

of : appj y rce to a noving web of the paperboard product;
sel ect iwigh at dshststwvongf thbeswdfaicee cipasadfapatkid forar ddneasuregiant 4p@iopha

defl ect | f ot bpard product . wit ' £l ect i on; and
15 fa ylosmoapolvity Reass: ke Rmungps foles fpr e hAF, Saffitls, it/ €& o0 and
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I nvention, 1n an process for manufacturing paperboard, the above
met hod thedozde satriple bayontba psedgtesningglgstityregiame appl i ed force data

' h i spl oobn. h ,
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a paperQogqds menuf acturing apparatus, the method including the step of: .
testing the shear strength of manufactured paperboard b a@Bl i Cﬁtio of an
40 Mp shear Inethis ragpeet Hbe Rresest Wemjomm%tsl&ér%da%"%’é'r it REAND shear
" testing_nethod maj ntai ' i tdtad wilgbt i C
def | ect PEHUF gisb'ﬁh "ﬁ'8‘?@‘?@%&9qul@%%{ddb%?ggﬁg?r?ﬁ%rterémuﬁdé;}ée%d papt—I:-r-board,
and t hepfigfiising damRstts tedhé preduetg] andokithdud thaprednb doti coltinggsanplesi0

fl in | h. Th 8 I i devi f.Qrai.ng -t hi
;Jt es. in |eng e,r| tr1v§?t| n tai S0 Er ovVi ef a_device ior_t ﬁir dﬁ@'%‘?gv} : S
t he abijt i e i fi ff e applied
! {h'éa S;%'re&QnﬁﬂUéﬁt%r{ ﬁ@% bﬁ‘%ﬁﬁéﬁﬁ% Wdlﬁ?ﬁha_lﬁlﬂle dedtiavke l

during I'Ng does no e elastic defTection region of the
papesboar d bAcegrdires tedanathep raspect,uthe \presest invgnieanprayidesmd heardmy be

o1 oduct PiSRUC MERGSFbRG PRE=IvETEMITG Hanpalt Aot AneBBRFg ot o\, ng

the chapgebefd ﬁiii:&sof( U Papefockrd! Efdduvn, eher meksuiing | eanshincludiogl @ be
exhi bited by the particul gr aper board bei ng manufact ured, at, ankl one tine,
and usi p@ra‘ii’tykzﬂ’)ssﬂlfa&wSt%@pte(gtmﬁbutQti‘j@Vm W@thfrﬂﬁﬂqrgpaiqné""ﬂhé 1838Pof ¢ he

paper board applying for C ugﬁ.]d f | | dARRC | t he

known cgféﬂ 29?#'% isgff%t&gs_q Spﬁc%fﬁi]%r\/\g)r S, ? hgggﬁldvgﬁ??%ga%;ﬁ! be deﬁbé(gﬁd as a

meapg Of; %E,biafdfi A%ohdahed®d adbpiid torappiiaat selectetiodefiectionefopce de dbe of

bei ng nuf actured) neets a required_ st Bgﬁéd’\kﬁs exhibited in an %/35) shear
[

‘test, spapethoad quedect: pdjaceat the pgaian: €W SUGRCPTNE ST nent
Cent o1 AR o el HRAEGA3A b pspcecand sty prelct on
def | ect ijefle@RiM Fsloly at headvdrh eensbeshéans fmpabtainisg measurement data
relating to the force applied to the paperboard product as well as data relating to
o5 the degree of displacement of the paperboard product; and a means for
calculating a strength characteristic of the paperboard product using the force
data mapped against the displacement data.
This aspect of the invention in applying a predetermined force, being an
amount that ensures that the board product is not deflected beyond its elastic
30 region, has been found to substantially reduce permanent damage occurring to

the board product. _
in regard to this further aspect, the present invention is able to provide an



19 July 2004 , 51t is also to be appreciated that preferably the MD shear
testing apparatus is a three point conpression apparatus, however, it-is
not the only type of device that nay be used. BRI EF DESCRI PTI ON OF THE
.DRAWNGS 5 An illustrative embodi nent of the invention w 1P JH¥®OBE
described with reference to the acconpanying drawi ngs, in which: Figure 1
I'llustrates a first enbodi nent of a static MD shear testing apparatus.
Figure 2 illustrates -a perspectived4view of the plunger of Figure 1 between
two surfaces. 10 Figure 3 a graph of the conpression force against the

~di spl aﬁﬁﬁﬁﬁ%nf 5ﬂr{hé pefbriishew ¢fhpapppanatufactiringi @pparatusFigishe 88 i s a
graph show ng t

| t f | tiple test cycl I
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Itiple t | es. g. efrasabiti i on.
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i nventbpfhi.) Fidehe intenliongo sefscivblyodetetraine the degeeaipt gelieditfht of the
ri dged plate

con®r e_efsﬁherpag:m(;ih@giild _ursgﬁ'géﬁgﬁoﬁfgjﬁg':‘jgﬁy %Bb‘k‘lrﬁ?t gdr’%'i’ﬁﬂ%cﬁ ?réﬁ'ﬁeggﬁ?%e
I nvention. g'f;g u'{ﬁ@" ta b M%%Ptagﬁaﬁf ‘({al’féi‘ghé@nt ihv@ntibe gsroridesralidegicedornot her

enbodi nent nvent on. Is a graph of c ng;@i%.mdul us
data Calgnitbhgdphpemoahe Béingr apmufdctieduiby 8, PRAREFAPTg MR Bhear data
obtained via a FWI sting test using an equival ent paperboard sanple to that
used t appatediis thﬂéeF!CQdF'@'-'a"\gesul ts. Figure 11 shows a graph of simul ated

MD shear aggl sl ‘?E%?ﬁ{)k@ ShAD skekr esstihg methotalirectirtpitbe papethdardr ent
WS

granmage. Figure a graph of a liner grammage scale factor that is
_ablig t peltry Manafzetured arw; conpr essi on nodul us data obtained froma three

- poi nt nmeasurenent apparatus jn or . 1 Sofea ' dtie t he
Bart i cul ar u@?ﬁﬂmﬁgf“t@'ﬁg‘%@ﬁeq@ﬁgé@fPﬁgﬁg @g ﬁge rreast?\gg?f éh% July 2004

6 deflection region.

The present invention also provides a method of testing board products as

an aid in processing paperboard products, including the steps of: |
15 applying a measured deflection force to a paperboard product, the force
being measured so that the paperboard product is deflected within an elastic

deflection region, _
. measuring the displacement of the paperboard product resulting from the

applied force;
20 using the measured displacement {o obtain an indication of a property of

the board product. .
Preferably, the property of the board product for which an indication is
obtained is the shear stiffness of the board product.
Accordingly, in another aspect, the present invention provides, in an in-line
25 process for manufacturjihg paperboard, a method of determining a strength
characteristic of the paperboard product, the method including the steps of:
applying a deflection force io a moving web of the paperboard product;r
selectively adjusting the deflection force in order to maintain the defiection

of the paperboard product with an elastic deflection region; and



Figure 13 illustrates a graph of on-line MD shear neasurenent data agai nst
corrugator speed. Figure 14 illustrates a logarithmc on-line relationship
bet ween corrugat or speed and on-1line MD shear neasurenent data. 5 Figure 15
_illustrates a graph of true MD shear.data against on-Iinel¥BH¥Ra8¢
measurenent data corrected wth the logarithmc relationship of Figure 11.
Figure 16 illustrates a graph of MD shear neasurenent val ues for various
board types against the air pressureddf a pneumatically operated plunger.
DETAI LED DESCRI PTI ON OF A PREFERRED EMBCDI MENT 10 A first enbodinent of a
“static MD sheahstifigethpoiappliechrforas sirsh cossespapgiagadispiacernentyof r@ed in
Figure 1. In this enbodi nent of the invention, a first surface (|abelled
"crush papgrboaigbPToAUCs  provided with a projecting el enent, such as the

pl unger. Adj acent tdheqf § age tharipvénrorsPicer mpling receswd feur f aces,
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exhi Bi ttwﬁwhedﬁpg%ee&%ﬁﬁs%mﬁm aﬁﬂi?ggﬁbeﬁ\%é{eég the two surfaces is

equi val ent t@ RekveemriBepnskpbdt! tie qsesantt nventbst providesq e vadthod 0b 5
flutes being st preterable. This construction of this aE%?_.ngéogs.ls such

that itmoniterng spapériboard dreing mapofaséaed BYoauPePsrIaREd ¢ BYYhd t he
el astic region qf th roduct.. wT | gstic region", is the region where
force caﬁp%@?‘ét‘bgll"?W%Pgdf%i&%%%Frbé]gtﬁgﬁbt nondestructively. In other words,
i f the boar diduting4Ré sheafskémsth e manufacturéd peperbbacd bygipplicatian of am
sustain a degree”of permanent damage and g corrﬁs‘pongjlélgﬂitﬁen'gicgg.

redyot | MD shean testing anetbod gingetinfpecpaneshogidyherqin SNeRiesiPg  he
first and second f ‘ HRint pktie gkflyemategidn.t he

pr esent n{eé@?& nﬁn%ﬁésy 0 "8@?931 ?%p%gﬁgﬁmtﬁmtﬂgedefll ection of gﬁ]e

~paper boar d, Pheferatigithei beardrpradust isicormuigatase paperiwardoandothgi @8t St he

el astic region 19 July

2004 7 Further, i.t i th |
i s act ugoeducied B PiegieR: P tq%@@pgﬁpqq%ﬁsb%%g%itﬁ;ﬁ ?lg'?&lt ﬁqeﬁ%ght ?'8% utnﬁgr
air pre@%@ﬁ%ﬁca[?%?{:ﬁb%fdé@éBe&iﬁéfwérﬁfrﬁ\iﬁgﬂﬂsﬂiethb@. first and second

surface he maxi mum pressure applied to the sanple.,  As t.go much
pregsure wil In iessemees dhe lieventionestams! frem fealising thabby mioviding ety e

d the b t [ i Cs

gt at daiconiok M sheatimsaSpEaiell Suh hrfiREHE opid g it oes

di 11 o1 e ot GOEELIThE IRARS deflicidasragion b teapaptridrd dainpdesicds a M-S

Fi gure shows a decrease in MD shear as the pressiargg g%?llhé"ed |nQrej}§8.s,
rct

whi ch | nidistractie testingdeneage and deethed; Mm@yt ke (e PO STNTEE evel s
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b t. Fi 2 1 llustrates, ti Vi f_t f
Flaure chacscedsicihdnehshauld R sxHat Y SR i paPiabL i °
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Wth thijsspmbarbmibetqueflitg bethenyaperboard by dppldng frfce-toloause, deflechiar heen
found that the force applied to the .bpard, results | N does
not def lansordansentith $he pewa qhagaaﬁagt?% F’baﬁlﬁ{“’ (S’g*rg@f W@@g'?ﬁ%ea"t 2
elasfic req ' MR Fd enAruTRE©Sed ¢or frotheeprgebs ed by
a thé eﬁf’(ﬂgh%]?o b?ﬁ%??%ﬁﬁappaggpggagg%@ggt the dis I_acgd?rl_-ent m:lsul ting from
the appl dfesking esanufactuied)abeetsna treguiced standasd, aaexniiad BearnMPShEd e | n
nv, with the crush tester speed being 12.5nmi m n and the nV out put

pr opor t i teatasuct asirdelgatien8sor oxi mately 1 MM/ N). The board 25 grade used
with the expesi Ctihd UbBHline? mbfP, ofiitHei invemtionpredditional

-t hroughout t?#ﬁg?‘%ﬂﬁ%eﬁ%fé@t[mgf Jegr)'(tt?ékg variabl es and at | SQ, Cﬁ(j itions.
The | i g asrstusuedn be useetito feadbizskt produstien £0gie! infaemation fo adjysitbe
(approximately 38mm for C fl yt n unger di MeNSI S{'fﬁ u kdt h

( app30@xi predectors parpmsterg @Pat Br, %fﬂﬁgmﬁ’%l'r?ﬁységg eseénéésrt kfsé‘s lts in
Figure 3 cépergfdsy show an "el astic region" 10 where the paperboard could be

el asti cafif spl aced wi'thout any pernanent danmage to the board. The peak
of the graph shows the point at which the board



19 July 2004 8 product failed. In this test, the upper bound of the elastic
region was found to be approxinmately 1mm To illustrate the need to operate
- the nmeasurenent apparatus only in the elastic region, Figure 4 provides
.test results of multiple test cycles.on a 5 paperboard satPpreywPehin the

el astic region. Fromthis figure, it is apparent that no appreciable

per manent damage is occurring to the paperboard sanple, as consistent
results are obtained. Figure 5, on tBe other hand, provides test results of
mul tiple test cycles on a paperboard sanpl e beyond the elastic region. This

-figure indi gasafisé fetbeldppresatabthatpesterativ tige MD shbar tastipgepparatus

characteristics occur once the elastic region.is {aé]ceegleq as.there is

i ncr eads aghtest peint compressipR appAfAtes. rioé’l’el"i%(" it i ot the, aRlY 14 Of JEMEE uni f or m
resul t .of, Figur -+ This therefore confirns that if the deflection is

lim teéh?tdna?ﬁﬁﬁ#étdhe el astic region, a non-destructive test will be

per f or IBRIEFISESCRIPTIONFDBUFIKE ®RAWANGSat platen with a protruding ridge.

Thi | at th nmbodj t of the first f d . h
I & Qur e 1 ATHRSgRbe JemRgarTReol e o) wilboflh e BenREReCe, o
t he na?é@']%h&eg@@ égc"fi’ﬁgsét’ﬁ@dr QravHSS 9n Which:P! aten, the paperboard is not

di spl a eyond the e egion. In other words, in operation the

action of t Hagueott litlisigte® a ifitgt emppddimegt fafr ee/states MPesheara teyingd

product serves tq.deflect the sanmple a known a i own

amount RPEEaHSt égéﬁ'éf@dst 'ﬁl@s%?t%t? PRGNS ‘Ae‘d?gf;ﬂ’tes H%ﬁ?g @h‘gﬁgﬁ%gct ed

force Cﬂfmkéﬁ%%ﬁé%@.g the ridged platen of Figure 6 is illustrated in
- p

Fi gure articular advantage of this enbodinment of the invention is
t,hato by 25 \Riguwee3 afgrabb ofithe compressien foree againsitoe displarereentdiem s,
configured, .the apparatus is.in effect self-limting, so that the applied
force d@ﬁféﬂﬁﬁ‘ﬁlg‘%gﬁi’%@% %IFS'QPE% area (pressure) levels that would

introduce darggRs 40 ié he draph dshdihy' the esthdidi oEnhultibleatesineydles eppar at us
adapted to diSplace a board product to a degree not exceeding the elastic
r egi on papetbeaidsanaplewithipdhe elastig@egiant hi s enbodi nent, the circunference

has been U0 T AP PEORARG, i PRSI of (PRRR & BrPBOT et et

is p igarbeatd sanplertesyohditheelasticadgioent of the inventive apparatus, as
it enables the degree of deflection lied to the J boar d
to be contr OTiQHEE %t WHF'@%S?Seﬁé'lﬂ%eﬁigp??%F %805@?973?1&{18 Séﬁhoéfﬁnfggglgﬁ@%duced
to the im@ﬁtﬂ:n A further feature of the assenbly in Figure 8 is the ability

of the nmechani'smto automatically conpensate for differences in board
t hi ckness, iFigure 7 shows a graph of the expected force displacement of the ridged

platen of Figure 6.
20 Figure 8 illusirates a three point compression apparatus according to a
particular embodiment of the invention.
Figure a illustrates a wheel with a ridge according to another embodiment
of the invention. ‘
Figure 10 is a graph of compression modulus data calculated from the
25 graph of Figure 3, mapped against MD Shear data obtained via a twisting test
usiﬁg an equivalent papérboard sample to that used to obtain the Figure 3 results.
Figure 11 shows a graph of simulated MD shear against known MD shear
values for various samples of different grammage. '
| Figure 12 shows a graph of a liner grammage scale factor that is able to be
30 applied fo compression modulus data obtained from a three point measurement
épparatu's in order to scale the data according to the particular grammage of the

paperboard liner being measured.



5 that the systemuses a surface of the board as a passive zero reference.
I'n other words, if the thickness of the corrugated board increases or
decreases then the | oad cell/wheel assenbly is able to nove in synpathy.

. This may be achieved using a ski or skid type footprint thagulyPe@s on the,
corrugat ed paperboard surface, with no nechanical coupling to the
‘underneat h structure. 10 The actual neasuring wheel protrudes through the
base of the skid deflecting the boarB. Such a wheel assenbly would be
particularly suited for use in a continuous web Rrocess such as on a
~corrugat i ng Figefa 8. illstratesaht grapht iof eon-tine WEDs Ishear aneasirement viaial s may
be utilised. It is to be appreciated that it is preferable the dianeter of
the meRgARKEOINIHASPEE- not too small in size as this may cause the
pressure apﬁiigﬁfé 42 ifidr ﬁé"%qogﬁr'@ﬁnib%ﬁliﬁé?@latién%ﬁibdiet@@émm@a&ﬁﬁag_e K
nore likely to occur to the bo rcs. Therefore, a reasonably w de nmechani sm

i s desigpsledeand/éndtine MD Ghebumeaparemeialalaas descri bed above, a width of 25
mm has been f.ound to, be rkabl e., 20 Wi t i At .0 Lguns 8 does
i ncér por at e FdgHE 3?5 'Qﬂﬂéﬁ\qgﬁﬁgrqﬂh ﬁgénﬁh’ﬁ%c%\%@?or%g% éﬁ/@sﬁt%rﬁeﬁh%w @ei ng _

adapt aliR i Pnd RlUFBmeht 498 @MEEd *fthtes fydrithiak: reRnioneHip SitRigefeot R, its
nmeasurenent 1S | ndependent of the thickness of the pagerboard, sp that it
Re

may be used Figurepapaliustrates afgraph ¢f MP ghear meaasusmaakyalles ok YRIQWSyr ee of

pressure applied ta t | oad | 1. 25 : ive enbodi ment
of the WFBRYQG%@%%’U?@E‘E&" qﬁ%i‘l’rgtcﬂﬁa B+£Lfrﬂ8{'%gr“:¥rsb?ﬁetrﬂleﬁggﬁ¢%rh, a rotating
wheel V@E*FA&E@@ECMPHKDWR@REEERREDEMB@BIMEM'EonStant ci rcunf erence
wheel of Figure 8. As shown in Figure 9, the

eel have t he
r.i o/ gr ooveAi firsbrambedimenbiof & estatic fmeesamﬁ?{e@r@q&y conpressior dest ¢ he
‘wheel . A particul.ar f 4t hi.s ﬁ{% HRMERtARN, 1S
t hat tl‘%oq%éaé‘\fr 'Jén@ﬁt?%égqhgﬂ@@eét 2‘8 t\t}?"gea I gﬁgﬁgg{errqeﬁ;%&lpgﬁbﬁtﬁr\%pt hout
t he neeglfze (abelegecashtestalppert)de provided with Dprojeingcelamenttsuch a8 nemat i ¢
i nversi ons of these var.i ous anaLll[rrPt us configurations &Llre al 80%81@:?513' e
wi t houttheepipgen LAdireent: s St surtage. are f§ospR3resheha CHREi & Ton.  For
 Exann! Qyith d5eUfiElon Y (HErcbRRAHI(RBARA s iy (Theldidahes bedveemd! or

the lo asse may be connected to the platformassenbly, so that if i s
t he1$| athkotwo gbatforbisyist insgortantadapf édist toonwide, theetast gyl aRATOYMAE & enent

may then b asur e as |1 as the f i e

o cel chaiag mbindbsnetenrd il AEreper L ekl Spppl! ProfSfanly BEP, |

| ndi cat §i¥erRh MRVBDA e tidlskitacod RIRUalon tortmitivagn and d0detemptitteal ver sus
the degree o I spl acenent, such as shown in Figure 3, and then cal cul ating

t he gr adistamcecfquivaleriup\Beflutas beingmest Pefe@on, conpressi on 10 nodul us
data can be bt ai ne ' j : ' lodtbfoa W th
MD shear. Th 6'%#%@']“8%%#&@%&?%@@ iggén%rh 2@?} (;qtnﬂ)llno ﬁfsugé‘ﬂ(ij%c?a and MD
sheg i SoarddhreduerbeingfResietebéydndringuslastiod region of thgprodudthel o efasBesi on

- data obtained from Figure 3, ggai nst I\/E shea]rﬁgggcf’ghc Iculdat ed ugi ng the
Ctwi sti nepgierst inithe el uheie dRIC £38r BBaRRP e TR gP!ﬁﬂ‘l‘c % gure 10
15 veri fi there i i Jenetiednseydirt its emstics of

t he thrg%ﬁﬁﬁqttﬂgfyﬁe sé@gm d%&gﬁ?é%@%ﬁ?%ﬁﬁear. It 1sto lbe appreci ated
that thiggigiat R wills sablaii nedlegsee gofCpimbaebbalamagindnthe Lopespeding
configuration as indicated above. One di screpancy encountered through use
of the shiengthdedeeliit enent 20 apparatus of the present invention, was in
~regggd to dififer ' ' shras cInfetfitsEandiaévond
con‘g$essi on &e'?nag&%lg(?geﬁégﬁﬁﬁﬁ?ﬁitﬁﬁpﬁe\guﬁ%rd gr adesfa To overcone this

pr obl empurfieesiaker plagre paain fheuetfectivanessedfathed prasentdegh asmtgy botht he

gt 1| nserveitpeasupithe feteclon o Gk RpPeTpoang. fufd Akt BT hBbegan®e”

the deflection to within the elastic region




| i ner grammage and the sl ope of each grade "line of best fit" was obtained.
This relationship is shown in figure 12, and is able to be used to obtain
MD shear results according to the board grade used. A further problemthat
.arose as a result of undertaking on-line 30 neasurenents wasuly k8%t he
results denonstrated a strong dependency on the velocity of the web, as
shown in Figure 13. Initially this 5rob|en1mas considered to be due to the
measurenent head "lifting" as the speed increased, resulting in a reduction
in output siPorhet avés prefetabid that tEoplungel isestuated Via apecupiatie t hat the

‘results were not incorrect, d .t hat,. there r ' I MD shear
W th | nevBadnigsspRBgua e hyse Tt Al Wedfine, Sehet Win el
depende EAlarESSaHrRIEIaceR, Sffeeld, thaanakiturg presauteogar i t hmic
rel ati o%‘gﬁ?gé_ a %gwr@]eefsgt i oanshi pis shown in Figures 5 14 and 15,,K Therefore

i n or deappliedtit tiensample. rsstne mweh presause wWilhincirase the Tose aeRISS toccor di ng
to this, | I fhm l.at | D, f | A
depehd Hihorid AHADRTEIPS fATAaR ths BRaR HE sty of el |

are posEériql £hotlld b rddigate@n elnedhid ] Fiyuté® 1oitiasipatessthel MD Isbeapparent to
those skilled in the art. For exanple, it is to be a&%{.eciated tthat it is
not essesrultsl for ifferent sesnopiad baatd grRdesoncbesing g'ﬂ%ma@ YSppl i ed

par al leb‘ﬁ‘g %@@%%Qﬁ@%% @%crgjagg?ﬁ Wsﬂéaﬂ%tf%ﬁ?ﬁ'e@s@(eo%fed ihbréaseRossi bl e to

of f set means a reasonabl e degree w thout adversely
af f ect i pghidhmdibated erat ddmagadsiveoeming todharboagd.cfir pressure levelsofli ti on,

the force may be applied, on or off th | ute tips of,a cory board
pr odGct akpvedud %ry(pmuamsr ae&rﬁwm%tﬁfvaf @Wﬁ)@'f@'ﬁ%‘ﬁ@em'%"é‘%gﬁﬁ’eﬂg. 19
July 20 P MSiLER Aifbd jwl. An
"app)altr at %é tpgﬂ%& %']\%E& ng %ﬁ' | ngi Hylgrﬂlﬁ oa-rtl:&ﬂ?frbg{%égal\s{rE bgt!} ?fgﬁ%eﬁft of agl??g\r’ d
product thit hevelwarderds minthisdithe risk op damaigetty the besrd predusht surfaces

dapted to abut d | i th,.at | d
Spart “to for FauRedlEHaRE Pobriinedtts ovigd: b, 8, fnbet G- Flgtfe M PacE,
force t%emé?ll??ﬁé dvs aiRbeesdirneRs bnidilimeastegianger digiensionsare®ans si zed

e
so that the torce applied does not deflect the board sanple beyond a
Saii-L ok

pr edét epnil Bedmeradithe spaging bepvegn dhafyar sriRCest 1 MMt he nmeans
for appls\ﬁbgﬁnga c%?rre%SOh&s %o approximately 5 flutes for “C” flute. With this

embodiment of the invention, and testing C-flutes, it has been found that the
force applied to the board results in MD shearing, but does not deﬂect the
board beyond its elastic region.

20 To illustrate the elastic region, Figure 3 shows a graph of the
compression force applied by a three point compression apparatus against the
displacement resulting from the applied pressure. To obtain these resuits, the_
reported units were in mV, with the crush tester speed being 12.5mm/min and
the mV output proportional to the force (approximately 1mV/N),. " The board

25 grade used with the experiment were C-flute — 210-210-140, and it was
constant throughout to. minimise the effect of exira variables and at 1SO
conditions. The jig’ construction used in this test was a gap spacing of 5 flutes

: (approximétely 38mm for C flute) and plunger dimensions of 1 flute width
(approximately 8 mm for C flute), and 20mm length. '

30 These test results in Figure 3 clearly show an “elastic region” 10 where
the paperboard could be elastically dispiaced without any permanent damage.
to the board. The peak of the graph shows the point- at which the board



rectangul ar platen. 3. The apparatus of claim 1l wherein the board product

I s corrugated paperboard, and the at |east two neasurenent surfaces are
spaced at a distance equivalent to a spacing of between 3 and 10 flutes of
. the corrugated board. 4. A nmethod of .testing board produci®Jg¥289faid in .
processi ng paperboard products, including the steps of: applying a neasured
defl ecti-on force to a paperboard pr%duct, the force being neasured so that
t he paperboard product is deflected within an elastic defl?cti {1 regi on;
measur pnodudidaiiedplmthistest, b upper pasedidhe gasiglesianeyas ‘?H‘f{?o Q omt he
-applied force;. usi t he neasured displacenent to obtain an indication of a
properW%ﬂprPK'én%th/rgH“moduct. 5. The nethod of claim4 wherein the
property is ®h@astratd theRss.to opkPatéithy nadivtiraBeht apparapes oulyrinl the

manuf act uri ng apparatus including a nmeans faqr asur,i ntg strength

char acelastist regionf Figwepdr poyidgsplasd sesults Wgﬁl&ﬁ iteet YRS $Mc? uding: a
pluralit f sur t i8n M, wth at

| east tg%egtpoqr eéﬁﬁﬁﬁaa‘@ggﬂsﬁgcée@s%g%qla?b fomﬁgg?iggf%ﬁgﬁggmeﬁg 0 receive
def | ectygsh ReRpRsdlsle prrinaadnitamagainptadring taths gaperbenpstsanapiger | ecti on
force to the paperboard product K adjacent the regi on between the two

sur f acas; censi$ant BISUE A2 ORI to maintain the deflection of the

paper boar d "\i’igp'}é‘si b té %ﬁﬁér%a‘ﬁﬁgg%&ia@é‘tés@%ﬁlﬁs of ralitiphatist epelesensor

means for obtdini ng neasur enent tarelating to the force applied to the
paper bagi ¢ papstbotrdasampld-begorththe elisticiragiono Thiseligg: wgicatesi gl acerment

e SR S

. ‘agai st g, gl ?%Rﬁe%eea?aé tkabas in?:rené'élﬁg depeti®irin thé sainaple) Githérethann t he | oad.

~means is¥one of: a constant circunference rotatable wheel Wltf} | oad cel |

adapt echeoredativaly iundloymargsuitof; higuae4-eEhis dherefPte Ca\éﬁﬁm%dh?to' ttﬁg :

B?gSL C?é‘%ﬁjqcﬁrpﬁ [gﬁgmtqndagci iﬁt@ﬁ‘nm fhe"BlaREi@ rBgibhe alfdn-Besiraetivef tdsh vilpdrer boar
performed. ' '

15 Shown in Figure 6 is a flat platen with a protruding ridge. This platen is
another embodiment of the first surface and plunger as shown in Figure 1.
The protruding ridge is sized to such an extent that even at the maximum
degree of deflection using this platen, the paperboard is not displaced beyond
the elastic region. In other words, in operation the action of the protruding
20 ridge applying force/pressure to a board product serves to deflect the sample a
known amount, wherein the known amount does not exceed the elastic region.
A graph showing the expected force displacement using the ridged platen of
Figure 6 is illustrated in Figure 7.
| *A particular advantage of this embodiment of the invention is that by
25 virtue of the dimensions of the apparatus being carefully configured, the
apparatus is in effect self-limiting, so that the applied force generally avoids
the force/area (pressure) levels that would introduce damage fo the board.
A first embodiment of an on-line apparatus adapted to displace a board
product to a degree not exceeding the elastic region is disclosed in Figure 8.
30 in this embodiment, the circumference of the wheel is of constant proportion
and is attached to a load cell. It has been found that the ability of the ioad
cell/iwheel assembly to deflect is an impo-rtant feature of this embodiment of

the inventive apparatus, as it enables the degree of deflection applied to the



deflection region; a rotatable wheel with a ridge about at |east a portion
of the circunference of wheel, such that the ridge is shaped so as to

mai ntain the deflection of the paperboard within its elastic region; or a
_retractable ridged platen, such that.the ridge is shaped ﬂ%J%izg@%i n the
defl ection of the paperboard within its elastic region. 8 The apparatus of
claim6 or 7 further including a neans for scaling the mapped data
l'ogarithm cally dependi ng upon the speed of the nmoving web. 19 July 2004
14 9. Theambar beusontcaleddi therehy amputing it otai pasm@&nent sdamagéeis i ncl udi ng
-a neans, for, scal,i he pped data dependi ng upon the gramrage of the
paperboﬁF'ﬁ?db’FSaﬁegﬁe%?rﬂ an in-1ine process for nanufacturing paperboard,

a method of defgimanidue oF 'tABIASsSHIRY ARt Figuséi 8 ief thehabigptberr d
product, the nmethod including the stepS of: apply[ng a deflection force to
a novi ngesbanisim thaupapaticallsrapmpensate forghfference®in baajd thickigsshia

b octior Ut B Y Bt 4 f¥e8 4 shitale of i BobREad's hARNE Roft BforRENP O T e
and cor pgrpassidey ifthethikaass of the tbrugatedr iomddnpeadastor debredseret hod as

claimed in claim1.0, further includjing the step of pl t he applied
force dthen Hgnloas:calluhesisasserdie it aB[&tgt&.mﬁ?‘Q‘? InTR¥MRat odJrB% WAYDG 10 or 11;

force dthen Hisulons calfienerisyssasihiein TReT . :
at .t RENGUPS L O8pb R SHCB BRI Bhofind RAR( HSE, Gn e, SEMBREE Cot o

t he novpagehuaed sadade pwith ot méchamigaheamling tedbe ub8erngath sbubbaeof cl ai m
10,

11 12, further . including.th e f.,.scalin he d data
depdfdi fheasivat HessnebEeL P IDEREBNG eSS KIS ORTEETRbG of
~ noNi tor kg HRARET HAGK & RABD aSSEHPRCIBIRIILE hattiARY BaRed foROSE Rt | NG
~apparatus, the nmethod including the step of: testing the shear strength of

manuf ac cantinuquspwebqipcess sugipas oata carregating Machingar As @t aliginaiviod
det | oct telitr 8 SR bR Bk e AfsBacr o def i ect on region | 1o July
2004 15 It is to be appreciated that it is preferable the diameter of the measuring

15 wheel is not too small in size as this may cause the pressure applied to the
board to be localised, so that permanent damage is more likely to occur to the
board. Therefore, a reasonably wide mechanism is desirable. With the C-flute
paperboard as described above, a width of 25 mm has been found to be
workable. | |

20 While the embodiment of Figure 8 doés incorporate control apparatus, it
has the additional advantage of being adaptable in terms of the amount of
force to be applied. Therefore, its measurement is independent of the
thickness of the paperboard, so that it may be used for paperboard of varying
qualities by measuring the degree of pressure applied to the load cell.

25 In a further altérnative embodiment of the on-line measurement
apparatus of the present invention, a rotating wheel with a ridge, which may be
used to replace the constant circumference wheel of Figure 8. As shown in

. Figure 9 the wheel may have the ridge/groove in only half of the surface
around the circumference of the wheel. A particular advantage of this

30 embodiment of the invention, is that the measurement may be effected via a
difference measurement without the need for a force zero reference.

It is to be appreciated that kinematic inversions of these various |

apparatus configurations are also possible without departing from the spirit of



15. A nethod according to claim 14, wherein the paperboard product is
corrugated paperboard, and the test is conducted on the paperboard in a
region of 3 to 10 flutes in length. 16. A device adapted to inplenment the
~method as claimed in any one of claips 14 or 15. 17. A deVyddyf28p4

noni tori ng paperboard bei ng manufactured by a paperboard manufacturing
appar atus, the device including: nmeafls for appl ying an MD shear testing
nmet hod directly to the paperboard bei ng manufactured and; neans for

mai nt ai mmm\xdmoappFocmm:@fthehwha@l siayabet losatedi beneathrthel beardc

~def | ect d 7
For appbyineaeRDaaRSs the dbed aeniif uEp A cObfrdbd b HEBEIBAT S ™16, A
device agsHig) tH%talWé % ﬂ&tf@#rﬁ'd’é%eﬂr?ol@rthét&s édﬂrﬁtéwttolmc\lrmleri@ means for

provi di ng an 1"Adi cati on the MD shear is within or outS|de the elastic
def | ect degreegf dlspla@ement myrﬁhenalfcme@ishg?d @sevelhas the degree offforcsr 14 ,
substantl ahqg as herein before described with reference to the acconpanyi ng
di ag PanéPP An apparatus or device according to any one of clainms, 1, 6,

16 or 17 substpabi farde/dieplabement niedsuremeats ndyethen bé usetietoeobtain t o t he
acconpanyi ng di agrans. 19 July 2004 ABSTRACT Met hod and agg at us for
nmeasur i Wgfa rfﬂﬁﬂlt%ﬂn(ﬁga@]?dpf)rmgrﬂwiﬂ‘r A8 B iMRgRa Yo MARPIRG BP9 ganmge"

in board ﬁh&g‘{@%ﬁ H‘c?]é(’) He'eaéi’ MusE/’%%@H&:tDé &5 s hdwPin FiRAE-3, dhd hi s

regard, ap drscloses a]op ying a predeterm ned force to a
board phigshhlciiksting tres gtdmerﬁowfrtﬂlepcwdacm fhe elesticieegiont edmpegasien it s

2 S oROQUIFRSelA 628 BRHAIBSY o TR Bater e BhEselelof ™'Y
- deflect iy R ShBaPOTHE BirRlitiin bBHVGBH Rictboimpeedsitn RitaliodatugAd W LN 1

its elastic reglon as suc occurrence of permanent danage to the board
product MB stedwdsdndictnddn FigwediG.cFigwre Hbishadraphl ohfpmcampessianabl e to
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ef f &g: ghhhi i ,-_lff%% é'ﬁEiH h use of the on-line measurement
nnt oooprpphﬁ?ﬂ'J&g %ﬁ ca cat%rae]dcta]]%l'a cg] ca ca] c%ca] calﬁ(ia] caj ca] cajcalc
a] cg@ a]aparaiusadpt Hie alresdnt aheerticd, caps dfi ces yyy0zCz

L i o 7

10%& () -gradis.() - " 10%& () - Z° s10%& () -
To overcome this problem, the discrepancy was found to be related to
the grammage of the corrugated board. In this regard, by separating grade
25 details, and getting a line of best fit (see Figure 11}, a relationship between
finer grammage and the slope of each grade ‘“line of best fit” was obtained.
This relationship is shown in figure 12, and is able to be used to obtain MD

" shear results according to the board grade used.
A further problem that arose as a result of undertaking on-line
30 measurements was that the results demonstrated a strong dependency on the
velocity of the web, as shown in Figure 13. Initially this problem was
considered to be due to the measurefnent head “lifting" as the speed

increased, resulting in a reduction in output signal level.
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corrected according to this logarithmic relationship, where the factor of
| correction will depend upon the speed of the web being measured.

Variations and additions are possible within the general inventive

10 concept as will be apparent to those skilled in the art.

For example, it is to be appreciated that it is not essential to the
invention that the force applying means is applied parallel with the machine
direction of the board product. It is possible to offset the force-applying
means to a reasonable degree without adversely affecting the MD shear

15 measurements to any great extent.
In addition, the force may be applied on or off the flute tips of a corrugated

board product without any significant variation in measurement occurring.
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a plurality of measurement surfaces adapted to abut a board
sample, with at least two of the surfaces spaced apart to form a
measurement region;

a force-applying means for applying a force to the board sample
adjacent the measurement region, the means sized so that the force
applied does not deflect the boérd sample beyond a predetermined elastic
region.

The apparatus of claim 1 wherein the means for applying a force is a

rectangular platen.

The apparatus of claim 1 wherein the board product is corrugated
paperboard, and the at least two measurement surfaces are spaced at a
distance equivalent to a spacing of between 3 and 10 fiutes of the
co'rrugatéd board.

A method of testing board products as an aid in processing paperboard

* products, including the steps of;

applying a measured deflection force to a paperboard product, the
force being measured so that the paperboard product is deflected within an
elastic deflection region;

measuring the displacement of the paperboard product resulting

- from the applied force;

using the measured displacement to obtain an indication of a
property of the board product.

The method of claim 4 wherein the property is shear stiffness.
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with at least two of the surfaces spaced apart to form a region adapted to
receive deflected paperboard, |
a load means édapted to apply a selected deflection force to the
paperboard product adjacent the region between the fwc_) surfaces;
a control means adapted to maintain the deflection of the
paperboard within its elastic deflection region; _ _ '
at least one sensor means for obtaining measuremenit data relating
to the force applied to the paperboard product as well as data relating to
the degree of displacement of the paperboard product; and _
a means fbr calculating a strength characteristic of the paperboard
product using the force data mapped against the disp!acerhent data.

7. The apparatus of claim.6 wherein the load means is one of: .
~ aconstant circumference rotatable wheel with a load cell adapted to
selectivély adjust the deflection force applied to the paperboard prbduct in
order to maintain the deflection of the paperboard product within its elastic
deflection region;

a rotatable wheel with a ridge about at least a portion of the
circumference of wheel, such that the ridge is shaped so as to maintain the |
deflection of the paperboard within its elastic region; or |

a retract_able' ridged platen, such that the ridge is shaped to maintain
the deflection of the paperboard within its elastic region.

8. The apparatus of claim 6 or 7 further including a means for scaling the

mapped data logarithmically depending upon the speed of the moving web.
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paperboard product.

10. In an inline process for manufacturing paperboard, a method of
determining a strength characteristic of the paperboard product, the method
including the steps of:

applying a deflection force to a moving web of the paperboard product;

selectively adjusting the deflection force in order fo maintain the deflection
of the paperboard product with an elastic deflection region; and

measuring the applied force and corresponding displécement of the |
paperboard product. |

11. A method as claimed in claim 10, further including the step of mapping the
applied force data against the displacement data.

12.  The method of claim 10 or 11, further including the step of applying a
logarithmic correction to mapped data, the value of the logarithmic correction
dependent upion' the speed of the moving paperboard product during
measurement. | '

13. The method of claim 10, 11 or 12, further including the step of scaling the
mapped data depending upon the grammage of the paperboard product.

14. A method of monitoring paperboard. being manufactured by a paperboard
manufacturing apparatus, the method inciuding the step of: _

testing the shear strength of manufactured paperboard by application of an
MD shear testing method directly to the paperboard wherein the MD shear testing
method maintains deflection of the paperboard within an elastic deflection region.
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16. A device adapted to implement the method as claimed in any one of claims
14 or 15. |

- 17. A device for monitoring paperboard being manufactured by a paperboard
' .manufacturing apparatus, the device including:
means for applying an MD shear testing method directly to the paperboard
being manufactured and,;
means for maintaining the application of the MD shear test within an elastic
deflection region.

18. A device as claimed in claim 17, wherein the means for applying an MD
shear test is a three point compression apparatus. '

19. A device as claimed in any one of claims 17 or 18, further including means
for providing an indication that the MD shear is within or outside the elastic
deflection region.

20. A method according to either claim 4, 10 or 14 substantially as herein
before described with reference to the accompanying diagrams.

21. An apparatus or device according to any one of claims, 1, 6, 16 or 17
substantially as herein before described with reference to the accompanying
diagrams.
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(15 Stetad ey AR Y ipcugpg, monitoring andior providing an indication,

of material “damage” in board products, particularly Machine Direction (MD)

Shear. In this regard, the present document discloses applying a predetermined
force to a board product such that the board product is not deflected beyond its
elastic region. The apparatus used for applying the force is preferably of a size
or structure suitable for physically limiting the amount of deflection of the_t')*géﬁam -
product. By maintaining the board product within its elastic region as such, the
occurrence of permanent damage to the board product is reduced. Hence, the
disclosed method and apparatus are able to provide a non-destructive indication
of MD Shear on the paperboard product being tested, and are thus suitable for

use in on-line testing/monitoring of paperboard production.



