B s - ---- 19 July 2004 1 MEASUREMENT APPARATUS AND TECHNI QUE FOR . ]
" PROPERTIES OF BOARD PRODUCTS TECHNI CAL FI ELD This invention relates to
improvenents in nethods and apparatus for 5 neasuring properties of board *
. products, including structural and strength properties sﬁgHU'é{sZO@ﬁarrage"
with its relationship with shear stjffness, particul arI y Machine Direction
(MD) Shear. The invention also has appli cation to an "in production”
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15 ‘occurr'ed to the paperboard, particularly during manufacture. For example,
during the manufacture of corrugated paperboard products, damage may
occur to the board during various stages of the manufacturing process,
particularly during the step of adhering the fluted medium(s) to the liner boards
and the stage of printing matter onto the surface or surfaces of the

20 paperboard. These stages may result in “damage” to the fluted mediums, in
that the fluted medium may be compressed, sheared or forced sideways in
relation to their bonding with one or more of the liners. This damage is not
usually visually apparent, so a testing procedure is required to assess the
extent of shear that has occurred.

25 To date, since it is difficult to accurately and conveniently assess the
degree of damage to paperboard products during manufacture, many
corrugated medium products, such as boxes, are produced using heavier
grade boards than would be necessary if the degree of damage to the
corrugated medium was monitored and minimised.

30 As indicated above, a property that provides an indication of the
paperboard strength in terms of the “damage” to the paperboard, is shear
stiffness, particularly machine direction (MD) shear. One method for



30 As indicated above, a property that provides an indication of the
paperboard strength in terns of the "damage" to the paperboard, is shear
stiffness, particularly machine direction (MD) shear. One nmethod for 19
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15 categorised as a “destructive” test, and as such, repeated testing of the same
sample does not provide reliable results.

It is therefore an object of the present invention to provide a more
efficient and/or cost effective means of measuring material "damage_” in board
products and, in general, to overcome or alleviate at least one of the problems

20 of the prior art.

It would be desirable to obtain a measurement methqd and apparatus
adapted for use in relation to finished or nearfinished board products._to
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

informed decisions in order fo minimise product variability, as well as maximise

product strength and quality.
SUMMARY OF THE INVENTION



manuf acture, and whi ch avoids introduci ng permanent danmage to the

paper board bei ng neasured. In this regard, real-tinme feedback is also 30
desirable in that it would all ow machi ne operators to make real -ti me and
_infornmed decisions in order to minimse product variabilif§U4LOEI1 as
maxi m se. product strength and quality. SUMVARY OF THE | NVENTI ON
-------------- 19 July 2004 3 According to a first aspect, the present
i'nvention provides an apparatus for 3providing an indication of shear
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the present invention may be applied in situ, providing qualitative feedback.

15 According to another aspect, the present invention provides a board
product maﬁufacturi,ng apparatus including a means for measuring strength
characteristics of a paperboard product, the measuring means including a
plurality of surfaces adapted to abut a moving web of paperboard, with at ieast
two of the surfaces spaced apart to form a region adapted to receive deflected

20 paperboard; a load means adapted to apply a selected defiection force to the
paperboard product adjacent the region between the two surfaces; a control
means adapted to maintain the deflection of the paperboard within its elastic
deflection region; at least one sensor means for obtaining 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



relating to the force applied to the paperboard product as well as data
relating to 25 the degree of displacenent of the paperboard product; and a
means for calculating a strength characteristic of the pagerboard pr oduct
.using the force data mapped agai nst .t he displ acenent dat 42 J##i2904spect of,
the invention in applying a predeterm ned force, being an anount that
ensures that the board product is not deflected beyond its elastic 30
regi on, has been found to substanti &l |y reduce permanent danmage occurring
to the board product. In regard to this further aspect, the present
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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



Preferably, the property of the board product for which an indication is
obtained is the shear stiffness of the board product. Accordingly, in
anot her aspect, the present invention provides, in an in-line 25 process
. for manufacturing paperboard, a method of determning a sif duyR04
characteristic of the paperboard product, the nethod including the steps
of .: applying a deflection force to a noving web of the paperboard product;
sel ectively adjusting the deflecti ord@orce in order to maintain the

defl ection of the paperboard product with an el astic deflection region;
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15 In essence, the invention stems from realising that by providing the ability
to control MD. shear measurement such that the force applied during testing does
not exceed the elastic deflection region of the paperboard being tested, a non-
destructive testing means and method may be provided, including an ‘on-iine’
testinglmonitor'ing of paperboard production. In one form, the invention is

20 implemented by way of knowing the characteristics {such as deflection
characteristics) that should be exhibited by the particular paperboard being
manufactured ét'any one time, and using an MD shear testing apparatus to
test/monitor the quality of the paperboard by applying force to cause deflection in
accordance with the known characteristics. in other words, the invention can be

o5 geen as a means of confirming that paperboard manufactured (or in the process
of being manufactured) meets a required standard, as exhibited in an MD shear
test, such as a deflection test. |

Particularly with the on-line embodiment of the invention, additional
apparatus can be used to feedback production control information to adjust the

30 production parameters and /for deflection applied by the MD shear testing

apparatus.



test/nonitor the quality of the paperboard by applying force to cause
deflection in accordance with the known characteristics. In other words,
~the invention can be 25 seen as a neans of confirm ng that paperboard

. manufactured (or in the process of being manufactured) ms@t4Y£0Pequired
standard, as exhibited in an MD shear test, such as a deflection test.
Particularly with the on-1line enbodi nent of the invention, additional
apparatus can be used to feedback pr&duction control information to adjust
the 30 production paraneters and /or deflection applied by the M shear
testing appasalss to b8 apiirgciafiiithab préferablyatise MDD shean pastiagiappagatubat
preferably the MD shear testing apparatus is.a three point c n’gression
appar afig, thresnpoiat compression APPAEAtYH| ROWENSE, ﬁﬁs ge f OR'FH&iPe Rg)q ¥&Cused.
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i nvent &7 RY | be described with reference to the acconpanying

dr awi N@ERIEFDESICRIPTIOBNUOE THE IDRAWINGSs a first enbodi nent of a static MD
shear testing apparatus. Figure 2 i
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of Fig I'gure showing the results of nultiple test
cycl es on a Figagertbdirstratesipd direi tembodiment| ofsei statisgiMiR. skegfutesting s a

graph showing the_results of nmultiple test cycl an ! rd
sanpl e Qﬂ?ﬂ'ﬁfgst hd IgVes £i @Wtéﬁtleﬁr?? ‘%@Qﬁcﬁﬁ Y'¥Wu§ﬁr§t 8@'“&’&#@3’2@“&?1 en
accordimﬁ?, gdiment of the invention. Figure 7 shows a graph of
t he expec éﬁn?ggcsg | spl acenent of the ridged _platen of Figure 6. 20

Figloe 8 il |Rigures asgraphiofdie sompressionferssiagaing the sisplacrroentdiom & o a
“particul ar enb%_t‘lli ment ?f t]h'g. i pygnt i on. :
- _ test using the apparatus of Figure 1.

Figure 4 is a graph showing the results of multiple test cycles on a

paperboard sample within the elastic region.
Figure 5 is a graph showing the results of multiple test cycles on a
15 paperboard sample beyond the elastic region.
Figure 6 illustrates a ridged platen according to one embodiment of the
invention.
Figure 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.



Figure 9 illustrates a wheel with a ridge according to another enbodi nent
of the invention. Figure 10 is a graph of conpression nodulus data
calculated fromthe 25 graph of Figure 3, napped agai nst MD Shear data

. obtained via a twisting test using an equival ent paperbo®tulsdfft e to that
used to obtain the Figure 3 results. Figure 11 shows a graph of sinulated
‘MD shear agai nst known MD shear values for various sanples of different
grammage. Figure 12 shows a graph of6a |iner grammage scale factor that is
able to be 30 applied to conpression nodulus data obtained froma three
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particul ar granmage of t paper board |iner being neasured. 19 July 2004
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with a region formed therebetween (fabelled as “spacing”). The distance between
15 the two platforms is important, as if it is too wide, the test will approximate a
bending test and the paperboard will not necessarily exhibit shear. Preferably the
distance between the two surfaces is equivalent to between 3 and 10 flutes, with a
distance equivalent to 5 flutes being most preferable.
This construction of this apparatus is such that it prevents deflection of a
20 board product being tested beyond the elastic region of the product. “The elastic
region”, is the region where force can be applied‘to the board product non-
destructively. In other words, if the board product is deflected beyond its elastic
region, it will sustain a degree of permanent damage and a corresponding
strength reduction.
25 It is also to be appreciated that the surface area of the first and second
surfaces ‘also play a part in the effectiveness of the present test, as they both
serve to constrain the deflection of the paperboard, thus assisting in constraining

the deflection to within the elastic region



20 board product being tested beyond the elastic region of the product.
"The elastic region", is the region where force can be applied to the
board product non- destructively. In other words, if the board roduct is

. defl ected beyond its elastic region, it will sustain a dégyrde? B@ per manent
damage and a corresponding strength reduction. 25 It is also to be
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in the sane testing aE)parat us. This Figure shows a degcrease ||} MD shear as
t he premuﬂe ﬁmppdtff@r@n serugated bogkd grrdesdinciieesamMe teSHRgARPA S ccur r i ng

to the 'Fg? EBg\jvS%sij'é&ﬁ]aEé’ & FA[?Ehé'Qr f%ﬁw\éeprﬁséur%aépﬁlﬂa iPBrdakes,

apprOX| ow a l'oss In , SO that the pressure
appl i EdmIchH [irlidas dhar dstnage b outurring foethethmiand.d Fbepcessumnl@vell%ﬁél in

1106t  above . bHasaiah i apRixarale PRI rowih e i ML he ¢ o
_surface§| bgg{r{g | Bre gp%démgd Wapéda?a o&hd’f‘%‘?&%h@ﬁe@ﬁﬁn?éined%el@v@ mm and

t he spa ces | 38rrm he 38mm spaci ng corresponds
to appr ekis et lity ofdédritatneisirhiee thetisk lofidemagetth th‘hfwaﬂb Gkent of the

i nvention, and tes C-flutes b
to the boardHFi ﬁ%‘é’&l% qﬁ'ﬁ“ﬁ;{ﬁ%ﬁg&?[ﬁ?& g%twe@eg; ﬁHgd%lhﬂaéﬁt&fﬁé;ﬁ%ggr gpgle;/gﬁd
its el a?)%'t\ﬁeéﬁ%é’ﬂﬂo%grﬁ@eé' I &iis @hibddiraest wetplangendiorensiorguiare 20shows a

graph o conpression force applied by a_three I nt
appdiat us1@gaimendtthe spacing behmegﬁ the twoysurfaces is :%) Cﬁ{g’ 3§SS' on

spacing corresponds to 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 ahd
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



di spl acenent resulting fromthe applied pressure. To obtain these results,
the reported units were in nmV, with the crush tester speed being :
12.5mMm m n and the nV output proportional to the force (aé)proxi mately 1

. mV/N). The board 25 grade used with the experinent were CI¥ Py 8004
210-210-140, and it was constant throughout to. mnimse the effect of
extra variables and at SO conditidns. The jig construction used in this
test was a gap spacing of 5 flutes (approximately 38mmfor C {ut e) and

pl ungeprotiustrfailens Imthig testuthe waparpound Hiribe iSlastieTpIRAs SoUnE 19 ute) , and
-20mm length. 30 These test results in Figure 3 clearly show an "el astic
regi onbelﬁ‘PR/EREV%ateﬁ’hﬁ“ther board could be elastically displaced w thout any

per manent dw‘aimastrafeombhféelaqarcgaeréﬁbaheemsnﬁembat apparatshonly in e poi nt - at
whi ch the board 19 July 2004 8 product failed. |n thif test, the upper
bound elagtice regiant iFigureg# oproxidest st epults 1 mliPditqa &Vg'ein?ﬁ‘ %o

illustrate the n 0 rat.e r i iaipmt t he
el adt | PAPEFYI g‘gateewﬁﬂﬁrtg%i %légﬁ? g%@ a';‘l'egfh%’?it@?m%‘ﬁ'ﬁgfﬁa?gﬁﬁéycI es on a
5 paperRsgnd appradisblivipehinanthidahage icocagiiogto theapanarbsard sample,it is

apparent that no appr.eci abl e,rs)%{‘rranent damage is occurring to the
paper basrepnsisignkresults akg RBlalR@tht results are obtained. Figure 5, on the

other hand, ol 9eSn s LA pRbvided ldck res IBSH auRipkStestoyelopaper boar d

sanpl e- beyo astic region. This figure indicates that 10 sone
per manesH aoepErboand shmpiebpyands thenalastic segioni dbisotiawre BdisatenBad| asti ¢

region i s exceeded,, as there,i s increasi ct i ' %@@I e, rather
t hgw t9ne @F&P?@@P&g}‘ﬁﬂ%ﬁnﬁh?@mﬂeB?C?‘E?%ﬁgg&k : aldr??g o,'[n Egtrugk?gr & Conf i rms
~t.hat ifIrte mﬁis%fde%ﬁbﬂp_ﬁls Fr%géiiéﬁﬁc%'aéiﬁg\dbﬂéd:ﬁbrt incthelsastple, ratigerthana

uc

“non- des Ive test W e perforned. 15 Shown in Eénqure 6.fin® a flat
pl at en tivet telativetptunifermgresulief. Fiowre 4| Beig thegefors, GoREFS ABRGIT1BR: of the

oi zod tapianan AR il BHCARsHE URH, 3 donalHRuRie et b o ©
~using tﬁgﬁo,ﬁﬁéﬁ_en, the paperboard is not displaced beyond the elastic
r egié) noin otsgg\rmv}ﬁ rFoilg:?ﬂsreI 6'is 4 fiat | ;tnlla(t)gn iR aagFc;’npuréiiﬁ)g}c 48, AL bR
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



20 ridge applying force/pressure to a board product serves to deflect the
sanple a known anount, wherein the known anpbunt does not exceed the

el astic region. A graph showi ng the expected force displacenent using the
.ridged platen of Figure 6 is illustrated in Figure 7. A partlyelPar ,
advantage of this enbodinment of the invention is that by 25 virtue of the
di mensi ons of the apparatus being cagrefully configured, the apparatus is

i'n effect self-limting, so that the applied force generally avoids the

f or ce/ abeard fioebsucentrdilede| therebyt ansutiog i that oty ercanegt damage isoard. A

-first enhodj rreat glfé ﬁn c()Q-I I ne appar atus adapted to displace a board
pr oduct 'NRAYcgd 4p e RBAM% y ceeding the el astic region is disclosed in Figure

8. 30 In thias fawadidiRive of ReChsSambIfr MNFRWRE 8 s theeabiliys o¥f theonst ant

proportion and is attached to a load cell. It has been found that the
abi | i t ymsichanisnh sadutagastigaliesmpansatsfof dilereaces it bpardathichngspt int feat ure

def 1 Bot M 6 et dlpesial SylBER) o bRRE5E shpas e pbrERABIREL M (hr cby
ensur i ngtidratonde, ifeheathikhesaishitiee icorrugatetdasbarddntreatbe drateoteasesf urt her
feature of the assenblg in Figure 8 js the abil i{lﬁlp f nismto

t he . h
aut omat then e losApeaiidabectkasseanly & ahleds MAVe iy e %twnﬁ@,”rﬁgm & that the
system gﬁﬁﬁ%vadsgémgcs ok gm kﬁpqg.sta %o@rigﬁﬁmidéerenrm‘e%%ﬁa atdd) ot her
| IC the corrugate

wor ds, the’t ness o board 1 ncreases or decreases

t hen t hpabedrbace Isuifabeclith smemiechanisaladdupling todhe undemestatshycturei s may be
achi eved usi a ski or skid type fo rint, that rides qn,the corrugated
papépboglhﬂ ﬁ&@lé@@gswqq1wﬁgeh8%ﬁ%e@%qug&ptpp SE°% Sﬁﬂﬁgﬁﬁﬁﬁqr}g

~struct Ul bbArd NSudlt heBPassEmBY WHER be Rirficiiady sORed gbr L6 iRape of the
-skid deflecting the board. Such a wheel assenbl K woul d be Fﬁartl_cul arly
suit ed fcontingeus weh proeess suchuss wea peauasiing machine. ofs ancatarnagtive ng

s o B e HREbH Hheels bl belibes 2 e he Gi ameter of the measuring
15 wheel is mngs td e spprbtiatat that & i préfbicbletie danssdet bbther measudngppl i ed to
the board to be |localised, so that permanent danage is nore |likely to
occdP t wheeb 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



board. Therefore, a reasonably wi de nechanismis desirable. Wth the
C-flute paperboard as described above, a wdth of 25 mm has been found to
be workable. 20 While the enbodi nrent of Figure 8 does incorporate control
_apparatus, it has the additional adyantage of being adapt@Bils2084terns of,
the amount of force to be applied. Therefore, its nmeasurenent is

| ndependent of the thickness of théopaperboard, so that it may be used for
paperboard of varying qualities by neasuring the degree of pressure

appl i edte invemtionad Foelexanie, | theawheet ay betlocatedi heneathdieneeardof t he

ith a PREgeleAc MR e 1oad st gnan ey serignet o 1 PR Snce
wheel OhL ELOBNL <& p}@ﬁ IBRON piaifofth Gissentbly thet ishatiptedyo mue. fhe

ri dge/ groove I'n on f of the surface " around the circunference of the
wheel . Aegese ot displacatheat mayecthen henmeagorashiasaveltbas the degree oifefa on, is

t hat _t he rrgaéurement may be effected via a difference neasurenent w thout
the Ree@PPB$%a force zero reference. It is to be appreciated that kinematic

i nversions Ofrhgéé%rd@ﬂihﬁ!a&emnpatﬁ@émemmé gayathiennbe arsedatiosobtainssi bl e
wi t hout departing fromt '

fromthe spirit of 19 JUI%@ZOOQ} 10 the tie{stion. For
exanpl e datehaeanks indiggtivee of At heaedBaiis FB3aTHo Yd MARAING WESEE and/ or
the | oad_a I n e 2 S hat it is
Lhe bl acPBias Secyie PRafEedraiBiackhar®sBUR B HBWiE P FEUK 3 id 12 et
may t hemhdie caRagatiredtheagratigrt afsthieheurdeginetheotlastic cegiod, appiprestiomhese

| niifat IeSaRS NPt AAPE GHADAYS TREYRPBbrsp oRaaerl Aaner bl og  °

S Versus t [ f el i ' dataaadd t hen
.. With ﬂﬁggﬁg?g d;gﬁfﬁgfaﬁ@%emé@rhwcéﬁ@mmn Ficglues_da

‘cal cul'at'i ng curve in the elastic region, conpression 10

modul us MBtshezaris lirdicatediinddgureh@  Eigrecklison afaph ohdke gompression
o el SR B8 Sre B AR PO Eg R ISR
| g;l gnfagggeﬁﬁgft'?gpmtgdaﬁ qRiaRmasherboaid sampls, THigaraph ofFigivead0dat a
15 verifies that there is a good correlation between the test results of the three
point measurement apparatus and MD shear. itis to be appreciated that this
data was obtained using C-flute board, and the apparatus configuration as
indicated above.
One discrepancy encountered through use of the on-line measurement
20 apparatu_s of the present invention, was in regard to different relationships
between MD shear and three-point compression being obtained with differing
board grades. ,
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.



twsting test with an equi val ent paperboard sanple. This graph of Figure 10
15 verifies that there is a good correl ati on between the test results of
‘the three point neasurenent apparatus and MD shear. It is to be
_appreciated that this data was obtained using Cflute bok?dulygRe¢t he
apparatus configuration as indi catrgﬂ above. One di screpancy encountered

t hrough use of the on-line neasure t 20 apparatus of the present

i nvention, inregard to different rel ati onshi ps between MD shear and

t hr ee- poi nt Vessit wigsiferng thatithe fesults werediatirsariast, avhthetdheiges. To
-overco } i ; I 3 f t rgl t he
gramraggv atgpt'\ ?h%ﬁgg{r@ﬁl;gggﬂg@gg%%ﬁmﬁr%%fﬁ?@ﬁ?gggra | Iﬁ?/tgggbgrvgésﬁbg&ngr ade 25
det ai | sthatriiegewasng taue depernderivysof thiet MOs skeedri measurktlentaon gpaedonshi p
bet ween | i nex ammage .and t he sl ope .each _grade "line of best fit" was
obt a1 nedccosingts BTRHRuAERe wORuSuRNRn THETEGHRESN is shawndndfouras be uoed
to obtaif@ d¥fd 1shear results according to the board grade used. A further

problemthat arose as a result of undertaking on-line 30 neasurenents was
t hat the resdhesefagmdnserdaretd sohdaino iyed opastieerognto datde they edatai isy of t he

b, in Fi 13,.Lnjtially. this.prqbl i to b
due t o CRECHRL. BeEhRIS baanis! daarics o BB e wePs 1B dBHOT 864l ¢ ng i n
a reductbfsciidh @dlf defertd GHeH tHeeywbed dBthéWab BQ% médsuregever, it was found

that the results were not incorrect, and that there was not reductions in
MD shear wit Nariatipessand) agdiiens |atst passibler within flbangenenahtinvertive was a

{rUqodeRERISA Bl IS dReRD RPOTEHIEATR e 8. Speed. according Lo a

| ogaritAm c 'relati onship I's rerations I's" shown in Figures 5 14 and

. 15. Ther ef or Eor rexamigle, tioisoltd dben dppreciareas thiatnieris nistt assditial dat the S
‘corrected a .corﬂi n tg}thi s | o_gari thmc rel ationshj i) Where the_factor of
correct iNYF Eglﬁ] 'GB APRIYIRY Jpeas &% apRiedvpprallel mithhBies masiinevar i at i ons

and addylbefish FKhRoSSAA! i n lto | SRR LapPIRRPt as Wil |
be appar ernt Ito t hose %?(i I Fredédultcn thﬁeh%ir‘?ﬁeﬁ]nél to théeforéé)aﬁﬁf‘
- 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.



For exanple, it is to be appreciated that it is not essential to the
invention that the force applying neans is applied parallel wth the
machi ne direction of the board product. It is possible to offset the
.force-applying neans to a reasonabl e degree without adver8dby 28Pfecting
the MD shear 15 neasurenents to an¥ great extent. In addition, the force
may be applied on or off the flute %ps of a corrugated board product

wi t hout any significant variation in nmeasurenent occurring. 19 July 2004
12 THE CLAI M5 DEFI NI NG THE | NVENTI ON AREAS FOLLOAS: 1. An apparatus for

o g;ir di AGEACLAIMSTOEFRMING TARSRVENTIONARE A6 mgggvgszegrgg;gg e
board sanple, with at |least two of the surfaces spaced apart to forma
measur epfrent regi on; fqQrce-appl yi ng.neans for, | yi a force to fhe
board shnpl eAnaaPﬁéﬁﬁfs S‘P{epF@E@Ggeﬂgﬁ? iFalRn, of %rn%ﬁ&?%i?ea B82khat the
force appl i?H)M,sthgcgppgpjthgﬁ{cmd]ﬁ?:board sanpl e beyond a predeterm ned
elastic region. 2. The apparatus of claim 1l wherein the nmeans for applying

a force is a rechaphuslity of aneasurememhesuwiiacasaadaptetl &0 abutiavnhear n t he

curf acks. ar coaiRlba i 3 sl B, SL0HE, afBeST xoanCbhy ¥ BERLAR s an

10 flutes of fihursrpent@aiced board. 4. A nethod of testing board products
as an aid in processing paperboard roducts, including the steps of:
appl yi ng a measur adfoied-ppelyingnmegns dof @pplying & fuee dopthedbeard saaplg or ce

bei ng neasur gg. oar radu i e id Qi
el astic defl g@'@?’%# E@%i%ggsﬁgﬁ?ﬂ?i%aﬂ}rﬁetﬂgi sﬁdgge&ng%@ %‘% qﬂ ﬁtgﬁt@‘gp@? oard
- product resuhppiied dbeonot deflepthe Bdafdsample beyond a predetermined elastic

region.

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

rectangular platen.

3. 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.

4, 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.

5. The method of claim 4 wherein the property is shear stiffness.



usi ng the neasured displacenent to obtain an indication of a property of
the board product. 5. The nethod of claim4 wherein the property is shear
stiffness. 19 July 2004 13 6. A paperboard manufacturing apparatus
.including a neans for measuring strength characteristics!®fUd288perboard ,
product, the measuring neans including: a plurality of surfaces adapted to
abut a noving web of paperboard, wth at |least two of the surfaces spaced
apart to forma region adapted to ré@8eive deflected paperboard; a |oad
means adapted to apply a selected deflection force to the paperboard

- productg.adj akaniperbeaniegiannfdnttnirge appamtusvinduding ce Bieansciontmeasyiifgs
adapted to maintajn the def]ection of the  paperhoard within it stic
def | ecti on r&fEHh %ha"ﬁE%'ﬁJ“%é’%&H@B?rmqlé)rggvaogﬁ%irﬁpﬂaum&?&%nt dat a
relating tqn[;@gi@r ce applied to the paperboard product as well as data
relating to e degree of displacenent of the paperboard. product; and a
nmeans for cal cul agiphgalitysafrsauntgchs cdaptest tor abutiamevinchwep i drapsaberrdpr oduct

using the force ta ped,agai pst the displ ac 7 par at us
of claim.6 Wﬁ'@@gﬁ?ﬁﬁt&%l ggt&e ep SPaGEd (#:a?tat%::]%’ﬂi't%%&gpragf %F gérzce
rotatabl e wheeliu aéﬂ&téd)?gpg,%lobr@dapt ed to selectively adjust the

defl ection force applied to the paperboard product in order to maintain

the deflection of atlbad pagens edaptest tlgeplynatsalected daflestion doreaafo dbei on

region; a rotatable ee i_t,h | I Lon of the
ci rcunfer enc%a’i’)?r%\?ﬂ@é\gfo@f@nﬁdjtaﬁgp{{r%gr%pl S‘Sefétf"s%%'s‘ ﬁﬁ%g‘hqgc'ﬁ%%%b mai ntain the
deflection of thegpapafrBPameanst hidaptdds tel asaintain etheondefectionr aifr dhe abl e
ri dged platen, such that the ridge s shaped to maintain the deflection of

_the paper boapapeiboarhwithin &s elestie dedgFian regionthe apparatus of claim6 or 7
further includi ”ga?:e'é%f"gﬁeféér sof flddHe ﬁb%gtmagﬁﬁegé\ﬁr@n%éiﬂafaté halagiag! Y
dependi ng upon the speed of tnhe novi ng web. )
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 for calculating a strength characteristic of the paperboard

product using the force data mapped against the displacement data.

7. The apparatus of claim.6 wherein the load means is one of: .

a constant circumference rotatable wheel with a load cell adapted to
seléctivély 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.



19 July 2004 14 9. The apparatus according to any one of clains 6 to 8
further including a neans for scaling the mapped data dependi ng upon the
granmage of the paperboard product. 10. In an in-line process for

. manuf act uri ng paperboard, a method of deternining a strengtHy 2004
characteristic of the paperboard product, the nethod including the steps
of : applying a deflection force to a noving web of the paperboard product;
sel ectively adjusting the deflectionl4orce in order to maintain the -
deflection of the paperboard product with an el astic deflection region,
and nedsuri fihe bpparmils adcdrding: taaaycane of laiaisng tai & furdkeninetuditg ahe

paper board pr.oduct . 1 A net hqd ,as c) ained in_claj t her,incl udi ng
t he stéﬁe@)‘?.grfﬁbpqcﬁljng %e H}?&Pﬁaddﬁfﬂ g@pﬁgﬁﬁ'gablgpﬂstﬂa agégm"i%qeag)gn@ﬁt dat a.

12. Thei11 bestdPro@i@ m 10 or 11, further including the step of applying a
| ogaritthm c correction to nmapped data, the value of the logarithmc

correction dependent upon the speed of the noving paperboard product

during asurenent .. 13. The ho f Lm 1 ral r

i ncl udi tﬁ@ &nednﬂmes@é???ﬁnﬁtﬂg HW&%%J%’E@ agggééﬁ%ir%’gzaupﬁ{r%wtiﬁ %fr amage |
of the RABARIRRY & REIBAYEL charhctdhistiet bpdhef papurbbard nuogegtetheamdtivd ng
manuf actured by a paperboard mnanufacturing apparatus, the nethod including

t he st dpclodingttbetsters efie shear strength of nanufactured paperboard by

appl i cation of ' ' .boar d
wherein the %@ﬁgglr\%fgegﬁﬁﬁéér%%g{)%gg%@pﬁ?%?hgﬁﬁﬁ(%%@%ﬁf% te E{é paper board
within an elsagédtivellehdjasting the ddfiectionli®rckiryokid®4o raintdin the weflbctibn

accordi ng{ to claim14, wherein the gaperboard roduct, is corrugated

~ paper boriiie papgrigesd peeduct vty alasse dgflectipn : B din aregion of 3
to 10 flutes,bag) ]EtH& éﬁﬁj‘i;é% FBYe Cartf AR PR dir | ismBEerBAtL BT BiRdl as

clainmed in any one
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 upon 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.



14 or 15. 17. A device for nonitoring paperboard being manufactured by a
paperboard manufacturing apparatus, the device including: means for
appl ying an MD shear testing nmethod directly to the paperboard being
. manuf actured and; neans for maintaining the application of®tH¥2Ref shear
test within an elastic deflection region. 18. A device as clained in claim
17, wherein the neans for applying ag MD- shear test is a three point
conpressi on apparatus. 19. A device © clained in any one of clainms 17 or

I ng_nmeans rovi din dication that the shear

18, further inclu or an i VD

< wi £ iR o Ao credhad “adroreings 1T b cPeR B oRaPSGOR rRIRYE! dEc or di ng
to eith | 1o HDRIsR A deHdubteRo e hippd with
referenggrrgggt?ﬂ]ﬁggcon%ghéﬁg di agranms. 21. ?An ap%%?%’?géﬂf)ﬁ] %g@gg%
accor di Bdotl® ftgs omlength.cl ains, 1, 6, 16 or 17 substantially as herein

" before described with reference to the acconpanying diagrans.

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.



