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.Title Bonding two corrugated nediuns at flute tips ensuring accurate
al i gnnent . Field of the Invention This -invention relates to

i nproved net hods and apparatus 5 for form ng paper board structures in
whi ch two cowowwgeses medi uns are bonded together at tecFAUSHE6E tips. .
A . Structure of this kind is disclosed in Australian patent 567833
whi ch is incorporated herein by reference. . Background to the

i nvention 10 One apparatus for fornming suthtcorrugated board is

di sclosed in Australian patent 609089 [incorporated herein by - .
reference]. Variations on this apparatus and nethod are disclosed in

Austral i an pat ent #4%38053 618977, 653431 and - 655076. Al .of these
i nventions fol |l cpundivey tiee coraigatéd mediums ati flpte ik ps vensuriiguaccurdbel abiignment.
theminto tip to tip. registration, -bonding themtogether ,...and then

applying a- li,ner. to one or. both nedi umns. An alternative nethod
i s diascl osed in UZAe}& ef theclmvention i, yhich the two corrugated
medi uns are bondedhis tiheed®ion | relatesi tosimprovded aretthodegand | apparatmst 0

tip registratgon gor £o2RingPLc HAGHNEEructures in which two corrugated
: mediums are bonded together at their flute tipas. A
structure of this kind is disclosed in australian patent
567833 which is incorporated herein by reference.

Background to the invemtion

10 One apparatus for forming such corrugated board is )
disclosed in Australian patent 609089 [incorporated herein
by referencel. Variations on this apparatus and method are
disclosed in Australian patents 615053,618977, 653431 and
655076. All of these inventions follow the steps of

15 corrugating the tweo mediums, bringing them into tip to tip
registration, bonding them together, and then applyving a
liner to one or both mediumsg.

An alternative method is disclosed in USA patent 3700518
in which the two corrugated mediums are bonded to the

20 liners first and then brought into tip to tip registration
and bonded together.

One of the difficulties of forming paperboard structures
wherein two corrugated mediums are adeguately bonded
together at their flute tips, is accurately aligning the
25 peaks of the flutes along the entire length of the mediums.
It will be appreciated that this is even more difficult to
. achieve at the web speeds of commercially used corrugating
machines.

Augtralian patent 655076 provides a mechanical way of
30 controlling alignment by using one driving motor for both
rolls and sets of end gears at each end of the rolls. In
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each production rukeginm-nc OEIM prafilueeien gumbf operations in

conventional paper 5 corrugati ng machi nes has been proposed in USA

pat ent 41742 t d' st th ed_of e,

needs of the doubl gz'ﬁggﬁg? n‘fcfn %& Eﬁ ’f)%tir%e é%%%éﬁuuﬁm&t Btaglg)ﬁl fy

the speed of aahesmruppt:_me\twlmsmemmmoposed i Y58 padientt o whi ch

the adhesive is 104394289 t60adjust the speed of single facer units to the
needs of the double backer unit and in USA patent 4806183

to modify the speed of adhesive applicators to match those
of the webs to which the adhesive is to be applied.

10 Augtralian patent 664018 attempted to scolve the problem of
flute tip to flute tip alignment in non conventional paper
board by providing flute count resolvers to enable the
speed of drive motors for each corrugating roll to be
electronically controlled. The flute count resolvers count

15 the number of flutes per unit time for each roll and by
comparing the result the difference can be used to correct
the speed of one of the two independent motors. This
solution has not been used because it is difficult to
precisely control the speeds of independent motors. Also

20 the timing of the speed of the flute tips is a method with
a relatively low degree of accuracy. As with other analogue
devices this timing arrangement is incapable of providing
the precision reguired to achieve precige tip to tip
alignment at the speeds of commercially operated

25 corrugating machines.

Brief Degcription of the Invention
It is an object of this invention to provide an alternative
and more cost effective means of maintaining alignment of
the flutes at commercial production gpeeds in producing

30 paper board structures in accordance with the method of
Australian patent 567833 or USA patent 3700518.

‘To this end the present invention provides an improvement
in a corrugated board making apparatus of the kind which



10 Australian patent 664018 attenpted to sol ve the probl em of flute

tipto flute tip alignment in non conventional paper board by
providing flute count resolvers to enable the speed of drive notors
for each corrugating roll to be electronically controlled. The flute
count resol vWoS7TOBENt 15 the nunmber of flutes per unit tAGHAUPEPO3GLCh rol |
and by conparing the result the difference can be used to correct

t he speed of one of the two i ndependent notorg Thi s sol uti on has not
been used because it is difficult to cisely control the speeds of

i ndependent ot Or%roﬁu%sZQoarahﬂaﬂx{E Wkokbegmchéﬁiuhbebéhaé& tips is
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present invention provides a
meki ng appar atus oflu%fe %Pn&%/ﬁi'-‘é?ﬁ tip alignvepgwg(mﬁgi corruqated
PCT/ AU96/ 0036ab mediums.

To enable the speed of the motors to be adjusted to achieve
quick rematching of angular positions the electric drive
motors of the register xrolls operate dependently. This
means the adjustment of the speed of the follower motor
15 can be achieved more precisely. Either DC or AC vector
motors can be used as the electric drive motors. In order
to minimise the effects of torsional loads which can cause
. misalignment of the flutes, the electric motors are rigidly
coupled to the register rolls and preferably each share a
20 common drive shaft or trunnion with its associated
. register roll. The motor rotors and roll diameters of the
register rolls are similarly sized to provide a rigid
coupling. In order to minimige torsional deflection and the
associated lateral forces in the tip to tip bonding area,
25 low RPM, high torgue motors are preferred. To avoid
interference of stator components in the drive motors they
are preferably mounted on opposite sides of the two
register rolls. These features of the drive system are
important in ensuring that the tolerance range for
30 alignmeht of the flute tips is narrow.

It is important to note that merely controlling the speed
of the register rolls does not guarantee the aligmnment of
flute tips'. It is possible for disturbances to occur which
cause flute misa.lignmenﬁ despite the speeds of the two

35 rolls being matched.



- 3- produces board having two corrugated nmedi uns bonded t oget her

at their flute tips which includes two corrugated register rolls
‘driven by separate notors, the inprovenent conpri sing means to neasure
values related to the location 5 of-a position on the periphery of the
regi ster rol wosnsrén control nmeans which conpares tPET/AT96@I36I Or
each register roll and if necessary adjusts the voltage or current of
one notor to adjust the speed of one register roll to nmaintain

flute tip to flute tip alignnent of said corr’uﬁa‘t’ed 10 medi uns.

To enabl e the speedmf walfeBPlRich ! FotitePYolal E6cd it Hee e osi;'igg‘%lﬁhe

remat ching of angul ar .,pgositions. ihe ectric_drive not or s
register rolls operRR%R n8 nﬁ'?.r 8, can be yeasured, in, many; Xt he
speed of the foll owaysoisr igSprefexrdit tax measusie the gunoulascbypsitishet DC

or AC vector _ _é’&_ElP&%gﬁﬁEePeerfdaﬁ thiaf §LE&LLIF %&h%&éé-ﬂﬁes
order to nimse_the effects of tqrsiopnal |ogads i ch can cause
n sal i gnment OTJT][ heP% VRiRes rRlating tq & ge relatignship of the Angulsr

to the register rolpesidionpmeasvuementsnch share a 20 common drive shaft
or trunnion wth its associated register roll. The nmotor rotors and
simlarly siz 0 provide a

rol | dianmeters of the . register rolls ar eg
rigid coupl i n%’f’q'ﬁ'g}ﬁeﬁﬁfom?ﬁ‘ﬂ’r‘fﬂ"?@tt 8?5?%63“%%??_? Fli%’thfc frire
associ ated | ateral ¢Hrdesregisherirglin i peoompl inhedt dy, r@Bolvexey Figdly
hi gh torque notors edpleactsr ERE- shadfr\GE Uhe elect i notb?BSCIRf orddd o
conponent s |n]:tohe dri.v.e m);:gr Sdt he ~,are preferably npunted on
opposite sidesof tHPIEYS the e?@%? s?fePJT"SPF'Eg.t'I’F%?E’ thecuupbex |9f g ve
systemare [ rmﬂrﬂeanpernrengm&-i@ needst he bhe|greates thaged 000 3®a
al i gnment of the flpiteEeraply &£NBed#8V.80000. In matching the angular
positions the tolerance must be no more than one pulse per
revolution. This means that the greatest misalignment will
15 be one in 80,000, which for a conventional corrugated roll
would be a misalignment of no more than 14 microns. By
coupling the drive motors rigidly to the register rolls
torsional loads will not amplify the tolerance range to any
significant degree. The significance of the misalignment
20 depends on the diameter of the roll and the pitch of the
flutes in the corrugating medium.

A microprocessor is provided to undertake a comparison of
the digital pulses in order to determine exactly the phase
relationship or the relative positions of ti:e two register
25 rolls. By using one drive motor as a reference motor and
adjusting the current or voltage of the second motor in
response to varlations in the phase relationship or the
relative positions of the two register rolls to a higher
degree of accuracy at high machine speed than is possible
30 with previoqsly proposed machines.

Detalled Description of the Invention

A preferred.embodiment of the invention is illugtrated in
the drawings in which : o
Figure 1 shows a schematic view of a single facer unit of



It is inportant to note that nerely controlling the speed of the

‘register rolls does not guarantee the alignnent of flute tips. It is
"possi bl e for disturbances to occur which cause flute m salignnment
despite the speeds of the two 35 rolls being mat ched. WO

97/ 00769 WO 97/00769 PCT/ AU96/ 003 ®CT/AU96/00361 The
val ues which relate to a location of a position on the peri phery of
the rolls can.be nmeasured in many different ways. It is preferred to
nmeasure the angul ar position of each Te¥ister roll and then directly -
conpare these val od" a e i onship of the
angul ar position meas#}fta:‘;rrbgé%J ‘i_ln Ehﬂgréfﬁxb%éﬁ%i 66E(éagnieasurement of

the angul ar posi t iFdguse 2his 2 schegatigevieyiaf an rﬂﬂw AR shed by
resol,vers rigidly providesoppécibd xipheosbipt Slute tahelgdnem:l;l c not ors In

order to 10 achiggyg g ggq%ﬂmﬁ&bg@ tof € 00 a‘%‘m preferably

pul ses per revol ution negds to greater an 40
at | east 80008. | Femerak a "'°S°Jp‘fg’r"t|ons t he tol erance nust
be no nore than one pul se per revol ution. This nmeans that the

greatest m sali gnrpg_%ry h ai‘gustﬂﬁ:éy"‘i Isgngge(l@% e} ©2 tRe CRIBENT | ONal

corrugated roll al | gnment no nore than 4 m cro.n%
By coupl i ng W@raPPGeiM%"r%‘“r 89988y - : The H"e‘”F’Eﬁ’é‘t‘é‘F w1 ’
maintained on mill roll stands [not shown] and opt:ionnlly

passed over a ﬁreheater [not shown] is fed onto rolls 3 and

10 5 of the two pairs of corrugating rolls 3 & 4 and 5 & 6.
The mediums 1 and 2 are corrugated and then adhesive is
applied to medium 1 at adhesive station 7. The corrugated
mediums 1 and 2 are then joined together £lute tip to flute
tip between the non meshing corrugated rolls 4 and 6. The

15 combined@ mediums are fed onto a carrier roll 12 and glue is
applied to the exposed f£lute tips at the adhesive station
and a liner 9 is subsequently bonded to the combined
mediums with the aid of the heater 11l. After passing the
heater 11 the carriexr roll 12 transports the combined

20 mediums and liner to an inclined transport conveyor 14 for
discharge to the corrugator bridge.

In accordance with known variations of this apparatus t:he

carrier roll 12 can be replaced with a toothed conveyox

belt. Also the method of USA patent 3700518 can be used eg
25 in the modified form disclosed in Australian patent 664018.

Figure 2 illustrates an embodiment of the present invention
where the corrugating rolls 4 and 6 which are the register
rolls between which the corrugated mediums are bonded f£lute
] tip to £lute tip, are driven by separate motors 15 and 16.
30 [In patent 664018 the register rolls for the method of USA
patent 3700518 avre rolls 19 and 20.] These motors are
typically DC or AC vector electric motorg rigidly coupled
to the corrugated rolls 4 and 6. Preferably the motor rotor
is an extension of the roll body of its associated register



torsional loads will not anplify the tol erance range to any
_significant degree. The significance of the msalignment 20 depends on

the dianmeter of the roll and the pitch of the flutes in the
corrugating nedi um A m croprocessor is provided to undertake a
conpari son ofwo97/00769t he di gital pulses in order to deter nmilI/AUSHBEPY t he
phase relationship or the relative positions of the two register 25
rolls. By using one drive notor as a referen_ce6 not or and adj usting
the current or voltage of the second notor in response to variations

in the phase rel at pgfigi P sidtdr E£rames Ghay} HEC £RREA! £ NEhe machdnk\Brame

register rolls to a_highe eqr ac t_hi i

than is possible 36 l’gﬁ?éi“:per @\%dggsﬁﬁ'ggr%%oeg%%gﬁﬁc | ness'!;’.gﬁ'ql.| mgo@?ﬁ?ﬁ%
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Figure 2 is a schedft initiaddinsesn byr pnneeexatorapdhis not ahteredeSuping se
tiptotip flute abpgsdtién of the apparatus. Motor 16 driving the second

roll 16 is the follower motor.

Flute synchronisation of the corrugated rolls 4 and 6 is

10 achieved through the use of a microprocessor 17 which is
fed values related to the location of a position on the
periphery of the two rolls 4 and 6. Microprocessor 17 _
compares these values and determines whether the two motors
15 and 16 are achieving flute synchronisation of the rolls

15 4 and 6. If they are not synchronised the microprocessor 17
determines whether the follower motor 16 is lagging or
leading and then adjusts the voltage or armature current of
the follower motor 16 in oxrder to achieve precise alignment
of the two related positions on rolls 4 and 6.

.20 The values fed to the microprocessor 17 related to the
location of a position on the periphery of the register
rolls 4 and 6 can be determined in a number of conventiomal
ways. The preferred method uses an resolver 20 to generate
pulses. Figure 3 illustrates one arrangement in which the

25 resolvers 20 are placed on the motor shafts of both the
reference motor 15 and the follower motor 16 to generate a
pulse count for each roll. The pulgse count isg initiated by
a reference pulse from roll 6 which continues for each
revolution of roll 6. This information is then sent to the

30 microprocessor 17 which determines whether the two rolls 4
and 6 are in phase within the predetermined tolerance of
one pulse. Preferably the microprocessor monitors the pulse
sequences per revolution which achieves a tolerance of 1 in
80000 when 80000 digital pulses are generated per

35 revolution of the rolls 4 and 6. :



Figure 3 is a schematic view of an arrangenent for 5 generating pul ses
using a resol ver. Figure 1 illustrates a single facer unit of the

" ki nd described in patent 609089. The corrugating nmedium1l and 2,

mai ntai ned on mll roll stands [not shown] and optionally passed over
a preheater wootmesewn] is fed onto rolls 3 and 10 5 of rclravea3d@ai rs of

. corrugating rolls 3 & 4 and 5 & 6. The nmediuns 1 and 2 are corrugated
and then adhesive is applied to nmedium 1 at adhesive station 7. The
corrugat ed nmediunms 1 and 2 are then j8ihed together flute tip to
flute tip between the non neshing corrugated rolls 4 and 6. The 15
conbi ned nediuns are fed onto a carrier roll 12 and glue is pl.ied

ta the exposed fl| fdserngsively prhem Adgital: gengprs such &ﬁd"at?-?‘?‘?e ?51"?3
subsgquent |y bondmhyt (bet hsedoﬁaid&ntmine thedangelax posibtoni of oftlenerolls

heater 11. After thezh 24 sidnt =rY Eoﬂ, ts
t he conbi ned 20 g um; an ?ner ansllnclllnﬁt eB_;ort %onveé%qq%

for . di schar g'é-ﬂ“&lf’hé‘%%??%g‘%ﬂ dﬁ‘]'&tl ygeangular pos 1988 oPH FR
known vari ati 8ns Gilenentsappdrihiats seiming thesarsignalsoihcldding tise use

replaced with a tgﬁtrgqgrgogiggygg and 1&#@5 ?éﬁs@idﬁl%s%g?g?ioﬁei %Wnt

3700518 can be us E orm
pat ent 664018. can bersybpt "2‘“??4 FOor thesreamolyeh AvRteR GPseh

i nvention where the corrugating rolls 4 and 6 which are the regi ster

rol|'s between whi Glhed B198" BUGRA d@%t?i&r@ﬂ@%%ﬁ in whids dde

v flute tip, are drlsﬁﬁr; %seggrate m)tti)§§ and 16 6&5 gatent 664018

. the register roll e RRERLY 3k Eemt SB%\?%ti”sFG 8%are rolls 19

- and 20.] Thedd notxselmtions per iniriutal bptDexrer syrizhzmtigedctocthe caams or s

| rigidly COUD! ed periﬂﬂérh'ies JUWM%hswéufé‘%@tophﬁéea ¥gd he notor

rotor 'S an eX90110ehn (S fread2 ¥nd! phise A3E2CH3! Ehe " fUSLET
roll rotating at a lower revolution rate. The
multiplication would be the ratio of the smaller to the

15 larger diameter and this would enable comparigon of the
angular positions with the same degree of accuracy as when
rolls of egqual diameter are uged.

When machine speeds of greater than 150 metres per minute
are used it can be seen that the control means of this

20 invention can achieve a higher degree of alignment of the
flute tips of the combined corrugated mediums than is
practically feasible by other methods. Because the
precision flute tip to flute tip bonding has a direct
effect on the strength characteristics of corrugated board

25 this invention allows high quality board to be produced at
high machine speeds with the consegquence of lower unit cost

- of production for a given board strength.
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-6- roll. The notor fr to t he machi ne frane

on opposite sides [not as sho ﬁ@#ﬂ!ﬂ condensat e

connections for heating each of* e o and 6 are made to the
respective nowodvoeres si des of rolls 4 and 6. The not OPCIYAUSN0D361I Ng T Ol
6 is the reference notor. Its speed S |n|t|aIIy set by an operator
and is not altered during operation of the apparatus. Mtor 16
driving the second roll 16 is the fol | 53wRr~notor. Fl ute
synchroni sation of dfiyagQrrugated rolls 4 and 6 is 10 achieved through
the use of a mcroprocessor i7 which is fed values related to the

| acati on of a position on the peri phery of the two rolls 4 and 6.
M croprocessor 17 1) conpapraratiues forafomsing azugated aandrkidend pife

two notors 15 and 16 agge Qﬁmde!hnﬂhiéﬂt&vémgﬂhﬁé‘tm\ﬁ{s e rolls
15 4 and 6. |If they are n chron € m Cl oprQcessor

det ermi nes whether the foll oi\%’raqh) {I YR tHps mit thout %é‘tﬂ"lﬁ“"&ﬁ&m
t hen adjusts the voltage or himmowcdsiagt of the follower notor 16

inorder to achieye precise ghdQufiRter ro11#feddi%dsiRing! Bhell (IS ehdlaeOn
rolls 4 and 6. 20 The val ue 17 rel at ed

rsP he mcr ssor
t he | ocation of a posi®% ’iﬂ‘?’?ﬁe BE?l %ﬁp Fré tigitq Hlute ¢ »
rolls 4 and 6 can be det er m akibnmens ﬁorbbon@inst.onventlonal

dependent electric motors to drive the register
rolls in which one roll is driven by a reference
motor and the second register roll is driven by a
follower motor,

location sensing devices associated with each
register roll to measure a value related to the
location of a position on the pari.phery of each
register roll ,

control means which compares the measured values
for each register roll

and if necessary adjusts the voltage or current
of the follower motor to maintain alignment of
the flute tips of the two mediums.

2) Apparatus as claimed in claim 1 in which a
resolver located on the roll drive shaft is used
in measuring a value related to the position on
the periphery of the roll.

3) Apparatus as claimed in claim 2 in which at least
40000 pulses per revolution are gemerated and the
follower motor is maintained within ome pulse per
revolution of. the reference motor.

4) Apparatugs as claimed in claim 1 wherein the drive
motors are low RPM, high torgue DC or AC vector
motors.



ways. The preferred nethod uses an resolver 20 to generate pul ses.
“Figure 3 illustrates onea h the resolvers 20 are
“placed on the notor shafts m"nﬁuﬂ“mﬂmlﬂ“r reference notor 15 and the
follower notor 16 to generat™e & * pul s'e count for each roll. The pul se
count is ini iwcdrmoedy a reference pul se fromroll 6 REVAUYOENEL i NUES
for each revolution of roll 6. This information is then sent to the
30 m croprocessor 17 whi ch determ nes whet her the;two rolls 4 - and 6
are in phase within the predeterm ned tol er anée ~of one pul se.
Preferably the m cgoprocess rS, t S e p

revol uti on which atg:gr eves a %ggﬁge&ofﬁ%mh in CI%S'D%%EQB g%ch
digital pul ses are generat e§TpE® maEor ghafy) dsi 87 Frrempiogpofstherall.

WD 97/ 00769 body for its associate®Hégidah0@3a1.
-7- Alternatively other digital sensors such as optical devices
mey be used to determ ne the angul ar position _of the rolls 4 and 6.

Many .ot her precisi BA net hod3PRRFatUS A8 fladmed; ip claim L iim,yhich.theeq (o
rel ative angul ar positions dbllowetimator is nbuneadsomruhd lsddes ofisits these

signals including the use gq isggrfi.%qeor T ldaghts sqRe 08 ¥higRSe

t hese net hods can be substitute he resol ver T},;stem descri be

above. The rolls 4 ZREeEeRSH PREQE riS.PEHRteR LRt regigher hrellk

7) Apparatus as claimed in claim 1 in which the
register rolls are corrugating rolls that convey
two corrugated mediums between their non meshing
surfaces to bring them into tip to tip contact
prior to the bonding of a liner to either medium.

8) Apparatus as claimed in claim 1 in which the
register rolls are corrugated rolls conveyving two
single faced corrugated boards into contacting
relationship with the flute tips of the
corrugated mediums aligned for bonding.



the rolls rotate at different speeds in terns of 10 revol uti ons per

m nute but are synchronised to the same- _peripheral speed. One nethod
woul d be to use a pul se . multiplication to increase the pulse rate of
the | arger roll rotating at a lower revolution rate. The

mul tiplicati owossmbme be the ratio of the smaller to the 15 periaaiéBen

di aneter and this woul d enabl e conpari son of the angul ar positions -
with the sane degree of accuracy as when rolls of equal dianeter are
used. When machi ne speeds of gre@l than 150 netres per mnute
are used it can be seen that the control 'neans of this 20 I nventi on can
achi eve a hi gher degree of alignnent of the flute tips of the

cormbi ned corrugated mediuns than is practically feasible by other
met hods. Because the - precision flute tip to'flute tip bonding has a
di rect effect on the strength characteristics of corrugated board 25
this invention allows hjgh quality board to be produced at hi gh
machi ne speeds with t h#ycornisequence of | ower unit cost of production
for a given board st €ngth. WO 97/ 00769 . -
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1) Apparatus for form ng corrugated paperboard of t he

kind in which two corrugated nedi uns are joined at their
flute tips. without an intervening : ~ - liner conprising:
two register rolls for ensuring that the nedi uns are
brought into WQ08w%9f|ute tip to flute tip POVVAWYGO036E  f Or
bondi ng, dependent electric notors to drive the register
rolls in which one roll is driven by aligﬁzence not or and
the second register roll is driven by a fol | ower notor,
| ocati on sensing devices associated with each regi ster rol
to neasure a value related to the | ocation of a position on
t he-peri phery of each Ia' gggister roll cont rol
means :whi ch conpares the neasured AEQ . for each register
roll and if necessary adjusts the vl tage or current
of the follower nDtorISO mai nt ai (\ al i gnng@t of t he fluis
tips of the two nedi ung. Appar at us clained in claif1
in which a resol Jer[Jl ocated on the roN drive shaft isjused
in measuring a val ue 3 tlhel jposi ti on on t he
peri phery of the roll{ ) Apparatus as clained in claim@ in
whi ch at [east 1e1a pul ses per revolution are generat&d
and the foll owef Inofibr is maintained within one pul se per
revolution of the refe orl” r 4) Appar atus as cl aifred
J motors are | ow RPM high

in claiml wherein the drivE0
torque DC or AC vector

] not or s.

20 -
16 " \

B

Fig 3.
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= 9- 5) Apparatus as clained in claim1l in which each
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