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tit1e .. ' 
Bonding two corrugated Ediums at flute tips ensuring accura~ alignment. 

Pie1d of the :tDVention 
This invention relates to improved methods and apparatus 

5 for forming paper board structures in which two corrugated 
mediums are bonded together at their flute tips. A 
structure of this kind is disclosed in Australian patent 
567833 which is incorporated herein by reference. 

Backgroun4 to the :l.nvell.tion 

10 One apparatus for forming such corrugated board is 
disclosed in Australian patent 609089 [incorporated herein 
by reference]. 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 two mediums, bringing them into tip to tip 

registration, bonding them together, and then applying a 
liner to one or both mediums. 

An alternatiTe method is disclosed in USA patent 3700518 

in which the two corrugated mediums are bODded to the 
20 liners first and then brought into tip to tip registration 

and bonded together. 

25 

One of the difficulties of forming paperboard structures 
wherein two corrugated mediums are adec:r;uately bonded 
together at their flute tips, is accurately aligning the 
peaks of the flutes along the entire length of the mediums. 
:Ct w:l.11 be appreciated tbat this is even more difficult to 
achieve at the web speeds of commercially used corrugating 
machines • 

Australian patent 655076 provides a mechanical way o:f 
30 aontrolli:ng alignment by using one driving motor for both 

rolls and sets of end gears at each end 0£ the rolls. n:a. 
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practice this arrangmnent depends on the accuracy of the 
aeari:ng and the initial alignment of the rolls at the 
~girming of each production Z'Ull. 

Blectrical control of operations in conventional paper 
corrugating machines has been proposed in USA patent 
4174237 to adjust the speed of single facer un~ts to the 
needs of the double backer un:Lt and in USA patent 4806183 
to modify the speed of aclhesive applicators to match those 
of the webs to wbicb the aahesive is to be applied. 

10 Australian patent 664018 attempted to solve 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 

cmqparing the result the difference can be used to correct 
the speed of one of the two independent motors. 'rhis 
solution bas not been used because it is difficult to 
precisely control thei speeds of independent motors. Also 

20 the timing of the speed of the flute tips is a method with 
a relatively low clegree of accuracy. As with other analogue 
devices this timing arrangement is incapable of providing 
the precision req11ired to achieve precise tip to tip 
alignment at the speeds of coaaercially operated 

25 corrugating machines. 

Brie:f De•criptlon o:f the InvaDtion 
Xt is an object of this invention to proviae an alternative 
and more cost effective means of maintaining alignment of 
the flutes at commercial production speeds in producing 

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

"!'a this end the present invention provides an :i.mproveinent 
:i.n a corrugated board making apparatus of the kind which 
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produces board having two corrugated mediums bonded 
together at their flute tips which includes two corrugated 
register rolls ~iven by separate·motors, the improvement 
comprising means to measure values related to the location 
of a position on the periphery of the register rolls and a 
control means which compares the values for each register 
roll and if necessary adjusts the voltage or current of one 
motor to adjust the speed of one register roll to maintain 
flute tip to flute tip alignment of said corrugated 

10 mediums. 

'.rO enable the speed of the motors to be adjusted to achieve 
QU.ick rematching of angular positions the electric drive 
motors of the register rolls operate dependently. 'l!his 
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. Zn order 
to minimise the effects of torsional loads which can cause 
misalignment of the flutes, the electric motors are rigidly 
couplea to the register rolls and preferably each share a 

20 common drive shaft or trunnion with its associated 
register roll. "!he motor rotors and roll diameters of the 
register rolls are similarly sized to provide a rigid 
coupling. Zn order to minimise torsional deflection and the 
associated lateral forces in the tip to tip bonding area, 

25 low RPM, high torque motors are prefer.red. To avoid. 

interferenoe 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 alignment of the flute tips is narrow • 

:It is important to note that merely controlling the speed 
of the register rolls cloes not guarantee the alignment of 
flute tips. %t is possible for disturbances to occur which 
cause flute misalignment despite the speeds of the two 

35 rolls being matched. 
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The values which relate to a location of a position on the 
periphery of the rolls can be measured in. many different 
ways. :Ct :Ls preferred to measure the angular pcs:l.t:l.on of 
each register roll and then directly compare these values 
or values relating to'the phase relationship of the angular 
position measurements. 

Preferably the measurement of the angular position of the 
of the register rolls is accomplished by resolvers rigidly 
coupled to· the shafts o~ the electric motors. :tn. order to 

10 achieve the ·degree of alignment :r:eQUired the number of 
pulses per revolution needs to be greater than 40000 arid 
preferably at least 80000. J:n matching the angular 
positions the tolerance must be no more than_ one 1>113:-se per 
:revolution. '.rhis means that the greatest misalignment will 

15 he one in 80,000, which for a conventional corrugated roll 
would be a misalignment of no·more than 14 microns. By 

coupling the 4rive 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 1;>itch 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 relatiTe positions of the 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 variations in the phase relationship or the 
relative positions of the two register rolls to a higher 
degree of accuracy at high machine speed. tban. is possible 

30 with previously proposed machines. 

Detailed Descri.ption of the !nvelltion 
A·preferred.embodiment of the invention is illustrated :Ln 
the drawings in which : 
Pigure 1 shows a schematic view of a single facer unit of 
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the kind disclosed in Australian patent 609089, 
Pigure 2 is a schematic view of an arrangement which 
provides precise tip to tip_f1ute alignment, 
Pigure 3 is a schematic view of an arrangement for 
generating pulses using a resolver. 

Pigure 1 illustrates a single facer unit of the kind 
describe4 :i.n patent 609089. irhe corrugating :meCl:i.um 1 and 2, 
maintained on mill roll st.an.as [Dot shown] and eptionally 
passe4 over a preheat.er [not shown] is f e4 onto rolls 3 ancl 

10 5 of the two pairs of corrugating rolls 3 & 4 and 5 & 6. 
fte mediums 1 an.a 2 are corrugated ancl then adhesive is 
applied to medium 1 at aelhesive station 7. The corrugated 
mediums 1 and 2 are then joined together. flute tip to flute 
tip between the non meshing corrugated rolls 4 and 6. l!L'he 

15 combined me4iums are fe4 onto a carrier roll 12 and glue is 
applie4 to the ezpose4 flute tips at the adhesive ·station 
and a liner 9 is subsequently bonded to the combined 
mediums with the aid of the heater 11. After passing ~ 
heater 11 the carrier roll 12 transports the combined 

20 mediums and liner to an incline4 transport conveyor 14 for 
discharge to t:he corrugator bri4ge. 

%n accordance with known variations of this apparatus the 
carrier roll 12 can be replaced with a toothed conveyor 
belt. Also the method of USA patent 3700518 can be used eg 

25 in the mo4ifie4 form 4iscloaed 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 flute 
t:lp to flute tip, are driven by separate motors 15 and 16. 

30 [ln patent 664018 the register ro1ls for t:he aethod of USA 

p-tent 3700518 are rolls 19 and 20.] 'l'hese motors are 
typically DC or AC vector electric motors rigidly coupled 
to the corrugated rolls 4 and 6. Preferably the motor rotor 
is an extension of the roll body of its associated register 



W097/00769 PCl'/AUff/00361 

- 6 -

roll •. The motor :frames may be fixed to the machine frame 
on opposite sides [not as shown]. inie steam and condensate 
connections for heating each o:f the rolls 4 and 6 are made 
to the :respective non. clrive sides of rolls 4 and 6. '!be 

s motor 15 driving roll 6 :Ls the reference motor. Its speed 
is initially set by an operator and is not altered during 
operation 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 tbrough the use of a microprocessor i7 Which is 

fed values related to the location of a position on the 
periphe:r:y of the two rolls 4 and 6 .. Microprocessor 17 
COll\P&r&S these values and determines wbether the two motors · 
15 and 16 are achieving flute synchronisation of the rolls 

15 4 mid 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 order to achieve precise aligmnent 
of the two related positions on rolls 4 and 6. 

20 'l'he 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 conventional 
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. ~ pulse count is initiated by 

a reference pulse from roll 6 which continues for each 
revolution of roll 6. '!his information is then sent to the 

30 microprocessor 17 which dete~ines whether the two rolls 4 
and 6 are :Ln phase within the predetermined tolerance o:r 
one pulse. Preferably the microprocessor monitors the pulse 
sequences per revolution which achieves a tolerance o:r 1 in 
80000 '!fbeD 80000 digital pulses are generated per 

35 revolution of the rolls 4 and 6. 
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Alteznatively other digital sensors such as optical devices 
may be used to determine the angular position of the rolls 
4 and 6. Many other precision. methods ezist for generating 
signals related to relative angular positions of :rotating 
elements and then sensing these signals including the use 
of fibre optics and light speed videos. All these methods 
can be substituted for the resolver system described above. 

The rolls 4 and 6 can. be different diameters in which case 
the rolls rotate at different speeds in terms of 
revolutions per minute but a.re synchronised to the sam.e 

peripheral speed. One method would be to use a pulse 
multiplication to increase the pulse rate of the larger 
roll rotating at a lower revolution rate. ~e 
multiplication would be the ratio of the smaller to the 

15 larger diameter and this would enable comparison of the 
angular positions with the same degree of accuracy as when 

rolls of equal diameter are used. 

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 

p~ecision 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 wit:h the consequence of lower unit cost 
of production for a given board strength • 
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Apparatus for f oxming corrugated paperboard of 
the kind :ln which two corrugated mediums are 
:lo:l.ned at their flute tips without an intervening 
1:1.ner comprising: 
two register rolls for ensuring that the mediums 
are brought into precise flute tip to flute tip 
aliomnent for bonding, 
dependent electric motors to drive the register 
rolls in which Olle roll is driven by a reference 
motor and the second register roll is driven by a 
follower motor, 
loaation sensing devices associated with each 
register roll to measure a value related to the 
location of a position on the periphery of each 
register roll , 
control means which compares the aaasurec:! 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. 

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. 

Apparatus as claimed in claim 2 in which at least 
40000 pulses per revolution are generated and the 
follower motor is maintained within one pulse per 
revolution o:f.. the reference motor. 

Apparatus as claimed in claim 1 wherein the drive 
motors are low RPM, high torque DC or AC vector 
motors. 
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Apparatus as claimed in claim 1 in which each 
drive motor shaft is an extension of the roll 
body ~or its associated register roll • 

Apparatus as claimed in claim 1 in which the 
follower motor is mounted on the side of its 
register roll opposite to the side on which the 
reference motor is mounted on its register roll. 

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

Apparatus as alaiaed in alaim 1 in which the 
register rolls are aorrugated rolls aonveying two 
siDg1e·£aced corrugated boards into contacting 
relationship with the flute tips of the 
aorrugated mediums aligned for bonding. 


