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1. ABSTRACT

Actually, the story of the technique described hafeer started with comprehensive
fundamental theories to build up mathematical modelfully describe the dynamic aspects
of a rotor moving against a stator. From these pumaytical features, most classical topics
described in literature as scalar parameters aneappearing as vectorial distributions that
can be written under matrices. For each crossoigt from any combination of rotor and
stator patterns, one can determine the level amttchn of energy impacts onto the stapled
floc of fibers. Reciprocally, plate patterns candesigned from any matrix that represents
energy transfer. This first step is a pure matheraleanalysis called crossing points theory

“. On the other hand, pulp characteristics such aer flengths, freeness or slowness,
hydration, gradient of dynamic viscosity, rate laicEulation,.. are supposed to be linked to
the parameters described by the crossing pointsytherhebijective diagram theory gives

a good mathematical approach from which every mhpracteristics can be accurately
determined in relation with the relevant parametgven by the crossing point theory. To
guantify some parameters, some refining trials @ia plant must be carried out. The pilot
refining unit should also fit perfectly with theduastrial data.

The papermakers are mainly interested by papegactaistics that can be extrapolated from
the pulp characteristics, reference specific edgel land net specific energy consumption
through non-linear multidimensional regressions. &efess that this technique is not exactly
as much rigorous as the models given by the hijectliagram theory for the pulp
characteristics but this extension is a must awdoiks. Nevertheless, the results cannot be
immediately transposed to an industrial refining.Udumerous industrial parameters must be
checked before the bijective diagram technique ccdnd applied. An expert system called
CHECKDIAG has been developed to anticipate meclahrétectrical and hydraulic problems
that can arise in an industrial refining unit. Taka the technique fully reliable, any problem
detected by CHECKDIAG must be solved. Finally, soem&ra parameters such as bar edge
sharpness, metal grade, white water and chemicditia@s must also be taken into
consideration. Transposition techniques are reduicefinally deliver any compromise of
hand sheet paper characteristics versus freermesggyeconsumption, plate patterns, applied
power, throughput, ...



The story started in 1984. Our target consistseteminining paper characteristics from pulp
characteristics only through physical models. Weehealled for doctorate thesis to speed up
our investigations.

2. HOW THE STORY STARTED

In March 1984, from the very first visits to Frengaipermakers, many contradictions between
the papermakers were immediately denoted and appatbe refining process seemed to be
a deep mystery. The confirmation came first fromaf@sor Charuel who was the director of
E.F.P.G. University of Grenoblebut who was also very keen to develop low coaaisy
refining theories. Professor Charuel took the degi$o invest a lot of money to buy refiner
plates for the BLACK-CLAWSON 16 of the school study the effect of bar angles only. A
one-year engineer project was established and [EremDaniel 2] has been selected to cope
with this program. The geometrical aspects of tlaep were considered. The positive and
negative angles were first distinguished from tin@iror images. Rigorously a positive angle
cannot become a negative angle under the consmieKtits mirror image. Rigorously right
and left configurations mentioned by some plate ufecturers had no meaning. Thus, new
definitions have been given to distinguish the fpatterns governed by the same grinding
angle with sectorial or pseudo-sectorial configora. The figures 1 and 2 depict respectively
a positive and a negative grinding angle bothleeaing bar edge configuration.

The figures 5 and 6 depict respectively a positime a negative grinding angle both in a
trailing bar edge configuration.




The E.F.P.G. bought many plates, leading and ngpibar pseudo-sectorial configurations,
with the same grinding cod&-3-4) but with different grinding angles that was rarggirom
—20° to +20° with a pitch of 5°. This means a tabB2 plates from which 19 arrangements
have been tried. Each trial was carried out in &gycle under the same effective power,
same flow and same pulp consistency. Two pulp gradere selected, a bleach kraft
softwood pulp from southern pines and a bleachexthardwood. For each trial, 5 pulp
samples were taken, which means that 5 levels bfspecific energy were considered.
Freeness, fiber lengths, WRYV, and hand sheet papaacteristics have been measured. A
total of 160 pulp samples were analyzed. Withoit finst investment, the bijective diagram
technique should not probably exist nowadays. Fosifirst work, the dynamic aspects of
the plate became true. Nevertheless, we must yeettie facts that this rigorous aspect of
plate pattern is not yet properly considered atigtdal level even in France.

3. THE DYNAMIC ASPECTS

When the rotor moves against the stator, cro
points as depicted by the figure aside appeBext
crossing point is quantified by the bar angje
sometimes calledutting angle. This angle depends
the relative position of the rotor in front of th&ator. |
has been demonstrated that this angle is a pe
function given by the equation:
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This equation, and the analysis of the results ftben160 pulp samples gave birth to a new
fundamental concept called the effective cuttinglamiven by the root means square of the
periodic function y{t). As a consequence of this first mathematical aggrpit has been
proven that the lower the effective cutting angfe higher the cutting effect under the same
conditions of effective power and net specific gyerAny attempt to obtain a similar
relationship between the specific edge load anddbgles was a failure, whatever is the
method to calculate the average length of the bHmnss, the classical specific edge load
formulas cannot be used for disc or conical reénérnew technique should be built up. This
was our conclusion in June 85. In October 1985 @wgineer projects and a doctorate thesis
have been started and the E.F.P.G made again\sgtments for plates. Thomas Pas&hl [
studied the grinding codes and Maurel Piesjesfudied the sector angles. Both works have
been conducted with plate patterns from which tima sf the grinding angles was 0° that is
a =+5°and 8 =-5°. Plates have been manufactured with the followgnipding codes:
(1.5-1.5-4) ; (2-2-4) ; (3-3-4) ; (4-4-4) ; (2-3-dhd (5-3-4). Ten arrangements from which 50
pulp samples were analyzed. Other plates were raetwéd with sector angles of 15°, 20°,
22.5°, 30°, 60° and 90°. Eleven arrangements frohichv 55 pulp samples have been
analyzed. From the results of the trials, the atasspecific edge load formula has been
definitely rejected. Instead we had introducedeference specific edge load that was the
specific edge load under + S =0°and 8 = 20°. The idea of virtual pattern and consequently



the reference specific edge load came later. Chareelddd to strengthen the field of
researches and Professor Roux joined the team®aduly 1986. Professor Rouk][has

determined in 1987, the general expression of trexage number of crossing points in
relation with the grinding code and the angularapsters. From this work, the gamma*
formula have been discovered. This angle is a végecrepresentation of the effective

cutting angle given by:
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4. EIRST APPROACH TO INDUSTRY

So far, this was a gentle but also a very fasaigawork conducted by passionate people
without economic interest. On Wednesday 2Eine 1986 we have been invited by ATIP at
Paris to make a paper about our researches. Megtlrmpapermakers were present in this
event and the success was tremendous. Every papasnaant to optimize their plate
patterns &t this time we did not yet talk about refining tuaoptimizatior) and everyone
believed that great improvements could be reacheapplying our theories. The bijective
diagram technique has been achieved during the surh@86. Actually, the word bijective
came from the fact that it exists a bijection betwea set of pattern parameters (a&,I,6)

and a set of pulp characterist{€SR, Lf, WRY

The technique consisted on achieving 6 trials idragycle mode to analyze 30 refined pulp
samples To-day 5 trials with 25 pulp samples are endugdfo lower the quantity of pulp
required for the trials, a 12” single disc refin@as required and the CTPafer Center at
Grenoblg was candidate to carry out the trials.

In October 1986, many pulp grades were analyzeldetwalf of several French papermakers.
In 1986, the papermakers were not yet crushed dawder economic considerations and
engineers were available to follow up our work a@odsustain technical discussions. We
immediately understood that our technique could watrk properly without a close
collaboration with the papermakers. Throughout year 1987, eight refining studies at
industrial level have been achievezEi((LULOSE DU PIN, BANQUE DE FRANCE, PAPETERIES

DE LANCEY, ARJO-WIGGINS ARCHES, PAPETERIES DE PONT-AUDEMER, LA ROCHETTE
ALSACE, PAPETERIES DE PONT STE MAXENCE, EMIN LEYDIER). Five papermakers have
succeeded to improve their refining process witw péate patterns. Actually, we have been
very lucky because we did not know yet that numegrodustrial parameters could interfere
with the results of our theoretical approach. Thamkhese first failures and other ones later
on, many industrial problems were diagnosed thankhé close collaboration with many
French papermakers.

The transposition techniques and the diagnostianahdustrial refining unit are a must to
anticipate any problem and to quantify accuratély paper characteristics. Usually when
something wrong is done in a papermill, everyonewsit very quickly but in 1987 all
French papermakers did follow up with us and masblems (ot all) have been solved.
From 1988 to 1990 included about twenty papermagersear mainly in France call for this
technique. This was an excellent opportunity toaygbod industrial experience. The rate of
successful industrial studies was increasing sldwitysurely. During this period, many new
industrial problems were discovered.



5. THEORITICAL DEVELOPMENTS ARE GOING ON

In October 1987, a new project engineer at E.F.Bt&ted by De Agostini Frederi6][who
confirmed some key points of the bijective diagrdmaory. On Wednesday 2&eptember
1988 we got a scientific reward in return for owvelopments about the low consistency
refining process. The same year we got also anattward in return for the fruitful
collaboration between a university and a privategany. Then, in October 1988 Brissaud
Jean-marc {] started a project to study the influence of damsow consistency refining
process. Some trials with negative grinding angkege been extended to - 45°. Even under

big negative angles, the fiber cutting effect ramaaccurately described by theor y,,

laws. In March 1989, the concept of virtual pattéas been developed that gave birth to
another concepthe reference specific edge loadiven by the formula:
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The diagrams could now be scaled versus SELoyandNe got a MATLAB license and the

program FIBROLOGIC was written in late 1990.

Another work at E.F.P.G. in 1989 has been undenaky Chaussy Didier8] who placed
sensors in stator bars to measure the pressuretsni@pectral analysis in relation with the
refiner clearance and the plate patterns were aedlyrhe fundamental studies of the micro-
energy transfers at crossing point level were esiaifo validate the relevant equations, some
portions of bars in between coronas have been medtone millimeter higher to study the
refining process within a small area without distag the flow of the pulp inside the refiner.
A new Engineer project was started in October 198Scheidecker Eric9]. The equation of
the rotor bar sliding velocity against a stator bas established and the idea of curvilinear
bar patterns was coming up. For any crossing poaatted on a polar radiys we can prove

that:
w\/p® - pisin®a
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where p, stands for the inner radius of the disc anfibr the grinding angle of the rotor.

From this equation we can see that the role played is different fromf.

Actually, papermakers are using the same pattarthi rotor and the stator to avoid extra
costs from models but also to ease the work ofrithstenance people. For conical refiners,
rotor pattern is usually different from stator dmet it is also difficult to mistake the rotor
from the stator. The refiners remain the dirty anéy machines and no one is prepared to
face some light difficulties even when better refghconditions could be obtained.

6. NEW CHALLENGES AT INTERNATIONAL LEVEL

In October 1991 another engineer project was stdrfeCena Simon1f0] who carried out
many trials on high yield plates, that is curvilingatterns. The results were fantastic. The
trials have been carried out on a 16”double-disonf BLACK-CLAWSON under 1177 RPM

and under effective powers ranging from 40 kW tokV@ Only. Eighteen refining trials



were achieved that makes a total of 80 pulp saniplé® analyzed. From these trials and in
keeping with the theory, about 20% energy saving wlatained to reach a higher tear and
tensile index under the same level of freenesss@ hegh yield plates were completely silent
and lifetime should theoretically spoken be infniNevertheless, the axial force on the
refiner is four times higher under the same appbeder compared to classical plates and the
hydraulic capacity of the refiner was lowered. Thelsges could nohonestly been proposed
to the papermakers because of the risk to damaggertfiners. In late 1991 a tester called
FIBROPTRONIC 3000 was developed to measure fibegtlkemlistributions but only two
papermills in FranceC[AIREFONTAINE and CDRA) were interested. For financial reasons, we
gave up and the license has been taken over bynadi@a company. This tester was very
successful in North-America. Nevertheless, thechdd program dedicated to compare fiber
length distributions has never been granted. Hiragth testers deliver histograms only. To
estimate cutting effects, papermakers simply compiae histograms what is mathematically
not valid. Furthermore, these comparisons couldlyed® very long and tedious. True
comparisons consist in turning the histograms idémsities of probability and through
convolutions one can determine the relevant dersitprobability that really permits to
guantify very accurately the cutting effect of fiseUnfortunately, no one is interested by this
technique from lack of the required mathematicakigeound.

Starting 1992 a deep economical overturning arosk @apermakers were less and less
available to talk about technique. During this périour program FIBROLOGIC has been
properly developed and Professor Roux gave a phlysieaning of the reference specific
edge load given by:

SEl, _fF!
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where F,' stands for the normal effective forcé for the friction factor andh for the average
number of crossing points. On our side, we havereddd the concept of effective power to a

distribution that can be written:
2
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and consequently to the reference specific edgk &1l (o) as a distribution.

This distribution shows that the specific edge lamdhot uniformly distributed versus the
relevant crossing point. To get uniform distribatiwo requisites must be obtained.
y(t) must be maintained constant and this is possiblg with spiral logarithmic bar

patterns.

© must be constant what is not possible with a cifoer.

From this equation, came the idea of the cylindriediner but once again for financial
reasons we let the idea in our files.

Nevertheless, uniform energy transfer does not medwetter refining treatment. A sample

of pulp consists on a very heterogeneous matrifibefs that cannot be individually sorted
out to get selected treatments. Is it better to dgenize a heterogeneous matrix or to
heterogenize it to get a matrix as much homogenesugossible? Is homogeneity means
better paper characteristics?



Curvilinear patterns on a cylindrical refiner collle a good alternative to reach some specific
compromises of paper characteristics but nothingemo

Under low Canadian freeness (or high °SR) we shihttisome advantages.

From 1993 to 1995 a doctorate thesis sustained dyalte Thierry 11] was mainly focused
on the high yield plates.

During this period of time, we got some demandsidp studies mainly from United-States.
The rate of failure was henceforth very lolgss than 10% because the necessary steps
regarding diagnostics and transpositions of thalt®$rom a pilot to an industrials refining
unit were taken into consideration. The technigse alorks with the conical refiners, but the
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influence of the bar angles is as much less asdhe angle is low. Under the same specific
edge load, depending on bar angles wide dispersfopaper characteristics could be
anticipated with a disc refiner. Let us compare bijective diagrams °SR(SELo ,W) of a
UBKP respectively fory” equal 20° and 30°. This is a difference of 10° omhat is low
compared to the potential range [0°; 50°]. Beyof@tlthe risk of plugging is very high.

Under a reference specific edge load of 1 Ws/maandt energy consumption of 120 KWH/T
for example, the expected slowness should be 39 GiSB5 °SR depending on whether
Yy =20°0r 30°. The dispersion with double-disc refinersches 10% léss than 3% with
JCO refiners and 5% with CLAFLIN refingrdf papermakers would accept to cope with four
different patterns instead of two for double disfiners, about 10% of extra energy
consumption could be saved.



In the same period, another doctorate thesis veatedtby Radoslavova Dessislat&][about
the hydrodynamic parameters of the refining process

7. NEW AND FASTER DEVELOPMENTS

During the year 1999 the technique of pulp gradiénopation was developed. A new data
program called PULPDIAG has been written on a MAB_Aase. This program has been
successfully used for one papermill in Europe and ionChile. Money savings were very
high and paid back time for the study was less tr@nmonth.

Since 2000, a new tester to measure the dynamendss of any pulp grade is under
development. This tester has been exhibited fofitketime at IP2001 in France but no one
came to see it. Papermakers are very conservainehgy stick on their classical and antic
measures of °SR or CSF. We made a paper abouatiugatory apparatus called DFT3000 at
Stockholm [4]. Dr. CURTIL [15 who has his M.A.Sc. in electronic and who is spkxed

in the field of sensors joined the team duringybar 2001 and he is really doing very good
work for our company.

In 2001, our CHECKDIAG program was widely extended &urned into a Labview version.
In 2002 the technique of the virtual refiner®{ to be confused with virtual pattejni®ok
birth.

The technique consists in substituting progressivediyers in series by a virtual refiner that
represents exactly the first two, then the firsed... refiners.

In so doing, only one refiner whatever is the nundfeefiners in the line is considered.

8. PILOT PLANT

In 2002 we got a demand from a big foreign pulprtollsupply a pilot plant to deal with
FIBROLOGIC and PULPDIAG. The pilot plant plays a fangental role. The refiner must
operate in the optimal conditions throughout tledrand reference specific edge loads must
be suitably selected versus pulp grades. The ptatet perfectly match each other and a
wide range of pulp characteristics must be obtaildp sampling is another important
problem. The relevant specific energy calculatedHgy control desk for each pulp sample
must be a true representation of the sample. Two garhples must be taken for each cycle to
determine a self-control of the assigned net speeifiergy. The no-load power must be
accurately measured which is not possible withassital single disc refiner because the
stroke is not long enough. The discs must be pamaitaout any deformation and dilatation
from temperature must be taken into considerafitve. clearance must be under control, the
bearing must accept very high axial forces compdeed classical refiner. Sensors are
implemented to control the axial force and the redeee. The tank and its impeller must be
shaped to reach a homogeneous distribution ofetieed pulp. The hydracycle system must
be a true representation of refiners in seriesafached program delivers for each trial the
sampling times and the relevant net specific eeergn so doing, only conditioned matrices
are involved in the process. Then came further sriterpilot refiners from 2003.

9. CONCLUSIONS

In 1984 we started a fruitful collaboration withethe.F.P.G. 16] and our turnover was
growing very fast because at that time the Freragpepmakers were very anxious to save
money from their refining units. In 1997, ProfesRmux [L7] gave a physical meaning to the



bijective diagram technique Starting 1998, mostnEhe papermakers had to face new
production targets and deep restructurations tdextep

MATECH EUROPE is not a big company and consequenisyrieally very difficult for us to
promote our technigque against most big manufacgtundro do not like to hear about many
refiners being definitely stopped.

In France came a new generation of young Enginegls new methods of work. To-day,
mainly statistical methods are being considerest dick on your computer and you get the
solution of your problems. No need to understantai nice mess !

Many other papers have been issuEf].[Some are now translated into many languages. One
paper L9 have been published in Japan.
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