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METHOD AND APPATUS FOR CONTROLLING PULP 
REFWERS . 

BACKGROUND OF THE INVENTION 

1. Field to Which the Invention Pertains 
Numerous characterized operations utilize grinding or 

re?ning processes which are generally characterized by an ap 
paratus which performs work upon a material supplied to the 
apparatus. in general, it is the object of these processes to alter 
some property of the material by performing work thereon. In 
connection with these processes, a control problem is 
presented in that the apparatus which performs the grinding or 
re?ning operation must be controlled to ‘insure that the 
amount of work performed is such that the desired property 
level is obtained. A particularly difficult control problem is 
presented when the grinding or re?ning processes are operat 
ing in parallel. ' 
Exemplary of such an operation is the re?ning of paper pulp 

in the paper industry wherein the pulp must be re?ned or 
worked upon prior'to being supplied to the paper machine. 
Since paper pulp re?ning is so illustrative of the control 
problems associated with the parallel operation of grinding 
and re?ning processes, we will, by way of example and not by 
way of limitation, consider the application of our invention to 
a paper pulp re?ning operation. 

2. Prior Art 
Since our invention relates to the control of re?ning 

processes and particularly paper pulp re?ners, rather than the 
re?ning apparatus itself, a detailed description of the objects 
of re?ning, the apparatus used and the methods employed will 
not be undertaken. Suffice it to say that, in general, a pulp 
slurry is fed to a re?ner wherein it passes between two sur- ‘ 
faces, a velocity differential existing between the two surfaces. 
The re?ner is provided with means to adjust the distance 
between the two aforementioned surfaces which means may, 
generally speaking, be either hydraulic, pneumatic, mechani 
cal or a combination thereof. Further, the re?ner is also pro 
vided with means which create and maintain the velocity dif 
ferential between the two surfaces, as, for example, an electric 
motor. 
By way of example, the two aforementioned surfaces might 

be either two discs, one of which is axially movable with 
respect to the other or the so-called conical type wherein a 
plug is axially movable within a shell. 
As the pulp slurry passes between the two surfaces, a certain 

amount of work is performed on the slurry. Later in the paper 
making process, the amount of work performed upon the slur 
ry is manifested by the ability of the formed paper web to 
retain the water which, along with pulp, had comprises the 
slurry. This property of the newly formed web which, as we 
have said, is a manifestation of the work performed upon the 
pulp by the re?ner, is used by those skilled in the art as an 
index of re?ning action and is commonly referred to as free 
ness. 

Since freeness is such an important property of the web, it 
becomes desirable to insure that the freeness of the stock sup 
plied to the paper machine is closely controlled. In attempting 
to closely control this important variable, problems have 
arisen largely because of the elapsed time (which is in the na 
ture of a mixing and transport delay) between the point where 
the freeness measurement is made of the paper machine and 
the re?ning operation. That is to say, if for some reason the 
amount of re?ning action changes, a signi?cant amount of 
time may elapse before this change is fully sensed by the free 
ness measurement on the paper machine, e.g. the elapsed time 
may be as great as 30-45 min. 

ln attempting to solve the problem of controlling freeness, 
which is, in reality, done by controlling the re?ning operation 
(other factors being constant), the prior art has contrived 
several approaches. The following brief summary of some 
prior art attempts to solve this control problem will illustrate 
those aspects of the problem which the prior art had not 
solved but which are solved by our invention, thereby provid 
ing a more clear and concise description of our invention. 
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2 
Among the earlier attempts to control freeness were 

systems wherein a signal, representing freeness, was derived at 
the web forming portion of the paper machine. Either the 
signal thus obtained or an error signal resulting therefrom was 
transmitted directly to one or more re?ners where it was used 
to control the amount of re?ner action by adjusting or read 
justing the distance between the re?ning surfaces. Although 
this approach provided a measure of control, its capabilities 
were usually limited. Since the control feedback loop spanned 
a portion of the process havingan extremely long time delay, 
i.e. the aforementioned mixing and transport delays, the max 
imum sensitivity of the control had to be rather low for the 
system to remain stable. 

Recognizing the sensitivitystability impasse created by the 
above approach, resort was made to a cascade type of ap 
proach. Of course, to achieve this approach, local or seconda 
ry loop control of the re?ning operation was required, i.e. it 
was required that there be a secondary control loop or system 
onto which the primary control signal resulting from the free 
ness measurement could be‘ ‘cascaded. 
Of course, to establish any such local'or secondary loop 

control, it was necessary to determine what, if any, variables 
existed within the re?ning operation which were both indica 
tive of re?ning action and measurable. The prior art selected 
these variables upon the realization that re?ning action 
(which is manifested by or controls freeness) was related to 
the work done on the pulp as it passed through the re?ner. 
From this realization the prior art was lead to the postulation 
that a measurement of the work input to the re?ner system 
could be used as a local index of re?ning action. Thus, the 
power consumption of the electric motor moving the refining 
surfaces relative to each other was used to measure re?ning 
action. With this local signal available, individual control 
loops were utilized to control each re?ner, all the local loops 
having a common set point which was derived from the free 
ness measurement on the paper machine. 
As an alternate to using motor power consumption as an 

index of re?ning action, thermodynamic considerations lead 
the prior art to the realization that a measurement of the tem 
perature rise of the pulp, across the re?ner would be an 
equivalent manifestation or index of work done and therefore 
re?ning action. 

This temperature rise, commonly referred to as re?ner AT, 
was utilized in a manner similar to motor power consumption, 
i.e. individual control loops on each re?ner were employed to 
control re?ning action, again, all of the individual loops 
operating from a common set point which was derivable from 
the freeness measurement. ' 

In considering the re?ner control systems disclosed by the 
prior art and described above, we perceived that all such prior 
art control systems have been predicated upon the premise 
that the re?ning action of all re?ners must be equal. The fol 
lowing example will more fully describe this perception. 
Assume that a group of re?ners are operating to supply 

stock to a paper machine, it being desired that the stock have 
a freeness X. All prior art control systems have had as their 
objective the control of each, individual re?ner in the group of 
re?ners on an individual basis. Since each of the individual 
re?ners in the group had its own control system or loop, the 
control strategy was to insure that the freeness of the stock 
from the individual re?ners was equal to X. Since the freeness 
of the stock from each refiner is directly relates to the re?ning 
action of each re?ner and since the re?ning action may be 
measured by, e.g. the temperature rise of the pulp across the 
re?ner (AT), it will be appreciated that all prior art control 
systems were employed to insure that the AT across all of the 
individual re?ners were equal. 

While one can control a refining operation with the ap-. 
proach of using individual control loops on individual re?ners 
to insure that the output of each individual re?ner has a free 
ness equal to the desired overall freeness, such an approach 
imposes many limitations on the re?ning operation. 
For example, it is the usual practice for each of the in 

dividual control loops to have its own set point. Thus, if it is 
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required or desired to change the freeness, an operator would 
have to go from re?ner to re?ner changing set points. Such a 
procedure is not only a source of errors but because of the 
time required the transient period during which the change 
takes place is extended. Further, the more re?ners on line, the 
greater will be this transient period. 
Another limitation of the approach of individual control 

loops is in the manner or sequence in which the re?ners are 
loaded. In a typical re?ner arrangement (as will later be illus 
trated in FIG. 1 of our drawings), a number of re?ners will be 
operating in parallel. The stock output of all the re?ners will 
be fed to a mixing tank known as a machine chest. Interposed 
between the outlet of the machine chest and the paper 
machine headbox may be a so-called tickler re?ner which will 
further re?ne at least some of the stock going to the paper 
machine. The use of a tickler re?ner is signi?cant in that it is 
located after the stock chest. Since the mixing delay which oc 
curs in the machine chest is the major component of the afore 
mentioned time delay, any changes in the re?ning action of 
the tickler re?ner will be sensed sooner and corrective action 
will occur sooner than corresponding changes of re?ning ac 
tion by the parallel re?ners. Thus, if there is a deviation of 
overall re?ning action from set point, one would ideally desire 
that the maximum corrective action initially occur at the 
tickler re?ner. Then, as the effect of subsequent control ac 
tion at the parallel re?ners is sensed, the loading on the tickler 
refiners could be reduced, such that, when a zero error, steady 
state condition was again achieved, the tickler re?ner would 
be operating at approximately 50 percent of its capacity, thus 
insuring the later availability of the maximum hi-speed cor 
rective action, in either direction, by the tickler re?ner. Obvi 
ously with the prior art control system which controls all 
re?ners to a ?xed set point, it would be impossible to obtain 
the time sequencing of individual set points which this ap 
proach requires. However, through the use of the method and 
apparatus of our invention, this desirable control scheme may 
be realized. 

Further, with the control method using individual control 
loops all controlling to a common set point, re?ners with 
lower capacities could become overloaded, with a given re?n 
ing set point, if ?ow increased since the load on the motor is 
determined by both the ?ow rate and the re?ning action 
desired. Thus, if the ?ow rate through the re?ner increases to 
the point where the motor is overloaded, either the motor will 
be damaged or the re?ning action will decrease, deviating 
thereby from the set point. The approach of using individual 
control loops cannot adequately handle this contingency 
without the addition of other hardware such as ?ow limiting. 
As a ?nal example, it is probable, if not certain, that among 

a group of re?ners there will be a difference in ef?ciency. 
Such differences may result from design differences, age, etc. 
Thus, one would ideally desire to have the more efficient 
re?ners carry a greater share of the overall re?ning load-a 
result not achievable through use of individual control loops 
which load the re?ners equally. 

In summary, it has been pointed out that all prior art re?ner 
control systems have had operational disadvantages. Through 
the use of our control system, all of these disadvantages may 
be eliminated. 

SUMMARY OF INVENTION 

Our invention controls a group of re?ners or a number of 
re?ners within a group, as a system, rather than controlling 
each re?ner on an individual basis. Our control system acts to 
adjust the re?ners under its control such that the output of all 
the re?ners in the group, when combined, will possess a 
desired quality such as freeness. Through the use of our con 
trol system, the re?ning requirement for the group can be al 
located among the re?ners under the control of the system on 
the basis of re?ner capacity or the number of re?ners in the 
group or the speed with which re?ners respond or any com 
bination of these or other criteria. Re?ners which are in the 
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4 
group but not subject to adjustment by our control system may 
be locally controlled or base loaded. 
A more complete understanding of our invention may be 

obtained from a consideration of the following comments and 
attached drawings. 

DESCRIPTION OF DRAWINGS 

FIG. I is a ?ow diagram of part of the papermaking process. 
FIG. 2 is a schematic drawing showing the relation of our in 

vention to paper pulp re?ners. 
FIG. 3 is a generalized signal flow diagram of one embodi 

ment of our invention. 
FIG. 4 is a generalized signal flow diagram of one alternate 

embodiment of our invention. 
FIG. 5 is a block diagram of one manner in which a paper 

pulp re?ner could be instrumented for compatibility with our 
invention. 

FIG. 6 is a block diagram functionally indicating one ap 
paratus arrangement of our control system and the process 
steps to which various signals are subjected. 

FIG. 7 is a block diagram of one speci?c embodiment of our 
invention and arranged in a manner which would facilitate 
analogue implementation. ‘ 

FIG, 8 is an alternate representation of the control system 
and process presented in FIG. 7. The particular presentation 
of our invention in FIG. 8 would facilitate digital implementa 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. I is a flow sheet representation of a refining process 
wherein a group of re?ners, R1, RzmR,l are supplying re?ned 
stock to a machine chest 12 wherein the stock is mixed. From 
the machine chest 12 the stock passes through a tickler re?ner 
13 and then to the paper machine 14. 
Each of the re?ners, R1, R2...R,, receives stock from a con 

duit 10a, 10b...l0n respectively, and performs a certain 
amount of re?ning action on the stock which is related to the 
power input to the re?ners, P1, P2...P,,. The re?ning action 
produced through the expenditure of the power input is 
manifested by a rise in temperature of the stock, which is 
generally represented in FIG. 1 and hereinafter referred to a 
AT (delta T) or ATl, AT2...AT,l in FIG. 1. Those skilled in the 
art are aware that numerous commercially available transdu 
cers may be employed to measure either the power supplied to 
each re?ner, Pl, P2...P,,, or the temperature rise across each 
re?ner, AT,, AT2...AT,,. 
When applied to a re?ning process such as that shown in 

FIG. 1 our control system will control all of the re?ners in the 
group R1, R2...R,l or, alternatively, it will permit one or more 
of the re?ners to be controlled locally. In either case, it will 
adjust each of the re?ners under its control such that the com 
bined output of all the re?ners, including those not under its 
control, will have undergone the desired overall re?ning ac 
tion. 

FIG. 2 is an overall diagrammatic representation of a group 
of re?ners and their relation to our control system. All lines in 
this FIG. are signal ?ow paths. All the re?ners are feeding to 
one paper machine as was indicated in FIG. 1, and comprise a 
group, g. To illustrate the flexibility of our control system, we 
will assume that not all of the re?ners in the group are under 
the control of our system. Those re?ners which are in the 
group 3 and under the control of our system comprise a sub 
group s of the group 3. Thus, re?ners in the subgroup s com 
prise R1, R2...R, and the re?ners in the group g comprise R1, 
R2...R,...R,,. A group of re?ners operating as de?ned in this 
paragraph as well as the terminology in this paragraph will be 
used in all the discussions which follow. 
From each of the re?ners in the group g, viz Rl through R,,, 

signals representative of re?ner operation, S1 through S, 
respectively, are sent to the re?ner control system. Operating 
on these signals as well as other signals representing safety 
criteria, operating constants, etc. the control system will pro 
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vide actuating signals ASl through AS, to the re?ners under 
system control, Rl through R,, such that the combined output 
of all the re?ners in the group, R1 through Ra, will have the 
desired quality, e.g. freeness. 

FIG. 3 is a block diagram representation of our control 
system, each block functionally representing an apparatus 
with the function of the apparatus stated within the block. All 
lines indicate signals with arrows in the direction of signal ?ow 
except lines 15, 16, 17 and 18 which represent stock ?ow F ,, 
F2...F ...F,,. From the following description of the generalized 
representation of our invention depicted in FIG. 3, it will be 
apparent to the skilled art worker that numerous different 
types of available hardware may be used to perform the func 
tions indicated in each block of the block diagrams employed 
in FIG. 3 and later drawings. Thus, hereinafter, the discussion 
of each piece of hardware represented by any one block of a 
block diagram will be functional description. 1 

In FIG. 3, refiners Rl through R,7 are operating subject to the 
criteria previously de?ned with reference to FIG. 2. Signals 
received from the re?ning operation are processed by an ap 
paratus referred to as the Group Coefficient‘. of re?ning Com 
puter. The single output signal, which we refer to as the Group 
Coefficient of Re?ning is directly related to the actual free 
ness of the combined stock from all the re?ners and is 
representative of the overall or mean re?ning action of all the 
re?ners in the group. 

This signal is then compared to a set point signal which may 
be proportional to the desired freeness of the combined stock 
and is referred to in ‘FIG. 3 as the desired Group Coefficient of 
Re?ning. The error‘s'ignal which results from this comparison, 
viz the group error signal, is directly related to‘the deviation of 
actual freeness from desired freeness. This error signal is the 
input to the group controller which, operating from the group 
error signal, calculates the total control action required to 
restore the actual freeness to the desired freeness. Since the 
Group Control Signal is in the nature of an overall control 
signal, it must be distributed or allocated among the various 
re?ners under system control, i.e. R1, R2...R,. This function is 
performed by the allocator which operates by applying an al 
location factor to the Group Control Signal and producing 
thereby a desired coef?cient of re?ning for each re?ner under 
system control. In performing its allocation function, the al— 
locator must be supplied with an allocation factor or factors. 
These factors are generated by the allocation factor computer 
in response to process conditions and operating constants. 
These factors may be automatically and continuously calcu 
lated or precalculated and set into the allocator. 

Finally, the outputs of the allocator, i.e. the individual 
desired coef?cients of re?ning, are compared with the in 
dividual, actual coef?cients of re?ning. Any individual error 
signals are operated upon by a controller or controllers whose 
output is the actuating signals, AS1, AS2, AS3...AS_,, to the in 
dividual re?ners under system control Rl through R,. 
Those skilled in the art will immediately perceive that our 

system, as generally described in FIG. 3, is amenable to both 
analogue and digital execution. Thus, it is to be noted that the 
bounds of our invention are not circumscribed by the equip 
ment arrangements or processing steps indicated in FIG. 4 or 
later drawings since the actual application of our invention 
may alter either equipment arrangements and/or processing 
steps. For example, with reference to FIG. 3, individual con 
trollers are shown for each re?ner under system control. How 
ever, at least two equivalents of our system would be (I) a sin 
gle multiplexed analogue controller, or (2) a direct digital 
control system where each of the controllers shown in FIG. 3 
was replaced by a control algorithm. These and other 
equivalents are within the ambit of the remaining discussion 
and drawings. 
A somewhat more generalized embodiment of our invention 

is presented in FIG. 4 wherein the allocation and individual 
re?ner control functions and apparatus are replaced by an ele 
ment referred‘ to in FIG. 4 as Group Error Signal Processor. 
Utilizing this approach, the Group Error Signal Processor, 
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6 
which has available to it information as to the present operat 
ing levels of all the re?ners, viz S,—S,, and F1—-F,,, calculates 
new or desired values of S, viz S14, S2‘... 5,", which will reduce 
the Group Error Signal to zero. A typical manner in which this 
calculation could be effected would be to select a set of in 
dividual values of S and then iteratively utilize the equation 
employed to determine the Group Coef?cient of Re?ning to 
obtain the desired individual values of S which would reduce 
the Group Error Signal to zero. In selecting a set of individual 
values of S, numerous criteria may be established; e.g. all 
values of S are equal; the values or S are related to re?ner 
capacity, etc. After the Group Error Signal Processor calcu 
lates each of the desired re?ning action signals, 8,", S2"...S, d, 
the difference between each desired re?ning action signal and 
the actual re?ning action signal is obtained, i.e. Sid-8,. This 
difference signal represents the amount and direction of 
desired change in the measured variable, 5,. Knowing the ex 
pression which relates a change in manipulated variable to- a 
change in measured variable, individual actuating signals, A5,, 
AS2...AS,,, may be calculated since the actuating signals 
represent change in manipulated variable, e.g. disc separation 
in disc re?ning. The equation which represents this calcula 
tion is 

AS, 
m — T (P ) i 

‘where, if each re?ner responds linearly, T(p),- is the transfer 
function of the ith re?ner. , 

Although the apparatus and process depicted by FIG. 4 is 
within the scope of invention, our preferred embodiments util 
ize the allocator and individual control» approach shown in 
FIG. 3 since this. approach does not require one to know or 
determine the relationships between the various parameters of 
re?ner operation, e.g. AT and disc separation. Thus, all our 
following examples utilizeto varying extents, the allocator and 
individual control approach. However, it should be un 
ders'tood that all comments made in reference to subsequent 
examples or embodiments are applicable to the embodiment 
of FIG. 4 to the extent that they refer to equivalents of ele 
ments l9 and 20 ofFIG. 4. 

FIG. 5 is a schematic flow chart of a typical re?ner indicat 
ing the peripheral equipment associated with the re?ner, e.g. 
the re?ne drive motor, equipment which may be used for ad 
justing the spacing between the moving surfaces, i.e. an 
hydraulic ram and associated pressure regulating equipment. 
Also indicated is one approach to instrumenting the refiner 
such that appropriate signals are made available to the control 
system. 
As previously discussed, certain of the signals indicated in 

FIGS. 3 and 4 as going to the control system, are representa 
tive of the overall amount of re?ning done by the re?ner on 
the pulp, e. g. drive motor current or AT. We refer to either of 
these or other similar signals as an index of re?ning action or 
as we have termed it, the coef?cient of re?ning. When practic 
ing our invention, one such coef?cient of re?ning is selected, 
e.g. AT, and is sent to the control system where it is operated 
upon in conjunction with other such signals from the other 
re?ners in the group g as will be hereinafter discussed. 

FIG. 6 is ‘a more quantitive description of our control system 
wherein a generalized transfer function is shown for each 
block within the system. ‘Each transfer function represents 
both the function which its respective block is to perform as 
well as the process step which signal inputs to that block un 
dergo. As shown, the particular coe?icient of re?ning on 
which the control system operates is. the temperature rise 
across the re?ner or AT although other coef?cients are availa 
ble e.g. power consumption. The re?ners from which the con~ 
trol system input signals were derived are a group of re?ners 
as de?ned above in reference to FIG. 2. Further, an arbitrary 
re?ner within the group will‘ be referred to as the ith refiner 
with any signals associated therewith being denoted by the 
subscript i, e.g. AT, for the AT of the ith‘re?ner and F, as the 
stock flow through the ith re?ner. The last re?ner in the group 
is g and the last re?ner is subclass s is s. _ 
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Using individual AT’s as the individual coefficient of re?n 
ing, we de?ne the Group Coef?cient of Re?ning as group AT 
or ATG which may be generally stated to be a function of both 
the individual AT and the flow associated with each re?ner, 
i.e. ATG=f (ATl, AT2...AT,...AT,; F1, F,...F...F,,). After ap 
paratus element 30 in FIG. 6 computes ATG, element 31 com 
pares ATG to the desired or set point ATG, viz ATGSP. Any dif 
ference between ATG and ATGSP gives rise to a group AT error 
signal, ATGe, which is the input signal to the group controller 
32. The group controller 32 operates upon ATG" to produce a 
group control signal, ATG ‘75, which is purely a function of ATG 
", i.e. ATGCS =f(ATG). 
The group control signal ATGCS must be allocated among the 

re?ners in the group which are under system control. The 
result of this allocation, which is performed by apparatus ele 
ment 33, is to generate an individual control signal, AT,- CS for 
each re?ner under system control. In this generalized 
representation of our control system, the group AT control 
signal, ATGCS is related to the individual AT control signal by 
an allocation factor A,-. The value of A, is supplied to apparatus 
element 33 by element 37 which calculates A,- on the basis of a 
program or strategy supplied to it. Although, as previously 
pointed out, various criteria may be imposed in the derivation 
of A‘, we have in FIG. 6 derived A, as a function of stock flow 
rates through the re?ners and weighting factor, i.e. A,=K(f,(F,, 
F2...F...F,,) in the general case. 
Apparatus elements 34, 35 and 36 represent the apparatus 

and process by which the allocated control signals, ATfS, are 
employed to adjust or control the individual re?ners under 
system control, i.e. R1 through R,. Thus, the control system ul 
timately supplies individual activating signals, AT{‘S...AT,As 
which adjust the system controlled re?ners such that their out 
put when combined with the output of all re?ners in the group 
but not under system control, will have the desired quality, 
e.g. freeness as manifested by ATG being equal to ATGS". 

FIGS. 7 and 8 present two speci?c embodiments of our in 
vention. 
The apparatus of FIG. 7 illustrates particular transfer func 

tions which may be employed for each apparatus element or 
block. The control system shown in FIG. 7 is displayed in a 
manner which would make it particularly amenable to 
analogue implementation, i.e. each of the blocks with its ap 
propriate transfer function are physically realizable through 
the use of standard and commercially available analogue 
equipment such as operational ampli?ers and analogue con 
trollers. In the following comments describing the operation of 
our invention as shown in the speci?c embodiment of FIG. 7, 
it is to be understood that we are controlling a re?ning system 
as heretofore de?ned in FIG. 2. 

In this embodiment, the individual coef?cient of re?ning 
utilized is AT. The control system receives from each re?ner in 
the group g a signal representing individual AT, viz AT], ATZ. 
..AT,, and a signal representing the ?ow through each re?ner, 
viz F1, FzmF. The ?rst element or block in the control system 
40 calculates the group coef?cient of re?ning, viz group delta 
T or ATG. 

In this embodiment, we calculate ATG as the ?ow weighted 
average of all the AT8 in the group g or: 

The output of 40, viz ATG, is compared with the group delta T 
set point, ATGS", by 41, the result of this comparison being the 
output of 41 or the group AT error signal, ATG". ATG" is the 
input to 42 which is shown as the equivalent of a three-func 
tion analogue controller, i.e. a device having a transfer func 
tion of the general form a+bp+c/p where a, b, and c are con 
stants, viz positive real numbers but including zero and p is the 
Laplace operator, p indicating the time derivative and p-1 in 
dicating the time integral. 
The output of 42 is the group AT control signal, ATGCS, the 

magnitude and polarity of which represents the control action 
required of the re?ners under system control, i.e. the re?ners 
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8 
in the subgroup s, to insure that the output of all re?ners in the 
group g is such that ATG=ATGS". Those elements generally 
represented by 43 together with 44 allocate the group control 
signal ATGCS to generate individual control signals ATICS, AT2 
CS... ATBCS. Each of the individual control signals, AT,“ is re 
lated to the group control signal, ATGCS, by an allocation fac~ 
tor A,~. In this embodiment all allocation factors are equal, i.e. 
Arm-20.14,. A,- is calculated by 44. 44 receives signals, F,, F2... 
F,,, representing the flow through each re?ner, each of these 
signals being the same as the ?ow signals that were supplied to 
40. 44 is also programmed or supplied with information as to 
the number of re?ners which are in the group, g, and which 
re?ners in the group g are in the subgroup s, i.e. which re?ners 
are under system control. On this basis, 44 computes A, ac 
cording to the equation: 

Thus, in this embodiment, it will be appreciated that A,- is 
equal to the ratio of the total flow through all the re?ners in 
the group g to the ?ow through all the re?ners in the subclass 
s. As to the numerical value of A‘, in the general case when 
g>s, it follows that Ai> 1. In the limiting case of g=s, then A=1. 
As to the permissible value ofs, we de?ne that s # 0, i.e. at 
least one re?ner is always under system control. 
The individual control signals, AT,” essentially bias initial 

set point signals, ATisp", through the use of summing junctions, 
generally indicated by 45. The output of the individual 
summing junctions which comprise 45 are the new individual 
delta T set points for each re?ner, viz A715", AT2S"...AT_,SP. 
The individual AT set points, ATFP, are compared with each 
individual, actual AT, AT“ by comparators generally 
represented by 46 which generate individual error signals, ATX 
8, ATf...AT,e. Each of the individual AT error signals, AT,", is 
the input to individual controllers generally represented by 47 
and having transfer functions of the type de?ned hereinbefore 
for 42. The output of the individual controllers are the actuat 
ing signals, ATiAs' which are applied to individual re?ner ac 
tuators such as the adjusting motor which adjusts the pressure 
regulator controlling the hydraulic ram. 
A digital execution of our invention, one representation of 

which is presented in FIG. 8, represents our preferred embodi 
ment. Those skilled in the art will appreciate our reference for 
the use of a digital computer to implement our invention since 
the ?exibility of our system can be most completely achieved 
by this approach. 

FIG. 8 presents our invention in the nature of program flow 
sheet. Functionally, the process indicated by the flow sheet is 
equivalent to the apparatus implementation shown in FIG. 7, 
i.e. AT is used as the coefficient of re?ning and ATG is the 
group coefficient of re?ning. Additionally, however, we have 
incorporated into our preferred embodiment a method of au 
tomatically transferring re?ners out of the subgroup s. Such an 
automatic transfer is desirable since one would not wish to 
send control signals to a re?ner if one of the operating varia 
bles such as ?ow, F, hydraulic pressure, P, motor current, I, or 
AT had exceeded its respective safety or operational limit. 

Prior to commencing operation, the operator would enter 
into memory information as to which re?ners in the group g 
are under system control, i.e. which re?ners in the group g are 
in the subgroup s. Also entered into memory would be the 
group AT setpoint, ATGS", initial individual AT setpoints Atis", 
and all safety limits. As indicated in FIG. 8, the variables of in 
terest for our re?ner are scanned 48 and stored 49 for future 
readings. The stored data is then read 50 and checked 52 
against the safety limits which are read 51 from memory. If 
any variable exceeds its limit we check 53 to see if that refiner 
is in the subgroup s. If the out of limit re?ner is in the subgroup 
s, the machine’s memory is altered 54, i.e. that re?ner is taken 
out of s. Irrespective of whether the out of limit re?ner is in s, 
we alarm print, 55 to inform the operator of this out of limit 
status. Since the alarm print on every cycle would place an ex 
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cess burden on the alarm typewriter we inhibit the alarm prin 
tout through time check 55 whereby the alarm printout is 
limited to, e.g. one print every 3 minutes. 

After all the variables for one re?ner (the i re?ner) have 
been checked against their limits, we check 56 to see if all the 
re?ners in the group have undergone a safety limit check. All 
re?ners will have been checked when i=g. If all re?ners have 
not been checked we recycle 57 for the next re?ner, viz i+1, 
and continue until i=g. 
When all re?ners have undergone a safety limit check, i.e. 

when i=g, we proceed to calculate the allocation factor A. 
This is accomplished by scanning all flow inputs 58, obtaining 
from memory the present status as to the group g and the sub 
class s, 59, and then calculating A, 60, in accordance with the 
following: 

After A is calculated it is stored 61 in memory for future use. 
As the next step in the process we read 62 all delta ATs and 

?ows associated with each re?ner in g and calculate 63 the 
group AT, ATG as follows: 

Following the calculation of ATG we read 64 the group AT 
setpoint, ATGS" from memory and compare it to ATG 65. The 
result of this comparison, which is ATG" or the group ATG error 
signal, is used to calculate 66 the group control signal, ATGCS, 
as follows: 

ATGCS=f(a, b,c, ATG" (t), ATGE (!—l),...) where ATGe (t) is 
the present Group ATError Signal and AT; (1-1) is the Group 
AT Error Signal during the previous time increment. ‘The 
right-hand side of the above equation is a generalized expres 
sion representing a three-mode control velocity algorithm. 

Following the calculation of ATGCS, we proceed to develop 
an actuating signal for each re?ner in the group. One of two 
methods is employed to develop the individual actuating 
signal, depending on whether the individual re?ner is in the 
subgroup s, i.e. is i in s. In general, if any re?ner, i, is not in s, it 
is controlled to a ?xed set point irrespective of ATGCS. How 
ever, if i is in s then control is responsive to ATGCS. 
More speci?cally, after we calculate ATcctg, all the re?ners 

in g are considered sequentially. For each re?ner we check 67 
whether i is in s. If i is not in s, we proceed to read 68 from 
memory the AT set point for the re?ner under consideration, 
AT,“ We then read 69 the actual AT for that re?ner AT, and 
compare it 70 to ATf", the result being error signal for the 
re?ner, ATf. Using AT,‘ we calculate 71 the individual actuat— 
ing signal, AT,-AS, using an equation of the form employed to 
calculate ATGCS. 

If i is in s, we proceed to calculate 73 a new AT set point by 
reading 72 the value of A the allocation factor, from memory 
and calculating 73 an individual control system, AT,“ follows: 
AT,“ = A ATGCS 

After calculating AT,“ we read 74 the value of the last set 
point for that re?ner from memory and then calculate 75 a 
new AT set point for that re?ner, this new set point being 
de?ned as: 

new AT,” = AT,“ + last AT,” The new AT,-Sp as calculated 
above is then stored 76 in memory, in place of the last AT, 
s", for future use. With the new AT,“ available in 
memory, we read 77 the actual value of ATfor the re?ne 
and, upon reading 78 the new AT,” from memory, we 
compare 79 AT,” with the actual ATfor that re?ner, AT,. 
The error signal created by this comparison AT,-" is used 
to calculate 71 the individual actuating signal, ATASas 
heretofore described. 

After we actuate the re?ner 80 in response to AT,“ we 
check 81 to see if the re?ner just actuated was the last re?ner 
‘in the group, i.e. is i=g. If it is not the last re?ner in the group, 
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the individual control process steps ‘67 to 71 or steps 72-79, 
and 71 is recycled 82 for the next re?ner, viz re?ner i+1. The 
recycle of the individual control process is continued until all 
re?ners in the group have been actuated at which time i=g. 
When ‘Pg, we then recycle 83 to the start of the entire process 
at step 48, the recycle being controlled and actuated by clock 
84. ‘ 

Although we have recited herein numerous embodiments of 
our invention, such recitations have been by way of example 
and not by way of limitation. Because of the intrinsic ?exibility 
of invention, as indicated by our various examples, numerous ‘ 
modi?cations of our invention will be evident to those skilled 
in the art, all of which fall within the scope of our appended 
claims. 
We claim: 
1. A control system for controlling the quality of the output 

stock of a group of pulp re?ners operating in parallel compris 
mg: 

a. means for obtaining from each of said re?ners at least one 
signal representing the temperature difference across 
each re?ner; ‘ 

b. means for obtaining from each of said re?ners at least one 
signal representing the ?ow of stock through each of said 
re?ners; 

means for combining said signals representing the tempera 
ture difference across each of said re?ners and said 
signals representing the ?ow of stock through each of said 
re?ners into a ?rst signal representing the flow weighted 
average temperaturedifference across all of said re?ners; 

d. means for providing a second signal representing desired 
flow weighted average temperature difference across all 
of said re?ners; 

e. means for comparing said ?rst and second signals to ob 
tain a difference‘ signal; and 

f. control mean‘s‘fo‘r controlling at least one of said re?ners 
in response to said difference signal. ‘ 

2. A control system for controlling the quality of the outpu 
stock of a group of pulp re?ners operating in parallel which 
comprises: 

a. means for obtaining a plurality of signals, each represen 
tative of the re?ning action of each re?ner in said group; 

b. means for combining said plurality of signals to obtain a 
?rst signal representative of the mean re?ning action of 
all of said re?ners; 

c. means for generating a second signal representative of 
desired mean re?ning action; 

(1. means for comparing said ?rst signal with said second 
signal to develop an error signal; , 

e. means for calculating a group control signal in response 
to said error signal; 

f. means for generating at least one group control signal al 
location factor; 

g. means for generating at least one individual control signal 
by operating on said group control signal in response to 
said allocation factor; 

b. means for altering at least one individual re?ning action 
' set point in response to said individual control signal; and 
i. means for controlling the re?ning action of at least one in 

dividual re?ner in said group in response to the deviation 
of actual re?ning action from said individual re?ning ac 
tion set point. i 

3. A control system for controlling the quality of the output 
stock of a group of pulp re?ners operating in parallel which 
comprises: 

a. means for obtaining a plurality of signals, each represen 
tative of the temperature difference across each re?ner in 
said group; 

b. means for combining said plurality to obtain at?rst signal ‘ 
representative of the mean temperature difference across 
all of said re?ners; 

c. means for generating a second signal representative of 
desired mean temperature difference; 

d. means for comparing said ?rst signal with said second 
signal to develop an error signal; 
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e. means for calculating a group control signal in response 
to said error signal; 

f. means for generating at least one group control signal al 
location factor; I 

g. means for generating at least one individual control signal 
by operating on said group control signal in response to 
said allocation factor; 

h. means for altering at least one individual temperature dif 
ference set point in response to said individual control 
signal; and ; 

i. means for controlling the temperature difference across at 
least one individual re?ner in response to the deviation of 
the individual temperature difference from said in 
dividual temperature difference set point. 

4. A control system for controlling the quality of the output 
stock of a group of pulp re?ners operating in parallel which 
comprises: 

a. means for obtaining a ?rst plurality of signals, each 
representative of the temperature difference across each 
re?ner in said group; 

b. means for obtaining a second plurality of signals, each 
representative of the ?ow through each re?ner in said 
group; 

c. means for combining said ?rst plurality and said second 
plurality of signals to obtain a third signal representative 
of the flow weighted average temperature difference 
across all of the re?ners in said group; 

d. means for generating a set point signal; 
e. means for comparing said third signal with said set point 

signal to develop an error signal; 
f. means for calculating a group control signal in response to 

said error signal; 
g. means for generating group control signal allocation fac 

tors; 
h. means for generating at least one individual control signal 
by operating on said group control signal in response to 
said allocation factors; 

i. means for altering at least one individual temperature dif 
ference set point in response to said individual control 
signals; and 

j. means for controlling the temperature difference across at 
least one individual re?ner in response to the deviation of 
the individual temperature differences from said in 
dividual temperature difference set point. 

5. The control system of claim 4 wherein all of said alloca 
tion factors are equal. 

6. The control system of claim 5 wherein said allocation fac 
tor equals the ratio of the total flow of stock through all the 
re?ners in the group to the total flow of stock through all the 
re?ners which are in the group and are controlled in response 
to the group control signal. 

7. I The method of controlling a group of pulp re?ners 
operating in parallel which comprises: 

a. obtaining from each re?ner in said group of re?ners at 
least one signal which is representative of the re?ning sta 
tion of each of said re?ners; 
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b. combining each of said signals from each of said re?ners 
into a ?rst signal representative of overall re?ning action; 

c. obtaining a second signal representative of desired overall 
re?ning action; 

d. comparing said ?rst and second signals to obtain an error 
signal; 

. producing a group control signal in response to said error 
signal; 
obtaining at least one group control signal allocation fac 
tor; 

g. generating at least one individual re?ning action set point 
signal from said group control signal in response to said 
allocation factor; 

h. comparing said individual re?ning action set point signal 
to a signal representing the actual re?ning action of at 
least one of said re?ners to obtain a second error signal; 

(D 

and 
. controlling at least one of said re?ners in response to said 
second error signal whereby the overall re?ning of all of 
said re?ners in the group is equal to the desired overall 
re?ning action. 

8. A control system for controlling the quality of the output 
stock of a group of pulp re?ners operating in parallel compris 
mg: 

a. means for obtaining from each of said re?ners at least one 
signal representative of the re?ning action of each re?ner 
in said group; ' 

b. means for obtaining from each of said re?ners at least one 
signal representative of the ?ow of stock through each 
re?ner in said group; 

0. means for combining said signals representative of the 
re?ning action of each of said re?ners and said signals 
representative of the flow of stock through each of said 
re?ners into a ?rst signal representative of the mean 
re?ning action of all of said re?ners; 

d. means for generating a set point signal representative of 
the desired mean re?ning action; 

e. means for comparing said ?rst signal with said set point 
signal to develop an error signal; and 

f. means for controlling at least one of said re?ners in 
response to said error signal. 

9. The apparatus of claim 8 wherein said signal representa 
tive of the re?ning action of each re?ner in said group is 
representative of the power consumption of the re?ner drive 
motor. 

10. The apparatus of claim 8 wherein said signal representa 
tive of the re?ning action of each re?ner in said group is 
representative of the temperature difference across each of 
the re?ners in the group. 

11. The apparatus of claim 10 wherein said means for con 
trolling includes means for varying the loading on one of the 
re?ning surfaces. 

12. The apparatus of claim 10 wherein said means for con 
trolling includes means for varying the spacing between the 
re?ning surfaces. 
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