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for the process variable to go above or below the set point than to be in
the opposite condition. This invention relates to process control. In one
Also, the danger increases as the magnitude of aspect this invention
relates to method and         the error grows since the likelihood that the
apparatus for generating a set point for a second    5    process variable
might exceed a process limit process variable based on the difference, if
any,    with  resulting   adverse  consequences  is between the actual
value of a first process          enhanced. Under this situation, the
competing variable and the set point for the first process
considerations discussed in the foregoing para- variable.
graph may be blended to some extent by varying In many processes, a second
process variable,   10   the control action based on the sign of the error
such as the flow rate of a fluid being provided to   and the magnitude of
the error. In this manner, a or withdrawn from the process or the rate at
control system can be provided in which the which heat is provided to or
withdrawn from the      magnitude of the control action taken is deter-
process, is controlled so as to maintain a first     mined by the
probability that an undesirable process variable, such as a product
composition,   15   condition will occur. Thus, the probability that the a
process temperature or a process pressure,         undesired condition will
occur is decreased while substantially equal to a desired value (set point)
holding oscillations about the set point to a for the first process
variable. Typically, this is   minimum. accomplished by determining the
magnitude of           It is thus an object of this invention to provide a
the difference (also referred to as error), if any,   20    method and
apparatus for generating a set point which exists between the actual value
of the first  for a second process variable based on the error process
variable and the desired value for the first  between the actual value of a
first process process variable and controlling the second          variable
and the set point for the first process process variable based on this
error. Generally,     variable, wherein the rate at which the set point the
actual value and desired value are compared    25   for the second process
variable is changed is in a controller which may utilize various modes of
dependent upon the sign of the error and the control such  as
proportional, proportional-        magnitude of the error. integral,
proportional - derivative  or pro-           In accordance with the present
invention, portional-integral-derivative.   The   controller    method and
apparatus are provided as defined in accepts the actual value and desired
value and    30   the claims. A set point for a second process produces a
scaled output signal which is repre-      variable is generated based on
the error between sentative of a comparison of the actual value and    the
actual value of a first process variable and the desired value. The scaling
of the output signal is   set point for the first process variable. The
determined by the type of process variable which     equation for the set
point for the second process is to be controlled, i.e., if a flow is to be
controlled    35    variable contains a term which is proportional to the
output signal may have units of pounds per       the error, a term which is
proportional to the hour.
integral of the error and a term which is propor- A  process control
engineer iu faced with          tional to the error raised to some power
where the competing consideration when attempting to            magnitude
of the power to which the error is maintain the actual value of a first
process   40   raised is determined by the sign of the error. The variable
substantially equal to a desired value by   equation for the set point for
the second process controlling a second process variable. A first
variable may also contain a term which is propor- consideration is a need
to avoid oscillations of the  tional to the derivative of the error where
the actual value of the first process variable about the  magnitude of such
term is determined by the set point for the first process variable. This
can    45    magnitude of the error and not simply the typically be
accomplished by avoiding large          magnitude of the derivative of the
error. In this changes in the second process variable over a        manner,
a set point is generated which can take short period of time even though it
may take         into consideration the fact that large control longer to
force the actual value of the first process  action may be required under
some circum- variable to return to the set point value. The    50   stances
and that minimal control action may be second consideration is that in many
processes it    required under other circumstances in a process. is
critical that close control of a particular process  Other objects and
advantages of the invention variable be maintained because of the often
will be apparent from the foregoing brief descrip- disastrous consequences
of any  significant          tion of the invention and from the drawings
which departure of the actual value of the process    55    are briefly
described as follows: variable from the set point value. In these situa-
Figure 1 is a diagrammatic illustration of a tions, it is desirable to
apply a large control action  polymerization reaction system and an
associated if the error for the first process variable begins to  control
system which utilizes the set point genera- become significant to prevent
the adverse conse-     tion of the present invention; and quences from
occurring even through this may    60     Figure 2 is a logic flow diagram
of the logic cause oscillation of the actual value of the first   utilized
to generate the set point in accordance process variable around the set
point because of     with the present invention based on the error the
magnitude of the control action taken.           between the actual value
of a process variable In many processes where close control of a
and a set point for the process variable. process variable is required, it
is more dangerous    65  The invention is described in terms of the 3    
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ethylene. However, the inven-     For example, the control elements of the
system tion is applicable to any process where it is      can be
implemented using electrical analog, desired to manipulate a second process
variable     digital  electronic,   pneumatic,   hydraulic, so as to
maintain the actual value of a first       mechanical or other similar
types of equipment or process variable substantially equal to the desired
5    combinations of one or more such equipment value for a first process
variable. However, it is  types. While the presently preferred embodiment
noted that the invention is particularly applicable  of the invention
preferably utilizes a combination to the control of solids concentration in
a        of pneumatic final control elements in con- polymerization reactor
since this control is critical  junction with electrical analog signal
handling and it is more undesirable for the actual solids    10   and
translation apparatus, the apparatus and concentration to be above the set
point than        method of the invention can be implemented below the set
point.                                using a variety of specific equipment
available to A specific control system configuration is set     and
understood by those skilled in the process forth is Figure 1 for the sake
of illustration.     control art. Likewise, the format of the various
However, the specific control configuration is not   15   signals can be
modified substantially in order to a critical feature of the present
invention and the  accommodate signal format requirements of the invention
is applicable to large variety of control  particular installation, safety
factors, the physical configurations which are utilized to manipulate a
characteristics of the measuring or control instru- second process variable
so as to maintain the       ments and other similar factors. For example, a
actual value of a first process variable sub-    20   raw flow measurement
signal produced by a stantially equal to the desired value for the first
differential pressure orifice flow meter would process variable.
ordinarily  exhibit a  generally  proportional Lines designated as signal
lines in the drawings   relationship to the square of the actual flow rate.
are electrical or pneumatic in this preferred       Other measuring
instruments might produce a embodiment. Generally, the signals provided
25   signal which is proportional to the measured from any transducer are
electrical in form. How-     parameter, and still other transducing means
may ever, the signals provided from flow sensors will   produce a signal
which bears a more compli- generally be pneumatic in form. Transducing of
cated, but known, relationship to the measured these signals is not
illustrated for the sake of    parameter. Regardless of the signal format
or the simplicity because it is well known in the art that if   30   exact
relationship of the signal to the parameter a flow is measured in pneumatic
form it must be     which it represents, each signal representative of
transduced to electrical form if it is to be trans-  a measured process
parameter or representative mitted in electrical form by a flow transducer.
of a desired process value will bear a relationship Also, transducing of
the signals from analog form   to the measured parameter or desired value
to digital form or from digital form to analog form    35   which permits
designation of a specific measured is not illustrated because such
transducing is also  or desired value by a specific signal value. A well
known in the art.                              signal which is
representative of a process The invention is also applicable to mechanical,
measurement or desired process value is there- hydraulic or other signal
means for transmitting    fore one from which the information regarding
information. In almost all control systems some    40   the measured or
desired value can be readily combination of electrical, pneumatic,
mechanical     retrieved regardless of the exact mathematical or hydraulic
signals will be used. However, use of   relationship between the signal
units and the any other type of signal transmission, compatible    measured
or desired process units. with the process and equipment in use, is within
Referring now to Figure 1, there is illustrated a the scope of the
invention.                    45   polymerization reactor 11. Ethylene is
provided to A digital computer is used in the preferred       the
polymerization reactor 11 through conduit embodiment of this invention to
calculate the        means 12. In like manner, a diluent such as required
control signal based on measured           isobutane is provided to the
polymerization process parameters as well as set points supplied    reactor
11 through conduit means 14 and a to  the computer. The digital computer is
so   catalyst, such as a typical chromium oxide on preferably an OPTROL
7000 Process Computer           silica catalyst or a silica-titania
catalyst, is System   from   Applied  Automation,  Inc.,          provided
to the polymerization reactor 11 through Bartlesville, Oklahoma.
conduit means 15. The catalyst flowing through Signal lines are also
utilized to represent the    conduit means 15 will be introduced
periodically results of calculations carried out in a digital   55   into
the reactor 11. This is accomplished by use of computer and the term
"signal" is utilized to refer  the catalyst feeder valve 16 which is
operably to such results. Thus, the term signal is used not   located in
conduit means 15. only to refer to electrical currents or pneumatic     The
reaction effluent is removed from  the pressures but is also used to refer
to binary       reactor 11 through conduit means 17 and is representations
of a calculated or measured    60   provided to the flash tank 18. The
reaction effluent value.                                               will
be made up of polyethylene, unreacted The various transducing  means used
to            ethylene  and  isobutane. The  catalyst will measure
parameters which characterize the           generally be contained in the
polyethylene. process and the various signals generated             The
polyethylene is separated from the un- thereby may take a variety of forms
or formats.   65   reacted ethylene and the isobutane in the flash 4    



5                    0 099 131                       6 tank 18.
Polyethylene is removed from the flash       of the 1973 ISA Joint Spring
Conference, D. E. tank 18 through conduit means 19. Unreacted
Smith, "Control of Polyolefin Reactors Using ethylene and isobutane are
removed from the           Calculated Values of Process Variables". It is
flash tank 18 through conduit means 21.                noted that any
technique could be utilized to The diluent fed into the reactor does not
react    5    compute the solids concentration since the but is rather
utilized to control solids concentra-  technique by which the solids
concentration is tion. The set point generation of the present
determined is not a critical feature of the present invention is utilized
to maintain the actual solids  invention. concentration substantially equal
to the desired       Signal 112, which is representative of the actual
solids concentration by manipulating the flow    10   solids concentration
in the reactor, is provided rate of the diluent. For the particular
polymeriza-  from the compute solids concentration block 111 tion process
in which the set point generation of     as the process variable input to
the compute the present invention was implemented, the set        diluent
set point block 114 which is essentially a point for solids in the reactor
was 30%. If the      controller having  the  set point generation solids
concentration exceeded 33%, the liquid in   15   features of the present
invention. the reactor could  go  solid  resulting  in a          Signal
115, which is representative of the completely plugged reactor which is
very difficult    desired  solids concentration  (30%  for the to clean. If
the solids concentration went below      ethylene reactor to which the
present invention 25%, ethylene could go to gas and rupture the         was
applied), is provided as the set point input to sealing disc in the
reactor. Since the margin    20   the compute diluent set point block 114.
In between the set point and the point at which the      response to
signals 112 and 115, a set point for liquid in the reactor would go solid
is smaller than  the flow rate of diluent through conduit means 14 the
margin between the set point and the point at     is calculated in the
compute diluent set point which ethylene could to gas, it is more critical
that  block 114 as will be more particularly described the solids
concentration not go above the set   25    hereinafter in the description
of Figure 2. Signal point as compared to going below the set point.
41, which is representative of the calculated set Also, it is easier to
replace sealing discs in a      point for the flow rate of the diluent
which will reactor than to clean a reactor filled with solid     maintain
the actual solids concentration repre- polymer.
sented by signal 112 substantially equal to the Temperature transducer 24
in combination with    30    desired  solids concentration  represented  by
a temperature  sensing  device  such  as a            signal 115, is
provided as a control output from thermocouple, which is operably located
pn the        computer 100 to the flow controller 42. reactor 11, provides
an output signal 25 which is       Flow transducer 44 in combination with
the representative of the temperature in the reactor      flow sensor 45,
which is operably located in 11. Signal 25 is provided from the temperature
35   conduit means 14, provides an output signal 46 transducer 24 as in
input to computer 100 and is      which is representative of the actual
flow rate of specifically provided to the compute solids           the
diluent through conduit means 14. Signal 46is concentration block 111i.
provided as the process variable input to the flow The gamma density gauge
27, which may be a          controller   42   which  is  preferably   a
Radiation-density gage as describdd in Perry's   40
proportional-integral-derivative controller. Chemical Engineers Handbook,
Fifth Edition,             In response to signals 41 and 46, the flow
Section 22, McGraw-Hill, provides an output           controller 42
provides an output signal 47 which signal 29 which is representative of the
density of  is responsive to the difference between signals 41 the fluid in
the reactor 11. Signal 29 is provided    and 46. Signal 47 is scaled so as
to be representa- from the density gauge 27 as an input to the    45   tive
of the position of the control valve 48, which compute solids concentration
block 111.               is operably located in conduit means 14, required
A sample of the fluid flowing to conduit means      to maintain the actual
flow rate of the diluent 21 is provided to the analyzer transducer 34
through conduit means 14 substantially equal to through  conduit means 33.
The  analyzer            the desired flgw rate represented by signal 41.
transducer 34 is preferably a chromatographic   so   Signal 47 is provided
from the flow controller 42 analyzer such as the Optichrom 102 chromato-
as the control signal to the control valve 48 and graphic analyzer from
Applied Automation, Inc.,       the control valve 48 is manipulated in
response Bartlesville, Oklahoma. The analyzer transducer      thereto. 34
provides an output signal 36 which is                Referring now to
Figure 2, there is illustrated a representative of the concentration of
ethylene in    55   logic flow  diagram  for the logic utilized to the
fluid flowing through conduit means 21.           compute the diluent set
point signal 41. The first Essentially, signal 36 is representative of the
step is to subtract PV (signal 112) from SP (signal concentration of
unreacted ethylene removed           115) to establish the error (E) which
is representa- from the reactor 11. Signal 36 is provided from      tive of
the difference between the actual solids the analyzer transducer 33 as an
input to the    60   concentration in the reactor 11 as represented by
computer solids concentration block 111.              signal 112 and the
desired solids concentration as The actual solids concentration in the
reactor is   represented by signal 115. A proportional term calculated
based on the measured  process            (PE) is then calculated by
multiplying the error by variables by the conventional technique of using
a proportionality constant (Kp) which was. 250 an equation such as that set
forth in Proceedings    65   (lb/hr)/1% change in E. An integral term (PI)
is 5    



7                   0 099 131                       8 derived by
multiplying the integral of E as a         N=Number of calculated values of
% solids to function of time by an integral constant [err] which
obtain one Wylie point; was 50 (Ib/hr)/1% change in E.
SI=Sample interval in seconds. It is noted that the values given for the
constant [err] and [err] were the values actually utilized in a    5  The
derivative of the error (DZERR) provides an polymerization process to which
the set point        indication of the rate at which the solids generation
of the present invention was applied.     concentration in the reactor is
changing and also Also, the value of other constants and limits
provides an indication of the direction of that which will be described
hereinafter were the         change. Thus, if the sign of DZEER is
negative, the values actually utilized. These values would   id    % solids
concentration is decreasing while a generally be determined based on
operating           positive sign indicates an increasing solids experience
and would generally be different for      concentration. different
processes.                                  After calculation of DZERR, a
determination is After calculating PE and Pi, a decision block is   first
made as to whether the solids concentration utilized to determine whether
the error is greater   15   is increasing or decreasing at a rate faster
than than or equal to zero. This decision is made        the rate
represented by DLTDZ1 which was because the control action will be
different         chosen to be +.25%/Hr. If the absolute value of depending
upon whether the process variable is      the derivative of the error is
not greater than below the set point or above the set point since
+.25%/Hr., then the first part of the derivative the probability of adverse
conditions occurring is   20   term [err] is set equal to zero. If the
absolute greater when the process variable is above the set   value of the
derivative of the error is greater than point. If the error is greater than
or equal to zero, a  +.25%/Hr., then [err] is set equal to the derivative
more powerful control action is desired and thus     of the error
multiplied by the constant [err] which a cube of the error is multiplied by
the constant    was chosen to be 300 lbJ1%. Thus, [err] will have [err]
which is equal to 1.2 [err] to derive the power   25    a magnitude only
when the absolute value of the term (PQ). If the error is less than the
zero, the   derivative of the error is greater than a predeter- error
squared multiplied by the constant [err]         mined value. which is
equal to .7 [err] is utilized to calculate the  After calculating [err],
the derivative of the error power term PQ.
(DZERR) is again examined to determine if the Any desired power could be
utilized to calculate   30    solids concentration is increasing at a rate
greater the power term PQ. Considerations that are taken    than DLTDZ2
which was chosen to be +.25%/Hr. into account is the fact that the higher
powers will  If the answer is no, the second derivative term have greater
effects as the error goes above 1 but   (PD2) is set equal -to zero. If the
answer is yes, the higher powers will also have a more destabilizing
solids concentration is examined to determine if it effect on the process
since they may produce a   35   is more than 1.5% above the set point
(DLTDB2 very large control action in a very short time.     was chosen to
be 1.5(%). Thus, if the error is Thus, it is desirable to use as low a
power as       negative or is less than 1.5%, PD2 will again be set
possible while still maintaining the desired         equal to zero.
However, if the error is greater than control action. For the process to
which the set     1.5%  above the set point, significant control point
generation of the present invention was   40-   action will be taken
because the probability that applied, it was preferred to use a cube of the
error  the reactor could go solid is increased since the when the process
variable was greater than or        actual solids concentration is greater
than 1.5% equal to the set point and to use a square of the    above the
set point and is increasing. error when the process variable was less than
the     The first step in taking this control action is to set point.
45    determine how close the actual solids concentra- After the power term
PG is calculated, the       tion is to a hard limit on the solids
concentration derivative of the error as a function of time        which in
the present case was 33%. This is (DZERR) is calculated. The derivative of
the error   accomplished by subtracting the error from a is obtained from
an equation of differences         hard limit on the error (DLTSP1 was 3%
since set applied to a set of five successive observations   50    point
was 30%) to determine the margin (MRGN). which yields a corrected or
"smooth" derivative      PD2 is then calculated by multiplying the deriva-
at the central point as is illustrated in Wylie,     tive of the error by
the constant [err] (chosen to be "Advanced Engineering Mathematics", second
350 lb/1 %) and dividing the result by the margin. edition, section 5.6,
page 185. The specific        Thus, as the error approaches the hard limit
equation utilized was                          55   (DLTSP1), the magnitude
of the term MRGN will decrease which will result in an increase in the
magnitude of the term [err]. (1) [err]
After calculating the value of PD2, the derivative term PD is calculated by
adding [err] and [err]. The 60    magnitude of signal 41 is then calculated
by where:                                               adding the terms
PE, PI, PQ and PD. [err]=%  solids from a running average for N
In summary, the proportional and integral calculated values;
terms (PE and PI) are standard modes of control [err]=the newest Wylie
point;                        which are well known. The term PQ is propor-
[err]=oldest Wylie point;                      65   tional to the error
raised to a power where the 6    



9                    0 099 131                      10 magnitude of the
power is determined  by             length in Perry's Chemical Engineer's
Handbook whether the actual solids concentration is above     4th. edition,
chapter 22, McGraw-Hill. The catalyst or below the set point. Significant
control action   feeder valve 16 may be a Seiscore ballcheck will result
from the power term  as the error          feeder valve. increases above
1%.                             5      For reasons of brevity and clarity,
conventional In like manner, the magnitude of the derivative    auxiliary
equipment such as pumps and other term is dependent upon the rate at which
the         process equipment have not been included in the actual solids
concentration  is increasing or        above description as they play no
part in the decreasing and upon whether the actual solids
explanation of the invention. Also, additional concentration is above or
below the set point.   to    measurement-control devices such as the
devices Essentially, the derivative term  will have one      which would be
utilized to control the flow rate of value if the solids concentration is
increasing but  the ethylene and the catalyst have not been is still below
set point plus 1.5% and will have a   illustrated since control of the flow
rate of the different value if the solids concentration is       ethylene
and the catalyst do not play any part in increasing and is above the set
point plus 1.5%. In   15   the explanation of the invention. However, it is
the second case, the magnitude of the derivative     noted that the control
concept could be applied to term increases as the actual solids
concentration    different control functions in a polymerization approaches
a hard limit.                             process as well as other
processes. As is well known to those skilled in control art, a number of
high and low limits and smoothing    20    Claims filters could be employed
in the logic illustrated in Figure 2. As an example, a low limit would
1. Apparatus comprising: probably be put on the term MRGN to prevent
means (100, 111) for establishing a first signal division by zero. Also,
smoothing filters with time  (PV) representative of the actual value of a
first constants ranging from 30 seconds to 1 minute   25    process
variable; would typically be utilized to filter terms such as    means
(100,) for establishing a second signal PQ, DZERR, and MRGN to insure a
smooth control       representative of the desired value for said first
action. Such limits and smoothing filters have not   process variable; been
illustrated since they are well known to          means for subtracting
said second signal (SD) those skilled in the control art and do not play
any    30   from said first signal (PV) to establish a third part in the
description of the present invention.    signal representative  of the
difference  (E) It is again noted that the present invention is    between
said first signal and said second signal; not limited to the specific logic
illustrated in       means for multiplying said third signal by a Figure 2.
For the power term, the error could be     proportionality constant [err]
to establish a fourth raised to any suitable power depending on the    35
signal representative of a proportional term (PE), particular process and
in some processes it might      means for multiplying the integral of said
third be desirable to set the power term equal to zero if  signal (E) as a
function of time by an integral the actual value of the process variable is
above    constant [err] to establish a fifth signal representa- or below
the set point. Also, in some processes,     tive of an integral term (PI);
the power term might have a larger magnitude if  40    said apparatus being
characterised by the actual value of the process variable is below
means for determining if the magnitude of said the set point rather than
above the set point.       third signal is greater than or less than zero;
The manner in which the derivative term, if          means  for
establishing  a  sixth  signal utilized, is calculated  may  also  vary.
The         representative of a power term (PQ), wherein said important
feature of the present invention is that,   45    power term has a
magnitude equal to said third if the derivative term is utilized, the
magnitude of  signal raised to a first power with the result being the
derivative term will vary depending upon the     multiplied by a power
constant [err] if the magni- rate of change of the error and the position
of the  tude of said third signal is greater than zero and process variable
with respect to the set point.      wherein said power term has a magnitude
equal In the particular process to which the set point   50   to said third
signal raised on a second power with calculation of the present invention
was applied,    the result being multiplied by a second power the term PD
rarely has a value other than zero.      constant [err] if the magnitude of
said third Thus, the use of the derivative term  is not         signal is
less than zero; required but is preferred to insure that the actual
means for establishing a seventh signal which value of the solids
concentration does not exceed    55   is equal to the sum of the magnitudes
of said a high limit such that the reactor would go solid.   fourth, fifth
and sixth signals, wherein said The invention has been described in terms
of a     seventh signal is the set point for a second preferred embodiment
as illustrated in Figures 1      process variable which will maintain the
actual and 2. Specific components used in the practice of   value of said
first process variable substantially the invention as illustrated in Figure
1, which have    60   equal to the desired value represented by said not
previously been specified, such as tempera-      second signal; and ture
transducer 24, control valve 48, flow             means for controlling
said second process controller 42, flow transducer 44 and flow sensor
variable in response to said seventh signal. 45 are each well known,
commercially available         2. Apparatus in accordance with claim 1
addi- control components such as are described at   65   tionally
comprising: 7    



9                    0099  131                       10 magnitude of the
power is determined  by              length in Perry's Chemical Engineer's
Handbook whether the actual solids concentration is above      4th.
edition, chapter 22, McGraw-Hill. The catalyst or below the set point.
Significant control action    feeder valve 16 may be a Seiscore ballcheck
will result from  the power term  as the error        feeder valve.
increases above 1%.                             5       For reasons of
brevity and clarity, conventional In like manner, the magnitude of the
derivative     auxiliary equipment such as pumps and other term is
dependent upon the rate at which the          process equipment have not
been included in the actual solids concentration  is increasing  or
above description as they play no part in the decreasing and upon whether
the actual solids         explanation of the invention. Also, additional
concentration is above or below the set point.   10    measurement-control
devices such as the devices Essentially, the derivative term  will have one
which would be utilized to control the flow rate of value if the solids
concentration is increasing but   the ethylene and the catalyst have not
been is still below set point plus 1.5% and will have a    illustrated
since control of the flow rate of the different value if the solids
concentration is        ethylene and the catalyst do not play any part in
increasing and is above the set point plus 1.5%. In    15    the
explanation of the invention. However, it is the second case, the magnitude
of the derivative      noted that the control concept could be applied to
term increases as the actual solids concentration     different control
functions in a polymerization approaches a hard limit.
process as well as other processes. As is well known to those skilled in
control art, a number of high and low limits and smoothing    20    Claims
filters could be employed in the logic illustrated in Figure 2. As an
example, a low limit would              1. Apparatus comprising: probably
be put on the term MRGN to prevent             means (100, 111) for
establishing a first signal division by zero. Also, smoothing filters with
time   (PV) representative of the actual value of a first constants ranging
from 30 seconds to 1 minute   25    process variable; would typically be
utilized to filter terms such as     means (100,) for establishing a second
signal PQ, DZERR, and MRGN to insure a smooth control        representative
of the desired value for said first action. Such limits and smoothing
filters have not    process variable; been illustrated since they are well
known to           means for subtracting said second signal (SD) those
skilled in the control art and do not play any    30   from said first
signal (PV) to establish a third part in the description of the present
invention.     signal representative  of the  difference  (E) It is again
noted that the present invention is     between said first signal and said
second signal; not limited to the specific logic illustrated in
means for multiplying said third signal by a Figure 2. For the power term,
the error could be      proportionality constant [err] to establish a
fourth raised to any suitable power depending on the    35    signal
representative of a proportional term (PE), particular process and in some
processes it might       means for multiplying the integral of said third
be desirable to set the power term equal to zero if   signal (E) as a
function of time by an integral the actual value of the process variable is
above     constant [err] to establish a fifth signal representa- or below
the set point. Also, in some processes,      tive of an integral term
[err]; the power term might have a larger magnitude if   40    said
apparatus being characterised by the actual value of the process variable
is below       means for determining if the magnitude of said the set point
rather than above the set point.        third signal is greater than or
less than zero; The manner in which the derivative term, if           means
for  establishing  a  sixth  signal utilized, is calculated  may  also
vary. The         representative of a power term (PQ), wherein said
important feature of the present invention is that,   45    power term has
a magnitude equal to said third if the derivative term is utilized, the
magnitude of  signal raised to a first power with the result being the
derivative term will vary depending upon the      multiplied by a power
constant [err] if the magni- rate of change of the error and the position
of the   tude of said third signal is greater than zero and process
variable with respect to the set point.       wherein said power term has a
magnitude equal In the particular process to which the set point   50   to
said third signal raised on a second power with calculation of the present
invention was applied,     the result being multiplied by a second power
the term PD rarely has a value other than zero.       constant [err] if the
magnitude of said third Thus, the use of the derivative term  is not
signal is less than zero; required but is preferred to insure that the
actual     means for establishing a seventh signal which value of the
solids concentration does not exceed    55   is equal to the sum of the
magnitudes of said a high limit such that the reactor would go solid.
fourth, fifth and sixth signals, wherein said The invention has been
described in terms of a      seventh signal is the set point for a second
preferred embodiment as illustrated in Figures 1      process variable
which will maintain the actual and 2. Specific components used in the
practice of    value of said first process variable substantially the
invention as illustrated in Figure 1, which have    60    equal to the
desired value represented by said not previously been specified, such as
tempera-       second signal; and ture transducer 24, control valve 48,
flow              means for controlling said second process controller 42,
flow transducer 44 and flow sensor     variable in response to said seventh
signal. 45 are each well known, commercially available          2.
Apparatus in accordance with claim 1 addi- control components such as are
described at   65   tionally comprising: 7    
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establishing  an  eighth  signal             4. A method for controlling a
process compris- representative of the derivative of said third        ing
the steps of: signal as a function of time (DZERR);
establishing a first signal representative of the means  for  establishing
a  ninth  signal           actual value of a first process variable;
representative of a first derivative term  [err]    5    establishing a
second signal representative of wherein said first derivative term has a
magni-        the desired value for said first process variable; tude of
zero if the absolute value of the rate of        subtracting said second
signal from said first change (DLTDZ1) represented by said eight signal
signal to establish a third signal representative of is less than a first
predetermined rate of change      the difference between said first signal
and said and wherein said first derivative term  has a    10   second
signal; magnitude equal to said eighth signal multiplied
multiplying said third signal by a proportiona- by a first derivative
constant [err] if the absolute   lity  constant to  establish  a  fourth
signal value of the rate of change represented by said
representative of a proportional term; eight signal is greater than said
first predeter-        multiplying the integral of said third signal as a
mined rate of change;                            15   function of time by
an integral constant to means  for  establishing  a  tenth  signal
establish a fifth signal representative of an representative of a second
derivative term (PD2).      integral term; wherein said second derivative
term has a magni-         said method being characterized by tude equal to
said eighth signal multiplied by a         determining if the magnitude of
said third second derivative constant (KD2) with the result   20    signal
is greater than or less than zero; being divided by the difference between
said third       establishing a sixth signal representative of a signal and
a limit on the value of said third signal   power term, wherein said power
term  has a (DLTSP1) when the rate of change represented by
magnitude equal to said third signal raised to a said eighth signal is
greater than a second            first power with the result being
multiplied by a predetermined rate of change (DLTDZ2) and the    25
first power constant if the magnitude of said third magnitude of said third
signal is greater than a       signal is greater than zero and wherein said
second predetermined magnitude (DLTDB2) and            power term has a
magnitude equal to said third wherein said second derivative term  has a
signal raised to a second power with the result magnitude  of zero  if the
rate of change             being multiplied by a second power constant if
represented by said eighth signal is less than said   30    the magnitude
of said third signal is less than second predetermined rate of change or if
the          zero; magnitude of said third signal is less than said
establishing a seventh signal which is equal to second predetermined
magnitude; and                    the sum of the magnitudes of said fourth,
fifth and means for adding said ninth and tenth signal to      sixth
signals, wherein said seventh signal is the said fourth, fifth and sixth
signals to establish said   35    set point for a second process variable
which will seventh signal.                                        maintain
the actual value of said first process 3. Apparatus in accordance with
claim 1 or 2         variable substantially equal to the desired value
characterized by the fact that it comprises:           represented by said
second signal; and a polymerization reactor (11);
controlling said second process variable in means (12) for providing
monomer to said   40    response to said seventh signal. polymerization
reactor (11);                             5. A method in accordance with
claim 4 addi- a catalyst feeder valve (16) for periodically        tionally
comprising the steps of: introducing  catalyst into said  polymerization
establishing an eighth signal representative of reactor;
the derivative of said third signal as a function of means (14) for
providing a diluent fluid to said   45    time; polymerization reactor;
establishing a ninth signal representative of a means (17) for removing the
reaction effluent        first derivative term, wherein said first
derivative containing polymer, diluent fluid and unreacted        term has
a magnitude of zero if the absolute value monomer from said polymerization
reactor (11);         of the rate of change represented by said eighth that
said first process variable is the actual   50    signal is less than a
first predetermined rate of solids concentration  in  said  polymerization
change and wherein said first derivative term has reactor (11);
a magnitude equal to said eighth signal multiplied that said means for
establishing a second signal      by a first derivative constant if the
absolute value provides said second signal as representative of       of
the rate of change represented by said eighth the  desired  solids
concentration  in  said   55    signal is greater than said first
predetermined rate polymerization reactor;
of change; that said seventh signal is representative of the
establishing a tenth signal representative of a flow rate of said diluent
fluid which will maintain    second derivative term  wherein said second
the actual value of said solids concentration          derivative term  has
a magnitude equal to said substantially  equal  to  the  desired  value
60    eighth signal multiplied by a second derivative constant  with  the
result  being   divided   by  the represented by said second signal; and
difference between said third signal and a limit on that means (42, 44, 46,
47, 48) are provided for     the value of said third signal when the rate
of controlling the flow rate of said diluent fluid in     change
represented by said eighth signal is response to said seventh signal.
65    greater than a second predetermined rate of 8    



13                   0 099 131                      14 change and the
magnitude of said third signal is     einer zweiten Potenz, und das
Ergebnis mit einer greater than a second predetermined magnitude
zweiten Potenz-Konstanten [err] multipliziert and wherein said second
derivative term has a       wird, wenn die GroBe des dritten Signals
weniger magnitude of zero  if the rate of change            als null ist;
represented by said eighth signal is less than said    5  eine Einrichtung
zur Erzeugung eines siebenten second predetermined rate of change or if the
Signals gleich der Summe der Gr6oen des magnitude of said third signal is
less than said     vierten, funften und sechsten Signals, wobei das second
predetermined magnitude; and                 siebente Signal den
Bezugspunkt fOr eine zweite adding said ninth and tenth signal to said
Verfahrensvariable darstellt, die den Ist-Wert der fourth, fifth, and sixth
signals to establish said    10   ersten  Verfahrensvariablen  im
wesentlichen seventh signal.                                      gleich
dem Soll-Wert dargestellt durch das zweite 6. A method in accordance with
claim 4 or 5 for    Signal aufrecht erhalt; und controlling the flow rate
of diluent fluid to a       eine Einrichtung zur Steuerung des zweiten
polymerization process so as to maintain a          Verfahrensvariablen  in
Beantwortung   die desired solids concentration in the polymerization    15
siebenten Signals. reactor, said method comprising the steps of:         2.
Apparatur nach Anspruch  1 weiterhin establishing said.first signal as
representative   enthaltend: of the actual solids concentration  in said
eine Einrichtung zur Erzeugung eines achten polymerization reactor;
Signals repratsentativ fMr die Ableitung des establishing said second
signal as representa-   20   ersten Signals als eine Funktion der Zeit
(DZERR); tive of the desired solids concentration in said      eine
Einrichtung zur Erzeugung eines neunten polymerization reactor;
Signals reprasentativ fur einen ersten Ableitungs- establishing said
seventh signal as representa-    Term (PD) wobei dieser erste
Ableitungs-Term tive of the flow rate of said diluent fluid which will  die
GraBe null besitzt, wenn der absolute Wert maintain the actual value of
said solids concentra-   25   der Gewschwindigkeit der Anderung (DLTDZ1),
tion substantially equal to the desired value       reprasentiert durch das
achte Signal, geringer ist represented by said second signal; and
als eine erste vorherbestimmte Geschwindigkeit controlling the flow rate of
said diluent fluid in  der Anderung, und wobei der erste Ableitungs-
response to said seventh signal.                     Term  eine GroBe
gleich dem  achten Signal 30   multipliziert mit einer ersten
Ableitungskon- Patentansprfuche                                    stanten
(KD1) hat, wenn der absolute Wert der Geschwindigkeit der Anderung
reprasentiert 1. Apparatur mit                                   durch das
achte Signal groBer ist als diese erste einer Einrichtung (1 00, 111 ) zum
Erzeugen eines  vorherbestimmte Geschwindigkeit der Anderung; ersten
Signals (PV) reprasentativ fOr den Ist-Wert   35  eine Einrichtung zur
Erzeugung eines zehnten einer ersten Prozelvariablen;
Signals  reprasentativ  fOr  einen  zweiten einer Einrichtung (100) zur
Erzeugung eines        Ableitungs-Term  (PD2), wobei dieser zweite zweiten
Signals reprasentativ fur den Soll-Wert      Ableitungs-Term eine GrdBe
gleich dem achten dieser ersten ProzeBvariablen
Signal multipliziert mit einer zweiten Ableitungs- einer Einrichtung  zum
Subtrahieren  des   40   konstanten (KD2),.wobei das Ergebnis durch die
zweiten Signals (SP) vom dem ersten Signal (PV)      Differenz zwischen dem
dritten Signal und einem zur Erzeugung eines dritten Signals reprasentativ
Grenzwert fMr den Wert des dritten Signals fur die Differenz (E) zwischen
dem ersten Signal     (DLTSP1) dividiert wird, betragt, wenn die Gesch- und
dem zweiten Signal;                             windigkeit der Anderung
reprasentiert durch einer Einrichtung zum Multiplizieren des dritten    45
dieses achte Signal groBer ist als eine zweite Signals mit einer
Proportionalitatskonstanten       vorherbestimmte Geschwindigkeit der
Anderung (K,), zur Erzeugung  eines vierten  Signals          (DLTDZ2) und
die GroBe dieses dritten Signals reprasentativ fur einen Proportionalterm
(PE);      gr6ler als eine zweite vorherbestimmte Gr6Be einer Einrichtung
zum Multiplizieren des Inte-     (DLTDB2) ist, und wobei dieser zweite
Ableitungs- grals des dritten Signals (E) als eine Funktion der   50   Term
die GroBe null hat, wenn die Geschwindig- Zeit mit einer Integralkonstanten
(Kj) zur          keit der Anderung reprasentiert durch das achte Erzeugung
eines funften Signals reprasentativ fur    Signal weniger als diese zweite
vorherbestimmte einen Integralterm (P1);
Geschwindigkeit der Anderung ist oder wenn die wobei die Apparatur
gekennzeichnet ist durch       Gr6Be dieses dritten Signals weniger als
diese eine Einrichtung zur Bestimmung ob die GraBe    55   zweite
vorherbestimmte Gr6Be ist; und des dritten Signals groBer als oder weniger
als       eine Einrichtung zum Addieren dieses neunten null ist;
und zehnten Signals zu dem vierten, funften und eine Einrichtung zur
Erzeugung eines sechsten      sechsten Signal, um dieses siebente Signal zu
Signals reprasentativ fOr einen Potenz-Term (PQ),    erzeugen. wobei dieser
Potenz-Term eine GroBe hat gleich    60  3. Apparatur nach Anspruch 1 oder
2, dadurch dem dritten Signal zu einer ersten Potenz, wobei
gekennzeichnet, daB sie aufweist: das Ergebnis mit einer Potenz-Konstanten
(Ko2)        einen Polymerisationsreaktor (11); multipliziert wird, wenn
die GroBe des dritten        eine Einrichtung (12) zur Bereitstellung von
Signals groBer als null ist und wobei der Potenz-    Monomer an dern
Polymerisationsreaktor (11); Term eine Groge hat gleich dem dritten Signal
zu   65  ein   Katalysator-Zufuhrventil  (16)  zum 9 * C   L  M   S *   
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periodischen Einfuhren von Katalysator in dem       variable ist, die den
tatsachlichen Wert der ersten r5:,     Polymerisationsreaktor;
Verfahrensvariable im wesentlichen gleich dem eine Einrichtung (14) zum
Bereitstellen eines      durch das zweite Signal reprasentierten Soll-Wert
E      - NVerdunnungsmittelfluids an den Polymerisations-     h3lt; und t
Freaktor;       -                                     Steuerung der zweiten
Verfahrensvariablen in eine Einrichtung  (17) zur Entfernung des
Benatwortung des siebenten Signales. Polymer, VerdOnnungsmittelfluid und
nicht um-         5. Verfahren  nach  Anspruch  4 weiterhin gesetztes
Monomer enthalenden Reaktionsaus-         folgende Stufen aufweisend:
flusses aus dem Polymerisationsreaktor (11);          Erzeugung eines
achten Signals reprasentativ daB diese erste Verfahrensvariable die
tatsach-   10   fMr die Ableitung des dritten Signals als eine liche
Feststoffkonzentration in dem Polymerisa-     Funktion der Zeit;
tionsreaktor (11) ist;                                Erzeugung eines
neunten Signals reprasentativ daB diese Einrichtung zur Erzeugung eines
fur einen ersten Ableitungs-Term, wobei dieser zweiten Signals dieses
zweite Signal reprasenta-     erste Ableitungs-Term  eine Gr6o3e von null
tiv fur die gewunschte Feststoffkonzentration in   15    besitzt, wenn der
absolute Wert der Geschwindig- dem Polymerisationsreaktor zur Verfugung
stellt;    keit der Anderung reprasentiert durch dieses daB dieses siebente
Signal reprasentativ fOr die   achte Signal weniger als eine erste vorher-
Stromkngsgeschwindigkeit dieses Verdunnungs-         bestimmte
Geschwindigkeit  der  Anderung mittelfluids ist, die den tatsachlichen Wert
der    betragt, und wobei dieser erste Ableitungsterm
Feststoffkonzentration  in wesentlichen gleich   20    eine GroBe hat
gleich dem  achten  Signal dem gewOnschten Wert dargestellt durch dieses
multipliziert mit einer ersten Ableitungskon- zweite Signal hilt; und
stanten, wenn der absolute Wert der Gesch- K-'  daB eine Einrichtung (42,
44, 46, 47, 48) zur       windigkeit der Anderung reprasentiert durch *
Steuerung der Stromungsgeschwindigkeit des           dieses achte Signal
gr6Ber ist als diese erste :        Verdunnungsmittelfluids in Beantwortung
dieses   25    vorherbestimmte Geschwindigkeit der Anderung; elften Signals
vorgesehen ist.                        Erzeugung eines zehnten Signals
reprasentativ 4. Verfahren zur Steuerung eines Prozesses,        for einen
zweiten Ableitungs-Term, wobei dieser gekennzeichnet, durch folgende
Stufen:              zweite Ableitungs-Term eine GroBe gleich dem Erzeugung
eines ersten Signals reprasentativ       achten Signal multipliziert mit
einer zweiten fOr den tatsichlichen Wert einer ersten Prozel-   30
Ableitungskonstanten,  wobei  das  Ergebnis variablen;
dividiert wird durch die Differenz zwischen dem Erzeugung eines zweiten
Signals reprasentativ      dritten Signal und einer Begrenzung fur den Wert
* f      fur den Soll-Wert fOr diese erste Prozelvariable;    des dritten
Signals, hat, wenn die Geschwindig- Subtraktion des zweiten Signals von dem
keit der Anderung reprasentiert durch dieses ersten Signal zur Erzeugung
eines dritten Signals  35    achte Signal grdBer ist als eine zweite
vorher- reprasentativ fur die Differenz zwischen dem        bestimmte
Geschwindigkeit der Anderung und .-      ersten Signal und dem zweiten
Signal;                die GroBe dieses dritten Signals groBer als eine
Multiplikation des dritten Signals' mit einer      zweite vorherbestimmte
Grole ist und wobei Proportionalitatskonstanten zur Erzeugung eines
dieser zweite Ableitungs-Term eine GrdBe von -*      vierten   Signals
reprisentativ  fOr  einen   40    null hat, wenn die Geschwindigkeit der
Anderung Proportional-Term;                                   reprasentiert
durch dieses achte Signal kleiner ist Multiplikation des Integrals des
dritten Signals   als diese zweite vorherbestimmte Geschwindig- als eine
Funktion des Zeit mit einer Integralkon-    keit der Anderung oder wenn die
GrdBe dieses stanten zur Erzeugung eines funften Signals          dritten
Signals weniger ist alsi diese zweite vor- reprasentativ for eine
Integral-Term;         45    herbestimmte GrdBe; und wobei dieses Verfahren
gekennzeichnet ist            Addieren des neunten und zehnten Signals zu
durch                                                dem  vierten, funften
und sechsten Signal zur Bestimmung ob die GrdBe des dritten Signals
Erzeugung dieses elften Signals. gr6Ber oder kleiner als null ist;
6. Verfahren gemaB Anspruch 4 oder 5 zur Erzeugung eines sechsten Signals
reprasentativ   50    Steuerung der Strdmungsgeschwindigkeit eines : fr
einen Potenz-Term, wobei dieser Potenz-Term     Verdunnungsfluids in ein
Polymerisationsver- eine GroBe gleich dem dritten Signal zu einer
fahren zur Beibehaltung einer gewOnschten Fest- ersten Potenz, wobei das
Ergebnis mit einer          stoffkonzentrations in einem  Polymerisations-
ersten Potenzkonstanten multipliziert wird, ist,    reaktor, wobei dieses
Verfahren folgende Schritte wenn die GrdBe des dritten Signals groBer als
55    aufweist: null ist und wobei dieser Potenz-Term eine GrdBe
Erzeugung dieses ersten Signals als reprAsenta- gleich dem dritten Signal
zu einer zweiten Potenz,   tiv fMr die tatsachliche Feststoffkonzentration
in wobei das Ergebnis mit einer zweiten Potenz-         dem
Polymerisationsreaktor; konstanten multipliziert wird, hat, wenn die
Erzeugung   dieses  zweiten  Signals  als GrdBe des dritten Signals weniger
als null  60   reprasentativ  for die gewunschte  Feststoff- betragt;
konzentration in diesem Polymerisationsreaktor; Erzeugung eines siebten
Signals, das gleich der      Erzeugung  dieses  siebenten  Signals  als
Summe der GroBen des vierten, funften und            reprasentativ fur die
Strdmungsgeschwindigkeit *i      sechsten Signals ist, wobei dieses
siebente Signal   dieses Verdunnungsfluids, welche dem tatsach- der
Bezugspunkt fur eine zweite Verfahrens-   65   lichen Wert diese
Feststoffkonzentration  im 10 L ,             t  
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gleich dem  gewujnschten Wert          huitieme signal multipli6 par une
premiere reprasentiert durch dieses zweite Signal hilt; und   constante de
derivee (KD1J Si la valeur absolue du Steuerung   der
Stromungsgeschwindigkeit          taux de changement repr6sente par le
huitieme dieses Verdunnungsmittelfluids in Beantwortung       signal est
superieure au premier taux pre- dieses siebenten Signals.
5    determine de changement; -un moyen pour etablir un dixieme signal
Revendications                                       representatif d'une
seconde d6rivee (PD2) ouI la seconde deriv6e a une amplitude egale au 1.
Dispositif comprenant:                          huitieme signal multiplie
par une seconde -un moyen (100, 111, PM) pour etablir un    '0   constante
de ddrive (1K02) avec le resultat divis6 premier signal (PV) representatif
de la valeur       par la difference entre le troisieme signal et une
r6elle d'une premiere variable de procede;           limite de la valeur du
troisibme signal (DLTSP1) -un moyen (100) pour 6tablir un second signal
lorsque le taux de changement represente par le representatif de la valeur
d6sir~e pour la premiere  hiilitieme signal est superieur A un second taux
variable du procede;                           lb   predeterminee  de
changement (DLTDZ2) et -un moyen pour soustraire le second signal
l'amplitude du troisieme signal est superieure 3 (SP) du premier signal
(PV) afin d'etablir un        une seconde amplitude predeterminee (DLTDB2)
troisieme signal representatif de la difference (E)  et oCu la seconde
d6rivee a une amplitude nulle Si entre le premier signal et le second
signal;         le taux de changement represente par le huitieme -un moyen
pour multiplier le troisieme signal   20   signal est inferieur au second
taux predetermin6 par une constante de proportionnalite (K,) afin      de
changement ou si l'amplitude du troisieme d'etablir un quatrieme signal
representatif d'un     signal est inferieure A la seconde amplitude terme
proportionnel (PE);                            pr6determinee et -un  moyen
pour multiplier l'int6grale du            -un moyen pour additionner les
neuvieme et troisieme signal (E) en fonction du temps par une    25
dixieme signaux aux quatrieme, cinquieme et constante  d'int6grale  IK,)
afin  d'etablir un      sixieme signaux pour etablir le septieme signal.
cinquieme signal representatif d'une integrale         3. Dispositif selon
la revendication 1 ou la (PI);
revendication 2, caracterise par le fait qu'il -le dispositif etant
caracterise par:              comprend: -un moyen pour determiner si
l'amplitude du    30    -un reacteur de polymerisation (11), troisieme
signal est superieure ou inferieure A        -un moyen (12) pour fournir un
monomere au zero;                                                reacteur
de polymerisation (11), un m6yen pour etablir un sixieme signal
-une vanne d'introduction de catalyseur (16) representatif d'une  puissance
(PQ), oui la         pour introduire periodiquement un catalyseur puissance
a une valeur egale au troisieme signal   35    dans le reacteur de
polymerisation; eleve a une premiere puissance avec le resultat        -un
moyen (14) pour fournir un diluant fluide multiple par une constante de
puissance (K.2) Si     au reacteur de polymerisation. I'amplitude du
troisieme signal est superieure a       -un moyen (17) pour extraire du
reacteur de zero et oui la puissance a une valeur egale au
polymerisation  (11)  I'effluent  de  reaction troisieme signal porte a une
second puissance    40    contenant un polymere, le diluant fluide et un
avec le resultat multiplie par une constante de      monomere n'ayant pas
r6agi; seconde puissance (-K01) Si l'amplitude du             -en ce que la
premiere variable de procede est troisieme signal est inferieure A zero;
Ia concentration reelle en solides dans le reacteur -un moyen pour etablir
tn septieme signal qui      de polymerisation (11), est egal a la somme des
amplitudes des    45           -en ce que le moyen pour etablir un second
quatrieme, cinquieme et sixieme signaux, ou le       signal fournit le
second signal representatif de la septieme signal est le point de consigne
pour une    concentration desiree des solides dans le reacteur seconde
variable du procede qui maintiendra la       de polym6risation, valeur
reelle de Ia premiere variable du procede       -en ce que le septieme
signal est representatif sensiblement egale a la valeur desiree qui est
50    du debit du diluant qui maintiendra la valeur representee par le
second signal; et                 reelle de la concentration des solides
sensible- -un moyen pour commander la seconde vari-          ment egale a
la valeur desiree representee par le able du procede en reponse au septieme
signal.       second signal; et 2.  Dispositif  selon  la  revendication
1,         -en ce que des moyaens (42, 44, 46, 47, 48) sont comprenant en
plus:                            55   fournis qui commandent le debit du
diluant fluide -un moyen pour etablir un huitieme signal        * en
reponse au septieme signal. reprisentatif de la derivee du troisieme signal
en     4. Procede de commando  d'un  procede fonction du temps (DZERR);
comprenant les etapes consistant a: -un moyen pour etablir un neuvieme
signal            -etablir un premier signal representatif de la
representatif d'une premiere derivee (PD1) ou la   60    valeur  reelle
d'une  premiere  variable  de premiere derivee A une amplitude nulle si la
procedes, valeur absolue du taux de changement (DLTDZ1)          -etablir
un second signal representatif de la represente par le huitieme signal est
inferieur a    valeur desiree pour la premiere variable du un premier taux
predetermine de changement et        procede, oCu la premiere derivee a une
amplitude egale au   65  -soustraire le second signal du premier signal 11 
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20                             1 pour etablir un troisieme signal
representatif de la  changement et ouj la premiere d6riv6e a une difference
entre le premier signal et le second      amplitude egale au huitieme
signal multiplie par signal,
une premiere constants de derivee si la valeur -multiplier le troisieme
signal par une           absolue du taux de changement represente par le
constante de proportionnalite afin d'etablir un    5    huitibme signal est
superieure au premier taux de quatribme signal representatif d'un terme
propor-    changement predetermine, tionnel,
-etablir un dixieme signal representatif d'une -multiplier l'int6grale du
troisibme signal en     seconde derivee ou cette seconde derivee a une
fonction du temps par une constante d'integrale      amplitude egale au
huitibme signal multiplie par afin d'etablir un cinquieme signal
representatif   ,o   une seconde constante de derivee avec le d'une
integrale,                                     resultate divise par la
diff6rence entre le troisibme -ce procede etant caracterise par les etapes
signal et une limite sur la valeur du troisieme consistant b:
signal lorsque le taux de changement represente -determiner Pi I'amplitude
du troisieme signal     par le huitieme signal est superieure A un second
est superieure ou inferieure a zero;           15   taux de changement
predetermin6 et l'amplitude -etablir un sixibme signal representatif d'un
du troisieme signal est superieure a une seconde terme eleve A une
puissance oui le terme a une       amplitude predeterminee et out la
seconde valeur 6gale au troisibme signal eleve A une         derivee a une
valeur nulle si le taux de change- premibre puissance avec le resultat
multiple par     ment represente par le huitieme signal est une  premiere
constants  de  puissance  si   20   inferieur au second taux de changement
predeter- I'amplitude du troisibme signal est superieure a     mine ou si
l'amplitude du troisieme signal est zero; et oui le terme eleve a une
puissance a une    inferieure A la seconde amplitude pr6determinee,
amplitude egale au troisibme signal elve a une       et seconde puissance
avec le resultat multiplie par       -additionner les neuvibme et dixieme
signaux une  constants  de  seconde  puissance  si   25    aux quatribme,
cinquieme et sixibme signaux l'amplitude du troisibme signal est inferieure
a     pour etablir un septibme signal. zero,
6. Procede selon la revendication 4 ou la -etablir un septibme signal qui
est egal a la      revendication 5, pour commander le debit d'un somme des
amplitudes des quatrieme, cinquibme        diluant fluide dans un procede
de polymerisation et sixieme signaux, oCu le septieme signal est le   30
de manibre a maintenir une concentration desiree point de consigne pour une
seconde variable du       en solides dans le r6acteur de polymerisation, ce
procede qui maintiendra la valeur reelle de lu       procede comprenant les
etapes consistant a: premibre variable du procede sensiblement egale
-etablir le premier signal comme representatif a la valeur desiree
representee par le second        s Ia concentration reelle en solides dans
le signal; et                                     35    reacteur de
polymerisation; -commander la seconde variable du procede
-etablir le second signal comme representatif en reponse au septibme
signal.                       de la concentration d6sir6e en solides dans
le 5. Procede selon la revendication 4, coripre-       reacteur de
polymerisation; nant en plus les etapes consistant a:
-etablir leseptibme signal comme representa- -etablir un huitibme signal
representatif de la  40    tif du debit du diluant fluide qui maintiendra
la derivee du troisibme signal en fonction du temps;    valeur reelle de la
concentration des solides -6tablir un neuvieme signal representatif
sensiblement  egale  a  la  valeur  desiree d'une premibre derivee, oui la
premiere derivee a    representee par le second signal; et une valeur nulle
si la valeur absolue du taux de       -commander le debit du diluant fluide
en changement represente par le huitibme signal est  45    reponse au
septibme signal. inf6rieure a un premier taux predetermine de 50 55 60 65
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