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{571 ° ABSTRACT

Moisture in tobacco flowing through a dryer is con-
trolled so that it is maintained substantially at a de-
sired amount during start up and shut down trasitional .
periods of the tobacco flow through the dryer. Trajec-
tories for the dryer drying rate during the start up atid
shut down periods are provided in a computer mem-
ory. During start up, an indication of the moisture and
flow rate of the tobacco flowing into the dryer is de-
rived to enable the amount of moisture expected to be
removed by the dryer (dryer duty) to be calculated.
When shut down commences the temperature of the
dryer is derived and stored in the memory. During
start up, the trajectory and dryer duty are time
weighted so that a weighting factor for the trajectory
decreases as the transitional period progresses and a
weighting factor for the dryer duty increases as the pe-
riod progresses and the two time weighted indications
are combined to control the dryer drying rate. During
shut down, the shut down trajectory and stored drying
rate indication are time weighted so that a weighting
factor for the trajectory increases as the period pro-
gresses and a weighting factor for the drying rate indi-
cation decreases as the period progresses and the two
time weighted indications are combined to control the
drying rate of the dryer.

11 Claims, 5 Drawing Figures
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DRYER CONTROL SYSTEM AND METHOD

FIELD OF THE INVENTION

- The present invention relates generaliy to dryer con-
trol and more particularly to a controller wherein mois-
ture of a material flowing through a dryer is maintained
substantially at a set point value even though there is
a substantial change in the dryer load.

BACKGROUND OF THE INVENTION

There are many systems and processes wherein a
dryer is responsive to a mass of material flowing
through the dryer and wherein it is desired to control
the material moisture to a set point value. Examples of
such systems and processes are in the tobacco, cotton,
coffee, and nut processing industries.

When a substantial change in the load of such dryers
occurs, moisture control to the set point value with ex-
isting controllers can be haphazard. For example, when
dryers responsive to a material flow are initially sup-
plied with material (start up) or the flow of material
through such dryers is terminated (shut down), there is
a-tendency. for the dryer to remove excess moisture
from the material. If the mass of material that resides
in the dryer at any one time is substantial, there is a re-
sulting substantial economic loss, because over drying
requires reprocessing of the material or because the
material is completely ruined and cannot be repro-
cessed. Such losses can also occur if the supply, type,
or moisture of material fed to the dryer changes consid-
erably so that there is a substantial change in the dryer
load. In the tobacco industry during each start up or
shut down cycle of a typical cylindrical rotary drum
dryer there may be up to.600 pounds of tobacco which
require reprocessing because excess moisture is re-
moved. Since start up and shut down cycles frequently
occur numerous times during a day, the resultant eco-
nomic loss is substantial.

SUMMARY OF THE INVENTION

In accordance with the present invention, moisture of
a material emerging from a dryer of the above men-
tioned type is maintained approximately at a desired
value even if there is a substantial change in the dryer
load, as during start up or shut down. The result is
achieved by providing a trajectory for the dryer drying
rate during the transitional period of the substantial
change. The trajectory is detérmined by factors such as
the drying characteristics of the dryer and the dryer
load, which in turn is a function of the flow rate and
moisture of material through the dryer, and the type of
material. Typically, the trajectory provides for a grad-
ual change in the dryer drying rate during the transi-
tional period, While the concept of gradually changing
the drying rate of a dryer during the transitional period
is disclosed in the prior art, we are unaware of any de-
vice actually utilizing the concept.

A significant improvement we have provided over
the prior art device, wherein dryer drying rate is gradu-
ally varied during a transitional period, involves ascer-
taining a characteristi¢ of the dryer, time weighting this
characteristic, and combining the time weighted char-
acteristic with a time weighted drying rate trajectory to

gontro} the dryer drying rate. Therehy, the dryer is
smoothly controlled during the transitional period and
the moisture of the material emerging from the dryer

5

20

25

30

35

40

60

65

2

remains close to the set point value throughout the
transitional period.

For example, during start up, a trajectory is provxded
for the dryer dyring rate, from an initial relatively low
value to a final, relatively high value. The dryer duty
associated with the material being fed to the dryer is
monitored to derive an indication of what the dryer
drying rate should be to enable the material which sub-
sequently emerges from the dryer to be a specified set
point moisture. At the beginning of the start up period,
the process operation is most likely to be erratic, but
toward the end of the start up or transitional period the
computed dryer duty provides a relatively accurate in-
dication of the desired dryer drying rate. The trajectory
at the beginning of the start up transitional period has
a relatively high probability of accurately controlling
the dryer drying rate because the dryer load due to the
material is not substantial. As the dryer becomes more
loaded with the material, the material in the dryer has
a greater effect on determining what the dryer drying
rate should be. Thereby, during start up, time weighting
functions are assigned to the trajectory and the dryer
duty indication so that the weighting factor assigned to
the trajectory decreases-as the start up period pro-
gresses, while the weighting factor assigned to the dryer
duty indication increases as the length of the period in-
creases. The two time weighted indications are com-
bined to derive a control signal for the dryer.

If the trajectory is not altered by time weighting,
smooth transitions from start up to steady state (run)
operation may not occur because the actual drying rate
requirement of the dryer may differ significantly from
that of the unaltered drying rate trajectory. The time
weighting approach prevents under and over shoot of
the dryer drying rate which could occur if only an unal-

tered trajectory were used. Overshoot is particularly

disadvantageous because the product is overdried.

In the shut down transitional period, the opposite fac-
tors occur, whereby a characteristic of the dryer, such
as its temperature, at the commencement of the shut
down period is time weighted and combined with a
time-weighted shut down trajectory. The time-
weighting is such that the effect of the dryer character-
istic decreases as the shut down period progresses,
while the trajectory - effect increases- as the period
length increases. The weighted . trajectory and dryer
characteristics are combined to.derive a control signal
for the dryer drying rate.

During shut down, the actual drying rate at the be-
ginning of the shut down period may be less than the
initial trajectory drying rate. If the drying rate trajec-
tory were utilized under these circumstances, without
time weighting, additional drying would occur to pro--
vide the opposite effect from that actually desired so
that the product would be overdried. By time-weighting
the indications of the actual drying rate at the begin-
ning of shut down (e.g., dryer temperature at beginning
of shutdown) and the drying rate trajectory, a smooth,
monotonic transition in the drying rate occurs during
the shut down period. Toward the end of the shut down
period, when the trajectory effect is predominant over
the temperature effect at the beginning of the shut -
down period, the dryer temperature is brought
smoothly to a predeterminéd temperature without
being influenced substantially by the dryer perform-
ance during normal running conditions.
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During start up, an actual feedback loop cannot be -
provided because no material flows out of the dryer,

whereby it is not possible to provide an indication of
the deviation of the material moisture relative to a set
point. However, according to a further feature of the
invention, feedback is provided during start up by stor-
ing the error signal which subsisted during the immedi-
ately preceeding processing interval. Since the dryer
performance generally does not deviate materially
from one shut down period to the following start up pe-
riod, the prior error signal can usually be considered as
an accurate measure of the amount of correction which
should be applied during the next start up.

In one particular application of the invention, the
dryer is utilized for enabling tobacco fed through it to
have a predetermined moisture. However, it is to be un-
derstood that the principles of the invention are appli-
cable to other types of material drying systems wherein
material- flows through the dryer and  substantial
changes occur in the load on the dryer.

It is accordingly, an object of the present invention
to provide a new and improved system for and method
of controlling a dryer for material that flows through
the dryer so that a desired moisture content of the ma-
terial is approximately maintained even though there is
a relatively large change in the dryer load, e.g., as
caused by a substantial change in the amount, type, or
moisture of the material in the dryer.

Another object of the invention is to provide a new

and improved system for controlling a dryer for mate-
rial that flows through the dryer so that a desired mois-
ture content of the material is approximately main-
tained during start up and shut down transitional peri-
ods of material flow through the dryer.
* "An additional object of the invention is to provide a
new and improved system for and method of control-
ling a dryer for new material that flows through the
dryer so that a desired moisture content of the material
is approximately maintained during a start up transi-
tional period of material flow through the dryer.

A further object of the invention is to provide a new
and improved system- for and method of controlling a
dryer for material that flows through the dryer so that
a desired moisture content of the material is approxi-
mately maintained during a shut down transitional pe-
riod of material through the dryer.

An additional object of the invention is to provide a
new and improved system for and method of control-
ling a dryer for material that flows through the dryer so
that a desired moisture content of the material is ap-
proximately maintained even though there is a substan-
tial change in the dryer load, wherein a predetermined
characteristic of the dryer and an actual indication of
the dryer duty during the period are combined to pro-
vide a smooth transition.

Another object of the invention is to provide a new
and improved system for and method of controlling a
dryer for material that flows through the dryer wherein
prior indications of moisture error are utilized to assist
in control during start up when no actual mositure
error indications can be derived.

The above and still further objects, features and ad-
vantages of the present invention will become apparent
upon consideration of the following detailed descrip-
tion of one speciﬁc embodiment thereof, especially
when taken in conjunction with the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic, block dlagram of one embodi-
ment of the invention; and

FIGS. 2A-2D are graphic representations of start up
trajectories and weighting factors utilized for the tra-
jectories and for characterlstlcs of the material in the
dryer.

DETAILED DESCRIPTION OF THE DRAWING

‘Reference is now made to FIG..1 of the drawing
wherein there is illustrated a source 11 of relatively
moist tobacco, typically having a moisture of 20 per-
cent by weight, which is fed via a conveying system, in-
cluding belt weigher 12, to a controlled dryer-13. Dryer
13 is of the type wherein tobacco flows into and out of
it, and the tobacco flows through the dryer so that it is
resident therein for a substantial time period; during
normal (run) operation, material continuously flows
through dryer 13 so that the rate of flow into the dryer
approximately equals the flow rate of material out of
the dryer. Typically, dryer 13 is of the rotary drum
type. Material flowing from dryer 13 is conveyed to
cooler 14, from which material flows to storage bin 15
via conveyor 16. .

The drying rate of dryer 13 is mﬂuenced by the tem-
perature thereof. To this end, dryer 13 is supplied with
dry steam from source 17 via valve 18, the position
(i.e., opening)-of which is controlled by actuator 19.

The position of valve 18 is controlled by a local ana-
log controller 52 which responds to a temperature
transducer 28. The set point of controller 25 is fur-
nished by computer control unit 21 in response to indi-
cations of various parameters indicative of the tobacco
flowing into and out of dryer 13, as well as the dryer op-
erating characteristics. The weight and moisture of to-
bacco supplied to dryer 13 are respectively monitored
by belt weigher transducer 22, which functions in con-
junction with belt weigher 12, and moisture transducer
23 which responds to the moisture of the tobacco on
conveyor 12, Moisture of the conditioned tobacco
flowing out of cooler 14 is monitored with a moisture
transducer 24 that measures that tobacco on conveyor
16. Moisture transducers 23 and 24 can be of any well
known type, such as infrared photoelectric transducers
or dielectric transducers. The drying rate of dryer 13 is
related to dryer temperature as measured by tempera-
ture transducer 25, located within dryer 13.

Computer control unit 21 is preferably a general pur-
pose, cyclically operating digital computer that in-
cludes the usual input-output devices, memory, arith-
metic unit and transfer buses. The computer is prefera-
bly programmed to perform a number of operations in
sequence. The operations important to the calculation
of the dryer control signal are indicated in FIG. 1 as
boxes indicative of computer elements. Each of these
operations is well known and can be performed by
many existing general purpose computers. In the alter-
native, it is to be understood that a special purpose
computer including each of the elements illustrated in-
computer control unit 21 can be employed.

The computer includes a number of alternative oper-
ational modes. Its particular mode of operation is re-
sponsive to the status of dryer 13, i.e., whether the
dryer is in a start up, run, shut down, or precondition
period. During start up and shut down, the dryer load
changes since the amount of material in dryer 13 var-
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ies. During run, dryer. 13 is completely filled, but during
precondition there is no material in the dryer, and it is
maintained at predetermined temperature awaiting the
flow of tobacco through it. The different operating
modes of the system are represented in the diagram for
computer control unit 21 as switches to simplify the
presentation. It is to be understood, however, that in an
actual general purpose computer there are no physical
switches and that the switching functions are per-
formed by conventional logic included in the com-
puter.

It'is the function of computer control unit 21 to de-
termine the system mode of operation and drive a con-
trol signal for controller 52 in response to signals de-
rived by transducers 22-25. To these ends, analog out-
put signals of transducers 22-25 are respectively ap-
plied to analog-to-digital converters 26-29. While a dif-
ferent analog-to-digital converter is illustrated as being
provided for each of the transducers, it is to be under-
stood that only a single converter can be provided and
multiplexed between the several transducers and the
memory included within computer control unit 21.
Analog-to-digital converters 26-29 respond for a pre-
determined time interval to average their input signals
over the interval so that the signals derived from them
can be considered as representative of the monitored
quantity per unit length of time. The output signals of
converters 26-29 are periodically sampied and sup-
plied to the remainder of computer control unit 21.

.The output signals of converters 27 and 28 are moni-
tored to determine the dryer system operating mode
since these converters respond to the presence or ab-
sence of tobacco flowing into and out of dryer 13. Zero
output signals are derived by converters 27 and 28 only
when there is no material flowing into and out of dryer
13; some finite signal value is derived from converters
- 27 and 28 in response to the flow of material into and
out of the dryer. In response to both of converters 27
and 28 indicating that there is no material flowing into
or out of dryer 13, the dryer is set to the precondition
mode. In response to material flowing only into dryer
13 and no material emerging from the dryer, the dryer
is in the start up mode. If material is flowing into dryer
13 and out of dryer 13, the dryer system is activated to
the run mode; the system is activated to the shut down
mode in response to material flowing out of dryer 13,
to the exclusion of material flowing into the dryer.

To these ends, the output signals of converters 27
and 28 are respectively supplied to zero detecting ele-
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ments 31 and 32. Zero detector elements 31 and 32 de- -

rive binary one signals in response to the sampled out-
puts of converters 27 and 28 having zero values. In re-
sponse to any finite value being derived from convert-
ers 27 and 28, zero detecting elements 31 and 32 derive
binary zero signals. Zero detector elements 31 and 32
are provided with true and complementary outputs, re-
spectively indicated by A and A and B and B.

To determine the dryer operating mode, the output
signals of detectors 31 and 32 are combined in logic el-
ement 33 in accordance with:

- TABLE 1

Dryer Mode
Precondition
Start Up
Run

Shut Down
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To these ends, logic element 33 includes four AND ele-
ments 34-37 which respectively derive binary one out-
puts.all during the precondition, start up, run, and shut
down modes. AND element 34 has a pair of inputs re-
spectively responsive to the A and B outputs of zero de-
tectors 31 and 32; AND element 36 has a pair of inputs
respectively responsive to the A and B outputs of de-
tectors 31 and 32; and AND element 37 has a pair of
inputs respectively responsive to the A and B outputs
of zero detectors 31 and 32.

To detect the beginning or end of a transient period,
a delay of one sample period is provided for the mode
indicating signal which-the systeém is leaving and the de-
layed signal is compared in an AND gate with a mode
indicating signal for the dryer mode being entered. In
particular, it is necessary to indicate the beginning of
the start up and shut down transitional periods, To indi-
cate the beginning of the start up period, the output sig-
nal of AND gate 34 is delayed by one cycle time in
delay element 38, the output of which is combined in
AND element 39 with the start up indicating output of
AND gate 35. In response to a transitioni from the pre-
condition mode to the start up mode, AND element 39
derives a binary one signal for one sample period to en-
able certain elements in the remainder of computer
control unit 21 to be properly activated. To sense a
transition from the run to the shut down mode, the out-
put signal of AND element 36 is delayed by one sample
period in delay element 41, the output of which is com-
bined with the shut down indicating signal derived
from element 37 in AND element 42: Thereby, AND
element 42 derives a binary one signal during the cycle
time beginning with the shut down interval.

With dryer 13 in the precondition mode, there is no
load on the dryer so that the amount of control re-
quired is minimal. Thereby, a predetermined relatively
low dryer temperature is maintained and the computer
is activated so that a predetermined precondition tem-
perature is read from memory element 51. To this end,
a binary one signal déerived from AND element 34, in-
dicative of the precondition mode, activates switch ele-
ment 50 to connect the predetermined temperature in-
dication of memory element 51 to digital to analog con-
verter 53. Controller 52 responds to theset point signal
output of converter 53 to provide the requested tem-
perature.

"In run operation, the system is characterized by a
feed forward loop responsive to the moisture and flow
rate of tobacco supplied by belt 12 to dryer 13 and a
feedback loop responsive to the percent moisture in the
tobacco on conveyor 16. The feed forward signal,
which is indicative of the d'ryer'duty (the amount of
drying which must be performed by the dryer to pro-
vide tobacco having a predetermined moisture) is de-
rived by computing the moisture weight of the tobacco
fed to the dryer and subtracting that weight from the
desired moisture weight of the tobacco when it emerges
from the dryer in accordance with:

JDY = (M1) (W1) — OMR (W1)(1—M1) where:

M1 =the percentage moisture of the tobacco fed into
dryer 13, as monitored by transducer 23;

W1 is the weight of the tobacco fed into dryer 13, as
monitored by gauge 22; and

OMR = M3/1 — M3 =aset pomt of the desired frac-
tion of the moisture weight (M3) in the total weight of
the dried tobacco on conveyor 16.
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For run control, the signal derived from converter 26
is delayed by the transport time between transducers
"~ 22 and 23 in delay element 55 so that the output of
delay element 55 is time synchronized with the output
of converter 27 and signals simultaneously derived by
elements 27 and 55 are for the same mass of material
flowing into dryer 13. To compute the weight of water
represented by the outputs of converter 27 and delay
element 55 at any one time, the weight and moisture
percentage signals are multiplied together in multiplier
element 56. The expected weight of the moisture for
this mass of material is derived by determining the per-
centage of solid materials, exclusive of water, in the to-
bacco by subtracting the output of converter 27 from
unity in subtraction element 56, the output of which is
represented by (1 — M1). The (1 — M1) output of sub-
traction element §7 is multiplied in multiplier element
58 by a stored OMR set point signal in the computer
memory and by the output of delay element 55; multi-
plier element 58 thereby derives an output signal com-
mensurate with (OMR) (W1) (1-M1). The output of
multiplier element 58 is indicative of the expected
moisture. weight of the considered mass of tobacco
after it has emerged from dryer 13. The expected mois-
ture weight indicating signal derived from multiplier 58
is subtracted from the input moisture weight indicating
signal derived from multiplier element 56 in subtrac-
tion element 59,

The JDY indicating output signal of subtraction ele-
ment 59, as expressed by Equation (1), is processed to
derive a dryer control signal indicative of dryer load.
Initially, the difference indication derived by element
59 is averaged in averaging element 61 over a number
of sample periods, i.e., over a number of samples de-
rived from the analog-to-digital converters, to remove
relatively high frequency transients by a process which
is somewhat similar to a low pass filter operation. 'I‘he
time averaged output signal of element 61, JDY,
modified by a predetermined coefficient, B, in multl-
plier element 62 which derives a signal that is com-
bined with a predetermined constant, B0, indicative of
the desired moisture of the conditioned tobacco on
conveyor 16; the combining operation is performed by
adder element 63 which derives an output signal in ac-
cordance with the linear, polvnomial expression B0 +
B1 (JYD). While the signal derived by element 63isa
linear polynomial of the quantity JDY, the output sig-
nal could be a higher order polynomxal of any other
suitable function. The signal derived by element 63 is
indicative of a feed forward component of the set point
temperature required to achieve the desired moisture
of the conditioned tobacco on conveyor 16.

The feed forward component derived from adder ele-
ment 63, reflecting the required drying rate of dryer 13,
i.e. the dryer load, due to the moisture weight of to-
bacco fed to the dryer, is combined, after suitable delay
in element 64, with an error indicating feedback com-
ponent derived by a .proportional-integral feedback
loop which is responsive to the output signal of mois-
ture gauge 24, as derived from analog-to-digital con-
verter 28. The delay provided by delay element tuned
in accordance with the dryer response characteristics.
To derive the feedback component, the output of digi-
tal-to-analog converter 28, responsive to moisture
gauge 24, is fed to proportional-integral element 65 of
a well known type, which is also responsive to a digital
moisture set point signal, which indicates the desired
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moisture of the tobacco on conveyor 16. Proportional-
integral element 64 derives an error signal indicative of
the difference between the moisture set point signal
and the output of converter 28 during each sample
cycle of the converter, integrates the error signal, and
adds the integrated error signal to the original error sig-
nal to derive the feedback component for the set point
temperature of dryer 13.

The output signal of proportional-integral element 65
and the feed forward signal derived by delay element
64 are combined in adder element 66,.the output of
which is indicative of the set point value for the temper-
ature of dryer 13. During the run mode, the output sig-
nal of adder 66 is connected via switch 50 to digital to
analog computer element 53 which in turn provides an
analog set point signal controller 52.

In accordance with the present invention, dryer 13 is
controlled so that tobacco emerging from it is main-
tained approximately at a set point moisture during the
transitional periods between the end of the precondi-
tion mode and the beginning of the run mode, i.e., the
start up mode, and between the end of the run mode
and the beginning of the precondition mode, i.e., the
shut down mode. To this end, computer 21 includes in
its memory start up and shut down trajectories which
are stored in memory elements 71 and have dryer tem-
perature versus time relationships as respectively indi-
cated in FIGS. 2A and 2B. The trajectories of FIGS. 2A
and 2B are-mirror images of each other to simplify the
presentation herein. However, the trajectories need not
be mirror images of each other, but are synthesized to
model the response of dryer 13 to expected dryer load
variations during start up and shut down to achieve a
predetermined moisture in the tobacco emerging from

_the dryer.

Typically, the shapes of the start up and shut down
trajectories are determined by the dryer characteris-
tics, assumed moisture of the tobacco in the dryer, the
flow rate of tobacco through the dryer, the amount of
tobacco in the dryer at the beginning or end of the tran-
sition, and the drying properties of the tobacco being
treated. At the beginning and end of the trajectories il-
lustrated in FIGS. 2A and 2B, the trajectory has a rela-
tively small témperature versus time slope and a higher
slope in the center portion of the transitional period.
The initial temperature value of the start up trajectory
and final temperature value of the shut down trajectory
are equal to each other and the temperature at which
the dryer 13 is maintained during the precondition
mode, which subsists during the time interval between
the end of the shut down mode and beginning of the
start up mode. The maximum values of the two trajec-
tories, at the.end of the start up trajectory and begin-
ning of the shut down trajectory, are average tempera-
tures at which it is expected the dryer will-be operating
during the normal run mode. The time duration of the
start up and shut down trajectories can be considered
as constant because the time for material to be trans-
ported through the dryer is relatively constant. The tra- -
jectories of FIGS. 2A and 2B are nominal trajectories.

The trajectories illustrated in FIGS: 2A and 2B are
constructed assuming identical changes in the volume -
of material flowing through dryer 13 during each'start
up and shut down period. The principles of the inven-
tion, however, are equally applicable to systems
wherein there is a smaller change in the volume of the
material. Also, if it is expected that the flow rate of ma-
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terial through the dryer is subject to variations, the tra-
jectory can be appropriately scaled as a function of
time. If the material moisture or type of material
changes, trajectories for these variables can be deter-
mined and stored. Working trajectories must be devel-
oped for each application considering the various fac-
tors described supra.

Each of the trajectories includes a number of discrete
steps at which temperature remains constant during
each scan period. Upon completion of each scan pe-

riod, an index counter which controls readout of the .

trajectories is stepped and the temperature value asso-

ciated with the trajectory may be changed; in the illus-
" trated trajectories, it is assumed that a finite change oc-
curs after each scan period.

The tobacco moisture is controlled to the approxi-
mate set point since the trajectories of FIGS. 2A and
2B have the greatest effect on dryer 13 when a mini-
mum amount of tobacco is in the dryer, at the begin-
ning of start up and the end of shut down, the trajecto-
ries have a minimum effect on dryer 13 when the dryer
is almost fully loaded with tobacco, at the beginning of
shut down and end of start up. Characteristics of the
dryer operation respectively have the greatest and least
effects when maximum and minimum amounts of to-
bacco are in the dryer. To these ends, time weighting
functions (FIGS. 2C and 2D) are applied to the start up
and shut down trajectories as well as to an indicated
dryer characteristic. Each of the time weighting func-
tions is similar to a straight line that varies from zero to
one during the start up and shut down periods. The two
time weighting factors include a number of discrete,
equal amplitude levels, the number of which is equal to
the number of scan periods in the transition period.

The time weighting factor of FIG. 2C, which varies
from a maximum value of one to a minimum value of
zero during the transitional period, is applied to the
start up temperature trajectory of FIG. 2A such that
the time weighting factor is multiplied by the tempera-
ture trajectory and the temperature trajectory thereby
has a maximum effect at the beginning of the start up
cycle, a minimum effect at the end of the start up cycle
and is fifty percent effective in the center of the start
up cycle. Similarly, the weighting factor function of
FIG. 2D, wherein the weighting factor varies from zero
to one from the beginning to the end of the transitional
period is applied to the shut down trajectory in a multi-
plicative manner, whereby the final value of the shut
down trajectory has virtually a 100 percent effect on
the dryer, but the initial value of the trajectory has vir-
tually zero effect.

The weighting factors of FIGS. 2C and 2D are also
utilized to control the effect of the measured character-
istics of the dryer operation during the transitional peri-
ods. In particular, during shut down, the time weighting
factor of FIG. 2C is applied to an indication of the tem-
perature of dryer 13 at the beginning of the shut down
transition period and the weighting factor of FIG. 2D
is applied to the moisture indication derived by adding
element 63 during the start up mode.

The temperature magnitudes associated with the
start up and shut down tfajectories are stored in trajec-
tory memory 71 and are derived from the memory dur-
ing the appropriate start up or shut down mode. The
memory locations are read out during the transitional
periods in response to different locations in the mem-
ory being indexed by index counter 72, which is ad-
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vanced once each sample period during the transitional
periods by oscillator 73, which derives an output pulse
at the beginning of each sample period. Index counter
72 includes a maximum count (N —'1) equal to the
number of steps (N) minus one in the transitional peri-
ods; in the illustrated 'system and FIGS. 2A-D, N is as-
sumed to be 25.

Index counter 72 is reset to a count of zero at the be-
ginning of the start up and shut down periods. To this
end, the counter includes a reset to zero input terminal
which causes the counter to be reset to a zero count in
response to a binary one input signal.being applied
thereto. Binary one signals are applied to the reset to
zero terminal of counter 72 in response to the dryer
mode shifting from precondition to start up, as indi-
cated by a binary one output of AND element 39, or in
response to the dryer shifting from a run to shut down
mode, as indicated by a binary one output being de-
rived by AND element 42. After counter 72 has been
reset to zero, it is advanced by a count of one at the be-
ginning of each sample period in response to an output
signal of oscillator 73, whereby the counter state is in-
dicative of the approprlate step in the transitional pe-
riod.

The step indicating S|gnal derived from counter 72 is
applied selectively to start up and shut down inputs of
trajectory memory 71 under the control of switching
element 74, which is selectively connected between the
output of the counter and the start up and shut down
inputs of the trajectory memory. The temperature val-
ues of the start up and shut down trajectories are selec-
tively read from the memory in response to closure of
start up and shut down switching elements 75 and 76,
respectively. Elements 74-76 are responsive to the
mode indicating signals derived by AND elements 35
and 37. As the count of index counter 72 is advanced,
the magnitudes of the signals fed through switching ele-
ment 75 or 76 are varied in a prédetermined manner,
as illustrated for example, in FIGS. 2A and 2B.

To provide time weighting of the start up and shut
down trajectories, the signals fed through switching ele-
ments 75 and 76 are respectively fed to multiplication
elements 77 and 78. Second inputs supplied to multipli-
cation elements 77 and 78 are indicative of the actual
time position within the transitional period and the
complement of the time position, as respectively illus- -
trated in FIGS. 2C and 2D. To these ends, the shut
down trajectory is-multiplied in  multiplier element 78
with the output of index counter 72 (illustrated in FIG.
2C), while multiplier element 77 responds to the start
up trajectory as well as a signal indicative of N — 1 —
C (illustrated in FIG. 2D), as derived from subtraction
element 79; subtraction element 79 is responsive to the
count (C) derived from index counter 72 and a prede-
termined constant (N-— 1) equal to the maximum
count of counter 72. Thereby, the trajectory fed
through switching elément 75 is modified so that it is
multiplied by a maximum amount toward the beginning
of the start up cycle, but is multiplied by a minimum,
almost zero value, toward the end of the cycle. Con-
versely, the shut down trajectory is modified in multi-
plication element 78 so that it is only slightly modified
toward the beginning of the shut down period, but is
decreased significantly toward the end of the shut down
cycle.

The weighting factor signals applied to multiplication
elements 77 and 78 are applied in parallel to modify the
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monitored characteristics of dryer 13 which are indica-
tive of dryer loading. During start up, the expected
dryer loading factor, as represented by Equation (1)
and derived from addition element 63, is modified in
multiplication element 81 by the weighting factor vari-
ation indicated by FIG. 2C, as expressed by the output
of index counter 72. During shut down, the comple-
mentary weighting factor signal, as indicated by FIG.
2D and derived from subtraction element 79, is multi-
plied in multiplier element 82 by a signal indicative of
the dryer temperature at the beginning of the shut
down period. To derive an indication of the tempera-
ture of dryer 13 at the beginning of the shut down pe-
riod, the output of analog-to-digital converter 29 which
reflects the temperature monitored by probe 25, is fed
to memory element 83 via switching element 84.
Switching element 84 is normally maintained in a
closed condition so that memory 83 is updated after
each sample period. However, during the shut down
period, the output of AND element 36 causes switching
element 84 to open, whereby during the duration of the
shut down period memory 83 stores the temperature
value of dryer 13 at the beginning of the shut down pe-
riod.

During shut down, switching element 50 is controlled
by the output of AND element 37 so that the shut down
temperature set point signal is fed to digital to analog
converter element 53. The set point signal derived by
addition element 85 is responsive to the time weighted
shut down trajectory and the time weighted tempera-
ture indication respectively derlved from ultiplication
elenents 78 and 82.

After the shut down period has been completed,
switching element 50 is activated in response to the
output of AND element 34 to feed the stored precondi-
tion temperature signal from memory element 51to the
digital to analog converter 53.

In response to the dryer mode being switched from
the precondition to the start up mode, a binary one sig-
nal is derived from AND element 35, whereby switch-
ing element 50 is activated so that the output of addi-
tion element 86 is fed to element 53. AND element 86
responds to the time weighted start up trajectory de-
rived from multiplication element 77 and the time
weighted signal indicative of the dryer duty or load, as
derived from multiplication element 81. Addition ele-
ment 86 also responds to a residual feedback signal. An
actual indication of the error cannot be divided during
the start up interval because no material passes the
moisture transducer 24 at any time during the start up
interval. ,

The residual error indication is fed to addition ele-
ment 86 by memory element 87 which is selectively re-
sponsive to the output of proportional-integral control-
ler 65, as fed through switch 88. Switch 88 is main-
tained in a closed condition during the run mode in re-

sponse to output signals of AND gates 36 and 37 being
supplied thereto. During the precondition, start up and
shut down modes, switch element 88 is open, whereby
the signal stored in memory 87 is indicative of the error
signal derived by proportional-integral control element
65 during the last step of the run mode. Since it is ex-
pected that the dryer error during the start up mode is
generally similar to the dryer error during the immedi-
ately preceding operating period, the error signal
stored in memory 87 provides a relatively accurate in-
dication of the amount by which the time weighted tra-
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jectory and moisture removal computation must be
corrected during the start up mode.

While there has been described and illustrated one
specific embodiment of the invention, it will be clear
that variations in the details of the embodiment specifi-
cally illustrated and described may be made without
departing from the true spirit and scope of the inven-
tion as defined in the appended claims. For example,
the trajectories could be stored directly as time-
weighted quantities, instead of being stored directly
and multiplied by time-weighting factors.

We claim:

1. In a system for controlling a dryer for material that
flows through the dryer so that a-desired moisture con-
tent of the material is approximately maintained even
though there is a significant change in the dryer load
during a transitional period, means for providing a pre-
determined trajectory for the dryer drying rate during
the transitional period, means for deriving an indica-
tion of the dryer performance during at least-a portion
of said transitional period, means for time weighting
said trajectory and indication in opposite directions
during said transitional period, and means for combin-
ing the time weighted trajectory and time weighted in-
dication to derive a control signal for the dryer.

2. A method for controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained even
though there is a significant change in the dryer load
during a transitional period comprising the steps of.in
a computer: storing a predetermined trajectory for the
dryer drying rate during the transitional period, deriv-
ing an indication of said transitional dryer performance
during at least a portion of the period, time weighting
said trajectory and indication in opposite directions
during the period; and controlling the dryer in response
to concomitantly derived time weighted values of the
trajectory and indication.

3. A method of controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained even
though there is a signficant change in the dryer load
during a transitional period including the steps of pro-
viding a predetermined trajectory for the dryer drying
rate during the transitional period, said trajectory being
determined by the dryer characteristics and the ex-
pected dryer load change during said transitional pe-
riod, deriving an indication of the dryer performance
during at least a portion of said transitional period, time
weighting said trajectory and indication in opposite di-
rections during said transitional period, and combining
the time weighted trajectory and time weighted indica-
tion to derive a control signal for the dryer.

4. In a system for controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained during
a start up or shut down transitional period of flow the
material through the dryer, means for providing a time
weight trajectory for the dryer drying rate during the
transitional period, said trajectory being determined by
the drying characteristics of the dryer, the change of
the material flow rate during the period and the change
in the amount of material during said transitional pe-
riod, means for deriving a time indication of the dryer
performance during at least a portion of said transi-
tional period, said trajectory and indication being time
weighted in opposite directions during the period, and
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means for combining said transitional time weighted
trajectory and time weighted indication to derive a con-
trol signal for the dryer.

5. A method of controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained during
a start up or shut down transitional period of flow of the
material through the dryer, comprising in a computer
storing a predetermined trajectory for the dryer drying
rate during the transitional period, said trajectory being
determined by the drying characteristics of the dryer,
the change of the material flow rate during said transi-
tional period and the change in the amount of material
during said transitional period, deriving an indication
of the dryer performance during at least a portion of
said transitional period, time weighting said trajectory
and indication in opposite directions during said transi-
tional period so that as the period progresses the effects
of the weighting factors on said indication and said tra-
jectory change in opposite directions; and concomi-
tantly controlling the dryer in response to the time
weighted trajectory and time weighted indication.

6. In a system or controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained during
a start up transitional period of flow of the material
through the dryer, means for providing a time weighted
trajectory for the dryer drying rate during the transi-
tional period, said trajectory being determined by the
drying characteristics of the dryer, the change of the
material flow rate during said transitional period and
the change in the amount of material during said transi-
tional period, means for deriving a time weighted indi-
cation of the moisture of the material flowing into the
dryer during said transitional the period, said trajectory
and indication being time weighted during said transi-
tional period so that a weighting factor for the trajec-
tory decreases as said transitional the period progresses
and a weighting factor for the indication increases as
said transitional period progresses, and means for de-
riving a control signal for the dryer in response to the
time weighted trajectory and indication.

7. The system of claim 6 further including means for
storing a prior indication of a moisture feedback error,
and wherein the control signal deriving means is re-
sponsive to the stored indication of a moisture feed-
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back error.

8. The system of claim 6 wherein said moisture indi-
cating deriving means includes means for deriving the
indication as a function of the amount of water to be
removed from the material while-the material is resi-
dent in the dryer. '

9. In a system for controlling a dryer for material that
flows through the dryer so that a desired moisture con-
tent of the material is approximately maintained during
a shut down transitional period of flow of the material
through the dryer, means for providing a time weighted
trajectory for the dryer drying rate during the transi-
tional period, said trajectory being détermined by the
drying characteristics of the dryer, the change of the
material flow rate during said transitional period and
the change in the amount of material during said transi-
tional period, means for deriving a time weighted indi-
cation of a drying characteristic of the dryer at the be-
ginning of said transitional period, said trajectory and
indication being time weighted during said transitional
period so that a weighting factor given to the trajectory
increases as said transitional period progresses and a
weighting factor given to the indication decreases as
the said transitional the period progresses, and means
for combining the time weighted trajectory and indica-
tion to derive a control signal for the dryer.

10. The system of claim 9 wherein said drying char-
acteristic deriving means includes means for deriving
the indication in response to the temperature of the
dryer.

11. In a system for controlling a dryer for material
that flows through the dryer so that a desired moisture
content of the material is approximately maintained
even though there is a significant change in the dryer
load during a transitional period, means for providing
a time weighted trajectory for the dryer drying rate dur-
ing the transitional period, means for deriving a time
weighted indication of the dryer performance during at
least a portion of said transitional period, said trajec-
tory and indication being time weighted in opposite di-
rections during said transitional period, and means for
combining the time weighted trajectory and time
weighted indication to derive a control signal for the
dryer. .
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