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(571 ~ ABSTRACT

The invention relates in general to control of the con-
sumption of energy derived by an industrial user from
a power supply system (electrical, gas or like com-
modity), and more particularly to a control system for
adjusting an industrial load system to limit the demand
of power while respecting the constraints of the load

system.
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'CONTROL SYSTEM AND METHOD FOR

' LIMITING POWER DEMAND OF AN INDUSTRIAL |

PLANT
BACKGROUND OF THE INVENTION

When a load is connected by an industrial customer
on a power system the cost of the energy consumed is
generally billed by the power supply company on the
basis of the total amount of power having flow within
a billing pertod. The more power that is used, the more
1s the cost to the customer, and a cost-conscious cus-
tomer, provided he has the choice, will at times cut the
total load or at least reduce it. When a plurality of in-
terruptible loads are connected on the power system,

3,.872.286
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the final cost will depend on the overall distribution of !9

the active loads. It is lmportant for the customer or user
to decide what the distribution of the loads should be

within a given demand period, as well as between re-
- spective demand periods, and for the purpose to selec-
twely control the load distribution. Such decision mak-
-mg is particularly important with electrical loads in
view of the practice by the power supply utility compa-
nies to charge the cost of supplied power with progres-
sive rates in relation to the higher amounts of total
power within a given demand period, and also in rela-
tion to the highest level of power reached within the de-

mand period. The rate based on the amount of power
is an incentive for the user to maximize the consump-

tion during the period, thereby to help i Improve the uti-
- hization of the generating plants and the power trans-
mission systems. The progressive rate on the total de-
mand accounts for the increased facilities provided by
the power company to meet the user’s demand and for
the Cdpltd] costs involved. -

It 1s known from an article entltled “Electric Demand

~ Can Be Controlled” published in Power, November

1970, pages 58, 59 by Norman Peach, to use a digital
computer control system in order to instantaneously
determine within a demand period the trend of power

consumption, to forecast the total amount of power at
the end of the period and to either add or shed the
loads of a plant so as to be able to keep the anticipated
demand as close as possible to a predetermined de-
mand limit. While such a control system, or method,
‘provides for a more economical use of the power avail-

able from a power supply utility company without ex-

ceeding the total amount of KWH permissible at a

given rate during the demand period, the prior art con-
trol system, and method, do not take into account the
constraints imposed by the customer’s industrial plant
on the use of the loads. |

It is an object of the present invention to effect de-
mand control with increased accuracy, thereby to in-
sure all the economic advantages which can be gained

2

power dexnand through anticipation of the power de-

‘mand with a minimum of control operations.

It 1s stili an object of the present Invention to control
a power demand in relation to anticipated demand and
concurrently in relation to simulated load conditions.

' SUMMARY OF THE INVENTION

Briefly, the present invention provides for an im-
preved power demand control system and method for
maximizing a customer’s power demand rate through-

out a finite demand period without exceeding a prede-

termined demand limit of energy at the end of the pe-
riod.

A control system is provided for regulating the con-
sumption of power supplied by a power supply system

- to an industrial load system having a base load and a

20

25

plurality of interruptible loads and including loads hav-
ing controllable and non-controllable status. The con-
trol system is responsive to time pulses derived from
the power supply company meter for equal increments
of energy thereby to continuously sample the power
consumption. On this basis, the control system com-
putes the anticipated final energy demand which it
compares with the desirable demand limit to derive a
demand error. In response to the demand error the
control system adds or sheds loads selected in accor-

~dance with a predetermined priority schedule. The se-

30

335

40
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by running a load system with as high a load factor as

redsondbly practical.
- Itis another object of the present invention to make
use of improved digital computer technology at a mini-
mum cost within the economic gain attamable by con-
trol of a power demand. |

It is a further object of the present invention to keep
the anticipated power demand of a load system within
limits while respecting the constraints imposed on the
~ loads by the load system. | |
Still another object of the present invention is to

60
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achieve an improved control of a customer user’s

lected loads are controlled to be shed or added against

a background of non-controllable loads.

- A deadband is introduced durmg at least a portion of
the demand period, and such deadband is made vari-
able under certain conditions, in partlculdr to ease the
switching of larger loads.

The control system is operated during a portion of
the demand period with a bias relative to the demand
limit, and such bias is progressively reduced to zero

during another portlon of the demand period ending
therewith.

Simulation can be used in order to ascertain the ef-
fects of control under the established priority and con-
straints, and such simulation can be used concurrently
with actual control to improve decision making and up-
date the information used for decision making, to in-
crease the margin of control or permit emergency
measures to be taken under anuelpated adverse condi-
tions, |

 The present mventlon can be used for control of the
consumptlon of the energy supplied by a power supply
company, such as electricity, gas, or like energy. The
control system will be described hereinafter in the con-
text of the consumpuon of electnmty from an electrical
company. -

The loads supphed with energy may be of several
types:

a. Lighting and space heating loads whlch are nor-
mally relatively constant and usually part of the
base load.

b. Loads which are elther ON or OFF with short run
up times and reasonable starting curves.

- C. Loads with their own ON/OFF controller. Exam-
ples of these are air or ammonia compressors, air
conditioners, etc.

d. Loads with extended run-up times and ]arge start-
iIng currents. |

e. Large loads of short duration and relatively 1nfre-
quent occurrence (e.g., test loads). |



f Arc furnaces and similar industrial process equlp-
"~ ment where production penalties are paid for m-
~ creased shut-down - period. Safety requirements
need also to be observed (e g toxrcrty of atmo-
sphere). | | |
~ Most of these loads have establlshed constraints which
‘must be respected when attempting to control sepa-
rately or concurrently several kmds of loads to limit the
power demand

'BRIEF DESCRIPTION OF THE DRAWINGS

“The invention will now be descr:bed in the context of
~ the supply of electrical energy by a utility power supply
company to an industrial plant, and reference shall be
“made to the accompanying drawings in which: -

FIG. 1 represents the extreme and intermediary
KWH/TIME trajectories toward a total value of the
KWH established as a limit not to be exceeded when
controllmg the consumption by shedding or adding

loads against a base of unsheddable loads.
FIGS. 2A, 2B, 3A, 3B, 4A, and 4B are curves repre-

3,872,286 -
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_ 4 .
load switched off by ‘the demand controller may al-
ready be off. The particular load to be switched on by
the demand controller might have been previously put

“out of service. It is also possible that control of the de-

mand be prevented by an overriding and external con-
trol equipment associated with the load, as is usual wrth_.
air conditioners, chillers, or air compressors, for in-
stance. Other types of constraints can be found in the
particular industrial plant of a customer to a power
company, and are within the scope of appllcatlon of the
present invention. |

The invention provides for a Jud1c1al selectlon of the
loads in order to respect these constraints by eliminat-
ing the priorities set among the loads which are found
to be in violation of the existing or anticipated con-

 straints. Thus the priorities are not only determined by

20

senting the correlatlon between KW and KWH con-

| sumed during a demand period for three different time
. distributions of power consumptlon for the same total
N of KWH. |

"FIG. 5 1llustrates dlagrammatlcally the pr1nc1ple of
calculation of the demand error used In the control sys-
 tem accordmg to the present invention.

FIG. 6 is a diagram showing a strategy of control used

in the control system accordlng to the present inven-
tion.

FIG. 7 represents control between boundarles in the
early part of the demand perlod 1rrespect1ve of the de-
mand limit. -
 FIG. 8 illustrates control on either side of the mean
trajectory in relation to two parallel boundaries. |

FIG. 9 differs from FIG. 8 in that the two boundaries
are coverging toward the demand lrmlt at the end of the
period. -

FIG. 10 1llustrates a partrcular strdtegy of control in

accordance with the present imvention. |
FIG. 11 is an overview of the control system accord
ing to the present invention. . :
FIG. 12 is a flow chart explalnm g the operatlon of the
Process Interrupt Handler which is part of the control

system according to the present invention.

FIGS. 13A, 13B and 13C show an 1llustrat1ve logic

~ flow chart of a program accordmg to the present inven-

| thI'l

FIGS. 14A and 14B show an illustrative logic flow
“chart of a simulation program that can be used with the
control system according to the present invention.

To be in the context of the present invention it will
‘be hereinafter assumed that the power demand results
from a plurality of loads which at least in part can only
be switched ON or OFF under constraints existing ei-
ther at all times or occurring at least at the instant of

control. However, by ON and OFF, it is understood

that the loads, if electrical, need not be switched by
electrical connecting or disconnecting. A power con-
sumption can be increased or decreased by mechanical
‘connection or disconnection of the load as well, such
as by means of a clutch or valve actuation.

-~ When several loads are available for bemg switched
. ON or OFF, to apply the strategies of the prior art just
discussed, there is an ambiguity as to response that can
be made for proper control, for example, at times a

25

30

a predetermmed classification of the loads, they are
also changed in the course of the control process In -
order to take into account the history of the loads as it
appears from a reappraisal of the availability to be
switched ON, or OFF, durmg the demand llmlt control
process. . . | |

The selection of a load not only depends upon the
overall status of the different loads, but also upon the
behavior of any particular load in the user’s plant. The
control system according to the present invention,
therefore provides for a dynamic allocation of priorities
for the selection. of the loads to be controlled at any
particular time. | | -

"The invention also provides for  relative control-
rather than an absolute control of the loads, any se-

~lected and controlled load change being effected inde-

33

“pendently from the base load and from non- controlled

loads.

The control system also takes mto account the estab-
lished constraints. For instance, besides interruptible
loads which can be selected to be shed or to be added,

there may be in the plant loads having a non-

40

43

controllable status, which otherwise could defeat the

“control system. However, the control system according

to the present invention limits its own capability of
switching loads in order to accept the non-controllable

loads as a favorable factor of correction in the demand
~limit control process. In particular, the control system

according to the mventlon makes use of a deadband to
this effect. . | -
The mventlon moreover calls for the determmatlon

 of the constraints either off-line or on-line in order to

30

be able to ascertain with improved accuracy the antici-
pated effect of control and prepare for the rlght dect- -

~ sion in selecting the loads to be controlled at a given in-

25
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stant or for an emergency action by the present control
operation. To this effect a special technique of simula-
tion is provrded on the basis of actual load behavior in
the user’s plant, and _such technique of simulation 1s
used either as an off-line information providing system
to be used preparatory to running of the control system
according to the invention, or as an on-line coordinated
helper system for constantly revising predictions and
updating data during control of the loads in real time.
Finally the invention provides for a control system in
which the technique of shedding loads or adding loads
to limit the total power demand as desired at the end

- of any given demand period is modified in order to -

maximize the needs for particular loads of the user by
minimizing the effect of control of the plant’s con-

straints. To this effect, control is not necessarily ex-



| D
erted during a first portion of the demand period, on
the assumption that sufficient possibilities of meeting
“the objectives are still left and are available, as a result
‘of an improved control and improved selection, the the
- later part of the demand period. Moreover, when con-
trol is performed, during a second and major portion of

3.872.286
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‘minimum reqﬂirement IS 'thet a< KW <g, since the

5

power in KW is for a given point M on the trajectory,
the slope from that point.

A trajectory which would give a uniform reductlon in
power from the maximum (S+B) to the minimum B

“would have a power P, versus time relationship such

the demand period, the techmque mvolves the use of

- i e

t

(S+B) -5

a deadband, namely the use vector limits within which

-no switching (on or off) of load is effected. In order to

allow switching of larger loads when they are selected
under the assigned priorities, the control system pro-

13

Target'= 1

vides for a variable deadband, In addltlon a temporary

target below the objective is imposed for control until

a certain time limit relatively close to the end of the de-
mand period and when such limit has been reached the

bias so established is progressively reduced to zero until

the end of the demand period, at which time the de-
mand limit is substantially achieved.

- ‘General Description Of The Limitation Of Pewer
- Demand By Control Of Interruptlble Loads

F erecastmg of the trend toward a total demand at the

end of a given billing period ‘is based on the following
 considerations:

A-common form of presentmg graphlcally the varia-
- tions in power(KW) versus time is shown on FIG. 1 for
a demand period of 15 minutes. This diagram is based

upon ‘pulses from the demand meter (which actually

records KWH versus time), which represent time inter-
val (At) for equal increments of energy. FIG. 5 is a sim- |
1lar diagram showing the slope for one point M on the

| trajectery The s]ope IS derwed from the followmg rela- 40

tlen S
| Slope'- = power =i(%KWH-)/6O
| | (D)

lf nothmg would change among the loads the trdjec-
tory from point M would follow MW, until a point W

where it intercepts the 15 minutes ordmdte thus below
the demand limit C. | .
Referring again to FIG 1, the energy curve is shown
with the KWH plotted against time during a given de-
mand period. The slc:Jpe of the curves plotted on this di-

agram represent power in KW. In this case the base

load (non-interruptible) has a. slope «. The sum of the
base and the switchable loads has a slope B. In order
that a control opportunity exist, the slope must at some
time be greater than the slope of the mean AC. The
possibility of control should first be examined under
the assumption of a single load to be switched ON or
OFF. The boundaries of acceptable trajectorles to meet
the requirements with a smgle load are given by lines
ABC and ADC, and there is an infinite number of pOSs-
sible intermediary trajectories, such as a, b, ¢, d, within
this envelope. Of course, Interception of the 15 minute

ordinate between C and E would respect the Demand

Limit requirement but would provide a poor load fac-
tor. In the absence of any other consideration all of the
trajectories have equal economic merit so far as the
-mere purchase of electrical energy is concerned. The

60
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that:

max

TETEEL S —— ey = T T L —

PIER R S — e - AR A — e R E——— ey -

wherem t,m is15 minutes, S the maximum power r of all
switchable loads ON and B the power of the base load.
[t can be shown that when a point M follows one of the
tra]ectories ef FIG. 1, m general

of

" Other continuous relatlenshlps between P, and t are
possible.

"However, the power facter 1s a further reqU1rement

dt+P

t(t

max (3)

Wdeke ey —.——-.-.-.-.-.-...,._—.—._—_,‘,_.

~ as can be seen from FIGS. 2A, 2B, 3A, 3B, 4A and 4B.
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For'instance, an industrial load system may have a base
load B comprised of a number of small loads such as
lighting, small meters, etc., and a total switchable load
S consisting of a number of smaller loads. FIGS. 2 to 4
represent three different load distributions which could
be obtained under the same maximum demand but with
three different load factors. Three different trajectories
can be found on FIG. 1 which would correspond ‘to
these three different distributions of power. FIG. 2A

shows a power P1 maintained up to time ¢, and alower
power P2 maintained from time ¢, to the end of the de-
mand period. FIG. 3A shows a power P2 maintained
from initial time 0 to an instant ¢; and a higher power
P1 consumed between time t,, and a later time 1., the

~ power P2 being again supplied from time ¢, during the

B

50

53

60

63

remaining portion of the demand period. FIG. 4A is
similar to FIG. 2A but with an inverse distribution of
the powers P1 and P2 before and after time ¢,. The tra-

~jectory to a common level of HWH at C is ABC for

FIG. 2A, as shown by FIG. 2B, ABDC for FIG. 3A is
shown in FIG. 3B and ABC for FIG. 4A as shown on

'FIG. 4B. Since the power consumed is constant during

each of the time intervals, the integrated power follows
a demand curve which is linear, the slope being P1, or
P2, depending upon the level of power mamtamed dur-
ing the particular time interval.

FI1G. § illustrates the principle of calculation of the
error for any point M along the trajectory during a de-
mand period of 15 minutes. A clock installed by the

‘'power supply company determines the initial time of

each demand period, or the final time of a preceding
demand period). The watthour meter provides a
“KWH pulse” which represent the magnitude of the
power which has been consumed during a certain in-

‘stant A ¢ corresponding to a full rotation of the disc.of

the meter, thus representing a constant increment or
unit of energy (KWH). Thus, the A ¢ interval. appearmg
along the time axis is essentially variable. This time in-
terval 1s detected as a representation of the slope at
‘point M and it represents the power P, in KW hour/-

~ hour. If the load of the plant is maintained in the same

“condition until the end of the 15 minute period, the en-

ergy curve will follow the tangent MW, However, the
Demand Limit should be at C therefore, there is an
error CW by default Whleh in terms of power 1s



| AP-—-[(60)><CN/15-—:] —P,C
as is ewdent from the geometry of triangles MNC and

MWC. Havmg determined Slope = AP/60 by triangula— |

tion, and the sign of the error, depending upon whether
the intersection point W is above or below the target C,
control is effected by selectively adding or sheeding
suitable loads in the plant. In order to more closely fol-
low the target, a deadband 18 provided on. either side of

the trajectory by defining two angles ¢ and 6 which

should not be exceeded. The headband will contain ex-
cessive control but will leave free control of the loads
as long as the projected tangent remains within two lim-
its MU and MV (FIG. §5) so defined. In accordance

with the present invention such deadband is made vari-

~ able as will be explained later. The upper limit MU will

represent the ‘‘decrease vector” and the lower limit

13,872,286
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_MV of the deadband will represent the “mcrease vec-

tor” for control. |

~ Since in the early part of the demdnd permd the POS-
sibility of control is greater than in the later part, a dif-
ferential treatment of the load control during the pe-
“riod is beneficial. Referrmg to FIG. 6 from time 0 to
time i no control is effected. This allows for a maxi-
mum utilization of the loads in the plant at an early

time in the period when all possibilities of control to
meet the target T are available. After this first field, the.
- control system from time #7 to time #.,¢ provides control -

in a second field in accordance Wlth the general princi-
ples explamed hereabove with reference to FIG. S.
Thus, at position M on the trajectory followed from
time zero, the slope of the tangent indicates at W that
the loads as they stand would bring total power con-
sumption under the target T by as much as TW. Im-
proved control is obtained when the distance from the
point to the target has a reduced slope. It has been sug-
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‘gested therefore to create a bias relative to the target -

either by having an offset at the beginning of the trajec-
tory, or by lowering the target.such as at C on FIG. 6.

This is the type of control achieved in the second field,

e.g., between time ti and time ?f.,q. Therefore the con-
trol system 18 operative to calculate and correct an
~ error from W to C rather than from W to T. When at-
~ tempting to control the demand to correct the slope of
MW by swntchmg ON loads, there is a posszblllty that
MW raises itself as far as to exceed the “increase load
" vector MV.” The load will not be switched ON in such
case. However, under the pressure imposed on the sys-
tem by the non- controllable loads which may be
switched ON nevertheless, it is possible that the vector
- MW still reaches a slope above the temporary target C
or even the desired demand limit T. In such case the
- control system is operative to switch OFF loads against

~ the ‘“decrease load vector’” MU.

Assuming that at time f,,q the trajectory reaches
point M,, as shown on FIG. 6, there is still an error RC,
although very small. At this instant the second field 1S
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terminated and a third field of control operation 1s es-

tablished in the control system operation during which
the bias CT is progressively reduced to zero at the end

of the demand period of 15 minutes. Therefore, the tra-

jectory will pass for instance by point Ms. as shown,
heading toward the real target T at the end of the third

period. This differential treatment of error antncnpatmn
- and load control during the demand period affords a
more judicial selection of the loads and a more effec-
tive control of the thdl demand SN
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Other strategies of control are possib'le' Instead of
continuous control toward a target, a discontinuous

strategy can be followed. For instance, as shown in
FIG. 7 the trajectory is first only restricted to the area

bounded by OX, OY and ZZ which have been selected

irrespective of the demand limit T. T becomes a perma-
nent target once one of the boundaries ZZ and YY, haq
been reached.

FIG. 8 illustrates dnother strategy for addmg or shed-
ding a load. It is seen here that control is effected so
that the sum of the on-times 1s equal to the tlmc NCCes-
sary to redch B from A. |

[ > :1+r,,+:3 _
S (5
, L L 6)

Should the cmcumu]atcd KWH intercept lme BC, (as
at P) only the base load must be left switched on if the
limit C is not to be exceeded. In addition to satisfying
relations (5) and (6), it may be stipulated at the plant
that the minimum ON time should be more than *t,,;,,”
and that the ON/OFF ratio for a given cycle should be
less than “t,,, " before the load can be switched ON
again. Thus, once the load has been sw1tched ON, 1t

w1ll remain ON I,ll‘ltll

t > IHHH -

and once OFF, it wﬂl not be able to be sw1tched OFF
again unless N

f /Xi < tmﬂ.r

Such a strategy can be implemented by settmg up con-

straints YY and ZZ on either side of the mean curve

AC, the distance from the mean curve being chosen in
ordertdm_ake the ON times and OFF times, and ON/-
OFF ratios compatible with the slopes of the two load
conditions. Particular care has to be exercised so that
proper action is taken whenever the KWH curve inter-
cepts BC. This is achieved by calculating the slope A of
MC the line joining the point M on the trajectory to C,

and sw1tchmg OFF a load other than base load ONce o
= o, | -.

FIG. 9 shows an alternate strategy with plvoted llm-.
its. This strategy is taught in the U.S. Pat. No.

'3',621,271 issued on Nov. 16, 1971 to Carl J. Snyder.

While t; | X; < t,.r 18 being observed, t; > t,;, would
not be, since the system would tend towards more fre-
quent switching at the end of the demand permd in the
case of a single switched load. |

THE DEMAND CONTROL SYSTEM OPERATION

Referring to FIG. 11 there is shown an overview of
the control system 1 according to the present invention -
applied to the control of the loads of a plant 2 supplied -
with electrical power on the power supply lines 3 of a
power supply company 4. .

The loads are classified in the four categories of I
base load, Il inhibited loads, III sheddable loads, and IV

'cntlcal loads.
~ The base load represents equlpment which is con-
stantly present or at least, if the equipme’nt is switched

on and off, such occurrence has in its narrowness a suf-
ficient pattern to equate to a fairly steady load. There-
fore, the base load is by definition .a non-sheddable



9

load. It control of the base load is not possible; the base

load affects by its presence the control of the sheddable
loads, since it accounts for a portion of the KWH con-
sumed at any given time. Typical of the base load are
the lighting and heating loads, and also certain groups
of motors and equlpment .

An inhibited load is defined as a load Wthh will be
permitted to be switched ON during the first minute of
any demand period but will be switched OFF after a
certain duration has elapsed and will be inhibited from
being switched on again until after the next demand pe-
riod has begun. For these loads the control system
- needs to know the duration of ON time from the begin-
ning of a given demand period, and at a given instant
whether the load 1s available for use or not. If the load
is available, it will be qualified as permissive. -

The sheddable loads are by definition the loads which
may become available on a priority basis to be switched
"ON, or OFF, by the control system. This is a general
quality of the loads which are not a base load provided
they have not a “non-controllable” status. Thus, the
constraints of the present industrial plant may limit

- such “‘sheddability.”

The present invention provldes for selectlon and con-
trol of the loads within such constraints in order to
maximize the utilization of the power supplied and min-
imize the cost of the energy. Therefore, a sheddable
load essentially is, within the concept of the invention,

a load which can be switched ON or OFF during a cer-
tain demand period w1thout affectmg the operatlon of
the plant. -

~An important hmltatlon in the control of an inter-
ruptible load is the ON time and the OFF time. It is not
advisable to start-up a load too often, for instance, for
a motor this may have a damaging effect on the wind-
ings. Also electrical surges caused by starting, are
costly. It might also be economically desirable not to
leave an equipment off durmg an excessive time inter-
val. When an-excessive off time exists, such equipment
must be switched on and another alternative has to be
sought if the shedding of some load is the control action
required at that time. The ratio between ON time and

OFF time may also lntroduce a limitation, requiring to
keep ON a load. |

One important conmderat:on in the control system
operation aeeordmg to the invention is that while
‘sheddable loads may be available for swuchmg, it 1S
p0551ble to spread the ON times and OFF times within
a given demand period and between demand perlods in
order to spread wear.

The last category of load is the critical load These
are loads which are ON and OFF under external re-
quirements at the plant. For instance the air condition-

ers and the compressors follow local conditions. Local

control might override action by the control system.
~ Switching ON or OFF of such loads although required
by the demand control system, could be ineffective
since the running time for such a load is not known in
advance. For this type of load swrtchmg ON/OFF is
constantly monitored.

Referring again to FI1G. 11 the loads are controlled by
a contact output-unit §, which is part of a process con-
trol computer system 6. The contact output unit 5 does
~operate a plurality of load contact outputs 7, each of
which closes the energizing circuit of a corresponding
relay 8 to actuate the switching element 9 of a load.
~ Such switching element may be the starter of an electri-
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cal motor, the plunger of the valve of a compressor
etc.

When a load is in the switched ON condition, a corre-
sponding status contact interrupt 10 is closed as shown
on FIG. 11, with the contacts being arranged so as to
correspond to the loads. There is shown in FIG: 11 two

such groups of contacts with one group being associ-

ated with a diode 11 and one scan contact output C01,
and the other group being associated with a diode 12
and another scan contact output C02, Respective di-
odes 13 are connected in circuit with corresponding
status contact interrupts 10 to establish a circuit from
a 48V source 20 provided by the computer system, to
ground with the associated diode, 11 or 12. As shown
on FIG. 11, concurrent closing of one scan contact out-
put such as C02 and one particular status contact inter-
rupt 10, such as shown on the Figure, permits identifi-
cation by the interrupt unit 14 of the status of the par-

‘ticular contact as being one of Group 2 (CO2 on the

Figure). | - -
In order to control the power demand by sheddmg or

adding loads, the control system 1 is responsive to the

power consumption continuously recorded by the

meter 15 of the power supply company. The process
control computer receives over a line 16 the KWH

~ pulse which as a At characterizes the consumption at
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any particular instant within the demand period. The
power supply company also provides a clock 17 which
determines the beginning and the end of each demand
period. In the instant case it is assumed that each such
demand period lasts 15 minutes. For each turn of the
disc of the meter 15 there is a pulse generated which
will be hereinafter called “KWH pulse.” The SuUCces-
sion of these pulseés represent on a time scale the power
consumed for one turn of the disc. The process control
computer system 6 through the interrupt unit 14 asses-
ses the status of the status contact interrupts 10, and
more generally monitors all the input data fed into the
computer system regarding the individual loads in the
plant with their constraints, effectuates calculations,

- makes decisions, which are converted, after each of the
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above-mentioned KWH pulses, into whatever load con-

trol action is necessary through the controlled operated
of the relays 8. |

Included as part of the control system 1, is the pro-
cess control computer system 6. This computer system
can be a digital computer system, such as a Prodac
2000 (P2000) sold by Westinghouse Electric Corpora-
tion. A descriptive book entitled *“Prodac 2000 Com-
puters Systems Reference Manual” has been published
In 1970 by Westinghouse Electric Corporation and
made available for the purpose of describing in greater
detail this computer system and its operation. The
Input systems, associated with the computer processor
are well known and include a conventional contact clo-
sure input system to effectuate scanning of the contacts
or other signals representing the status of the equip-

ment. Also operator controlled and other information

input devices and systems are provided such as the tele-
typewriter 19 shown in FIG. 11. The contact closure
output system is also conventional and part of the Pro-
dac 2000 general purpose digital computer system sold.

Although FIG. 11 shows electrical loads which are
sheddable or which can be picked up by the demand
control system, it should be understood that switching
of an electrical load is not the only control action
within the scope of the present invention. If it is found
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- 'not necessary or desirable to limit the demand by
“switch the actual electrical load on or off in every case,
_the same result can be obtained by other alternatives.
For instance, fan loads can be reduced to some 20% of
normal by closmg the inlet vanes or damper by means
of a servomotor, rather than switching off the motor.

This operation could be performed relatively fre-

- quently and for short periods (for example towards the
end of a demand period as a fine trim), whereas there

is a limited number of starts per hour allowed for larger

motors. When the load involves eddy current couplings
or pneumatic clutches, the mechanical loads can be

disconnected from their motors. With air compressors

having inlet valves, these may be held open by the pres-
sure control equipment when the pressure is high. The
control of compressors to maintain demand below the
desired level would operate in parallel with the pres-
sure control system with the same goal. These alterna-
tives avoid mcreasmg the cost of mamtenance of plant
equipment. - -
The computer system used in ‘the control system ac-
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cording to the invention includes both. Hardware and

Software. For instance the mterrupt unit 14 is associ-
ated with an interrupt handler (50 in FIG. 12). Soft-
~ ware is being used as a convenient means of quickly

and efficiently performmg operations as required in

monitoring data, doing calculations, making decisions

and translatmg treatment. of information into control

‘action within the short time intervals determined by the

recurrent transmission of KWH pulses from the power.

*supply company meter 15. |

It is observed that the mputs consist of mterrupts
which are successively handled by the process interrupt
“handler . (see. FIG. 12). One ‘interrupt will receive the

48V DC pulse generated by the external clock and is
used to reset the demand meter owned by the power

company. This same pulse will reset the associated reg-
isters in the computer when it is received. Another in-
| terrupt will receive a train of 48V DC pulses transmit-
‘ted by the meter 15, each pulse representing KWH (or
KVAH) consumed. Another interrupt could be re-
served for a second KWH meter if needed. Three other

mterrupts (the scan contact interrupts 10 of FIG. 11)',

will receive a status which corresponds to the status of
one load contact in the plant and belongs to one group

of three. assoc1ated with one scan contact output (CO1,

| _C02 on FIG. 11). |
~ The normal operator interface with the system will be
via a teletypewriter 19. This device will also provide a

~ log of system performance together with any other -

messages that may be required. Via the typewriter key-
board the operator will also be able to change the val-
ues of various constants relating to the system as a
whole or to individual items of equipment. The time

~ and data and onpeak and off-peak demand levels canl

“also be changed using the same keyboard.

Having considered the Hardware aspect of the con-
trol system. according to the invention, consideration
will now be given to the software components of the

computer system referring in particular to the flow-
charts of FIGS. 12, 13A,-13B, 13C, 14A and 14B. Re-

ferring to FIG. 12, the operatton of the interrupt han-
dler 50 of the computer system is described. This pro-

gram will receive T (at step S1) an interrupt from the
clock at the beginning of each demand period together

~with a KWH pulse (at step 60) from the KWH (or

KVAH) meter 15 for each revolutlon of the dlsc

23
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In response to a clock pulse, the decision at step 51
is a yes, and the data are transferred to a buffer. These
data include time (step 52) the demand limit desired at
the end of the demand period (coded as DEMLIN)
which is set in the total kilowatt register (KWTOT). At
step 53, the program puts data to be printed out for the
preceding demand perlod The next step (55) is to
clear all registers in ‘which accumulated values are
stored including time into period and KWH during the

period (time, number of pulses N, KWHIN, and
KWHTOT reglsters)

Prorated values of time and
KWH are stored in those registers when the KWH pulse

“does not comc1de with the clock pulse. The chain re-

turns to the process interrupt handler 50.

If the interrupt relates to a contact status, as seen at
step 56, the interrupt is stored at step 31 at the proper
location to provide a status image. of the array of
contact interrupts 10 (FIG. 11). The present contact
output is reset and the next contact output is set in the
status list (at step 58). At step 59 the contact output

handler which corresponds. to the contact output unit

5 (FIG. 11) is bid, and-the chain returns to the process
interrupt handler 50. If the interrupt is the KWH pulse
from the meter, as seen at step 60, this data is stored
as real time in a “KWH TIME” register. For each turn
of the disc of the meter, e.g., for equal increments of
energy, one KWH pulse is received. The count 1s' ef-

- fected at step 62 (N =N+ 1), and whenever required,
~there is a bid for control at step 63. This chain returns
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" message, and there 1s a
‘the computer system.

also to the process interrupt handler 50. Besides the

preceding interrupts which directly determine opera-
tion of the control system, there may be other inter-
‘rupts received, as seen at step 64. Such “unscheduled”

Interrupts cause at step 65 the printing of a warning
a return to the task scheduler of

FIGS. 13A, 13B, 13C show a flowchart of the main |
control program, which is provided to explain the oper-
ation of the. control system according to the present In-
vention.

When control starts “DELTEE,” e.g., the At be-
tween two successive KWH pulses, is determined by
difference. This.is step 160. Then a rotatmg file 1s up-
dated by adding the last of three successive vectors cor-
responding to three successive times t;, fy, #3 being for
the latest Az at step 161. At step 162, the present power
consumption (IPWR) is computed from the rotating

file, and from the present status IPWR is translated at
- step 163 into the *"Past KWH TIME" register. At step

162 the present power consumed is calculated by aver-
aging for three successive points on the trajectory cor-

| respondmg to times f,,

[a (a(Ht ) + (1 —a)(k/{2)+(1 — ﬂ)(k/[3)]
_(7)

or - o o
Pi=k[ala/t; + 1 —alty) + | — alts]
- . B _(8)

where 0. 1<a<04 and t1 is in hours and k -

65

| ,KWH/pulse

It is recalled here that whlle each KWH pulse IS re-

ceived for the same increment of energy (one turn of
the disc of the KWH meter), the “DELTEE” repre-

- sents the power consumed since the time between each
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pulse depends upon the speed of the disc rotation. It is
necessary to compute the total time into the demand
period and the total energy consumed within the pe-
- riod. The first is obtained by integrating the DELTEES
corresponding to all KWH pulses received during the
period. The energy consumed is equal to the number of
pulses multiplied by the meter factor (KWH/pulse).

5

‘The decision at step 164 (since N is normally greater

than 1) 1S to go to step 167. where the demand period
time is found to be the sum of the Ar’s in the period.

- The DELTEE corresponding to the first pulse after
the clock pulse (N=1) belongs in part to the last de-

10

mand period and only in part to the new demand pe-

riod. In such case, the decision at 164 is to go through
steps 165 and 166 which provide a prorated value of
- the KWHIN in proportion to the fraction of DELTEE
pertaining to the new demand period. Accordingly,
step 165 provides the time difference between KWH

[S

Time and clock time, and at step 166 the prorated

value KWHIN is computed.

Looking to A on FIG. 13A, the next :step 1§ t0 com-
pute KWTOT, e.g., the energy consumed during the
present demand period until the particular iteration,
~ converted to equivalent power at the end of the period.

- KWTOT 1s equal to N (number of pulses) *KWH/pulse
*Constant plus the fraction prorated at step 66, if there
s one, e.g., KWHIN. Since computation is done with a

20
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ﬂoatmg point for increased accuracy, conversion to in-

teger is effected as mdleated by [TKWH =
(KWTOT) (168).

Then, at step 169 the system looks at the stdtus of the
~ ON times and OFF times of the loads, while adding the

At (DELTEE) and.it is determined at step 70 whether
any load exceeds the OFF time assigned to it. In such

AFIX

case, a decision is made at 70 to set the contact output

to switch the particular load ON (step 71) thereby not
to violate the constraint. Since the load has been
switched ON, the ON time of this particular load is set
to zero (step 72) Also, the energy estimated to be con-
~sumed in the overall industrial load system (IPWR)
must be updated in order to take into account the load
so picked up. However, 1if the load exceeding its OFF
time belongs to a class, or priority including several
other loads in order to reduce wear, all the loads of the
same class, or priority, are rotated. Retatlen 1s effected
at step 74. . |

The next decision is at 75 dependlng upon whether
the system is under the first field previously mentioned,
e.g., a first portion of the demand period for which no
control is effected (NOC). When the first field termi-
nates, the second field begins which 1s a field of control,
- namely at B after step 75. If in response to the decision
73 the control system operates in the no control condi-
- tion (NOC), the system goes to 109. As a result, the
contact output handler will ascertain the status of the
contacts. Considering now the chain starting at B for
- control operation, the second and third fields of con-
trols (from ¢, to ¢, and from ¢, to 15 minutes) should be
explained again by reference to FIG. 6. C represents
the BIAS in the second field of control, T the original
target corresponding to the desired Demand Limit
(DEMLIN). The target (ITGTI) in the second field is
represented by C, e.g., DEMLIN-BIAS. The control
system (FIG. 13B) 1s set accordingly at step 76. A deci-
sion 1s made at step 77 to choose between the second
-and third field of control depending upon whether the
- time in demand period has reached ¢, (NFIN) or not.
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If we are still in the second field, the flowchart goes
from 77 directly to step 79. If the third field is required,
at step 78, the BIAS is reduced at each iteration until
the end of the period. Accordingly, a fraction is used
to reduce the BIAS by a ratio between the time left in
the period and the duration of the third field. This
amounts to a displacement of the target for each point
on the trajectory. At steps 79 and 80 the demand error
1s calculated. ITGTI represents the ordinate of the tar-
get (C 1n the second field, 1 in the third field, T at the
end of the demand period). The ordinate of N (see
FIG. 6) 1s ITKWH obtained at step 168. The ordinate
of W 1s ITKWH + ITEM (e.g., WN). Therefore, the
error due to W being too low, or too high, reldtwe to
the target is Slope = IGTI — (ITKWH + ITEM). First,
at step 79 ITEM is calculated, using data obtained at
step 162 (IPWR = present power consumption), and -

‘computing the second term in equation (3), e.g., P,

(Ther — t). Knowing ITKWH and ITEM, the demand
error 1s calculated at step 80. Then the sign of the error

'Y or N at 81 will tell whether the pro;ected point W lies

above or below the target. If it is above, the error is
negative and loads have to be switched OFF. The flow
chart goes to D. If point W lies below the error is posi-

tive and loads must be switched ON. The ﬂow chart

goes to C. |

First, the situation when the error is positive will be
considered, by taking the flow chart from C on, in
order to find (1) whether there is a load to be switched
ON, (2) whether a selected load can be switched ON
by step 86.

The computer system then first looks for a load. Step
82 initializes a search for the least sheddable load.

In the table of priorities, the loads are classified from
the least sheddable to the most sheddable (which can

~ be understood as from the first to be switched ON to
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the last to be switched ON). In other words, the search
goes from one end of the table when the search is to
switch ON a load, and from the opposite end if the
search is to switch OFF a load. (The last situation
would be at D on the flow chart).

As a general consideration at this point (val:d also for
OFF sw1tchmg at D) 1in a table can be stored or re-
served in memory the fol]owmg characteristics associ-
ated with each item of equipment to be of the switch-
able load type: |
Equipment Identity No
Power Consumed When Starting
Starting Period |
Power Consumed When Running
Group Priority '

Subgroup Priority
Maximum Allowable Off Time
- Minimum On/Off Time Ratio

Minimum Time Between Starts

Availability For Use By The Demand Control System

Address of Associated Contact Output

Amount of Time ‘Off’ since Being Switched Off - Up-

dated Each sec., or after

Amount of Time On Since Being Switched On each

KWH Pulse.
The group priority is assigned by the user, the most
sheddable loads being low numbers. Priority, or group,
numbers Increase with the importance of the load to
the overall plant operation. The programs associated
with this table will be called immediately after the
switching decision subroutine, or once per second to
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effect a search through the table to determine: the'

identity of the next load to be switched and the power

16

| 'wrth the increase of power LDINC expected Control

difference this will make. In the case of large starting

currents, a check can be made to see whether starting
 this motor will cause the maximum demand to be ex-
“ceeded. If so, the next motor in the sequence will be se-
lected. Similarly, it can be presumed that if the sum of
OFF plus ON time is less than the minimum between
- starts, another unit will be selected for switching on. In
the case of large loads not directly controlled by the

10

computer but for which the computer provides a per-

‘missive contact, a check will be made to determine
whether the maximum time into the period has not
 been exceeded and close or open this contact accord-

~ ingly (see Step 70 on FIG. 13A). If loads have imposed

1 maximum off time and a minimum on/off time ratio,

 the computer system would include a program to (1)

switch that load ON regardless ‘whenever the off time
has exceeded the maximum allowable off time; (2) pre-
‘vent the load from being switched OFF unless the ON/-
OFF time ratio is greater than the minimum allowed.
Returning to C on the flow chart (FIG. 13B), step 82

| provrdes for indexation of the priority order (N;) and

of the Sprl‘lOI‘lty order (N,) for. a load to be switched
ON (INDUP). At step 83 the search is established ac-
cordingly. If the search has not provrded at least shedd

able load, the decision at step 84 is to goto K, e.g., a
no control chain leading to a bid for the CO handler at

109. At step 108, the pro;ectron W on the final ordinate "

of the tangent from the point M on the trajectory (see
FIG. 6) 1s determined as ITGT by the difference be-
tween the target and the error. Such information can be
conveniently logged for the following reason. ITGT =
Ordinate of target (C, if in the second field of control)
— error (CW). This is the way ITGT is determined at
- step 108. But ITGT is also equal to: WN + ordinate of
N (See FIG. 6). Since WN =ITEM and ordinate of N
= ]TKWH, both known by steps 168 and 79, then ITGT
~ is known from previous computations. However, when

late in the demand period ITEM becomes very small,

therefore a log of ITGT provides a value which tends
to be ITKWH equal to the fmal demand at the end of

the demand period.

At step 109 the CO handler of the computer is called
upon to check the contact outputs and there is a return

- to the task scheduler of the computer system.
"~ If however, a load to be switched ON has been found
(NO at 85) (INDUP), the deadband is put into etffect

at step 85. If the deadband (LDINC) includes vector

MW, then no control is effected (YES at 85) and the
flow chart goes again to K (again a log of ITGT and a

bid for the CO handler). However, if there 1s a NO at -

13
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will occur only if LDINC is less than'the error. If the se-
lected load can be switched (85) the control action is
determined at step 86 and the increased amount of
power is accounted for in the new IPWR (step 87).
When the demand error (81) is negative a load must
be switched OFF because ITGT is above the target. In
such case the flow chart goes to D (FIG. 13C). Steps
93 and 94 correspond to the steps 82, 83 encountered
at C for the positive demand error. The search here is
for the most sheddable load, thus from the opposite end
of the table of priorities and subpriorities (N, N;) as
opposed to steps 82, 83 for ON switching. When no
load to be switched OFF is found, the program indi-
cates 100 as a flag. If this is the case, the flow chart goes
to K, and no control is exercised as prewously indicated
with respect to steps 108, 109. If there.is such a load

(INDDN), the decision (95, N) i1s to test the relation of "

L.DINC (the correlative decrease of power if the partic-

ular load were effectively switched OFF) to ITEMP
‘which determines the deadband. Two situations hap-

pen at this stage depending upon whether the load ex-

~ ceeds 180 KW (Y) or not (N) and the decision is made
at 97. If it is a Y, ITEMP is made half of what it is at

step 96. In other words 96 can be read as making the
deadband ITEMP = LDINC and 99 as making the

deadband ITEMP = %2 LDINC. Assuming 97 leads to
N, then ITEMP is made equal to LDINC. This means
that at step 98 the slope (CW.if in the second field)
which 1s negatwe is in fact subtracted from LDINC.

This difference is a residual error sign of which (in the
second field 100 goes to 102) is checked for decision

at 102 to control (103) or not (108) sw1tchmg of the
particular load. Again, if the vector or W is within the
deadband (between MV and MC) there will be no con-
trol. If MW is outside the deadband, then the load will
be switched OFF. If control is in the third field (101)
then the system merely looks to the error (negatwe
here) to switch (Y) or not the loads OFF. . |
Once a load is shed (at step 103) the present power
IPWR is updated - (104). At step 105, the OFFTIM
(computed off-time of the load) 1s updated at each iter-
ation. A decision is made thereafter to log the informa-

~ tion (step- 106) and to print a switch- OFF message

(step 107). After each control operation (sheddmg or

- pick-up), the energy estimated to be consumed is esti-

" mated (at step 79) and the demand error is again calcu-

50

~ 85 then MW is outside the deadband (LDINC), control |

is possible and action is bid at step 86. At step 87 the
new present power consumed IPWR is calculated by
including the added power LDINC and due rotation is
effected within a group of loads at step 89 if the load
is one of a group.

- Having called for the load to be ON, the ON time
(ONTIM) for the particular load (or for the rotated
group of loads if steps 88, 89 are followed) is initialized
at 90 (E), while at step 91 a decision is made to print
- the *““*Switch- On” message (92) 1f the control operation
requires it. |

| Consrdermg now the decision at 85 to switch a se-
lected load ON (if N) or not to switch (if Y), the error
| CW (FIG 6 for second field of control) IS compared

J5 .

lated in order to establish whether a new load should

be switched ON (at C) or OFF (at D).

Once countrng of time and power consumptron has
started for a given demand period, a first field is estab-
lished during which the load system is left to its own
constraints without control (75,108,NOC). Since there
is no control, the slope varies.only with the loads. There

is no need for a calculation of the slope at any pointof

the trajectory. Although there is no control during the

~ first field, the status of certain of the interruptible loads

60

65

may have changed during that time. For instance, in the
particular example of the embodiment described, the
OFF time of certain loads may have become excessive,
and according to step 70, the contact output of such
load would have been set (71). Therefore, the control
system calls for the CO handler which 1s the software
counterpart of the contact unit 8 (FIG 2). Thus a bid
is made (109) for the CO handler in order to imple-
ment the status of the contact outputs established by

the previous iteration. The system then returns to the
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task handler. The first field ends at time ¢, (FIG 6) and
a second field is established thereafter (N 75).

It should be observed here that there is a difference

between (1) the switching ON of a load which has been
OFF for an excessive OFF time, such as operated by
the system at 70 and 71 (FIG. 13A) and (2) the switch-
~ ing ON of a selected load such as at 86 on FIG. 13B.
When there has been an excessive OFF time, the sys-
tem indeed provides for the switching ON of the load.
- However, such switching is not really a ‘“‘controlled”

switching in the sense that (a) there is nho selection

made of the load, no prediction made of the KWH and
no decision 1s done to switch under predetermined con-
ditions which suppose alternative situations; and (b)

the additional load created at 70 and 71 might go

against the overall objective to limit the demand. in
contrast, when switching ON a load at 86, a selection
- (82,83) is made and the decision to switch is based on

an anticipation (80) of an error. Therefore, when refer-

ring to switching such as at 70, e.g., under the con-
straints asmgned to the load, the load should be consid-
ered as In a “‘non-controllable” status.

- An 1mportant applzcatlon of the control system ac-
c:ord:ng to the present invention can be found when the
industrial plant includes among other interruptible and
‘switchable loads, one load for instance, which could
‘not be switched w1thout causing overshooting of the
target T, such as at CR at point C of the trajectory I on

10

15

_ 18
tion. Since loads in a non-controllable status spontane-
ously are switched ON when their OFF time has been

exceeded, when a flag 100 has appeared to indicate
that no load is available to be shed, the system will by

- itself become effective for control, since more loads

will become available at the next iterations.
Associated with the main control program just de-
scribed, is a simulation program which cah also be used
separately as a source of information to study the con-
dition of control according to the invention for a given
set of loads and constraints in the particular plant. The
simulation program runs ofi a P - 2000 computer. The
simulation program is based upon equal time intervals.
[t simulates for instance the behavior of air compres-
sors and similar controlled devices, and the instanta-
neous power consumption as a function not only of the

- switchable loads, but also with a base load having noise

20

25

F1G. 10. By reducing the demand limit to T during a 4,

portion of the demand period, for instance from time
0 to time ¢, the control system will operate more rigidly
against the constraints: (DEMLIN at step 76 on FIG.
13B) and the trajectory followed will be I’, as shown on
FIG. 10. The demand control system doscrlbed here-
above, is capable of determining at which time ¢, the

projected line representing the load which could not be
switched will intersect the last ordinate at T, the de-
sired demand limit. To do this it is sufficient for in-
stance, that the computer system at 76 (FIG. 13B)
identifies the target (T first, then T) and determme an
~error on selection (82) which is zero.

A last remark can be made regarding the overall op-
EI‘dthI‘IS of the control system accordmg to the inven-

+ .
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superimposed.
The following notations are used by the program
'RAND - random no. generator for base load noise
CONTROL - the principal demand control algorithm
ROTATE - designed to rotate group priorities every
time any one umt In a multlple unit group is started

PRINT - prints a message every time CONTROL
switches a unit on or off i In 1ts effort to maintain the
demand llmlt

SCALE - sets up Y-scale values when plottmg is re-
quested (KW)

LINYY - sets up Y- scale marks | |

PLOTT - plots up to nine selected loads (KW)

INDX - alpha form of time index (secs) to be prmted

~_on every tenth plotted line.

The main data base used with the control algorlthm
CONTROL is an Integer matrix called DAT(N 11)
where N is the total number of controlled loads in the

‘system.

Loads are classified as inhibited. The number of In-
hibited loads- bemg INHL,; others are sheddable, the
number of which is SHLD. Compressors and similar
critical loads are a subset of SHLD, arranged as a con-
tinuous group starting from the flrst sheddable load.
The number of critical loads is CRLD. The group of
DAT (N,11) are therefore a351gned as follows |

—_— ——-

=]

TABLE I
- {limited to seven of the | I columns pI’GVIde on the card because several of the data are computed by/the
3 | | program),
Title | u -2 3 4 5 6 7 8
110 - 20 50 4700
120 | ! 3 0
. 130(Base 2000 2 17 2
Load) - - |
140 | 3 ] 2 19 -
- 150 0 g 0 | -
- 160 - 6 2 2 2 8 ] 2

| | 932 149 450 | | -

) . | | . B Inhibited Loads
180 2238 { 450 L

190 112 100 160 3

o o | Critical Loads
200 112 100 160 3 2
- 210 410 - 200 80 -6 1
220 410 200 80 6 2
2% 186 180 80 5 0O
240 75 180 - 100 4 [- -

250 75 180 100 4 2 - |
60 75 180 100 4 3 - Sheddable Loads
270 75 180 100 4 4 -

281 75 180 1000 4 5.
%) 75 180 100 4 6
300 75 180 00 4 7

- 310 73 180 00 4 8

- 320 37 300 00 |
330 37 300 1 00 I 2
340 336 300 1 60 2 !

350 108 300 160 2 2
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Inhlblted Loads |

 An inhibited load is defined as one which will be per-
mltted to be switched on during the first minutes of any

demand period but will be switched off after the dura-
tion DURN has elapsed and will be inhibited from

beitig switched on again until the next demand permd :
has begun. With inhibited loads the columns are in

principle asmgned as follows:
. LDON - power drawn when load is on (KW)

3,872,286
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. 20 .
6. PERM - permissive indicating whether this load IS
available ornot (Oor 1)
7. OFFTIM - Computed off time for this umt up-
dated at each iteration -if the unit is off (secs)
5 8. ONTIM - computed on time to this unit, updated |
- at each iteration if the unit is on (secs) |
9. C¢ - status of control algorithm output (1 or 0)

10. MOSTAT - status of équipment (if a critical load)
or logical .AND. of C¢ and PERM (1 or 0)

160

170
180
190

350

2. LDOFF - power drawn when load i1s off (KW) . 11. CWRD - teserved for the futhre control word for
3. DURN - Duration of on-time for this load from be- the Co assigned to this unit.
ginning of period (secs.) | . Here too certain clauses of Tabie | are not used in the
4-5. Not used ' card because the program makes the computation. A
6. PERM - Permissive flag mdlcatmg whether thlS typlCB.l set of input data is shown on Table I the data
load is available for use or not (1 or 0). (see steps’ 15 ‘peing read-in in 1016 format. The description of the
1203 and 204 on FIG. 14). Therefore this column s card reference numbers on the attached codmg sheet
in the present case not used in Table L. | is as follows:
7-8. Not Used 110 — ITIME — estlmated between KWH meter
9. Cd — Status of contact output (1 or 0) _ - pulses (secs)
10 MOSTAT - The logical AND of CO and PERM 20 BIAS — initial low bias to be applled to the deswed
(1 or Q) : limit (KW)

, 11. CWRD - Reserved for the future CO control - DEMLIN — demand llmlt de31red at end of penod
. word ass1gned to this unit (Hexadecimal notatlon) (KW) | |
‘However, the program here also computes the 'data 120 — LOG—type ofoutput ‘where: |
of column 9 10 and’ 11 therﬁfore these columns are 25 .' 0 = approprlate demand perlod Summary On]y lS

- not used 11 - Table i. ‘ - | - deswed o - .
* There must be at least one mh1b1ted load in the sys-— 1 =print out of equipment status power consump-
tem even if this 1s a dummy with zero power on and off. tton and predlcted target at such lteratlon in ad-
‘Sheddable loads are defmed as loads which wﬂl be 3= plot of selected loads as well as summary
switched ‘‘on”" if they have been off longer thanan as- =~ NPERD = no. of consecutwe demand perlods to be
signed off time (OFFTIM); but having been switched studied | L -
on, will remain on until a given ON/OFF ratio (ON- 'LOGI = 0 =:exercise demand control _
RATO) has been exceeded. If the off time is critical, off 15 | = establish minimum demand which. would be ob- |
time will be computed, not inferentially from c¢ status, tained 1if all constramts are rigidly exercised |
but from the actual motor or equipment status (MO- - 2=establish maximum demand if no con- - |
STAT) as scanned directly by the computer. | ' straints or controls are exercised. |
- With sheddable loads of both types the columns are “The program is written so that if LOG = 3 the LOGI
unpr1nc1ple assigned as follows: 40 is forced to be zero regardless of what IS on 1ts data
| Input card.
130 BASE - base load (KW-') | |
| INHL - number of inhibited loads
SHLD - number of ¢ritical loads
-~ CRLD number of cntlcal loads | |
140 l\lN - number nf loads for whlch PERM(I) is to be con- I
S trolled by data on card 1mmed:att.ly follnwmg |
| (otherwise PERM(I) = 1) - |
B lND(l) index of loads from | to NN . |
lSU TEMP(1) - status df PERM(I] for luads w1th mdex lND(l) |

- (lor 0) -
MGRP - number {)f priority groups in the total system

‘MAX(I) - maximum number of units In eaeh group | through

MGRP |

LDON(I) - Power drawn when Cd clost.d (KW)  These two cards

and are for the two
LDOFF(I) - power drawn when Co Opened (KW) inhibited loads
DRUN(I) - duratmn of on-time in any period (secs.) '
LDINC(I) | e

through |

OFFMAX (I) data for each of the 17 sheddable loads
ONRATO(I) | | |
PRIOR(])

SUBP_RI(I) -

1. LDINC - increase in power drawn when Cqb is

- closed (KW)
2. OFFMAX - maxzmum off time (sees )
3. ONRATO - minimum on/off ratio expressed as a

percentage (e.g., 100 = 100%, 20 = 20%, etc.).

4. PRIOR - main group pnorlty assigned to this unit

1 = most sheddable — 99 = least sheddable
5. SUBPRI - subgroup priority

‘The simulation starts at step 200 by reading data
from the data file. The data have been hereabove listed
(see Table I). A logic table will be used heremafter with

65 the flow chart of FIG 13 readmg as follows L

TABLE I

Simulation Inter.val - ITIME secs.
Demand Period = Demper mins.
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No. of Periods = NPERD -
Log = 0 = Summary of Period Only

Log = 1 = Print out of each iteration plus summary

Log = 3 = Plot of each 1terat10n plus summary
Log = 0 = On control

Log =1 = Compute demand limit with a]l constraints
~operating
Log= 1= 2= Not Under Control (NOC)

If, at step 201, Log. Eq. 3, (see Table II) the decmon
1s to print the y-scale of a graph to be plot (step 202).
The reset step, at 203 is to check PERM(I) = 1. Then
at 204 PERM(1) is modified according to data on the
cards for the inhibited loads PERM(IND(1)). At step
205 the ON Time and OFF Time are stored and finally
~at 206 the contact outputs for all sheddable loads are
set with the permissive flag for all permissive loads

(CO(1) = PERM(1)). The preceding steps are neces-

S

10

15

sary in order to prepare for actual simulation. After

this, for critical loads the conditions of operation are
initialized. In the instant case, the load is a compressor
and the pressure and pressure switches are initialized.
For instance the margin of pressure for ON and OFF
may be 90 psi to 100 psi. This step is seen at 207, The
next step (208) 1s the calculation of the constants to be
used 1n the simulation.

At step 209, the program determmes the mdex after
~which Demand control should begin to be exercised.
This is the end of the first field for which no control is
effected (NOC) and the begmmng of the second field.
At step 209, the program also determines the index
after which the third field of control should begin
(NFIN). At step 210 1s initialized the energy consumed
during demand period converted to equivalent power
at the end of the period. (TOTKWH), with the iteration
index (NI) equal to one and the index of the present de-
mand period (NPR) equal to one. Thereafter iteration
for simulation begins (step 211).

At step 212 pressure from the status of Compressors
are updated and at step 213 the same is done for the
~ pressure switches. At step 214, a check is made
whether the inhibited loads have exceeded the allow-
~ able ON Time in which case they are switched off. At
step 2135 the status of all the motors is updated, while

for inhibited Ioada the motor status is modified (step
216).

verted to equwalent power at the end of the period,

(TOTKWH) is calculated (step 217) and the total en-

ergy consumed into the period is thereafter calculated
at step 218.

If Log I. GTI, (step 219) is a NO then the system
calls for control (220) which step appears on FIG. 13
between steps 168 and 169, If Log | equals O (step
~ 221) which means that the system is on control, it is a
YES, and the flow chart goes to the printing line

E BINARY
3 .
D
n
D TEMP
& D
FTNG
[ST:5,8

TEmMP

NI e« C X Cx U X

- On the preceding basis, the'energy consumed during
the present demand period up until the iteration, con-
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22
marked D, but after step 224, without plotting.
If the system is on control the flow chart goes to D

which provides over steps 222 and 229 for a print out
of the status, the power and the target for each iteration

plus summary. At step 225 a determination is made
‘whether the iteration index (NI) is equal to the total

number of iterations at | Time (seconds) intervals for

a demand period which is “DEMPER" minutes long.

As aresult, over steps 226, 230, or 227, 231, 232 cither

an order is given to print the end of perlod demand log

under control (230), or to print the minimum demand
at the end of the period (231), or to print the maximum
demand at the end of the period (232). If we are during
the demand period, the decision at step 225 is to print
In accordance with step 229 already considered. |

From the lines of steps 226 to 228, in the alternative,

the tlow chart goes to 233 to prepare for a new demand

pertod (TOTKWH=0, NI=0 and NPR=NPR+1).

- Therefore, if the index of the present demand period

(NPR) reaches the number of consecutive demand pe-
riods to be studied (NPERD) then the simulation goes
to a stop (step 250). Otherwise there is another itera-
tion (NI=NI+1) at step 235, which is also the step
taken from the YES decision at 225.

GENERAL DESCRIPTION OF INSTRUCTION
PROGRAM LISTING

In the Appendix there is included an mstructton pro-
gram listing that has been prepared to control the oper-
ation of an industrial load system in accordance with
the here-disclosed control system and method. The in-
struction program listing is written in the machine lan-
guage of the PRODAC P2000 digital computer system,
which is sold by Westinghouse Electric Corporation for
real time process control computer applications. Many
of these digital computer systems have already been
supplied to customers, including customer instruction
books and descriptive documentation to explain to per-
sons skilled in this art the operation of the hardware
logic and the executive software of this digital com-
puter system. This Instruction program listing is in-
cluded to provide an illustration of one suitable em-
bodiment of the present control system and method
that has actually been prepared. This instruction pro-
gram listing at the present time has not been exten-

~ sively debugged through the course of practical opera-

tion for the real time control of an industrial load sys-

tem. It 1s well known by persons skilled in this art that
most real time process control application programs

contain some bugs or minor errors, and it is within the
skill of such persons and takes varying periods of actual
operation time to identify and correct the more critical
of these bugs.

This instruction program listing mcluded in the Ap-
pendix was prepared in relation to the flow-charts

shown in FIGS. 12, 13A, 13B, 13C, 14A and 14B.

INTEGER SIMULATIBN PRBGRAM FOR DEMAND CONTROBL

INTEGER DAT(30:11):BASE:INHLJSHLD:CRLD:IND(EOJ:PS(EO)
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—Continued

.INTEGER'LDﬁNtlollLDBFF(io):DURN(IO):TEMP(10)

CINTEGER LDINC(30) BFFMAX(SO):GNRATBtaoJ;PRISR(30),suBPRI(30)
INTEGER pERM(30):8FFTIM(30):BNTIM(3O);CB(30):MBSTAT(301:CNRD(3O)
INTEGER BIAS:DEMLIM:KW(BO);MAXCEE)

CINTEGER CR2LP -

INTEGER LINB(71)

REAL PR(23) p | | _
CAMMEN /CBMDAT/LDINc,BFFMAX;ENRATa:PRIBR;&UBPRI PERM;EFFTIM;ONTIM,
1COaMBSTATICWRD.

CRVMMEBN /CGNINP/INHLJSHLD;CRLD;TIMEIT,BIA&JDEMLIM;LBG;NPERD:
1CBNST;ICB\JNITR;ITIMEJNBCJNFINJNI:KWTﬂTJITKNH:INDDNJINDUPJITGTJ
2LINESLBGL | o

CHMMEBN /DATBL/NN:IND,TEMP:BASE

CAMMBN ZEWUIP/LPaCR

CHMMBN /RBTDAT/IMIN, [MAX)MGRP)MAX

CBMM&h /PLBT/KwaKMIN, KMAX2 IBASE, JDUFF,LINB .

CEQUIVALENCE (DAT(L1s1)sLDINCCIN) 2 (DAT(141)2L,00ON(1)

EGUIVALENCE (DAT(l E)JLDBFF(li):(DAT{1;3)JDURN(1

LP=s& .. .

CR=l |
LBGsL

YFL30e |
DEMPERS15.

IMIN= [NHL+1

IMAXIINHL+SHLD

DH 3 I-IMIN:IMAX

3 PERM(])s=}
C PQEPARE SIFULATIﬁN | ' _ ' |

C  FIRST SET UP BVER«RIDE PERMISSIVES FBR *NN' LBADS WITH INDEXES IND(I)

N 4 lsl NN | | | | |
=IND(]) _
oy PERM(J)'TLHP(I) |
. C ANBw MAKE C8'S FBR INHIBITED LBADS EQUAL T8 PERMISSIVES
- DB 6 el INKHL
6 CB(1)YaPERMI(])
C O INITIALIZE BNe AND BFF:TINES AND CE'S FeR ALL SHEDDABLE LBADb
| DB 5 IsIMINgIMAX: |
OFFTIM(])s80 |
- BNTIM(1)=100
S5 CO8(1)=PERM(I])
C INITIALllE AIR COMPRESSBR PRESSURES PR{1) AND STATUS 6F
C PRESSURE SWITCHES PS(I) |
PR{IMIN)} =220 |
J1sIMIN+1 |
PR(]1)s95,
PS(IMIN)=]

PS(]1l)=l
TIM ITtFLﬁAT(ITIME)

 C5NST=(60t/DEMPER)*(TIMEIT/3600n)
CJCONBIFIX{1e/CONST+01)
NITRIIFIX(DEMPER*60-/TIMEIT+'1) |
NBC AND NITR ARE CBNSTANTS USED IN CawTRGL ALGBRITHM
FAR SUSPENSIBN BF CBNTR&L AT BEGINNING AND CHANGE BF POLICY AT END
NGC20 |
'f,NFININITR (N]TR#20) /90
TETKWH=D o
‘NI=xl
NPR:l
CALL OATIN
IF(LBG«sGTe2) G8 T8 44
G T8 42 |
41 LLBGls(C |
CALL SCALE
CALL. LINYY |
WRITE(LP,300)LINB
3CO0 FORMAT(1H 271A%)
| 42 CONTINUE |
C  BEGINNING OBF SIMULATIEBN | B8P
10c0 CONTINUE | |

OO
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— Continued

CALCULATE PLANT CBND TI&NS = PRESSUR
06 7 JelMIN,I1 I . - -

IF(CB(1)eEQe0) GB TB 7

A ATE PRESSURE
- L%g%HBSTAT(I}-EQflb PRII)SPR(])*2¢#TIMEIT/100

[F{MBSTAT{])eEQeD) PRII)=PR({])»3+#TIMEIT/10
CALCULATE STATUS BF PRESSURE SwWITCHES
IF(PR{T)aLEeS0s) PS(])34
IF(PR{1)«GE«1C0s) PS(])=0
7 CONTINUE
INMIBITING CﬁNTRBL
DO 13 Isi,INML
IF(PERM{1)+EQeQ) GB T8 13
ITDsDURN(IY/ZITIME
CHECK WHETHER THIS ITERATIBN WILL CAUSE MAXIMUM BN TIME RATI®
OF INHIBITED LOADS T8 BE EXCEDED
IF(NI=1TD) 61261262
61 CB(1)s1 o
GB T8 13
6 CB(1)=Q
13 CONTINUE
CALCULATE CBNTACTER: STATUS

D& 8 I=1,]IMAX
8 HBSTAT(I)!PERM(IJ*CB(I>

D8 3 [sIMIN.IL |

9 MBSTAT(])aMBSTAT(1)#pPS(]) |
CALCULATE PLANT CONDITIBNS = POWER
CALL RAND(YFL) |

1 JBASE Y REPRESENTS BASE LBAD PLUS NBISE

- IBASEasBASE«]IFIX(600exYFL) |

- KwTO0TalIBASE

COGMPUTE PBWER DRANN BY INHIBITED LBADS
D8 10 Isi, INMHL
IF(MOSTAT(I)eEQel) KW(I)m{DBN(I)
[F(MBSTAT(I)eEQe0) KW(l )l DBFF(])
[F(PERM({])eEQeQ} KW(1)=Q

10 CONT]INUE

CBMPUTE PBWER DRAWN BY SHEDDAB;E LBADS
DB -11 IsIMIN, IMAX | |
Kw(])=0
IF(MBSTAT(IJ-EG-l) KW(I)lLDINC(IJ

11 CONTINUE

SUM TBTAL PBWER CONSUMPTIBN BF THE PgANT

DO 12 l=21.]IMAX |

e KWTIBTaKwTOT+KW{ é

ALCULATE PRESENT NERGY CBNSUMED: CBNVERTED TQ EQUIVALENT
DEMAND AT END BF THE PERIBD |

TOTKWHaTOTKWH+CONSToFLBAT(KRWTBTY .
[ TKWHsIF IX({TBTKWH) |

IF(LBG1+GTel) GB T8 22

JUMP ARBUND THE NEXT STATEMENT 8NLY IF THE DEMAND LIMIT IS T8

BE ESTABLISWED ASSUMING N8 CBNTROL BEING EXERCISED
~ CALL CBNTRSL |
22 IF(LBGEQeQ) GB TO 14

IF(LBGEQel) GB THB 18

IF(LBGeEQR+3) GB TB {9
G T8 21

PLBTTING INSTRUCTIOGNS
19 CALL PLBTYT
WRITE(LP,300)LINB
G8 T8 14 | |
PRINT BUT BF EQUIPMENT STATUS, PHBWER ANp PREDICTED DEMAND LIMIT
18 “RITE(LP:lS)NI:(MBSTAT(J)JJIIJIMAX)JINDDNJINDUP:KNTﬂT:ITGT
15 FORMAT (1HOAT421X01912,18,14,216) |
14 [F(NI+LT«NITR) GB T8 1010
O IF(LBGIsEQeD) GO T8 3t
SUMMARY PRINT 8UTS FBR MINIMUM AND MAXIMUM DEMAND LEVELS
1F(LBG1eEUsl) WRITE(LP232) ]TKWH
TF(LBG1eGTel) WRITE(LP)S33) [TKWH
32 FaRMATtlHOJabHMINM DEMAND PERIBD POWER IJIﬁJ3H KN)



)   : | .g . 33372w28€i . - I
»w _ %
'__‘__-—Contmued o 2

33 FBRMATtlHO;EbHMAXM DEMAND PERIBD PBWER =,16;3H KW)

G8 T8 3¢ . ,

31 IIsITKwH/4

C DEMAND PERIBD LBG AFTER BEING UNDER DEMAND CGNTRﬂL FGR THE PERIGD

| WRITE(LP,16)DEMLIM)ITGT, I

16 FﬁRHAT(1H0134HEND BF DEMAND PERIBD LaG: TARGET ;IB;EHKW;BX:
{1 8HACTUAL. :IéJEHKWJ3X:7HENERGY 2 [1623HKWH/Z )

34 CONTINCE |

¢ PREPARE FBOR A . NEW DEMAND PER]BD
TaTKWHIOi | | |

NIsQ o

NPReNPR+]

CALL DATIN :

IF(LBGeGT2) GA TB 411

GB T@ 421 S -

11 t
ALL SCALE
CALL LINYY
| NRITE(LP:BOO)LINB
421 CONTINUE |
[F(NPReGT NPERDJ Ge TB 21
1010 NI-NI+1
¢ RETURN ‘T8 THE BEGINNINb 9F THE ITERATIBN'
- GB T8 1000 -

'gTBP WHEN 'NPERD! PERIBDS HAVE BEEN RUN
- 21 CONTINUE -

NRITE(LP,553)
553 FﬁRMATliH :18HTYPE IN LETTER 151//)
| END | |
S
LISTJSJE - -
C RAND&M NUMBER hENERATBR SUBRBUT INE
C |
_SUBRBUTINE RAND (A)
DATA MP:MSK:M/S;!7FFFJ4579/ -
"DATA ACONsBCON/65536¢221474836474/
| ‘IF(AtNE Ot) Ga Ta 1 -
S LDA M |
S STA 1A
S} Lba . 1A
S 8TZ &4
S MPY  MP
S STA 18
) DA - 1A
> ADD 4
G NJP )2
S O JMP L )3
se  INC 1B
'S AND MSK
53 8TA  I1E
S LDA {8
S STA 1A
jYF1=F;aAT(IA) |
JIF(YFleLTeQs) YFlx ACGN+YF1
,.YFE!FLBAT(IE)*ACBN |
_”AltYF1+YF2)/BCBN
" RETURN
END |
q
L1STsS,08
BLOBCK DATA

INTEGER IND(EO);TEMptiﬁiaMAX(EE)

CINTEGER LDINC(30}. BFFMAXtaoilﬁNRATG(BO
INTEGER PERM(30)J5FFTIM(30)JBNTIN(30):

' PR

)2 P SUBPRI(QO)
Co(3 AT{3
INTEGER SHLDsCRLD,BIAS,DEMLIMIBASE

it

0)
“COMMEN /ceanP/INHL,SHLD,CRLD;TIMEIT'BIAS DEML IM,LBG)NPERD,
1CONST, ICENsNTTRy 1TIMESNBCsNF INSNTIKHTOT) 1TK

2LINEBG]

0))CwWRD{30)

NH;INDDN:INDUP:ITGT:

COMMBN /CGMDAT/LDINC,ﬁFFHAX;8NRAT6:PR16R;SUBPRIJPERH;BFFTIHJUNTIHJ

1C8,MOSTAT,CWRD
COMMEN. /DATBL/NNnIND;TEMPJBASE
'_CGHMﬂm /RaTDAT/IMIN,IMAx,MGRP;MAx
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. —Continued

DATA ITIME,BIAS,DEMLIM/2045024700/

DATA LBG,NPERD,LB8G1/1,10000,0/
DATA [INHL2sSHLD)CRLD/2217,2/

_DATA_NN!IQD/311:2119;17*0/

DATA TEMP/0Qs120,7%0/
DATA MGRP:PAX/éoE:E;EJSJIJEJ16*0/

DATA LDINC/932;EE3B;112:112:410:410:186:75:75475;75;75175;

175175:371371336J105:11*0/

DATA BFFMRX/149;0:100:100:200;2003180;1801180:130J180:150:

11802180,180,3002300,3002300211%0/

DATA BNRATB/45OJ4501160:160J30!80!30;100J100:10031001100J100:

110021C02100,1004160,160,1120/

DATA PRIBR/02s0,323:6,6:5), 4:414:4; 24,484, 1;1;2;2;11*0/
DATA SUBPRI/0:031 2:1:2:0:1;2;3 1516074821220 1,221140/

END

LISTJSJ

C
C

C

MAIN DENAND CBNTREL ALGBRITHM

SUBRBUTINE CBONTRBL
INTEGER INHL2SHLD, CRLD |
INTEGER LDINC(3Q),0FFMAX(30)28NRATO(30)2PRIBR{30)2SUBPR]I(30)

INTEGER PERH(30):3FFTIM(30):BNTIM(30)JLB(30’;MBSTAT(30);CNRD(30)
l EEER B&AS$DEMLIM:SL8PEJMAXt22)

LEGICAL IFL
COMMON - /CBHDAT/LDINC;ﬁFFHAX;GNPATﬁ:PRIGR;SUBPRI;PERH:BFFTIH:BNTIH;

1C8,MBSTAT,CWRD

COMMON /CENINP/INHL:SHLD:CRLDJTIHEIT BIAS)DEML IMyLOBGNPERD

1CBNSTJICGN:NITRJITIMEJNGCJNFINJNIJKWTGTJITKWH;INDDN;INDUP;ITGTJ
2LINESLOGY |

CAMMBN /RﬁTDAT/lMIN;IMAX:MGRP:MAX
COMMBN /EQUIP/LPsCR

CATA 1100:1327H/100;32000/
[PWwRaxXWT8Y |

FBRCE LOAD BN IF BFF EXCESSIVELY AND RESET TIME CBUNTERS
CB 1 IsIMINaIMAX _

IF(PERM(1)sEQeQ) BFFTIM(1)s0

IF(MBSTAT(I)+EQeO) GO T6 3

BNTIM(I)sONTIM(I)+ITIME

Gé 18 1 -

BFFTIM(I)sBFFTIM(I)+]TIME

IF(BFFTIM(I)sLE«OBFFMAX(]I)) GB T8 1
Ce(])s1 |

.IPwH-IPwR+LDINC(I>

IF (SUBPRI(1)+EQe0) GB TH 6
CALL RBTATE(PRIBR,SUBPRIs])

6 BNTIM(]) a0
1 CONTINUE

IF(LBG1«EQeD) GB T8 91

58 LBBP NBe 92 CAUSES UNITS T8 BE SWITCHED 6N [F THE 'BNRATE! HAS
BEEN EXCEDED AND THE ASS8CIATED CONSTRAINT IS T6 BE EXERCISED
RIGIDLY (leEs |.BG1s])

D8 92 JsIMIN, IMAX
ITEMsBFFTYIM(J)
ITTRONTIM(J)

STZ &

- MPY 1100
BJP )61

WP 162

DA  132TH
Dly ] TEM

8TA  ITEM
IF(ITEMaLT BNRATBtJJ) GO T8 92

Esé*iM?J)no

ONT

92 CONFINDE

"REYTURN
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| 91 CSNTINUE | |
CALCULATE TARGET AND EXERCISE CBNTRGL

IF(NI+LESNBC) GB& T8 1000

ITGTLaDEM IMaBIAS
IF(NIeLESNFIN) GB TH 13

f ITGTl!DENLIM-(BIAS*(NITR-NI))/(NITR,NFIN, N
13 CBNTINUE

,ZQO-IFLitFALSt.

Ny wm

STZ &
DA NITR
sUB NI

MPY  IPWR

DIV lCeN

STA  ITEM

SLBPEIITGTI'(ITKHH+ITEM)
IF (SLBPESLEQ) GB TB 219
SEARCH FBR LEAST SHEDDABLE LﬁAD
NisO |
- N2=0
INDUP=sO - |
DB 11 1= IMIN:IMAX | -
IF(PERM({])eEQeQ) GB T8 11
[F(leEQe INDDN) GB T8 11
IF(PRIOBR(] ) LT-NIJ Gs T8 11
IF(CG(I)iEQll) GO T8 11
[F(PRIBR(I)YeNENL) GB T8 {2
[F(SUBPRI(I)s LE N2) GO TB 11
12 INDUP=]
NlasPRIBR(])
- N2sSUBPRI(1)
11 CONTINUE .
IF(INDUP.EG-OJ GB 16 1000
CJF(SLOBPE LT LDINC(INDUP)) G& TO 1000
CO{INDUP )= -
1IPWRs TPWR«.DINC(INDUP) -
IF(SUBPRI(INDUP)EQeD) GO TB {4
o CALL ROTATE(PRIBRISUBPRI 2 INDUP)
14 ONTIM({INDUP)=(O
IF(LOGeNEWl) GB T8 200
INDPRsQ
CALL PRINT!INDPR:INDUP;IPWR)
GB T8 200
219 CBNTINUE |
SEARCH FBR MBST SHEDDABLE LBAD
Nés]OC -
NS=100

INDDN=100 |
DB 7 I'IMIN;IMAX - |
[IF(PRIOGR(I)eGTeN&) GB TH 8

IF(CB(])eEQeQ) GB TH 8
IF(PRIBR(I)eNEsN4) GB TO ©

| IF(SUBPRI{1)eGE«NS) B8 YO &
“SIF(IFL) GB T8 40 |
[F(BFFTIM(I)YeLTed) GB TB 10
- JTEM=BFFTIM(])
ITTIENTIN(I) |

STZ 4

MPY 1100
BJP )65
JMP )66

865 LDA . 1327TH
S66 DIV ITEM

- STA ITEM
IF(ITEM-LT-SNRATS(IJ)GB TG 8
{0 INDDN=]
NemPRIBR(])
NS =SUBPRI(])
'8 CANTINUE
7 CBNTINUE |
900 IF(INDDNEQe100}) 6B TB 120
 ITEMP=LDINC(INDDN)
CIF(ITEMP.GTe180) ITLMP-ITEMP/E N
ITEMP-SLBPE+ITEMP

IF(INIeLTNFIN) GO To 121

32
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S — Continued
[F(SLBPEWLT40) GB T8 130
121 IF(ITEMP«GY+0) G 718 1000 |
130 CB(INDDN)=O -
-IPWR'IPWRELDINC(INDDN)
BFFTIM(INDDN)YsQ |
IF{LBG«NE«l) G8 TB 200
INDPRe®Y -
CALL PRINTtINDPRaINDDN;IPNR}
GO T8 200

20 IF(NI+EQeNFIN) WRITE(LPs311)
11 FORMAT(1H ,30HCBNSTRAINTS MAY BE BVERwRIDDEN//)
IF(JFL) G8 T8 1000

1000 CONTINVE

I1TGTs]TGTL» SLBPE |
RETURN -
END

1S728,8 |
SUBRBUTINE T8 RBTATE PRIBRITIES

SUBRBUTINE ROTATE(PRIBR,SUBPRIsIND)
INTEGER PRIBR(30),SUBPRI(30)sMAX(22) .
- CAMMAN /RﬁTDAT/IMIN;IMAX:MGRP;MAX
NLxPRIBR(IND) |

DB 1 [=1,]IMAX - ‘
IFtPRIaRtI).NE Nl) GR T8 1
SUBPRI(II-SUBPRI(IJ-1 |

IF (SUBPRI(1) EQ 0) SuBPRItI)uMAX(Nli
{ CONTINUE | | |

RE TURN
END

ISTJSJB | | |
PRINT GUT BF MESSAGE AS CBNTRBLLEFe SWITCHES LBAD&

C :

5
- L

B

C
C

o
L

SUBRBUTINE PRINT(IND;LD:IPNR)
INTEGER LPsCR |

INTEGER A(4),B(4)
COMMBN /ZEQUIP/LPICR '
DATA A/LIHUILHP, IR 1K /JB/1HDJIH311HNJIHN/

IF(INDsEQeQ) WRITE(LPsl) AsLDsIPWR
IF{INDeEQel) WRITE(LPFIL) BslDsIPUR

1 FBRMAT{lH :QAl;EkleUNIT# :IJJaxléHPENER IISJBH Kw)

RETURN
END |

ISTJSJB |

SET UP OF SCALE VALUEE FBR PLBT BF - LﬁADS

SUBRBUTINE SCALE

INTEGER Kw(30),]BASE
INTEGER CRJLP
~ INTEGER LINB(71)
REAL A(D) |
CaMMAN /PLBT/KN;KMIN,KMAXJIBASE;IDUFFJLINB
COMMBN ZEQUIP/LPsCR
AlD)s6B500,
A(l)aGCo
DIFFI(A(S)*A(111/4-
DB { I=2,4é | -
1 A(I)lktl)*DIFF*FLEATtlﬂli
KMINSTFIX(A(])) |
KMAX=IFIX(A{S))
JDUFFesKMAXeKMIN
WRITE(LP22YA | |
2 FORMAT(1H0»G9¢3,6Xs0 9-337XJG9 3 EXJGS 3:5!;69 3)
RE TURN

CEND
1S7,S,8

C

34
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C sET UP BF Y anDINATE SCALE HARKS

SUBRBUTINE LINYY |
INTEGER KW{SOIJIND{SJ:IBASE
INTEGER LINB(71)2Y2HBR
DATA YJH@R/lHYle*/JIND/1113136;54171/
DB L Isl,7L
1 LINB(])=zMBR
D8 2 Isl,5
O JdEINDCLY.
2 LINB(J)sY
RETURN |
END
S
| LISTJSJﬁ
C
C CHARACTER SET UP IN LINE BUFFER AS FUNCTYIBN BF 9 INPUTS
- AND PERFBRHS pLBTTING FUNCTIBN
C
- SUBRGUTINE PLSTT | |
INTEGER SHLD:CRhDJBIAS:IBASE)DEMLIMJKH(30)J13(931IND(9)
INTEGER LINB(71)2CHAR(9)sBLANKJIEYE
CAMMBN /CONINP/INML,SHLD2CRLD,TIMELT, BIAS:DEMLIHJLBGJNPERD:
| 1C5NSTJICBW)NITRJITIMEJNGC:NFINJRI:KHTﬁTJITKNHJINDDNJINDUPJITGT:
- 2L INE
EGHHBN /FLBT/KN;KMIN;KMAXJIBA&E:IDUFF:LINB |
DATA BLANKIEYE/41H 21KI/2IND/22s3,40738218510141/
DATA CHAR/iH)JiH(n1H*11H+11H311H#J1Hz;lHallHi/ |
DATA 172/72/7
ITEMsN] /50
ITEMsITEM#50
CIF(ITEMeEQeN]) GO TB 1
CIFANITROEQ NI) GE TB i
D2 [»1,71 '
2 LINB(I)sBLANK
LINB(})SsEYE
GO T8O 3
1 CALL LINYY
MULT=]TIME#NT
CALL INDX(MULT’
3 DO 44 Usi1,6
IND3 = IND(J)
b4 IB(J)mKW(INDY)
- 1B(3)s]1B(3)#9+100

IB(4D=IBASE
IB(5)s1B(5)#10+100
IB(6)=]B(6)#10+250
C1B(7)mKWTOTY .
IB(8) 8! TKWH
1B(9)sDEMLIM
- DB ¥ Is1,9
ITEH-IE<I) |
- 8TZ o
SyB KMIN
MPY 172
DIV~ IDUFF
STA. IN
CIF(INGGTe7Y) lNl?i
IF{INelLTel) INmi.
4-LINB(IN)ICHAR(I)

- ITEMsN1/10
ITEM®ITEM#10 _
IF(ITEMeNESN]) GO T8 150
MULTsITIMESN]

| CALL INDxtMULT)
150 CBNTINUE -

N W

RETURN -
END
S  f|5f
LIST25,8
E | SET UP BF NBu 8F SECBNDS T8 THIS ITERATIBN

C
o SUBRBUTINE INDX{HULT)



- 3,872,286
7 _ 38

. . —Continued e
"INTEGER Kw(30), IBASE |

INTEGER L INB(71)2NUMB(10)

CBMMEN /PL&T/KN,KMIN,KMAX:IBASL:IDUFF:LINB ]
DATA NUMB/1H13IHEJ1H3!1H4!1H5J1H611H7J1H311H91lHO/

ITEMaMULT

:K=1 | - |

| IF(ITEMIGEtlo) Keg
IF{]JTEMsGE « 100> K=3
DB 2 Jul,K _' ' e
Kis 10a#(Km
D8 1 I=1, 10
| TEMs TENuKi -
IF(ITEMsGESO) GS Tﬁ |
ITEMe[TEM+K] '
fin]=] R
IF(]LeEQeQ) 11110
LINB(J)-Ndﬁﬁtli)

G870 2

CBNTINUE._

4 ?g &E%&lﬁkllgH IULT: SECSws]6)
GB T8 20 e
2 CONTINUE
. RETURN
20 CONTINUE
.END_
5

LISTJS;&
| SUBRBUTINE DATIN
INTEGER SHLDsCRLD
INTEGER LPsCR

INTEGER Jl(31JPERH(301JBASEJBIASJDEMLIMJD(SOJ11)

INTEGER A(8),M(345)

INTEGER BLANKJB(loi

COMMBN  ZEQUIP/LPsCR

COMMEN /CBMDAT/D _

COMMON /CONINP/INKL,SHLD2CRLD, TIMEIT,BIASIDEML IM,LBGINPERD

1CBNST:ICGN;NITR;ITIME;NBC:NFINpNI KNTBT:ITKNH;INDDN;INDUP;ITGT:
2LINE,LBGY |

EQUIVALENCE (D(1:6):PERM(1))
DATA A/1HBaLHU, 1HT s {HDs 1 HAI LHP s 1K s 1 HE /

DATA B/1H1:1H3:1H3:1H4:1H5JleJ1H7:1H311H9;1H0/
DATA BLANK/1H / |

1¢0 BRITE(LPJEEJ
WRITE(LPa3) s
CALL ENPACK(MsN,A,B)
 JF(NeNE«1) GB T8 100
28 FORMAT(1H )
| FagMATtiH ;14HEuTER MNEMBNICJ
S Us0 .
DB 2 [=1,8
IF(M(1:5)-NE A(I)) GO TB "~
WL
2 CONTINUE
0 IF{(JeEQeQ) GB Ta 100
IF(JeEQe8) GB T8 1000
G8 Tﬁ(101:1021103:1043105:10b1107) v
16l WRITE(LP,201)
G8 T8 15Q
1oe WRITE(LP,202)
68 T8 1%0 -
103 WRITE(LP2»203)
- GB T8 150
104 WRITE(LP,204)
-G8 TO 150
105 WRITE(LP,205)
- GB T8 150
106 WRITE(LP,206)
~ GB T8 150
1C7 WRITE(LLP2207)
150 CONTINUE

201 FORMAT(1H ,18HENTER BASE LBAD Kw)
202 FORMAT(1H »21HENTER UNDER®TARGET KW)

203 FBRMATtlH :39HENTER TIME INTERVAL BETﬁEEN PULSES SECS)
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39 - - 40
- ~Continued N . '

204 FORMAT (LK ,21HENTER DEMAND LIMIT Kw) :
205 FORMAT(1H »44HENTER UNIT# AND AVAILABILITY (STATUS & BR 0))

206 FORMAT(1H »48HENTER UNIT CHARACTERISTICS, UNIT#, CﬂLUHN#;VAhUE).
207 FORMAT(1H 234HENTER LBG TPes# PERIBDS, SUMMo TP)
IF(JelLEek) Kul |
IF{JeEQeS) K=&
C IF(JeGTe5) Ka3
WRITE(LP,S) K
5 FORMAT (1 H J3X16HENTER JIIJEEH INTEGER DATA ELEMENTS)
260 CALL ENPACK({MaN2ANB)
~ IF{NeEQeK) GB T8 230
200 WRITE(LP,28)
WRITE(LP260)K
6B T8 360 o |
6£0 FBRMAT(1H0317HWR8NG| REnENTER 211222H INTEGER DATA ELEMENTS)
230 06111 1= l:K -
11=6
1TE8T=C
DB 11 Misis5
[2a]leM]

IF(M(I;IE)nEGlBLANK} Gﬁ-Tﬁ 11
D8 12 M2al,10
IF(E(ME)-EQ:M(I:IE)) GS TB 13
12 CAONTINUE |
| G8 T8 200 |
13 IF(M2eEQelD) ME-O
17687 = ITBT*Meﬁlio**tMi 1))
11 CONTINUE
JI(])=1TBT
111 CBNTINUE
- Ge TB(301:302:303:304:3051306;307)Jd
301 BASE=Ji(1)
HEITE(LP:401)BASE
- GB 78 100
302 BIASsJi(1)
NRITE(LP;402)BIAS
GB T8 100 .
303-ITIMEIJ1(1) |
wRITEtLP:403)ITIME
o GB T8 100 |
3C4 DEMLIHIJItl) - |
WRITE(LP:404)DEMLIM
| GE T8 100 |
305 IF(J1(2)+GT430) GB TB 200
IR (I (1) eGT e ) GO TB 200
I1wdi(2) -
PERM(II)-Jl(l)
WRITE(LP,405) J1(2), PERM{I1)
GB T8 100 |
306 IF(JI{1)eGT+10000) G T8 200
IF(J1(2)eGTell) GB To 200
IF(J1(3)a&T 30) GB8 T8 200
IIsJdi(2y
1J2J1(3)
D(lJallimJi(l)
WRITE(LP,406) JlSB)JJitaisD(IJ*Il)
cg& 78 10Q
307 LBGaYL(3)
NPERD= J1 (2)
LBGl=sJ1 (1) |
NRITE(LP:407)LEGJNPERD:L561
GB T8 100 -
401 FORMAT(L1M »13HBASE |BAD IS ,1643K KW)
40c FBRMATtlH »BHBTIAS IS s14s3H KW) | |
403 FORMAT (1K »18HWPULSE INTERUAL IS JI“;SH SECS)
404 FORMAT(L1H ,16HDEMAND LIMIT IS »]6.3H KW)
405 FARMAT (LW »7HUNIT # ,12,9H STATUS »11)
406 FBRMAT(L1H »7HUNIT # ,12,10H CBLUMN # ,12,8H VALUE :163

407 FERMAT (1K »IHLEBC TYPE »11213H NBe PER]ODS 113;10H SUMMARY ;111

1000 CONTINUE
RETURN
END
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SUBRBUTINE ENPACKtMaﬁle:B)

INTEGER LIN(50), Mtsas):BLANK:CSMVAsAtB>aB:10)'
INTEGER LPJCR |
DATA LPaCR/6sL/

DATA BLANK,CB8MMA/1H ,1H:/
-~ Db 50 1s1,50
50 LIN(CI])sBLANK
08 51 1s1,3
DB Bl JU=1,5
51 M{1ay)=sBLANK
READ{CRs1) LIN
1 FERMAT(50A1) -
- N]la=B8{
MieQ
M3x0
1FL=Q
100 NlsNlel
| JF(N1«EQeD) RETURN
CIFCLININL) oEQeBLANK) Gﬁ TO 22

IF(LINING) oEQeCBMMA) GO T8 22
G8 T8 2

P2 M3IaMl+]
IF{M3sGTa3) RETURN
G8 T8 100
2 DB 10 J=1,8
| IF(LININL)SEQeA(J)) GO T8 11
10 CBNTINUE |
~ GB T8 12
11 IFLsl
- GB T8 4 -
12 DB 3 yml1,10 N
IR (LININLYeEG B(JJ) GB T8 &
3 CONTINUE
-MllO |
RETURN |
b IF(MSuEG-Ml) G& T8 5
- MlaM3 | | }
 M2eb - | -
5 M2aM2wl
JF(M2+GTH0) GB TO 6
Mi=Q
RETURN
& M(M]l,M2)s IN(N1)
C IF(IFLeEGeQ) GB T8 100
RETURN |
END
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1. In a control system for holding to a demand limit

at the end of a billing period the power demand of an
-~ industrial plant having a plurdhty of interruptible loads,
including means for providing an indication of power
consumption of said loads during a billing period;

5

means responsive to said means for providing an indi-

cation of power consumption for predicting a demand
at the end of said billing period; means responsive to

said demand predicting means for providing a demand
error relative to said demand limit; means for selecting

a suitable amount of power; comparator means respon-
sive to said demand error providing means and to said
power selectmg means for establishing a residual error
relative to said demand limit; and means responsive to

“the output of said comparator means for load control -

the combination of:
means for setting switching constraints to at least part
“of said loads thereby to define among said inter-
ruptible loads and at times during said billing pe-
- riod, loads of controllable status and loads of non-
controllable status; |
said load control means including means for switch-

10

15

20

ing a load of a switchable amount of power in re-
“sponse to the sign of the output of said comparator 25

medns

“means for lndlcatmg the switching status of said loads -

~at anytime during said billing period;

said power selecting means including priority means

- operative with a.priority list of loads of controllable
status and in accordance with the output of sald
switching status indicating means; |

said power selecting means being operative In re-

sponse to said residual error during successive de-

- cision periods w1th1n said billing period to provide
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‘a switchable amount of power from Sdld prlorlty
list;

s_a:d sw:tchmg means bemg Operatwe In reeponee to
said power selecting means during such said deci-

sion period and operative in response to said con-
straint setting means before such said decision pe-
riod; and, = | |
wherein said demand predicting means is responswe
to operation of said constraint setting means before
~any such said decision period. |
2. The control system of claim 1 with means for es-
tablishing said resndual error relatwe to a biased said
demand limit, | -
said comparator means being selectwely operable
relative to said demand llmlt and to sald blaaed de-
mand limit; | |
~ wherein said comparator means and said swnchmg
" means are operated relative to said biased demand
limit during a first period within said billing period
and wherein a predetermined priority load is se-
lected by said priority means during a second pe-
riod following said first period; |
with said comparator means and said sw:tchmg |
means being operated relative to the unbiased said
demand limit during said second period. =~
3. The control system of claim 1 with means for pre-.
venting operation of said switching means during an in-.
itial period of said billing period;
with means for establishing a bias to sald demand
~ limit during an intermediary period following said
~ initial period; and o _
with means for reducing said bias progressively to
zero during a final period following said intermedi-
_ary period and ending with said bll]hlr_lg period.

s T — —— Ty —

£ k% k¥



	Front Page
	Drawings
	Specification
	Claims

