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(57) Abstract

The apparatus is adapted for metering electrical energy on a continuous basis, and also for separately metering the
energy supplied during time intervals during the day when peak system loads are expected, so as to provide a basis for sur-
charges for energy consumed during those peak load intervals. The sysiem includes input means (58, 34, 18) t0 receive
pulses representative of electrical energy consumption, means (within 12) for detecting the beginning and the end of a
peak time of use period, a first register (withing 12) for accumulating the total count of pulses received during the peak
time of use period, a second register (within 12) for accumulating the total count of pulses received, and a display means
(44) interconnected with the registers (at 18, 36, 42, 40, 46) and operable selectively for reading out and displaying the con-

tents of either one of the registers.

FROM POWER SUPPLY
AND COHTROL

73 '/75 87 P
T07|__HEHORT ADDRESS AND CONTRDL__/ PUT | o] POVER SUPRLY 1L outhur | 1o Srste
. YOLTAGES | CONPOKENTS
s — w10
(W - W\ es
A O L e+
L S | .
A TS ey ]
o BIDIRECTIONAL OKTA 303 H— i}, % S
PRSI | Ty [T RUET | gy | i | L oy gy
GEHERATOR @ —"T—:> SELECTOR -, | SELECTOR DATA L CONTROL 42
170 CORMAND A 6 i
i o
e TG T T

0ISPLAY




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap-

plications under the PCT.

Austria

Australia

Belgium

Brazil

Central African Republic
Congo

Switzerland

Cameroon

Germany, Federal Repubiic of
Denmark

Finiand

France

Gabon

United Kingdom
Hungary

Japan

HERPRTERORRARRES

LU
MC
MG
MW
NL
NO
RO
SE
SN
su

TG
us

Democratic People’s Republic of Korea
Liechtenstein

Sri Lanka

Luxembourg

Monaco

Madagascar

Malawi

Netheriands

Norway

Romania

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America




WO 82/02954 PCT/US82/00204

MULTIPLE RATE ELECTRICAL ENERGY
METERING APPARATUS

This invention relates to the measurement of
electrical energy consumption by power system
5 customers, and more particularly to improved
apparatus for metering electrical energy consump-
tion at multiple rates depending upon the time of
day, time of week and time of year during which

the energy is being consumed.

10 Electrical energy is sold generally on tne
basis of a fixed rate schedule. Because cf this
fixed rate structure, electrical generation and
distribution systems are overloaded at certain '
times and, at other times, are only Iightly

15 loaded. There is no incentive for custeomers to
limit their peak load time use. This results in
substantial inefficiencies since a much larger
plant and distribution system than is economically
desirable is required in order to meet peak demands

20 of the generation and distribution system.

Prior attempts have been made to charge a
lower rate for electrical energy consumption during _
off-peak periods and a higher rate for energy
consumption during on-peak periods. This is to
25 encourage the user to consume electrical enexgy
during off-peak periods to level the load reguire-

ments placed on the power sYsted.
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One prior apparatus for metering the con-
sumption of electrical energy at multiple rates
is disclosed by Germer, et al in U.S.Patent
4,050,020. This apparatus employs three sets of
decade gear driven dials for registering kilowatt
hours consumed on a continuous basis, kilowatt
hours consumed during preselected mid-peak inter-
vals, and kilowatt hours consumed during pre-
selected high-peak intervals. A programmable
control circuit controls the operation of the
alternate sets of decade gear driven dials at
predetermined times.

Additionally, systems have been developed for
measuring maximum peak power consumption over a
predetermined time period. This is referred to
as "demand" metering. To permit power companies
to have generating capability to supply all con-
sumers at all times, it is necessary that peak
loads be predictable. Thus, there is a practice
of meteringand billing users based on_ peak load
demand within a given periocd of time, typically
15 minutes during system peak-load times of day.
This gives the user an incentive to maintain a
level locad and not exceed a predetermined peak.

.In a demand metering system, the consumption
of power is measured and recorded on a demand
meter register during demand intervals of a
predetermined length. Previously, the demand
interval length had been for a fixed length of
time (e.g. 15 or 30 minutes.) However, for
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greater flexibility in demand metering, the
utility companies required a universal meter
which could be readily altered to change the
demand interval length without making extensive
mechanical or electrical modifications. One such
meter. is disclosed in U.S. Patent No. 4,179,654

Germer.

Another weakness in demand metaéinq, whether
for a fixed length demand interval or for a demand
interval length which can be changed, has been that
there is customarily a complete reset and restart
of the demand interval measurement at fixed times
such as every 15 minutes or every half hour.

This has led to inaccuracies in demand measurements
if a peak demand load is in operation through the
end of one demand metering interval and the be-
ginning of a succeeding demand interval so as to
distribute and dilute the peak demand over two
demand intervals. It has been proposed to provide
for a so called "sliding" demand measurement in-
terval in order to overcome this difficulty by
matching the demand measurement interval wita the
actual time interval of maximum load demand. One
such system is disclosed in U.S. Patent No.
4,229,795, Vieweg et al. However, that system
includes a serious limitation in that the duration
of the demand measurement interval is fixed, and
therefore, inflexible, in spite of the "sliding"

demand period feature.
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Another problem encountered in prior
systems has been that they typically require-
hardware for providing a visual readout of all of
the various measurements which are being made by
the metering system on a continuous and concurrent

basis.

One feature of the present invention is to
provide a visual indicating means which displays
less than the total number or quantities being
metered, preferably displaying only one of those
quantities at a time, the system being capable of
selective enablement for visual indication of any
one of the various gquantities being metered. The
present invention also deals successfully with the
various problems of prior systems as outlined above.

In carrying cut the invention there is provided

'a multiple rate electrical metering system operable

to register total electrical energy consumed by a
monitored load as well as electrical energy

consumed by said load during at least one pre-
selected time of use period, said system comprising
input means adapted to receive and count pulses
which are representative of electrical energy
consumption by said lcad, including means for de-
tecting the beginning and the end of a first
preselected time of use period, first register means
cennected to said input means for accumulating the
total count of pulses received during said preselected
time of use period, second register means connected
to said inpqt means for accumulating the total
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count of pulses received, characterized by the
provision of a display means and means inter-
connecting said registers and said display means
and operable selectively for reading out the
contents of any selected one of said registers
to said display means for providing a visual
display of the contents of said named register

by said display means.
In the drawings:

FIG. 1 is a schematic block diagram of a
preferred apparatus for carrying out the present

invention;

FIG. 2 is a more detailed schematic block
diagram depicting the central processing unit,
the input data selector, the output data selsctor,
and the associated interconnecting portions of

the apparatus of FIG. 1.

FIG. 3 is a more detailed schematic bloc!
diagram depicting the display processor/controller
and display portions of the apparatus of FIG. l.

FIG. 4 is a schematic diagram depicting a
communication link interface circuit referred to
in PIG. 1.

FIG. S5*is a schematic diagram representation
of data storage registers and associated logical
apparatus for the collection and accumulatica of

* j,e. FIGS. SA and 5B considered as a unit
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electrical energy measurements which are in-
corporated in the central processing unit
microprocessor 12 and in the memory unit 14 of
FIG. 1.

FIG. 6 is a schematic detail illustrating
a time delay feature in the reapplication of
power to a controlled load after a power down

condition.

Referring to FIG. 1 of the drawing, there is
shown a schematic block diagram of the preferred
embodiment of the apparatus of the present in-
vention, generally designated 10. The apparatus
10 includes a central processing unit comprising
a microprocessor 12. 1Ia the preferred embodiment,
the microprocessor 12 is an RCA CDP 1802 COsSMAC
Microprocessor. The microprocessor 12 is electrical-~-
ly connected to an external memory 14 by means of
a memcry address and control circuit 16 and bi-
directional data bus 18.

In the preferred embodiment, the external memory
14 comprises a read only memory (ROM) 20 and a
random access memory (RAM) 22. The ROM 20 is
preferably a SuperteXx, Incorporated Model MM3200
Read Only Memory organized in a 4096 x 8 config-
uration. The RAM 22 preferably comprises a pair
of Harris Corporation model HM-6513-L 512 x 4
RAM's (24 and 26) intercomnected to provide a
512 x 8 memory array.

The apparatus 10 additionally includes an
input data selector 34 and an output data selector
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36 which are electrically connected to the
microprocessor 12 by means of the bi-directional
data bus 18 and an input/output command section
38. The output data selector 36 is electrically
connected to a display processor/controller 40
by means of a data and control bus 42. The dis-
play processor/controller 40 is electrically
connected to a display 44 by means of a display
control bus 46. In addition, the display processoz/
controller 40 is electrically connected to the
microprocessor 12 by means of a clock line 48.

The apparatus also includes a power supply
and control circuit 64 which supplies the
appropriate voltages, as indicated at 65, to the
various components of the multiple rate metering
apparatus 10. The power supply and control circuit
64 derives its primary source cf power from the
monitored power distribution system,as indicated
at 67. However, there is also provided a carryover
battery 66 for supplyilng carryover power to the
apparatus 10 in the event of a power outage 1in
the monitored distribution system. The power
supply and control circuit 64 includes AC
fail battery switchover, battery test, and inter-
rupt generating circuits which monitor the primary
and secondary (carryover) power sources and provide
for continued operation, in a reduced keep-zlive
mode which keeps trace of passing time during a
primary power outage. The failure of primary power

is signalled from the power circuit 64 to the
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microprocessor 12 on a connection 69.

Also shown in FIG. 1 is a block representation -

of a dual frequency clock generztor 68 connected

at 71 to provide the clock frequency necessary

5 to operate the microprocessor 12. The dual

frequency clock generator 68 is capaﬁle of supp-

lying a clock signal having a hicgher frequency,

approximately 1 MHz during normal operation, and

a lower frequency, 1 KHz ,during primary power

10 ocutages.

In FIG. 1, there is also shown a communication
link interface circuit 70 which is electrically
connected at 73 to the input/output flag input 1
(EFT) and at 75 to the Q output (Q) terminal of

15 the microprocassor 12. The communication link
70 is described further below in connection with
FIG. 4.

Referring now to FIG. 2, there is shown a

schematic block diagram depicting the interconnection
20 . of the microprocessor 12, the input data selector

34, the ouput data selector 36 and the input/output

command section 38. The input data selector 34

preferably may be implemented by an RCA type

CD40257B COS/MOS Quad 2-Line-to-l-Line Data Selector/
25 Multiplexer. The output data selector 36 preferably :

may be implemented by an RCA type CD4099B COS/HOS '

8-bit Addressable Latch. The input/ocutput command

section 38 comprises a first two input NAND gate

54 and a second two input NAND gate S6.
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Inputs 58 are electrically connected to the
data selector 34 as shown in FIG. 2, with the in-
put from disc circuit A (DSK A) connected to
terminal Bl; the input from disc circuit 3 (DSK B)
connected to terminal B2; the input from a demand
reset switch 59 comnected to terminal E3 and the
input from a display activate switch 61 connected
to input terminal Al. In the preferred
embodiment , the inputs DSK A and DSK B,hare
developed from the rotating disc of a watt-hour
meter. Optical electronics convert the disc
rotation information, as developed by sensing slot
locations, to electrical pulse signals over the
two lines to terminals Bl and B2 of the ‘input data
selector 34. These signals are indicative cf the
amount of electrical energy being consumed in the
measured system. Such a structure is shown and
described in U.S. Patent No. 4,17%9,654-Germer .

The demand reset switch 59 is preferably a manually
activated momentary switch as illustrated schematically
in the drawing. Display activate switch 61 is pre-
ferably a magnetically activated switch, such as

a reed switch, which may be activated by a magnetic

wand.

The outputs Dl through D4 of the data selector
34 are electrically connected to data input/output
ports B0 through B3 respectively of the micro-
processor 12 by means of the bi-directional data
bus 18.
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Outputs 60 from the output data selector 36
comprise alert signals A,B and C and a load control
signal at 60A from output terminal QO0, Ql, Q2 and
Q3 respectively. The output terminals QO0, QL and
Q2 are electrically connected to external alert
circuits while the output terminal Q3 is electrically
connected at 60A to a load control circuit. The
output connections 42 from terminals Q4, QS and Q7,
geﬁerating data, clock, and OFF signals respectively,
are electrically connected to the display processor/
controller 40. The input/output data terminals, BO
through B3, of the microﬁrocessor 12 are electrically
connected to the address input terminals A0 through
A2, and the data input terminal respectively of the
output data selector 36 by means of the bi-directional
data bus 18. '

The input/output command output 0 (NO) terminal

'of the microprocessor 12, is electrically connected

to one input of a first two input NAND gate 54.

The timing pulse B (TPB) output terminal of the
microprocessor 12 is electrically connected to the
other input of the first two input NAND gate 54

and one input of a second two input NAND gate 56.

The input/output command output 1 (Nl) terminal

of the microprocessor 12 is electrically connected

to the other input of the second two input NAND

gate 56. The output of the first NAND gate 5S4 is
electrically connectad to the output disable terminal
OD of the data selector 34. The output of the second
NAND gate 56 is electrically connected to the write
disable terminal WD of the output data selector 36.

“
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The input/output command output 2 (N2) terminal
of the microprocessor 12 is electrically connected

to the input select serminal IS of the data selector
34. By generating the appropriate command and

control signals at its terminals NO, TPB and ¥Z,

as will be subseqguently described, the micro-
processor can cause data representatiwe of the
selected input 38 to appear at the data output
cerminals Dl through D4 of the data selector 34.
similarly, by generating the appropriate signals

at its output terminals TPB and N1, as will be
subsequently described, the microprocessor 12, can
cause output data from its input/output data ferminal
B3 to appear at a selected one of the cutput zarminals
Q0 through Q7 of the output data selector 36 as
determined by the signals appearing on the input/
output data terminals B0 through B2 of the micro-

processor 12.

Referring now to FIG. 3, there is shown a
schematic bleck diagram depicting the interconnection
of the display procass/controller 40 and the display
44 by means of the display control bus 46. In the
preferred embodiment, +he display processor/controller
40 may be a Texas Instruments TMS1070 microccmputor.
The display 44 1is preferably a Futaba model No.
9-g§T-68 9-Digit Vacuum Fluorescent Display. "O°
outputs 00 through 07 of the display processozr/
controller 40 are electrically connected to the
segment control inputs a through H respectively
of the display 44 by means of the display control
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bus 46. The "R" outputs RO through R8 of the
processor/controller 40 are eiectrically connected
to the digit control inputs RO through R8 res-
pectively of the display 44 by means of the display
control bus 46. The data and clock outputs from
the output data selector 36 are electrically -
connected through bus 42 to the K4 and K8 inputs
respectively of the processor/controller 40.
The OFF output from the output data selactor 36
controls an electronic switch 62 which selectively
controls the appropriate supply voltage through
connection 64A from a power supply and control
circuit 64 (FIG. 1) to the supply voltage terminal
VDD of the display prqcessor/cont:oller 40. The
R9 terminal of the processor/controller is elec-
trically connected to the input/output f£lag input
2 {EF2) terminal of the microprocessor 12 via the
clock line 48. '

FIG. 4 is z schematic detail of the communica-
tion link 70. Communication link 70 includes a
photo detector 77 and a light emitting diode 789.
The signal from the photo detector 77 is connected
to the input of an amplifier comparator 72, the
output of which is connected to the input of a
Schmitt trigger 74. The output of the Schmitt
trigger 74 is electrically connected at 73 to the
EFl terminal of the microprocessor 12. Iﬁ the
preferred embodiment, the comparator 72 is an
RCA type CA 139G Quad Comparator. The Schmitt
trigger 74 is preferably an RCA type CD 40106 B
"COS/MOS Hex Schmitt trigger". The Q output from
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the microprocessor 12 is electrically connected
at 75 to an electronic switch 76 which controls
the application of power to the light emitting

diode (LED) 79.

The operation of the communication link inter-
face circuit 70 is as follows. An optical com-
munication link (not shown) having a light
transmitter (for example an LED) and a light
detzctor (for example a photo transistor), is
positioned next to, and optically coupled with
the communication link interface circuit 70 in a
complementary relationship with the LED 79 and
photodetector 77 of the interface circuit 70.

In the preferrsd embodiment, the LED 79 and photo-
detector 77 of the interface circuit 70 are mounted
side by side in an optical port of the multiple

rate metering apparatus 10. This coupling permits
the LED of the optical link to align with the

phcto detactor 77 of the interface circuit 70 while
the photo detector of the optical link is positioned
opposite the LED 79 of the interface circuit 70.

Upon the detection of light emitted from the LED

cf the optical link, the photo detactor 77 generates
a2 signal which is input to the Schmitt trigger 74
through the cocmparator 72. The Schmitt triggsr 74
generates a pulse which is coupled through cennection
73 to the EFl terminal of %the microprocessor 12. 1In
addition, a signal generated by the microprocessor

12 at its Q output terminal through connectica 75 will
cause the electronic switch 76 to complete a power

circuit to the LED 79 causing the LED to emit light.

0
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This emitted light is detected by the photo 3
detector of the optical link which in turn generates

a signal for use at the other end of the optical

link.

In a preferred embodiment, the apparatus 10
of FIG. 1 is programmable and reprogrammable to
meet changing rate designs utilizing the through-
the-cover optical communication link 70, prefer-
ably using a portable programmer/teséér (not
shown). This same link can be implemented for
automated reading and recording of meter data if
desired. The preferred embodiment of the
apparatus 10 is programmable for 5 years, regard-
less of how many of the programmable functions are
used. It can accomcdate up to 1Q holidays per year
and 4 seasonal rate changes per year. The time of
use schedule can be different for each season with
up to 8 daily set points on quarter hour intervals.
In addition, the apparatus can accomodate a week-
end/holiday schedule for esach season with up to 6
daily set points on quarter hour intervals. Day-
light savings time changes and leap year are also
accomecdated.

Thirty-three registers selectively displayable
on the 9 digit vacuum fluorescent display 44, which
display can be programmed to sequence through the
quantities selected for display at preselected times.
The display is also capable of being activated by
a magnetic wand which when placed in proximity to
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5 the magnetic display activate switch (61, FIG. 2)
previously described, activates the switch. The
wand can be used to fast forward the display until
the selected register is located, or to single
step the display to the next register, if desired.

10 In addition, holding the magnetic wand at the meter
for greater than a preselected time period (one
second in the preferred embodiment) can initialize
the display to the first register. As shown in
FIG. 2, disc inputs are available to the input

15 data selector 34 at terminals Bl and B2. As
previously stated, these inputs are developed from
the rotating disc of the kiilowatt hour meter.
Other inputs.to the input data selector 34 include
reset demand (at B3) and display activate at Al.

20 The output data selector 36 is used to couple
information from the microprocsessor 12 to three
alert outputs A, B and C at 60. Each alert output
is active when the time of use period associated
with that particular alert is in existence; and,

25 as each rotation of the disc occurs, that par-
ticular alert output will be a pulse signal. In
the preferred embodiment, optical couplers/
isolators develop an electrically isolated output
pulse for each rotation of the disc. 1In addition,

30 a load control output 60A from the output data
selector 36 activates a relay, the contacts of
which can be used to selectively control an
external locad. +her outputs 42 from the data
selector 36 are used to transmit data and control
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signals to the display processor/controller 40.
Another output at Q6 controls the output frequency
of the dual frequency clock generatcr'sa (FIG. 1).
Clock generator 68 provides a high frequency clock
5 signal (approximately IMHZ) to the microprocessor
12 during normal operations, and a low fregquency
clock signal (lKHz) during AC power outage condi-

tions.

FIG. 5 is a schematic circuit diagram illus-

10 ~trating registers which are employed for storing
electrical energy measurements in accordance with
the present invention and which are included in tHe
central processing unit microprocessor 12 of FIG. 1,
or in the associated memory address and control

15 unit 14, together with associated switching logic
and memory and register circuits for controlling
the delivery of data to the data registers in
accordance with the present invention.

The data storage registers illustrated in FIG. S
20 include a first pulse count register 82 for storing
and accunmulating a total count of pulses received
during a preselected time of use during each day
as a measure of electrical energy consumption during
that period. A second register 84 is arranged to ",
25 accumulate the total count of pulses received as
a measure of total energy consumed, and a fourth :
register 86 is provided for accumulating a max-
imum count of pulses received during a limited
period as a measurement of the maximum demand for
30 electrical energy consumed during that limited period.
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The time of use period during which pulses
are accumulated in the first pulse count register
82 is determined by a number representative of the
beginning of a time of use during a particular
day stored in a register 88, and a number stored
in a register 9Q indicative of the end of the time
of use. The numbers stored in registers 88 and 20
‘are gated from a times of day table storage Jemory
92 by means of gating devices 94 and 96 under the
control of a calendar day clock 98. Particular
times of day are selected from the table storage
memory 92 for days of particular classes, such as
weekdays, holidays, Saturdays, and Sundays,by
control signals gated through gates 100 and 102
from a calendar storage memory 104. Gates 100 and
102 are also controlled by clock 98.

PCT/US82/00204

The calendar storage memory 104 preferably stores

the calendar for a number of years ahead, including
recognition of a different status for each wa2ekend
day, and also including a different status for each
holiday. The calendar day clock 98 issues a series
of new control signals each day, operating through
a connection 106 to the calendar storage memory 104
to advance the recognition of a new date frcm the

calendar storage memory 104. The control signals

supplied from the calendar day clock 98 to the gates

100 and 102 then cause a gating through of day type
information to the times of day table storace
memory 92 to appropriately select the proper times
of day for the beginning and the end of the time of
use period for which energy is to be recorded in
register 82.. Those times of day are then gated by

N
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the calendar day clock signals from 98 through
gates 94 and 96 to the time of use begin register
88 and the time of use end register 90. The
detection of the actual occurrence of the time
5 of use to begin is then determined by comparing
the real time, as shown by a real time clock
_register 108 with the time of use begin time stored
in register 88 by means of a compare circuit 110.
A bistable control circuit 112 is normally initially
10 in the set state so as to operate through a connection
114 to enable a gate 116 connecting the begin register
88 to the compare circuit 110 for comparison with
the real time clock register 108. Under these
conditions, a corresponding gate 118 from the end
15 register 90 to the compare circuit 110 is not en-
abled because that gate relies upon an enablement
signal from the reset output at connection 120 from
the bistable circuit 11l2.

However, as soon as the compare circuit 110
20 indicates an identity between the contents of the
begin register 88 and the real time clock rsgister
108, the compare circuit 110 issues a signal on a
connection 122 to a trigger input of the bistable
circuit 112. Since there is a cross connection,
25 indicated at 114A from the set output 114 to the -
- reset input of the bistable circuit 112, the -
trigger input is effective to change the state of
the bistable circuit 112, disabling the gate 116,
and enabling the gate 118. The reset ocutput on
30 connection 120 al;o is effective to enable a gate

124 which gates input pulses from a pulse input -

N
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connection 18A to the first pulse count register

82 to commence or recommence the accumulation of

pulses indicative of electrical energy consumed. - )
The connection 18A represents a part of the data
available from the data bus 18 of FIG. 1 from the

input data selector 34, and represents pulses

derived from one of the meter disc input pulse

sources, indicative of energy consumed.

_With the gate 118 enabled, the compare circuit
10 110 will be effective to detect a comparison between
the real time indicated by the clock register 108 and
the end time stored in the end register 90. The
circuit thus recognizes the end of the time of use
to issue another output signal on connection 122 to
15 the trigger input of the bistable circuit 112 to
again change its state to the set state. This dis-
ables gates 118 and 124, and stops the accumulation

of pulse counts in the first pulse count register 82.

The second pulse count register 84 is connected
20 directly to the pulse input connection 18A to raceive
and count all of the pulses which are available, to
thus accumulate all of the pulses as a measure of
the total electrical energy consumed. The contents
of either of the registers 82 or 84 may be selected
25 for display by means of a read select control 126
which is operable in response to a signal received
over the bus 18, as schematically indicated at 18C.
The selective rsadout control signals supplied from
the read select control circuit 126 to the registers
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82 and 84 cause the contents of one of those

registers to be read ocut upon a common display

information bus indicated at 18B. Again, the

function of the display bus 18B may be carried
5 out by the data bus 18 of FIG. l. .

The invention also preferably includes demand
measuremént circuitry, including circuitry for
determining a time of day during which demand is to
be measured. This may be accomplished in a manner

10 similar to that for determining the time of use in
connection with registers 88 and $0. Registers
corresponding to registers 88 and 30 are shown at
128 and 130 for respectively storing the beginning
of the demand time in register 128 and the end of

15 the demand time in register 130. These registers
may be set to different time values for different
days from the times of - day table storage memory
92 through connections 132 and 124, which are not
shown in full.

20 Before the demand time begins, the contents
of the demand timfe begin ragister 128 are gated
through the gating device 136 to a compare circuit
138 for comparison with the real time from the real
time clock register 108 through connection 140. -
25 The gate 136 is controlled by a bistable circuit :
' 142 through the set output connection 144. As soon
as an identity is recognized, indicating that the
demand begin time has arrived, the compare.circuit
138 issues an output signal on the connection 14§
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to the trigger input of the bistable circuit 142,

causing that bistable circuit to reset, disabling

gate 136. The reset output from bistable circuit
142 at connection 148 enables a gate 150 so that
the compare circuit 138 is ready to detect the end

of the demand time interval.

The signal on connection 148 also enables an
AND gate 152. The other input 134 of the AND gate
152 is normally enabled through a deféy circuit 156
by a signal from connection 69. The enablement of
AND gate 152 provides enabling signals to gates 158
and 160. The gate 158 is connectad from the pulse
input connection 18A tc a third register 162 for
the purpose of accumulating pulses as a measure
of present demand. The accumulation of pulses by
the third register 162 is only for a limited demand

interval.

At the end of each limited demand interval,
the contents of the third register 162 are compared
with the contents of the previously measured maximum
demand for a similar interval stored in register 86
by means of a compare circuit 164. Compare circuit
164 is enabled for this purpose by a signal on
connection 174. If the comparison indicates that
the contents of the present demand register 162
exceed the contents of the maximum demand register
86, then the compare circuit 164 issues a control
signal at the connection 166 to a gate 168 which is
effective to transfer the pulse count stored in the
present demand register 162 to the maximum demand
register 86, as a new maximum value. The comparison
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operation at the end of the present demand intarval
is initiated by a clock signal from a clock 170
supplied through a connection 172 and gate 160

on connection 174 to the enable input of compare
circuit 164. The length of the demand interval

is preferably programmable, as schematically in-
dicated at 176 by selecting different clock inter-
val outputs to be supplied on connection 172.

The present demand register 162 is reset thrcugh
a connection 178, from the clock 170. Reset typically
occurs at the end of each present demand interval,
and immédiately after the initiation of the compare
operaticn through connectiocn 174. However, in
accordance with a preferred embodiment of the in-
vention, the reset of the present demand register
162 is only a partial reset, and the relationship
between the frequency of the compare enable signal
provided at connection 174, and the demand reset
signals provided to the present demand register 162
through connection 178 is such as to provide for
successively overlapping present demand time
intervals, previously referred to above as a
"z1iding" demand measurement. Each partial reset
of the present demand register 162 may simply con-
sist of removing a2 single count from the register.
Thus, register 162 may be of the kind which can
be counted up or counted down, the signéls provided
throuch gate 158 being effective to count the
register up, and the reset signals provided through
connection ;78 being effective to count the register
down. ‘
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The maximum demand register 86 is also
connected to the read select control circuit 126
for enablement by that control to provide a read-
out on the display bus 18B. Thus, the maximum
demand measurement stored in register 86 is one
of the alternative measuraments which may be dis-
played. Whenever there is a reestablishment of
power to a power customer, after a prior inter-
ruption of power, it is known that there may be
a high demand for power for an initial interval.
If this restoration of power occurs during a time
when maximum demand is being measured, it is not
desired to make an immediate demand measurement
because it is not fair to the customer to have
deprived him of power, and then penalize him because
he requires additional catch up power £o energize
his previously neglected loads. Accordingly, the
delay circuit 156 is provided which is effective
£o reenable AND gate 152 through connection 154 only
after a predstermined delay interval after power
is reinstated, as detected by an input on connection
69, which is a power failure signal, as previously
described in connection with FIG. 1.

All of the clocks illustrated in FIG. S including
the calendar day clock 98, the real time clock
register 108, and the clock 170 which controls the
demand metering function may be combined in a single
clock structure, and are, in any case, controlled
by the clock generator 68 of FIG. l.
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While specific special purpose circuitry is
illustrated in FIG. 5 for accomplishing the
measurement of the various energy values, it will
be understood that these functions may be carried
out by the general multi—pﬁrpose logic of the
microprocessor 12 of FIG. 1 under the control
of programs which are preferably stored in the
read only memory section 20 of the meﬁbry unit 14
of FIG. 1

While only three readable energy measurement
storage registers 82,84 and 86 are illustrated in
FIG. 5, it will be understood that a number of other
such registers may be provided for the.storage of
other energy quantities which may be alternatively
read out by the read select control 126 to the
single display device, as previcusly explained above.

FIG. 6 schematically illustrates another
preferred feature of the invention wherein a system
load 182 is reconnected only after a preselected
time interval following the reconnection of power
after a power outage in the monitored system. For.
accomplishing this purpose, the load control circuit
referred to in relation to connection 60A of the
connections 60 in FIG. 2 may be carried out as
schematically illustrated in FIG. 6. The circuit
is shown to include a time delay control circuit 180
which provides a time delay function for the re-
establishment of power to the load schematically
illustrated at 182. The initial reapplication of
power at connection 60A begins the time delay
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interval. As soon as the time delay interval of

circuit 180 expires, a signal appears at connection

184, energizing a winding 186 of a relay, picking

up and closing the normally open contact 188 of that
S relay, and connecting power through a connection 190

+o the load 182.

~ Ali of the drawings are simplified schematics.
It will be understood that additional buffers,shift

registers and logic gates may be required for
(

10 reliable operation.
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CLAIMS:

1. A multiple rate electrical metering systam
operable to register total electrical energy con-
sumed by a monitored load as well as electrical
energy consumed by said load during at least one
preselected time of use period, said system
comprising

input means (58, 34, 18, FIG. 1l; 18a, FIG. 5)
adapted to receive pulses which are répresentative
of electrical energy consumption by said load,

means (88,90,110,108,FIG. S) for detecting the

PCT/US82/00204

beginning and the end of a first preselected time of

use period,

first register means (82) connected to said input

means (at 124) for accumulating the total count of
pulses received during said preselectad time of
use period,
second register means (84) connected te said
input means for accumulating the total count of
pulses received, . _
characterized by the provision of a display

means (44, FIG. 1) and means (18,36,42,40,46, FIG.1l;

188, 126, FIG. 5) interconnecting said registers
(82, 84, FIG. 5) and said display means (44) and
operable selectively for reading out the contents
of any selected one of said registers (82,84) to
said display means (44) for providing a visual
display of the contents of said last named register
by said display means (44).

SUREA[
OMEL
s —————
Wn WO
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2. A metering system as claimed in Claim 1,
further characterized in the provision of a third
register means (162, FIG. 5) connected (at 158) to
said input means (18A) for accumulating the count -

5 of pulses received ina succession of predetsrmined h
demand time intervals of equal duration during a
second pre-selected time of use period as a measure
of the maximum rate of demand for power during said
second pre-selected time of use period, means

10 (170,178) for resetting said third register means
at reqular intervals related to said demand time
intervals so that said third register means can
again accumulate a count of pulses to signify a
maximum rate of demand during a new demand time

15 interval, a fourth register means (86) for storing
the maximum number of pulses counted during any
one of said demand intervals as a measure of max-
imum demand, means (l64) for comparing the total
count of pulses stored in said third register

20  means (162) at the end of each demand interval with
the contents of said fourth register means (86) and
means (168) operable in response to said comparing
means for increasing the count stored in said third
register means when the comparison of the count

25 shows that the count stored in said third register
means (162) exceeds the count stored in said fourth
register means (86),and said means (18,36,42,40,46,
FIG. 1; 18B, FIG. S) interconnecting said first and
second register means with said display means (44)

30 being operable to interconnect said fourth register
means (86) with said display means (44) for
selectively reading out the contents of said fourth
register means (86) for display as an alternative
to the contents of said first or second register
35 means (82,84,FIG. 5).
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3. A metering system as claimed in Claim 2
further characterized in that said means (170,
178,FIG. S5) for resetting said third register
means (162) is operable to only partially reset
third register means (162) on each reset operation
and characterized in that the time span between
successive endings of demand time intervals is less
than a demand time interval so that the count of

- pulses stored in said third register means (152)

at the end of each demand interval represents a count
accumulated during a demand interval which overlaps
with prior demand intervals.

4. A metering system as.claimed in Claim 3
further characterized in the provision of program-
mable means (176, FIG. 5) which is operable to
selaectively change the length of each demand time

interval.

5. A metering system (FIG. 1) as
claimed in c¢laim 1,2,3, or 4, further characterized
in the provision of manually operable means (61, FIG.
2) for selectively activating said readout means
(18,36,42,40,46, FIG.1l; 188B,126,FIG.5) to selectively
display the contents of any one of said first (82),
second (84), and fourth (86) register means at said
display means (44).

6. A metering system as claimed

in claim 2,3, or 4, further characterized in the
proviéion of means (64,69, FIG.l) for detecting a
power outage and means (12,69,156,152, FIG. S)
connected to said power outage detection means and
operable to delay the measurement of the maximum
demand rate for a predetermined time period after
the re-establishment of power.
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7. A metering system as claimed

in elaim 1,2,3, or 4 further characterized in
the provision of a storage means (104, FIG. 5) for
storing a first table of preselected day types in
chronological order by date of occurrence during
a selected year, means (88,90,92) for storing a
second table of times of day for the beginning and
the end of each of said pre-selected time of use
periods in chronological order by time of occurrence
during each day type, clock means (108) for in-
dicating real times, and comparison means (110) for
periodically comparing said stored times for the
beginning and the end of the time of use periods
and operable to provide a signal (at 122) upon
detection of a coincidence for control of the

accumulation of pulses in said first register means
(82).

8. A metering system as claimed
in elaim 1,2,3, or 4 further characterized in the
provision of means (180,186,188,FIG. 6) for re-
connecting a load (182) only after a pre-selected
time interval following the reconnection of power
after a power outage in the monitored system.

9. A metering system as claimed
in claim 1,2,3, or 4 further characterized in the
provision of an optical communication link interface
(70, FIG. l; 70, FIG. 4) for transmitting data and
information to an external programmer-tester and for
receiving data and information from the external

programmer-tester.
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