Title of the Invention

‘Multicircuit type instrument and split type current transformer

~ for use in measurement thereof

Background of the Invention

The present invention relates to a multicircuit type instrument
for measuring various electric power quantities by receiving voltages from
plural lines of alternating-current three-phase circuit or alternating-
current single-phase circuit and currents in. the same; number as the plural
lines or more, and a split type current transformer for obtaining such
current inputs of the instrument. |

A conventional multicircuit type instrument is explained by
referring to Fig. 21. Fig. 21 is a circuit diagram showing a multicircuit
type watthour meter in a multicircuit type instrument. In Fig. 21,
reference' numerals 21; 22 and 23 are step-down transformers which step
down from primary voltage to secondary voltage, and 24, 25 and 26 are
potential transformers known as PT. Reference numerals 27 to 32 are
current transformers for trlansforming the current value of each circuit into
a current value for measurement. T.his prior art shows a multicircuit type
watthour meter. designed to measure the power of each circuit from each
line voltage and c.ircuit current of thus composed power receiving circuit.

Voltage input means 100 is voltage input means of plural lines,
and in the example in Fig. 21 it is ‘the means for receiving voltage from

three lines, that is, line I to line III. Current input means 200 is means

-for receiving currents from the same number of circuits as the voltage

inputs or more, and in the example in Fig. 21 it is composed to receive

‘currents from six circuits, that is, circuit I to circuit VI Power

méasuring means Or . enérgy measuring means 900 is - disposed
corresponding to the number of current input means so as to measure the
power or energy in the same number as the current input means. In the
example in Fig. 21, correspondlng to cucuxt I current 201 to circuit VI

currént 206, it is constituted to measure the- power or energy in six circuits
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from circuit I power measuring section or energy measuring section 901 to

circuit VI power measuring section or énergy measuring section 906.

On the other hand, each voltage input of plural lines from the
voltage input mans 100 is specifically combined with any one of the circuit
I power measuring section or energy measuring section 901 to circuit VI
power measuring sectiorr or energy measuring section 906 provided in the
power measuring means or energy measuring means 900.

In the example in Fig. 21, line I voltage 101 is connected to
circuit I and circuit II power measuring section or energy measuring
section 901 and 902, line II voltage 102 to circuit III and circuit IV power
measuring section or energy measuring section 903 and 904, and line III
volta_ge 103 to circuit V and circuit VI power measuring section or energy

measuring section 905 and 906. Further, circuit I current 801 to circuit

VI current 806 are connected respectively to circuit I power measuring

section -or energy measuring section 901 to circuit VI power measuring
section or energy measuring section 906, and it is designed to measure the
power or energy of six circuits. In this prio.r art, the combination of line
voltage and current circuit is-a'lway's fixed. Since the combination of
each voltage input and each current input is fixed in this conventional
constitution, as the watt meter or watthour meter, it can be used only in the
range of the limited number of current circuits determined in each voltage

line.

However, when actually installing these instruments, the number

- of current lines corresponding to the number of voltage lines is not always

fixed, and the number of feeders in each -v'oltage line (the number of
branched current crrcults) is not always specific, and the number of
measuring circuits prepared as watt meters or watthour meters cannot be

utilized effectrvely

In this prior art, the example of measurrng the power or energy is

mentioned, but it is the same when measuring other electric power

quantities.

Other conventional r_nul’t_icircuft type instrument for computing
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various electric power. quantities from sampling of waveforms of plural
input circuits is described by geferring-to an example disclosed in Japanese
Laid-open Patent No. 10-26641.

 Fig. 22 is a block diagram showing this conventional multicircuit
instrument. In Fig. 22, reference numeral 2200 is voltage-current
defe_cting means compoﬁed of voltage detecting means 2201a to 220Na and
current detecting means 2201b to 220Nb provided in each circuit to be
measured (circuit 1 to circuit N), 2300 is input circuit changeover mea-ns,
2400 is electric power amount measuring means, and 2500 is each circuit
electric power amount computing means.

The input circuit changeover means 2300 is to switch plural
inpu-ts from the voltage-current detecting méans 2200 in each circuit to be
measured and issue in electric power amount measuring means. The
switching operation of this input circuit changeover means 2300 is shown
in Fig. 23. In Fig. 23, the axis of abscissas is the time axis, and it shows
the timing of output by the input circuit 6hangeover means 2300 by
switching the inputs from the voltage detecting means 2201a to 220Na and
current detecting means 2201b to 220Nb in the circuits to be measured
(circuit 1 to circuit N), and'pulses Ci, C2, ... Cn show the period of output
of inputs-from the voltage detecting means 2201a to 220Na and current
detecting means 2201b to 220Nb in circuit 1, cifcuit 2, ... circuit N by the
input circuit changeover means 2300. For example, Cl1 denotes the
period of output of the i-npuis from the voltage detecting means 2201a and
current detecting means 2201b by the ihpui circuit changeover means 2300.
Furiher, T1 is a pulse wi_dth.correspon'ding't'o a selection périod (unit time)

of selecting each circuit to be measured by the input circuit changeover

-means 2300, T2 is a selection pause period of ‘each circuit to be measured,

and T3 is a repetition period of repeating selection by the input circuit

changeover means 2300, which is 'equivalent'to the whole time of'selecting

all circuits once each.

In this input circuit changeover means 2300, the selection period

" T1is set at a specific integer multiple of an alternating-current p'erio‘_d,'and
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inputs from the voltage detecting means 2201a to 220Na and current
detecting means 2201b to 220Nb in the circuits to be measured 1 to N are
sequentially changed over and issued in every period T1 as shown in
Fig.23. By using this output, in the electric power amount measuring
means 2400, the electric energy in the selection period T1 in each circuit
to be measured is measured. Therefdrg, when measuring N circuits, the
required switéhing period (all circuit selection period) T3 of the input
circuit changeover means 2300 is T1 x N times.

Thus, in the electric power amount measuring means 2400, each
circuit to be measured is measured for period T1 only, and not measured
for p_erio_d T2. Therefore, the electric power amount meas.uring means

2400 sends the electric energy for period T1 in each circuit to be measured

"to the each circuit electric power amount computing means 2500. In the

each circuit electric power amount computing means 2500, in each circuit
to be measured, the electric energy is regarded the same in both selection
pause period T2 and selection period T1, and the electric energy in
selection peiiod T1 is multiplie.d by T3/T1 times, that is, N (the number of
circuits to be measured) times, and the product is obtained as the electric
energy in switching period T3. In this way, by intermittent measurement
of electric energy in each circuit to be measured by the electric power
amount measuring means 2400, it is converted into the electric energy by -
cbntinuous measurement in the each . circuit electric power amount
computing means 2500. _ a

In this prior art, however, while sampling a specific circuit by
switching circuits, there is pause period of sampling in other circuits and
there is no particular pfoblem in the circuit of the load having small load
fluctuat'ion's, but in the circuit having severe load fluctuat'ions, no
measuremf_:ni is made it_l the pause period, and it is inferior in .accuracy,'

and an error is large in particular when measuring an integrated value,

which caused serious problems.-

In this prior art, the electric energy is measured, but it is the

same when measuring other electric power quantities.
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A conventional method of feeding power source to a multicircuit
type instrument is explained below by referring to an example in Fig. 24 in
which the multicircuit type instrument is a Watthouf meter. As shown in
Fig. 24, this example comprises two lines and two circuits of power circuit,
and of pha-ses R, S and' T, li'ne voltages between phases R and S and
between phases T and S of line 1 are fed into voltage I input means 2200a,
and phase currents of phase R and phase T are transformed into currents
for measurement by current transformers 32a and 33a, which are fed into
current I input means 2300a. Similarly, line voltages between phases R
and S and between phases T and S of line' 2 are fed into voltage II input
means 2200b, and phase currents of phase R and phase T are transformed
into-currents for measurement by current transformers 32b and 33b, which
are fed into current II input means 2300b. Inside a watthour meter 18, an
electric power is suppiied from the voltage I input means 2200a into a
power source section 2400, aﬁd it is designed to operate the watthour
meter 18 by the electric power supplied into the power source sectiion 2400.
From the voltage and current from the voltage-I input' means 22002 and'

current I input means 2300a, the electric energy of line I is computed ~by

" watthour computing means 2500. Similarly, from the voltage and.current

from the voltage II input means 2200b and current II input means 2300b,
the electric energy of line Il is computed by the watthour computing means
2500. | |

I.n such conventional plural-circ_:uit type watthour meter,' when
measuring the electric energy of plural liné_s and plural circuits; the power -
source for the watthour meter is supplied from one line only. If the power
source 'supplying line fails to feed power due to power failure or the like,
the watt'hour meter cannot operate at all, and if the other line is prdvided
with voltage the electric energy of the other line also cannot be measured.

In this prior art, the electnc energy is measured but it is the

same when measurmg other electric power quantltles

Next is explalned a prior art of a split type current. transformer

used for measurement of electric power quantities of electric power lines.-
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Fig. 48 and Fig. 49 show conventional split type current
transformers. Fig. 48 is a diagram showing a magne-tic circuit assembly,
and the magnetic circuit assembly is divided into 53a and 53b as shown in
Fig. 48. The magnetic circuit assembly 53a is composed of a magnetic
element 54a and a winding 55a, and the magnetic circuit assembly 53b is
composed of a magnetic' element 54b and a winding 55b. These magnetic
circuit assemblies 53a and 53b are put, in split state, into resin containers
as shown in Fig. 49, and assembled as a part 752 and a part 75b. At both
ends of the part 75a, tightening pedestals 75a-1 and 75a-2 are provided,
and at both ends of the part 75b, tightening pedestals 75b-1 and 75b-2 are
provided.- The tightening pedestal 75a-1 of the part 75a and the
tightening pedestal 75b-1 of the part 75b are disposed to confront each
other, and tightening pedestal 75a-2 of the part 75a and the tightening
pedestal 75b-2 of the part 75b are disposed to confront each other, and tlie
individual confronting parts are clamped by screws 58 and nuts 59.
Moreover, both ends m1l and m2 of the winding .55a wound arouﬁd the .
magnetic element 54a sealed in the resin container and both ends nl and n2
of the winding 55b wound around the magnetic element 54b are drawn
oﬁtside of. the resin contaiﬂers, and t-he.y_ are connected so that the ends m2
and n2 may be of additional- polarity. The other ends m1 and nl of these
windings are output terminals of this split type current transformer. |

In the split type current transformer of this conventional
constitution, since the structure of the tightening parts is large in size, it
requires a wide space for installation, and-'it.is hard to mount on the wires
to be measured in the narrow space in which the wires are densely arranged.
Still more, since the current tfansforme’t is éompl.etély separated into the -
part 75a and part 75b, particular means was needed for connecting
correctly so that the windings drawn out to outside may be of additional
polarity securely. It was also necessary to couple the completely
seﬁarated two parts at two positions, and it was difficult to work in a

narrow place of installation.



Summary of the Invention

The invention is intended to solve various problems discussed

above and achieve the following objects.

| it is an object to utilize effectively the number of measuring
circuits prepared for measuring various electric power quantities of
multiple circuits if the number of feeders (number of branched current
circuits) is not specific in each voltage line.

It is also an object to measure various electric power quantities
of multiple circuits always at high precision even in circuits having severe
load fluctuations. |

It is a further object to measure various electri¢ power quantities
of multiple circuits stably, while feeding power source always to the
measuring apparatus, if power failure occurs in a specific line out of plural
lines or if power failure is repeated in plural lines.

It is a different object to present a split type current transformer
capable of mounting on wires to be measured even in a narrow space where
multiple wire are densely disposed, high in working efficiency in narrow
‘place of installation, and free from risk of mistaking connection of
external drawn-out wires.

~ The multicircuit type instrument for measuring various electric
power quantities of the invention comprises: '
voltage input means for recei;/ing voltages of plural lines of an

alternating-current circuit,

current input means in the number same as the number of voltage
input means or more,
measuring means of various electric power quantities in the same
_num.ber as the current input means, and |
_voltage-current arbitrary combination means for relaying voltage
input to these measuring means of various electric power quantities,
in which the voltage-current arbitrary combination means can

arbitrarily select the combination of each current input means and voltage

input means. T

This Sheet Hag Been R
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In thus constituted multicircuit typé instrument for measuring
various electric power quantities, since the combination of eurrent input
means and voltage input means can be arbitrarily selected, if the number of
feeders in each voltage line is not specific, it is easily applicable, and the
measuring circuits can be utilized to the maximum extent, so that the
apparatus may be loweréd in cost and reduced in size. _

The multicircuit type instrument for measuring various electric
power quantities in other aspect of the invention comprises: |

voltage input means of plural lines of an altermating-current
circuit, .

currént input means in the number same as the number of voltage
inpui means or more,

switching means for switching current inputs to these measuring
means of various electric power quantities,

an A/D converter for converfing analog outputs from the voltage
input means and current input means into digital signals, and

a CPU responsible for switching control of current inputs by the
switching means and time sharing multiplex sampling control to the A/D
converter, _

in which the CPU performs sequential time shared sémpling'
while switching the current ihput means by the switching means, between
one sampling point. and next sampling point of one current input, and
computes various electric power quantities of plural circuits from the
- sampling data. | .

In thus constituted multicircuit type measuring apparatus of
various electric power quan_tities, since there is no failure in measurement
of data when switching the inp-uts, electric power quantities can be
measured at high precision even in a load circuit large in fluctuations.
Moreover, by sampling by time sharing .m'ultiplexing, electric power
" quantities of multiple circuits can be niéasured by an A/D converter of.a

smaller number of channels, so that the apparatus may be lowered in cost

and reduced in size.
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The multicircuit type instrument for measuring various electric
power quantities in a different aspect of the invention comprises:

voltage input means of plural lines of an alternating-current
circuit, o

‘current input means in the number same as the number of voltage
input means or more, |

power source switching means for selecting automatically a line
containing voltage out of plural lines entered from the voltage imput
means, ' |

a power source section for feeding electric power to the
multicircuit type measuxfing. circuit of various electric quantities by using
the line selected by the power source switching means as the power source,
and |

measuring means for measuring various electric power quantities
from the output data from the voltage input means and output data from the
current input means.

In thus constituted multicircuit type measuring instrument of
various electric power quantities, if power failure occurs in the line
feeding electric power to the measuring instrument, it is changed over to
the remaining lines having voltage to supply electric power to the
measuring instrument from the line having voltage, so ihat measurement.of
various electric power quantities in the other lines than the power failure
line can be continuous without interruption. |

The split type current transfgrmér of the invention comprises:

a magnetic circuit assembly having one magnetic elgmént for
composing a closed magnetic circuit into two sections, applying winding
on each one of the divided two magnetic elements according to the rating
of the current transformer, connecting one end of the two windings to the

additional polarity, and using other end of the two windings as secondary

- output terminal of the current transformer,

~anonmagnetic container enclosing the magnetic circuit assembly

in the whole circumference, having an opening near the divided end of the
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magnetic element closer to the secondary output terminal, and deforming
at the remotest position from the opening to form a fulcrum, and

a band-like fixing element for fixing the two divided magnetic
circuit aséemblies_ by tightening_' the outer circumference of the
nonmagnetic container, .

in which the band-like fixing element is designed to open at a
position near thé outpht end of the two windings. _

. In thus constituted split type current transformer, since the
connecting position of the band-like fixing element is one positioﬁ and is
formed in a small size, and hence it is possible to mount on the wires to be
measured even in a narrow space in which wires are densely disposed, and
the working efficiency in a narrow place of installation is enhanced.
Still more, since one end of the winding connected to the additional
polarity is always connected, it is free from risk of connection in wrong

polarity when installing the current transformer.

Brief Description of the Drawings

Fig. 1 is a circuit diagram showing a multicircuit type watt meter
employing the voltage-current arbitrary combination means.

Fig. 2 is a circuit diagram showing a specific example of the
voltage-current arbitrary combination means in the multicircuit type watt
meter in Fig. 1.

Fig. 3 is a circuit aiagram showing.a multicircuit type watthour
meter employing the voltage-éurrent arbitfary cdnibinétiou means.

Fig. 4 is a circuit diagram showing a specific. example of the
voltage-current arbitrary combination means in the multicircuit type
watthour meter in Fig. 3. o . |

Fig. 5 is a circuit diagram showing a multicircuit type watt meter
employmg second means in voltage-current arbltrary comblnlng

Fig. 6 is a c1rcu1t diagram showmg a multicircuit type watthour
meter employlng second means in voltage-current arbltrary combmxng

- Fig. 7 is a circuit dlagram showing a mult_1c1rcu1t type watt meter
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emplo'ying third means in voltage-current arbitrary combining.

Fig. 8 is a circuit diagram showing an electric power computing
unit in the multicircuit type watt meter employing third means in voltage-
current arbitrary combining. o

Fig. 9 is a circuit diagram showing a multicircuit type watthour
meter employing third fneans in voltage-current arbitrary combining.

Fig. 10 is a circuit diagram showing an electric energy computing
unit in the multicircuit type watthour meter employing third means in
voltage-current arbitrary combining.

| Fig. 11 is an input timing diagram of voltage and current in the
multicircuit type watt meter shown in Fig. 5 or the xﬁulticirc‘uit type
watt-hour meter shown in Fig. 6.

Fig. 12 is an input' timing diagram of voltage and current in the |
multicircuit type watt meter shown in Fig. 2 or the multicircuit type
watthour meter shown in Fig. 3. _

Fig. 13 is a circuit diagram of a multicircuit type watt meter
having current input switching means for performing time shared multiplex
sampling.

Fig. 14A is a waveform diagram showing sampling points of time -
shared multiplex sampling of voltage .corresponding to two voltage lines.

Fig. 14B is a waveform diagram showing sampling points of time
shared multiplex sampling of cﬁrrent corresponding to two voltage lines.

Fig. 15 is a circuit diagram of a multicircuit type waLtt meter
having current input switching means and voltage input switching means
for performing time shared multxplex sampling.

Flg 16 is a circuit dlagram of other embodxment of multicircuit
type watt meter having current input switching means for performing time
~shared multiplex sampliﬁg.

Fig. 17 is a circuit d'_iag:am of a different embodiment of
multicircuit type watt meter having curreant input switching means and
voltage input switching means for performing time shared multiplex

sampling.
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Fig. 18 is a circuit diagram of a multicircuit type watthour meter
for feeding power source of watthour meter from plural voltage lines.

Fig. 19 is a circuit diagrain of a multicircuit type watthour meter
having priority order selecting means for feeding power source of watthour
meter from plural voltage lines.

Fig. 20 is a circuit diagram of a multicircuit type watthour meter
havihg priority order selecting means for feeding power source of watthour
meter from plural voltage lines, in the case of input of three voltage lines.

Fig. 21 is a circuit diagram showing an example of conventional
multicircuit type watt meter or multicircuit type watthour meter.

Fig. 22 is a circuit diagram showing other example of
conventional multicircuit type watt meter or multicircuit type watthour
meter.

Fig. 23 is an explanatory diagram of switchi'ng action of input
switching crrcuit in the conventional multicircuit type watt meter or
multicircuit type watthour meter shown in Fig. 22.

Fig. 24 is a circuit diagram showing a different example of

conventional multicircuit type watt meter or multicircuit type watthour

.meter.

Fig. 25 is a diagram showing a mounted state of a split type

current transformer of the invention on a wire to be measured.

Fig. 26 is a diagram showrng a magnetlc circuit assembly used in

~the split type current transformer of the 1nvent10n

. Fig. 27 is a sectional v1ew_of a magnetic element used in the
split type current transformer of the invéntion.
Fig. 28 is a diagrém' showing a nonmagnetic container used in the
spl.it' type current transformer of the invention. |
Fig. 29 is a sectional view of é norrmagnetic container uéed in the
split type current transformer of the in-ven'tion.' '
Fig. 30 is a diagram showing a sealed state of a magnetic circuit

assembly in a nonmagnetic container of the splrt type current transformer

of the mventron
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Fig. 31 is a sectional view showing a sealed state of a magnetic

circuit assembly in a nonmagnetic container of the split.type current
transformer of the invention.

Fig. 32 is a diagram showing an opened state of a junction for
mounting the split type current transformer of the invention on a wire.

Fig. 33 is a dikgram showing a state of mounting of the split type
current transformer of the invention on plural wires to be measured
disposed at narrow; intervals..

Fig. 34 is a diagram showing an embodiment in which a cut is
opened in a fulcrum of a nonmagnetic container used in the split type

current transformer of the invention.

Fig. 35 is a detailed diagram near the fulcrum of the nonmagnetic
container shown in Fig. 34.

Fig. 36 is a strﬁc_tural diagram of butt joint of a separated
nonmagnetic container in other embodiment of a split type current '
transformer of the invention. |

Fig. 37 is other structural diagram of fulcrum of a nonmagnetic
contéinér of the split type current transforrﬁer of the invention.

Fig. 38 is an entiré structural diagram in a different embodiment
of a split type current transformer of the invention.

Fig. 39 is a partial sectional view of the split type current
transformer shown in Fig. 38.

Fig. 40 is a partial sectional view of other position of the split
type current transformer shown in Fig. 38. .

Fig. 41 is a detailed view of the fulcrum portion of the split type
current transformer showh'in Fig. 38.. .

Fig. 42 is a partial sectional view of a further different position
of the split type current transformer shown in Fig. 38.

Fig. 43 is-a diagram for explaining deviation of the magnetic
elements at the butt joint of the magnetic elements.

Fig. 44 is a diagram for explaining inclination of the magnetic

elements at the butt joint of the magnetic elements.
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Fig. 45 is a diagram showing injection state of an elastic filler
into the split type current transformer shown in Fig. 42. |

Fig. 46 is a structural diagram of fulcrum of a further different
embodiment of a spiit type current transformer of the invention.

Fig. 47 is a general structural diagram of the split type current
transformer having the fulcrum shown in Fig. 46.

Fig. 48 is a diagram showing a magnetic circuit assembly of a
conventional split type current transformer.

Fig. 49 is an appearance structural diagram of a conventional

split type current transformer.

Des;:ription of the Preferred Embodiinen_ts

(Embodiment 1)

Re.'ferring first to Fig. 1 and Fig. 3, this is to explain a
multicircuit type measuring instruments of various electric power
qu.antities' capable of effectively utilizing the number of measuring circuits
if the number of feeders (number of branched current circuits) in each
voltage line is not specific. In Fig. 1, the multicircuit type measuring
instrument is a watt meter, and Fig. 3 shows that the multicircuit type
measuring instrument is a watthour meter .

In Fig. 1, reference numerals 21, 22 and 23 are step-down
transformers which step down from primary voltage to secondary voltage,
and 24, 25 and 26 are potential transformers known as PT. Reference
numerals 27 to 32 -are current transformers for transforming the current
value of each circuit into a current value for measurement. This
embodiment relates to a multicircuit iype watt.meter designed to measure-
the electric power of each circuit from each line vbltage and circuit
current of thus composed electric power circuit.

In Fig. 1, reference numeral 1 enclosed by double dot chain line
shows the multicircuit type watt meter of the first embodiment. The
multicircuit type watt meter 1 comprises voltage input means 100, current

input means 200, powér measuring means 300, and voltage-current
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combining means 400. The voltage input means 100 is designed to
correspond to voltage inputs from three lines of line I voltage 101 to line
III voltage 103, and the current input means 200 is designed to correspond
to .current inputs from six circuits of circuit I current 201 to circuit VI
current 206. The power measuring means 300 is composed of power
measuring sections 301 to 306 in the same number as the number of current
inputs of the current input means 200.

~ The voltage-current combining means 400 receives voltages from
plural lines of the voltage input means 101 to 103, and arbitrarily selects
and separates these voltages and delivers to power measuring sections 301
to 306. The voltage-current combining means 400 is composed of a
vo'ltz;ge input section 401 for ;eceivi_ng voltages from plural lines of the
voltage input means 100, a voltage-current combination switching section
402 for arbitrarily selecting combination of line voltages 101 to 103 and
circuit current inputs 201 to 206 of the current input means 200, and a
voltage output section 403 for delivering the selected individual voltages '
' ' to any one of the power measuring sections 301 to 306.

In the power measuring sections 301 to 306 of the power
measuring means 300, the circuit currents 201 to 206 are connected, and
therefore by arbitrarily selecting the line voltages 101 to 103 by the
voltage-current combining means 400 and delivering to the power
measuring sections 301 to 306, the electric power can be measured by

arbitrarily .combining the line voltages 101 to 103 and circuit currents 201

" to 206. |
| For example, circuit I power measuring section 301 and circuit.II
power measuring section 302 can Be combiné’d with line I voltage 101,
- circuit III power measuring section 303 and circuit IV power measuring
section 304 with line II voltage 102, and circuit V power méasuring section
305 and circuit VI power meas.uring seétion_ 306 with line III voltage 103.
Alfernatively, for example, circuit I power measuring secfion 301 can be
combined with line I voltage 101, circuit II power measuring section 302 to

circuit V power measuring section 305 with line II voltage 102, and circuit
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VI power measuring s.ectio_n 306 with line III voltage 103.

" Thus, by arbitfary combination of power measuring sections and
line voltages, the electric power can be measured, and if the number of
feeders differs in each voltage line, the installed circuits for power
measurement can be uti_lized to the full extent.

Fig. 2 is an example of specific structure of the voltage-current
combining means 400 .in the multicircuit'type watt meter shown in Fig. 1.

In Fig. 2, reference numeral 7 enclosed by double dot chain line
is the multicircuit type watt meter. Voltage-current combining means
1000 is composed of a three-line voltage input section 1001 for receiving
line_I vol'tage 101 to line iII voltage 103 of the voltage input means 100, a
chéngeover switch 1002 for selecting and delivering only one of these
voltage inputs, and a voltage output section 1003 for delivering the
selected voltage output to circuit I power measuring section 301 to circuit
VI power measuring seétion 306 of the power measuring means 300. The
voltagé output sections 1003 are provided as many as the number of circuit
I powér measuring section 301 to circuit VI power measuring section 306,
and the line I voltage 101 to line III voltage 103 are selected by Switching
‘the changeover switch 1002, so that a desired line voltage is put into 2
desired power measuring section. - 'I;he'refore, accofding to this
constitution, the electric power can be measured by an arbitrary
combination of and line voltages and circuit currents.

(Embodiment 2)

In the case the multicircuit -t.ype measuring instrument is a
watthour meter, it is explained in Fig.'-3. In Fig. 3, refereﬁce numeral 2
enciosed.by double dot chain line denotes a multicircuit type watthour
meter. The multicircuit type watthour meter 2 -coxﬁprises voltage input
means 100, current input neans 200, voitagé-current combining means 400,
and electric energy measuring means 600. " The _vo'ltage input means 100
is designed to 'corr.espond to vo‘ltage-'inp.utS' from three lines of line I
voltage 101 to line III voltage 103, and the current inpult means 200 is

_ designed to correspond to current inputs from six circuits of circuit I
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current 201 to circuit VI current 206. The electric energy measuring
means 660 is composed of electric eeergy measuring sections 601 to 606 in
the same number as the number of current inputs of the current input means
200. _
The voitage-c_uﬁent combining meane 400 receives voltages from
plural lines of the voltage input means 100, and arbitrarily selects and
separates these voltages and delivers to electric energy measuring
sections 601 to 606. The voltage-current combining means 400 is
composed of a voltage input section 401 for receiving voltages from plural
lines of the voltage in_put means 100, a voltage-current combination
switching section 402 for arbitrarily selecting combination of line voltages
101 to 103 and circuit current inputs 201 to 206 of the current input means
200, and a voltage oﬁtput section 403 for delivering the selected individual
voltages to any one of the electric energy measuring sections 601 to 606.
In the electric energy measuring sectiens 601 to 606 of the
electric energy measuring means 600, the circuit currents 201 to 206 are
connected, and therefore by afbitrarily selecting the line voltages 101 io
| 103.by the voltage-curr_ent combining means 400 and de'livering to the
electric eneréy measuring sections 601 to 606, the electric 'energy can be
measured by arbitrarily combining the .line voltages 101 to 103 and circuit
currents 201 to 206. |
For example, circuit I electric energy measuring section 601
and circuit II electric energy measurin'g,section 602 can be combined
with line I voltage 101, citcuft I electric enefgy measuring section 603
and circuit IV  electric energy measuring section 604 with line II voltage
102, and circuit V electric energy measuring section 605 and c1rcu1t VI
electric energy measuring section 606 with line III voltage 103.
Alternatively, for example, circuit I electric energy measuring section
- 601 can be combined 'w_ith line I voitage 101, circuit II  electric energy
measuring section 602 fo circuit V. electric energy measuring section 605
with line II voltage 102, and circuit VI ~electric energy measuring section

606 with line III voltage 103.
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Thus, by arbitrary combination of electric energy measuring
sections and line voltages, the electric energy can be measured, and if the
number of feeders differs in each voltage line, the installed circuits for
electric energy measurement can be utilized to the full extent.

Fig. 4 is an example of specific structure of the voltage-current
combining means 400 iri the multicircuit type watthour meter shown in Fig.
3. |

In Fig. 4, reference numeral 8 enclosed by double dot chain line
is the multicircuit type watthour meter. Voltage-current combining
means 1000 is composed of a three-line voltage input section 1001 for
receiving line I voltage 101 to line III voltage 103 of the vbltage input
méa;ls 100, a changeover switch 1002 for selecting and delivering only one
~of these voltage inputs, and a voltage output section 1003 for delivering
the selected voltage output to circuit I electric energy measuring section
601 to circuit VI  electric energy measuring section 606 of the electric
enérgy measuring means 600. . The voltage output sections 1003 are
provided as many as the number of circuit I electric en.ergy measuring
section 601 to circuit VI  electric energy measuring section 606, and the
line I voltage 101 to line III voltage 1'0.3. are selected by switching the |
changeover switch 1002, so that a desired line voltage is put into a desired
electric energy measuring section. Thérefore, according to this
constitution, the electric energy can be meas'u_red by an arbitrar.y
combination of circuit currents and line voltages. Hence, if the number
of feeders differs in each voltage l'ine, the installed circuits for
electric energy measurement can be utilized to the full extent.

(Embodiment 3)

Fig. 5 shows other specific structure of a multicircuit type watt
meter. In Fig. 5, reference numeral 310 denotes power measuring means,
which samples momentary values of voltage and current simultaneously,
and computes the product of momentary values of voltage and current, the
sum of prodﬁcts_ in one sampling period, and the electric power by the

average of the sums in one sampling period. The multicircuit type watt
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meter shown in Fig. 5 comprises voltage input means 100, current input
means 200, current switching means 500, voltage-current combining means
400, and power measuring means 310. The power measuring means 310
comprises time shared measuring means 311 composed of a sampling &
hold section 3111 and an A/D converter 3112, and a power computing
section 312 composed of a computing section 3121 and a2 memory 3122.

In the power measufing means 310 in Fig. 5, the voltage and
current are shared in time over one cycle of alternating current period by
the sampling & hold section 3111, and the voltage and current shared in
time are sampled and temporarily held, and the temporarily held sampling
data is converted into digital data by the A/D converter 3112. 1In the
power computing section 312, the product of time shar.ed measufed data of
voltage and current is compﬁted, the sum of the products in one sampliﬁg
period is compﬁted, and further the average is deiermined to compute the
electric power amount.

The voltage input means 100, current input means 200, current
switching means 500, and voltage-current combining means 400 for
~ composing the frdnt stage of the power measuring means 510 are described
below. o _ '

. The voltage input means 100 and current input means 200 have
the same function as shown in Fig. 1 and Fig. 3. The current switching
‘means 500 is provided in order to switch the current of each circuit entered
through the current inpﬁt means 200 sequentially at the timing shown in
Fig. 11 or Fig. 12. '

The voltage-cﬁrrent combining means 400 is provided in the
front stage .of the power meaéuring means 310, and in the ex‘anipl-e in Fig.-lS-
it is placed between the voltage input means 100 and power measuring
means 310. This voltage-cﬁrrent_com-bining means 400. is', as shown in
Fig. 11 and Fig. 12, designed to determine to deliver an output by
syn'chroni'zing which line voltage With which 'c'ir.cuit‘current. In Fig. 11,
circuit I current and circuit II cﬁrrenf are'synchroﬁizéd with line I voltage,

‘circuit III current and circuit IV current with line II voltage, and circuit V
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current and circuit VI current with line III voltage. On the other hand, in
the example in Fig. 12, circuit I current is synchronized with kine I voltage,
circuit II current, circuit III current, circuit IV current and circuit V
current with line II voltage, and circuit VI current with line III voltage.

Thus, the electric power amount is determined by synchronizing
the sampling period of voltage and current, and by the voltage-current
combining means 400, as shown in Fig. 11 and Fig. 12, the line voltage can
be arbitrarily selected and combined with the circuit current. Therefore,
the electric power corresponding to each circuit current can be determined
by any line voltage.

Incidentally, the above definition of simultaneous sampling is
not llmlted alone to the simultaneous samplmg by plural sampling & hold
circuits, but also includes a method of measuring at high speed by the A/D
converter by sequentially switching the objects of measurement by a
multiplexer or the like, using only one sampling & hold circuit. The
same definition is applied to the simultaneous sampling explained in the
following embodiments. |

Accérding to the embodiment described herein, by setting parts
such as switching tﬁeans, the line voltage can be selected by the hardware.
Thus, by arbitrary combination of circuit currents and line voltages, the
electric power can be measured, and hence, if the number of feeders differs

in each voltage line, the installed circuits for power measurement can be

utilized to the full extent.

(Embodiment 4)

Fig. 6 shows other specific structure of a multicircuit type
watthour meter. In Fig. 6, reference numeral 610 denotes electric
energy measur-ing means, which samples momentary values of voltage and
current sim_ultan’eously, and computes the product of momentary values of
voltage and éurr-ent the sum of products in one sampling period, and the
electric energy by 1ntegratmg the sum of products The multicircuit type
watthour meter shown in Fig. 6 comprises voltage input means 100, current

input means 200, current switching means 500, voltage-current combining
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means 400, and electric energy measuring means 610. The electric
energy measuring means 610 comprises time shared measuring means 611
composed of a sampling & hold section 6111 and an A/D converter 6112,
and an electric energy computing section 612 composed of a computing
section 6121 and a memory 6122. |

" In the electric energy measuring means 610 in Fig. 6, the
voltage and current are shared iﬁ time over one cycle of alternating current
period by the sampling & hold section 6111, and the voltage and current
shared in time are sampled and temporarily held, and the temporarily held
sampling data is converted into digital data by the A/D converter 6112,
In the electric energy computing section 612, the product of time shared
~measured data of voltage and current is computed, the sum of the products
in one sampliﬁg period is computed, and further the integrated value of the
-sum of products is determined to compute the electric energy amount.

The voltage input means 100, current input means 200, current
switching means 500, and voltage-current combining means 400 for
composing the front stage of the electric energy measuring means 610
are described below. |

The voltage input means iOO and..current input means 200 have
the same function as shown in Fig. 3. The current switching means 500 is
provided in order to switch tﬁe current of each circuit entered through the
current input_means 200 sequentially at the timing shown in Fig. 11 or Fig.
12.

The voltage-current combining .means' 400 is provid.ed in the
front stage of the electric energy measurin_g means 610, and in .the
example in Fig. 6 it is placed.between the voltage input means 100 and
electric energy measuring means 610. This voltage-current combining
means 400 is, as shown in Fig. 11 and Fig. 12, designed to determine to
'deliv.er an output by sync'hronizi_n'g which line voltage with which circuit
current. In Fig. 11, circuit I .'t':utrent and circuit II current are
syhchrqnized with line I voltage, circuit IIII current and_circuit IV current -

with line II voltage, and circuit V current and circuit VI current with line
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III voltage. On the other hand, in the example in Fig. 12, circuit I current
is synchronized with line I voltage,-circuit I1 current, circu'it III current,
circuit IV current and circuit V current with line II voltage, and circuit VI
current witﬁ line III voltage.

Thus, the electric energy amount is determined by synchronizing
the sampling period of voltage and current, and by the voltage-current
combining means 400, as shown in Fig. 11 and Fig. 12, the line voltage can
be arbitrarily selected and combined with the circuit current. Therefore,
the electric energy corresponding to each circuit current can be determined
by any line voltage.

According to the embodiment described herein, by setting -parts
sucﬁ as switching means, the line voltage can be selected by the hardware.
Thus, by arbitrary combinafio_n of circuif currents and liﬁe voltages, the
electric energy can be measured, and hence, if the number of feeders
differs in each voltage line, the installed circuits for electric energy
measurement can be utilized to the full extent.

(Embodiment 5)

Fig. 7 and Fig. 8 show a different specific structure of a
multicircuit type watt meter. In Fig. 7, reference numeral 330 denotes
power measuring means, which samples momentary values of voltage and
current simultaneously, and it is applied to a2 method of determining the
product of momentary values of voltage and current, the sum of products in
‘one sampling period, and the electric power by the éverage of the sums in a
specific period. ' _ . ' |

The multicircuit type watt meter shown i.n Fig. 7 comprises
voitage input means 100, current input means 200, ahd power measuring
means 330. The power measuring means 330 comprises time shared
measuring means 331 composed of a sampling & hold sectllion 3311 and .an
'A./D converter 3312, and a power computing section 332 composed of a
computing section 3321 and a memory 3322.

As shown in Fig. 7, each lme voltage passing through the voltage

mput means 100 1s put into the samplmg & hold section 3311 of the power
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measuring means 330 without resort to voltage-current combining means.
The current of each circuit passing through the current input means 200 is
also put into the sampling & hold circuit 3311 of the power measuring
means 330 without resort to current switching means. '

In the power measuring means 330 in Fig. 7, the voltage and
current are shared in time for a duration of one cycle of alternating current
period or integer' multiple times of one cycle by the sampling & hpld
section 3311, and the voltage and current shared in time are sampled and
temporarily held, and the temporarily held sampling data is converted into
digital data by the A/D converter 3312. In the power computing section
332, the product of time shared measured data of voltage and current is _

computed, the sum of the products in one sampling period is computed, and
 further the average of sums of products is determined to compute the
electric power. The power computing section 332 is composed of the
computing section 3321 and the memory 3322. In the constitution shown-
in Fig. 7, voltage-current combining means is not present, but in this
embodiment, it is provided in the power xﬁeasuring means 332 as explained
below while referring to Fig. 8.

- Fig.” 8 shows an embodiment in '\)vhich the voltage-current
combining means is provided in the power measuring means 332. In Fig.
8, the power computing section 332 is composed of the computing section
3321, vkl to vk6 voltage memory aréa set-up section 3323, and memory
. 3322, and the computing sectibn 3321 has six power coinputing sections
from circuit I power computing section 33213 to éirg:uit VI power
computing section 3321f, and in each power computing section, the time

shared momentary power is calculated in the formula

pn = inxvkn, wheren = 1 to 6.

Herein, il to i6 are time shared data'of_ circuit I current to circuit VI
-current, and vkl to vké are time shared data of line I voltage to line III .
voltage. However, correspondénce of in_dividual vki'to vk6 to which one
of line voltage of line I voltage to line III voltagé is deterrp'ined by .

specifying the line voltage by setting in the .voltége mem‘ér& area set-up
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section 3323. The line voltage time shared data of the memory 3322, that
is, line I voltage time shared data 3322a to line III voltage time: shared data
3322c are, according to the setting in the voltage memory area set-up
section 3323, put into six power computing sections of individual circuit I
power computing section 3321a to circuit VI power computing section
3321f, and electric power values are computed.

Therefore, the voltage-current coinbining means is provided in
the power computing section 332 by the software. Substantially,
however, same as in the embodiment in Fig. 1, the line voltage can be
freely combined with any circuit current, and therefore the electric power
corresponding to each circuit current can be measured by using any line
voltage. | |

Thus, the embodiment explained in Fig. 7 and Fig. 8 comprises
the time shared measuring section 331 for sharing the voltage and current
in time by sampling simultaneously in the sampling & hold section 3311 of
. the power measuring means 330, and converting the time shared sampling
data into measured digital data by the A/D converter 3312, and the power,
computing section 332 for compﬁting the pro'duct of time shared data of
voltage and current thereof by the computing section 3321 and memory
'3322, computing the sum of products in one sainpling period from this
product, and determining the average of sums of products. Moreover, the
voltage-current combining means is provided in the power computing
~section 332, and mémory data of voltage and current are arbitrarily
combined, and therefore voltage-current combining means is not required
in the hardware, and the electric power can be measured by selecting the
voltage input circuit corresponding to the current input circuit by the
setting on the software. |

Therefore, according to the embodiment, the electric power can
be measured by arbitrary combination of circuit currents and line voltages,
é_nd hence if the number of feeders differs in each voltage line, the
installed circuits for power measurement can be utilized to the full extent.

“In addition, since the voltage-current combining means is realized by the
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software, the circuit is simplified and the number of cbnstituent parts can
be saved. -

(Embodiment 6) '

Fig. 9 and Fig. 10 show a different specific structure of a
multicircuit type watthour meter. In Fig. 9, referemce numeral 630
denotes electric energy measuring means, which samples momentary
valu.es of voltage and current simultaneously, and it is applied to a method
of determining the product of momentary values of voltage and current, the
sum of products in one sampling period, and the electric energy by the
integration of its sums.

The multicircuit type watthour meter shown in Fig. 9 comprises
voltage input means 100, current input means 200, and electric energy
measuring means 630. The electric energy measuring means 630
comprises time shared measuring means 631 composed of a sampling &
hold section 6311 and an A/D convertef 6312, and an electric energy
computing section 632 composed of a computing section 6321 and a
memory 6322. |

As shown in Fig. 9, each line voltage passing throu_gh the voltage
input means -100 is put into the sampling & hold section 6311 of the
electric energy measuring means 630 without resort to voltage-current
combining means. The current of each circuit passing through the
current input means 200 is also put into the sampling & hold circuit 6311
of the electric energy measuring means 630 without resort to current |
combining means.

In the electric energy measuring means 630 in Fig. 9, the
voltage and current are shﬁred in time for a duration of one cycle of
alterﬁating current period or integer multiple times of oné cycie by the‘
sampling & hold section 6311, and the voltage and current shared in time
are sampled and temporarily held, and the tempbrgril_y held sampling data
is converted info digital 'dat_a by the.A/D converter 6312. In the
electric ene-rgy_'computing section 632, the pr.oduct of time shared

measured data of voltage and current is computed, the sum of the products
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in one sampling period is computed, and further the average of -sums of
products is determined to compute the electric energy. The electric
energy computing section 632 is composed of the computing section 6321
and the memory 6322. In the constitution shown in Fig. 9, voltage-
current combining means is not present, but in this embodiment, it is
provided in the electric energy measuring means 632 as lexplained below
while referfing to Fig. 10.

Fig. 10 shows an embodiment in which the voltage-current s
combining meéns is provided in the electric energy measuring means 632.
In Fig. 10, the electric energy computing section 632 is composed of the
computing section 6321, vkl to vké voltage memory area set-up' section
6323, and memory 6322, and the computing section 6321 has six electric
energy computing sections from circuit I  electric energy computing
section 6321a to circuit VI  electric energy computing section 6321f, and
in each electric energy computing section, the time Share'd momentary
electric energy is calculated in the formula
| pn = inxvkn, where n = 1 to 6.
~In each electric énergy computing section, moreover, the time shared
momentary electric energy are integrated to compute the electric energy.
That is, the electric energy en is obtained as |

en = § pndt=§ (in Xvkn)dt

Herein, il to i6 are time shared data of circuif I current to circuit VI

current, énd vkl to 'vk6_ are time shared data of line I voltage to line III
voltage. However, correspondence of individual vkl to vk6 to which one
~of line voltage of line I voltage to line III voltage is determined by
specifying the line voltage by setting in the voltage memory area set-up
section 6323. The li.ne-voltage time shared data of the méniory 6322, that
is, line I.Qoltage time shared data 6322a to line III voltage time shared data
6322c are, according to the setting in the voltage mémory area set-up
section 6323, put into six  electric energy cqmputing sections of
individual circuit I electric energy c_omputingﬂ section 6321a to circuit

VI = électric energy computing section 6321f, and electric energy values
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are computed.

Therefore, the voltage-current combining means is provided in
the electric energy computing section 632 by the software.
Substantially, however, same as in the embodiment in Fig. 3, the line
voltage can be freely combined with any circuit current, and therefore the
electric energy corresponding to each circuit current can be measured by
using any line voltage.

Thus, the embodiment explained in Fig. 9 and Fig. 10 comprises
the time shared measuring section 631 for sharing the voltage and current
in time by sampling simultaneously in the sampling & hoid section 6311 of
the electric energy measuring meane 630, and converting the time shared
sampling data into measured digital data by the A/D converter 6312, and
the electric energy computing section 632 for computing the product of
time shared data of voltage and current thereof by the computing section
6321 and memory 6322, computing the sum of products in one sampling
period from this product, and determining the integrated value of products.
Moreover, the voltage-current combining means is provided in the
electric energy computing section.632, and memory data of voltage and
current are arbitrarily combined, and therefore voltage-current combining
1_nean.s is not required in the hardware, and the electric emergy can be
measured by selecting the vdltege input circuit corresponding to the
current input circuit by the setting on the software.

Therefore accordmg to the embodiment, the electric energy can
be measured by arbitrary combmatlon of circuit currents and line voltages,
.and hence if the number of feeders differs in each voltage line, the
installed circuits for electri¢ energy measurement can be utilized to the
full extent. In addition, since the voltage-current combinin'g means is
realize_d by the software', the circuit is simplified and the number of
constituent parts can be saved. |

| (Embodiment 7)
Relating next. to a multi'circu_it type in'str_ument'.h'aving' current

input switching means and performing time shared multiplex sampling, an
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example of multicircuit type watt meter is described below while referring

to Fig. 13 agd Fig. 14.

In Fig. 13, reference numerals 21 and 22 are step-down
transformers of three phases or single phase, and are designed to step down
from primary voltage to secondary voltage. Reference numerals 24 and
25 are potentiall transformers known as PT, 27, 28, 30 and 31 are current
transformers for transforming cir.cuit currents into curreats for
measu_rement; and 11 is a multicircuit type watt meter. Reference
numeral 1100 is voltage input means, which is composed of voltage input
means 1101 correspondmg to line 1 voltage and voltage lnput means 1102
correspondmg to line 2 voltage Reference numeral 1200 is current 1nput
means, which is composed of current input means 1201 corresponding to
circuit 1-curfent, current input means 1202 corresponding to circuit 2
current, current input means 1203 corresponding to circuit 3 current, and
current input means 1204 corresponding.to circuit 4 current. Reference
numeral 1400 is current input switching means, which is composed of input
switching means 1401 for switching between the current input means 1201
and 1202, and input switching means 1402 for switching between the
current input means 1203 and 1204. Reference numeral 1600 is an A/D
converter for converting an analog signal entered from the voltage input
means 1100 and.an analog signal entered from the current input means
1200 through the current mput switching means 1nto d1g1tal signals, and
1700 is a CPU used as a central processxng unit. '

' In thus constituted multicircuit type watt meter, its operation is
described below while-reférring to Fig. 13, Fig. 14A and Fig. 14B.
~ First, supposing the secondary side of the transformer 21 to be
line 1 and the secondary side of the transformer 22 to be line 2, line 1
vol_iage is supplied from the @otential transformer 24 into the voltage input
" means 1101, and the output of the voltage input means 1101 is put into the
A/D converter 1600. Line 2 voltage is supplied from the potential
transformer 25 into the voltage input means. 1102, and fhe lo'utput of the

voltage input means 1102 is put into the A/D converter 1600. Circuit 1
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current (line 1 current) is supplied from the transformer 27 inlto the current
input means 1201, circuit 2 (line2 current) current is supplied from the
transformer 23 into the current input means 1202, -and the output of the
current input means 1201 and output of the current input means 1202 are
put into the input switching means 1401. Circuti 3 current (Line 1
current) is supplied from the transformer 30 into the current input means
1203, circuit 4 (line 2 current) is supplied from the transfofmer 31 into the
current input means 1204, and the output of the current input means 1203
and output of the current input means 1204 are put into the input switching
means 1402. The current selected in the input switching means 1401 and
the current selected in the input switching means 1402 are put into the A/D
converter 1600.

_The voltage and current fed into the A/D converter 1600 are
sinusoidal waves in this example as shown in Fig. 14A and Fig. 14B. Fig.
14A is a voltage aneform; expressing voltage I and voltage II. Fig. 14B
is a current waveform, expressing current I and current II. By the
command from the CPU 1700, while controlling the switching by the input
switching means 1401 and input switching means 1402, time shared |
multiplex sampling is obtained from the digital output of the A/D
converter 1600. For example, a case of sampling sinusoidal wa-ves of
voltage and curren-t from two lines by the time sharing number of 8 is
explained below. . -

Suppose to sample line 1 voltage and current (circuit 1 and
circuit 3 current) simultaneously, and to sa'mple line 2 voltage and current
(circuit 2 and circuit 4 current) simultaneouély-. A solid-line point in Fig.
14A is supposed to be line 1 voltage, a solid-line point in Fig. 14B to be a
sampling point of line 1 current, a broken-line point iln Fig. '14A to be line
2 voltage, at_ld a broken-line po-int in Fig:. 14B to be a sampling point of
line 2 current. By the control of the CPU 1700, at the solid-line.sampling
point of line 1, it is switéhed to the' current input means 1201 by the inp'ut
switching means 1401, and to the current inp'ut means 1203 by the input

switching means 1402._ At the broken-line sampling point of line 2,. it is
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switched to the current input means 1202 by the input switching means
1401, and to the current input means 1204 by the input switching means
1402. Currents of line 1 of solid line and line 2 of broken line are
digitally confre_:ted in the A/D converter 1600, a'md digitally converted
current data are entered into the CPU 1700 as sampling data at respective
points. Voltages of line 1 and line 2 are similarly put into the A/D
converter 1600, and after being converted into digital data in the A/D
converter 1600 and put into the CPU 1700, they are selectively combined
with the current data, and the electric power is computed.

In computing the electric power, on the basis of the voltage and
current data thus sampled simultaneously, the momentary power is
determined from the product of momentary values of voltage and current,
and the momentary value is added for a period of an integer multiple of one
alternating-current period, a:nd the average of the period adding the
momentﬁry value is determined. The obtained average is the average
power of the circuit, that is, the electric power. amount.

In the case of time shared multiplex sampling, the sampling
indicated by solid line that is the first sampling is called the basic _time
shared sampling, for example, voltage I in Fig. 14A or current I in Fig. 14B.
It is the sampling of the first circuit when switching the circuits and
performing time shared sampling of different circuits in multiplex by
shifting the time.

lTh'e'time sharing multiplex number between thé sampling point at
the basic time shared sampling of time.‘ sharing multiplex and a next
sampling point, that is, between solid line and solid line in Fig. 14A or Fig.
14B is determined by the .numb.er of switching channels of the input
switching means 1401 and 1402, that is, the number of current inputs. In

t_he_ example in Fig. 14A or Fig. 14B, since the number of switching
~ channels is two, thé. time sharing number in one alternating-cﬁrrent period.
is 8 times 2, and hence the sampling points are 16. Stupposing the number
df_ switchirig channels to be three, another sampling point is added to the

sampling points indicated by broken line between solid line and solid line -
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in Fig. 14A or Fig. 14B, and the time sharing number in one alternating-

current period is 24.
Thus, by using the current input switching means, the number of
channels of the A/D converter for current is enough by the total number of
current inputs to the current input switching means divided by the number
of switching channels, so that the multicircuit type watt meter is realized
at low cost. Moreover, by time shared multiplex sampling, there is nd
pause péribd in data acquisition, and therefore lack of data is avoided, and
a circuit with a large load fluctuation may be measured at high precision.
When such multicircuit type watt meter is constituted, the circuit
constitution can be simplified by integrating other parts than the CPU with
the CPU as ASIC. In Fig. 13, moreover,' the potential transformers are
provided outside of the multicircuit type watt meter 11, but they may be
also incorporated within the multicircuit type watt meter 11.- .

The number of voltage lines is not limited, and the number of
. current circuits is not limited either. The time sharing number is not
limited as far as the precision of measurements can be maintained. As a
matter of course, it is not required that the number of lines be equal to the
number of idput switching channels. For example, in the case of one
voltage line; ten current circuits, and 'five switching channels of the in_put
switching means, the number of channels of the A/D converter required for
current input is 1/5, that is, two channels. _

In Fig. 13 showing the multicircuit watt meter usiﬁg input
switching means and performing time shared multiplex sampling, by
replacing the multicircuit type watt meter with a multicircuit type
watthour meter, if can be used .as the watthour meter. Also, by replacing
the multicircuit type watt meter with a multicircuit typé power factor |
meter, it can be used as t_he p'o_wer factor meter. Further, by feplacing_ the
multicircuit type watt ‘meter with a multicircuit type reactive power meter,
it can be used as the reactive poWér meter. Mofeover, by' replacing the
multilcircuit_ type watt méter with a_multicirpuit type var-hour meter, it can

be used as the var-hour meter.
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Below are described embodiments of the circuit in Fig. 13 used
as multicircuit type watthour meter, multicircuit type power factor meter,
multicircuit type reactive power meter, and multicircuit type var-hour
meter.

First is explained the case of using as multicircuit type watthour
meter. The basic constitution is same as the case of multicircuit type
watt meter for time shared multiplex sampling, and description of the
constitution of Fig. 13 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 13 is
replaced with a multicircuit type watthour meter, and the CPU 1700
computes the electric energy, instead of the electric power.

In electric energy computation, on the basis of the data of
voltage and current sampled simultaneously, the momentary electric power
value is determined from the product of momentary values of voltage and
current, the momentary electric power values are cumulatively added, and
the cumulative sum is the electric energy of the circuit.

In the multicircuit type watthour meter for time shared multiplex
sampling, there is no pause period if sampled while switching the circuits,
and therefore a circuit having large load flluctuations_ can be measured at

high precision, so that it is more useful than the measurement of
| momentary values of electric power values. For promotion of energy-
saving, it is importaht to understand the power consumption accurately,
and for accurate understanding of power consumption, multiple watthour
meters are needed. A large space is required for installing multiple
watthour meters,.which requires a large cost for installation and material,
but in the multicircuit type watthour meter of the invention, since the.
electric energy of multlple circuits can be measured at high precxsxon both
saving of space and lowering of cost are realized.

Next is explained the case of using the circuit in Fig. 13 as
multicircuit type power factor meter. . The basic constitution is same as
‘the case of multicircuit type watt ,rht_:t_er for time shared rriultip'lex sampling,

and description of the constitution of Fig. 13 is omitted.
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In this embodiment, the multicircuit type watt meter in Fig. 13 is
replaced with a multicircuit type power factor meter, and the CPU 1700
computes the power factor, instead of the electric power.

First, on the basis of the data of voltage and current sampled
simultaneously, the momentary electric power is determined from the
product of momentary values of voltage and current, the momentary values
are added for a period of an integer multiple of one alternating-current
period, and the average of the period adding the momentary values is
determined. The obtained average is the average power of the circuit,
that is, the electric power amount.

) On the other hand, from the sampled data of voltage and current,
the effective values of voltage and current are calcﬁlated, and the apparent'
power is obtained as the product of the voltage effective value and current
effective value, and by divfding the average power by the apparent power,
the power factor of the circuit is obtained. That is, supposing the power
. factor to be cosd, it is expressed as

cos¢ = average power/apparent power.

In a low voltage circuit, generally, since there are many branched
circuits, wh_eh' adjusting the power factor in the low voltage circuit, for
installat'io_n of a power factor adjusting device by power factor
computation and control, a large space is needed for instdlling multiple
power factor adjusting devices for single circuits, and it requires a large
cost for installation and material. It is'ti_l-erefore preferred to adjust the
power factor of multiple circuits by one power factor adjusiing device
from the viewpoint of saving space and lowering the cost. I-ience by
using the multicircuit type power factor meter of the embodiment in the
power factor adjusting device for multiple circuits, both saving of space
and low.ering of cost are realized.

Further is explained the case of using the circuit in Fig. 13 as
multicircuit type reactive power meter. The basic constitution.is same as
the case of multicircuit type watt meter for time shared multiplex sampling,

and description of the constitution of Fig. 13 is omitted.
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In this embodiment, the multicircuit type watt meter in Fig. 13 is
replaced with a multicircuit type reactive power meter, and the CPU 1700
computes the reactive power, instead of the electric power.

As mentioned in the above description of the multicircuit type
power factor meter, on the basis of the data of voltage and current sampled
simultaneously, the average power and apparent power are determined, and
by dividing the average power by the apparent power, the power factc.)r
"cosp" is obtained. From this power factor cosd, the circuit reactance
rate "sin¢" is easily obtained in the following formula.

sing = (1- cos?$)!?
From the apparent power and reactance rate, the reactive power is obtained
as -

reactive bower = -sing X apparent power.’

In a low voltage circuit, generally, since there are many branched
circuits, when adjusting the pbwer factdr in the low voltage circuit, for
installation of a powef factor adjusting device. by reactive power
computation and control, a large space is needed for installing multiple.
power factor adjusting devices for single circuits, and it requires a large
cost for installation and material. It is therefore preferred to adjust the
power factor of multiple circuits by'.one power factor adjusting device
from the viewpoint of saving space and lowering the cost. By using the
multicircuit type reactive power meter of the embodiment in such power
factor adjusting device for mu.ltipl'é circuits, the effective of saving of
space and lowering of cost may be further enhanced.

Also is explained the case of using the circuit in Fig. 13 as
multicircuit type var-hour meter. The basic constitution is same as the
case of multicircuit type watt meter for time shared multiplex sampling,
and description of the _const._itu,tion of Fig. 13 is omitted. .

In this embodiment, the -mult'icircuit type watt meter in Fig. 13 is
replaced with ‘a multicircuit type var-hour meter, and the CPU 1700 .
computes the reactive energy, instead of the electric POWET.

As mentioned in the above description of the multicircuit typé€
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reactive power meter, from the apparent power and reactance rate, the
reactive poWer is obtained as
reactive power = -sin¢ X apparent power.

By cumulatively adding the reactive power values, the reactive energy is
computed. '

In measurement of reactive energy which is an integral value,
since time shared multiplex sampling is performed, there is no pause
period if sampled while switching the circuits. Therefore, a circuit
having large load fluctuations can be measured at high precision, so that it
is more useful than the measurement of momentary values such as electric
power and reactive power. For effective use of electric power, it is
important to understand the reactive energy accurately, and for accurate
understanding of reactive energy, multiple var-hour meters are needed.
A large space fs required for installing multiple var-hour meters, which
requires a large cost for installation and material, but in the multicircuit
type var-hour meter of the invention, since the reactive energy of mulitiple
circuits can be measured at high .precision, both saving of space and
lowering of cost.are realized.

(Embodiment 8)

Explained next is other embodiment of a multicircuit type
instrument having input switching means and performing time shared
multiplex sampling. This embodiment comprises voltage i.nput sv{ritching
means, and is designed to switch voltage inputs by the voltage input
switching means. Relating to this multicircuit type instrument having
voltage inbut switching means, an example of multicircuit type watt meter

is described below while referring to Fig. 14A, Fig. 14B and Fig: 15. .

- First, supposing the se.c_:ondary side of the transformer 21 to be
line 1 and the secondary side of the transformer 22 to be line 2, line 1
voltage is supplied from the potential transformer 24 into the voltage input
means 1101, line 2 voltage is supplied from the potential transformer 25
“into the voltage input .means.1102,* and the output of the voltage input

means 1101 and output of the voltage input means 1102 are put into voltage
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input switching means 1500. Tﬁe output of the voltage input means 1101 '
and output of the voltage input means 1102 are selected by the voltage
input switching means 1500, and the selected output is fed into the A/D
converter 1600. -

On the other hand, circuit 1 current is supplied from the
transformer 27 into the current input means 1201, circuit 2 current is
supplied from the transformer 28 into the current input means 1202, and
the output of the current input means 1201 and output of the current input
"means 1202 are put into the current input switching means 1401. The
output of the current input means 1201 and output of the current input
means 1202 are selected by the current input switching means 1401, and
the selected output is fed into the A/D converter 1600. Circuit 3 current
is supplied frolm the transformer 30 into the current input means 1203,
circuit 4 current is supplied from the transformer 31 into the current input
means 1204, and the output of the current input means 1203 and output of
the current input means 1204 are put into the current input switching
means 1402. The 6utput of the current input means 1203 and output of the
current inbut means 1204 are selected in the current input switching means
1402, and the selected output is fed into the A/D converter 1600.

| The voitage and current fed into the A/D converter 1600 are.
sinusoidal waves in this exampie as shown in Fig. 14A and Fig. 14B. By
the command from the CPU 1700, while éontroll_ing the switching by the
current input switching means 1401, current input switching means 1402
and voltage input switching means 1500, time shared multiplex sampling is
obtained from the digital output bf the A/D converter 1600. ~ For example,
~a case of sampling sinusoidal waves of voltage and current .from.two lines
by the time sharing number of 8 is explained below..

Suppose to sample_li—ne. 1 voltage and current (circuit 1 and
circuit 3 current) siﬁultaneously, and to sample line 2 voltage and current
(circuit 2 and circuit 4 current) simultaneously. _ A Solid-line point in Fig.
14A is supposed to be line 1 voltage, a solid-line point in Fig. 14B to be a

* sampling point of line 1 current, a broken-line point in Fig. 14A to be line
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2 voltage, and a broken-line point in Fig. 14B to be a sampling point of
line 2 current. By the control of the CPU 1700, at the solid-line sampling
point of line 1, it is switched to the voltage input means 1101 by the
voltage input switchiﬁg means 1500, to the current input means 1201 by
the current. input switching means 1401, and to the current input means
1203 by the current iﬁput switching means 1402. At the broken-line
sampling point of line 2, it is switched to the voltage input means 1102 by
the voltage input switching means 1500, to the current input means 1202
by the current input switching means 1401, and to thé current input means
1204 by the input switching means 1402. Voltages and cﬁrrents of line 1
of solid line and line 2 of broken line are digitally converted in the A/D
conv;arter 1600, and digitally converted voltage and current data are
entered into the CPU 1700 as sampling data at respec.tive points, and the
electric power is computed.

In computing the electric power, on the basis of the voltage and
current data thus sampled simultaneously, the mome'ntary power is
determined from the product of momentary values of voltage and current,
and the momentary value is added for a period of an integer multiple of one
alternating-current period, and the average of the period adding the
moméntary value is determined. The' obtained average is the average
power of the circuit, ;chatlis, the electric power amount.

The time shéring multiplex number between the sampling point at
the basic time shared samplihg'of time sharing multiplex and a next
. sampling point, that is, between solid line' and solid line in Fig. 14A and
Fig. 14B is determined by the number of switching channels of the current
input switching means 1401 and 1.40'2, that is, the number of current inputs.
In the exar_n'pl.e in Fig. 14A and Fig. 14B, since the number of switching
channels is two, the.time sharing number in one alternating-current period
is 8 times 2, and hence the sainpling points are 16. Supposing the number
of switching chanpels to be three, another "sampling point is added to the
sampling points indicated by broken line between solid line and sdlid line

in Fig. 14, and the time sharing number in one alternating-current peribd is .
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24.

Thus, by using the voltage input switching means" and current
input switching means, for voltage input and current input, the A/D
converter is required to have the number of channels only in the sum of the
total number of inputs to the voltage input switching means divided by the
number of switching channels of the voltage input switching means, and.
the total number of inputs to the current input switching means divided by
the number of switching .channels of the current input switching means.
By using the voltage input sWitching means and current input switching
means, the multicircuit type watt meter is realized at low cost.  As in this
embo_diment, by using the voltage input switching means in addition to the
current input switching means, its effect is further enhanced. Moreover,
by time shared multiplex sampling, there is no pause period in data
acquisition, and therefore lack of data is avoided, and a circuit with a large
load'fluctuation may be measured at high precision. |

When such muiticircuit type watt meter is constituted, the circuit
constitution can be simplified by integrating other parts than the CPU with
the CPU as ASIC. In Fig. 15, moreover, the potential transformers are
provided outside of the multicircuit type watt meter 11, but they may be
also incorporated within the multicircuit type watt meter 11. - |

The number of voltage lines is not limited, and the number of
current circuits is not limited.eit'her. .The time -sharing number is not
limited as far as the precision of measurements can be maintained. As a
matter of course, it is not required that the' number of lines be equal to the
number of input switching channels. For example, in the case of one
voltage line, ten current circuits, and five switching channels of the input
switching means, the number of channels of the A/D converter required for
current input is 1/5, that is, two cha-nnels.

In Fig. 15 showing the multicircuit watt meter using input
switching means and performing time shared multip_lex sampling, by
replacing the multicircujt type watt meter with a multicircuit type

watthour meter, it can be used as the watthour meter. “Also, by replacing
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the multicircuit type watt meter with a multicircuit type power factor
meter, it can be used as the power factor meter. Further, by replacing the
multicircuit type watt meter with a multicircuit type reactive power meter,
it can be used as the reactive power meter. Moreover, by replacing the
multicircuit type watt meter with a multicircuit type var-hour meter, it can
be used as the var-hour meter.

Below are described embodiments of the circuit in Fig. 15 used
as multicircuit type watthour meter, multicircuit type power factor meter,
multicircuit type reactive power meter, and multicircuit type var-hour
meter. _

First is explained the case of using as multicircuit type watthour
meter. The basic constitution is same as the case of multicircuit type
watt meter for time shared multiplex sampling, and description of the
constitution of Fig. 15 is omitted. '

In this embodiment, the multicircuit type watt meter in Fig. 15 is
replaced with a multicircuit type watthnur meter, and the CPU 1700
computes the electric energy, instead of the electric power.

In electric energy computation, on the basis of the data of
voltage and current sampled simuitaneously, the momentary electric power
value is determined from the product nf moméntary values of voltage and

“current, the momentary electric power values are cumulatively added, and
the cumulative sum is the electric energy of the circuit.

In the multicircuit type watthour meter for time -shared xnultipl'ex
sampling, there is no pause period if samplnd while switching the circuité,
and therefore a circuit having large load fluctuations can be measured at
high precision, so that it is more useful than the measurement of
momentary values such as electric power values. lFor promotion of
energy-saving, it is important to 'unde_rs-tand the power consumption
accurately, and for accnrate understanding of power consumption, multiple
watthour meters are needed. A large space-is required for insfalling '
multiple watthour meters, which requires a large cost for installation and

material, but in the multicircuit type watthour meter of the invention,
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since the electric energy of multiple circuits can be measured at high
precision, both saving of space and lowering of cost are realized.

Next is explained the case of using the circuit in Fig. 15 as
multicircuit type power factor meter. The basic constitution is same as
the case of multicircuit type watt meter for time shared multiplex sampling,
and description of the constitution of Fig. 15 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 15 is
replaced with a multicircuit type power factor meter, and the CPU 1700
computes the power factor, instead of the electric power.

First, on the basis of the data of voltage and current measured
simultaneously, the momentary electric power is detefmined from the
product of momentary values of voltage and current, the momentary values
are added for a period of an integer multiple of one alternating-current
period, and the average of the period adding the momentary values is
determined. The obtafned average is the average power of the circuit,
that is, the electric power amount.

On the other hand, from the sampled data of voltage and current,
the effective values of ?/oltage and current are calculatéd, and the apparent
power is obtained as the product of the voltage effective value and current -
effective value, and by dividing the average power by the apparen't power,
the power factor of the circuit is obtained. That is, supposing the power
factor to be cos¢, it is expressed as

cosd = average power/apparent power.

In a low voltage circuit, generalfy,- since there are many branched
circuits, when adjusting the powér factor in the low voltage circ’:ﬁit, for
installation of a . power fai_:tor 'adjusting device by power facfo_r_
computatioﬁ and control, a 121:g"e space is needed for installing multiple
power factor adjusting devices for single ciréuits', and it requires a large
cost for installation and material. It is therefore preferréd to adjust the
power factor of multiple circuit-s by one power factor adjusting device
from the viewpoint of saving space and lowering the cost. Hence by

using the multicircuit type power factor meter of the embodiment in such
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power factor adjusting device for multiple circuits, both saving of space
and lowering of cost are realized. :

. Further is explained the case of using the circuit in Fig. 15 as
multicircuit type reactive power meter. The basic constitution is same as
the case of multicircuit type watt meter for time shared multiplex sampling,
and description of the constitution of Fig. 15 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 15 is
replaced with a multicircuit type reactive power meter, and the CPU 1700
computes the reactive power, instead of the electric power.

As mentioned in the above description of the multicircuit type
power factor meter, on the basis of the data of voltage and current sampled
simultaneously, the average power an& apparént power are determined, and
by dividing the average powef by the -apparent power, the power factor
"cos¢" is obtained. From this power factor cos¢, the circuit reactance
rate "sing" is easily obtained in the following formula.

sing = (1- cos?$)"?
From the apparent power and reactance rate, the féact_ive power is obtained
as

reactive power = -sin¢ - apparent power. -

In a low voltage circuit, generally, since there are many branched
circuits, when adjusting the power factor in ;he low voltage circuit, for
installation of a powér factor adjusting .c-levice" by reactive power
computation and control, a large épace is needed for.installing multiple
power factor adjusting devices for single.circuits, and it requires a large
cost for installation and material. It is therefo;é preferred to adjust' the
power-fact.or of multiple circuits. by one power factor adjusting device
from the viewpoint of saving space and lowering the. cost. By using the
multicircuit type reactive power meter of the embodiment in such power
factor adj.usting device for multiple circuits, the effectivé of saving of
space and lowering of cost may be further enhanced.

Also is explained the case .of using the circuit in Fig.._15 as-

multicircuit type var-hour meter. The basic constitution is same as the
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case of multicircuit type watt meter for time shared multiplex sampling,
and description of the constitution of Fig. 15 is omitted. ’

In this embodiment, the multicircuit type watt meter in Fig. 15 is
replaced with a multicircuit type var-hour meter, and the CPU 1700
computes the reactive energy, instead of the electric power.

As mentioned in t.he above description of the multicircuit type
reactive power meter, from the apparent power and reactance rate, the
reactive power is obtained as |

reactive power = -sin¢ X apparent power.
By cumulatively adding the reactive power values, the reactive energy is
computed.

In measuremént of reactive energy which is an integral value,
since time shared multiplex sampling is performed, there is no pause
period if sampled while switching the circuits. Therefore, a circuit
having large load fluctuations can be measured at high precision, so that it
is more useful than the measurement of momentary values such as electric
Power and reactive power. For effective use of electric power, it is
important to understand the reactive energy -accurately, and for accurate
'understanding of reactive energy, multiple var-hour meters are needed.
A large space is required for installing multiple var-hour meters, which
requires a large cost for installation and material, but in the multicircuit
type var-hour meter of the invention, since the reactive energy of multiple

circuits can be measured at high precision, both saving of space and

lowering of cost are realized.
| (Embodiment 9)

Explained below is another embodiment of a multicircuit type
instrument having input switching means and performing time shared
" multiplex -s.amp'ling. This embodiment comprises current input switching
means, and this current input switching means is disposed in the front
stage of the current input means, that is, B.e_tween the current transformer
and the current input means. Relating to this multicircuit type

instrument havi_ng' current input switching means disposed between the
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current transformer and the current input means, an example of
multicircuit type watt meter is described below while referring to Fig. 144,
Fig. 14B and Fig. 16.

In Fig. 16, the secondary side of the transformer 21 is supposed
to be line 1 and the secondary side of the transformer 22 to be line 2.
‘Line 1 voltage is supplied from the potential transformer 24 into the
voltage input means 1101, the output of the voltage input means 1101 is
put into the A/D converter 1600, line 2 voltage is supplied from the
potential transformer 25 into the voltage input means 1102, and the .ou.tput
of the voltage input means 1102 is put into the A/V converter 1600. Line
1 (circuit 1) current from the current transformer 27 and line 2 (circuit 2)
current from the current transformer 28 are fed into current input
switching means 1901, and line 1 (circuit 3) current from the current
transformer 30 and line 2 (circuit 4) current from the current transformer
31 ar.e fed into current input switching means 1902. The line 1 current
from the current transformer 27 and line 2 current from the current
“transformer 28 fed into the current input switching means 1901 are
selecied by the current input switching'm.eans 1901, and fed into the
_'current-inpﬁi means 1801 , and the line 1 current from the current
transformer 30 and line 2 current from the current transformer 31 fed into
the current input switching means 1902 are selected by the .current input
switching means 1902, and fed into the current input means 1802. The
output of the current inptit means 1801 gnd output of the current input .
means 1802 are fed into the A/D converter 1600. *°

The voltage and current fed i.nto the A/D co.nverter 1600 are
sinusoidal waves in this example as shown in' Fig. 14A and Fig. 14B. By
the CPU 1700, while controlling the switching by the curreat input
switching means 1901 and current input switching means 1902, tin_le.s__hared
multiplex sémpling is obtained from the digital output of the A/D
converter 1600. For example, a case of sanipling_ sinusoidal waves of

voltage and current from two lines by the time sharing number. of 8 is

explained below.
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Suppose to sample line 1 voltage and current simultaneously, and
-to sample line 2 Qoltage and current simultaneously. A solid-line point
in Fig. 14A is supposed to be line 1 voltage, a solid-line point in Fig. 14B
to be.a sampling point of line 1 current, a broken-line point in Fig. 14A to
be line 2 voltage, and a broken-lin'e point in Fig. 14B to be a sampling
point of line 2 current. By the control of the CPU 1700, at the solid-line
sampling point of line 1, the current input switching means 1901 switches
the current inputs from the current transformer 27 and current transformer
28 to tlie current input of line 1, that is, the current input from the current
transformer 27, and the current input switching means 1902 switches the
current inputs from the current transformer 30 and current transformer 31
to the current input of line 1, that is, the current input from the current
transformer 30. At the solid-line sampling point of line 2, the current
input switching means 1901 switches the current inputs from the current
transformer 27 and current transformer 28 to the current input of line 2,
that is, the current in-put' from the current transformer 28, and the current
input switching means 1902 switches the current inputs from the current
transfqrmér 30 and current transformer 31 to the current input of line 2,
that is, the current input from the current transformer 31. The voltage
input means 1101 and 1102 are -connected directly to the ‘A/D converter .
1600. | | -

Voltages and currents of line 1 of solid line and line 2 of broken
- line are digitally converted in the A/D'converter 1600, and digitally
converted voltage and current data are entered into 'th.e CPU 1700 as
sampling data at fespective points, and the elecfric power is computed.

The time sharing multiplex number between the sampling point at
the basic time shared saﬁpling of time sharing multipl'ex and a next
sampling point, that is, between solid line and solid line in Fig. 14A and
Fig. 14B is deterrﬁined by the number of sw_itchi'ng channels of the.current
input switching means 1801 and 1802, that is, the number of current inputg.'
In the exampl§ in Fig. 14A and Fig. 14B, since the number of switching

channels is two, the time sharing number in one alternating-current period



45
is 8 times 2, and hence the sampling points are 16. Supposing the number

of switching channels to be three, another sampling point is’added to the
samplin.g points indicated by broken line between solid line and solid line
in Fig. 14, and the time sharing num_bef in one alternating-current period is
24.

Thus, by using the current input switching means, for current
input, the A/D converter is required to have the number of channels only in
the number dividing the total number of current inputs by the number of
switching channels, and the multicircuit type watt meter is realized at low
cost. Moreover, by time shared multiplex sampling, there is no pause
period in data acquisition, and therefore lack of data is avoided, and a
circuit with a large load fluctuation may be measured at high precision.

When such multicircuit type watt meter is constituted, the circuit
constitution can be simplified by integrating other parts than the CPU with
the CPU as ASIC. In Fig. 16, moreover, the potential transformers are
provided outside of the multicircuit type watt meter 11, but they may be
also incorporated within the multicircuit type watt meter 11. |

The number of voltage lines is not limited, and the number of
current circuits is not limited either. The time sharing number is not
limited as far as the precision of measuremeﬁts can be maintained. Asa
matter of course, it is not required that the number of lines be equal to the
number of input switching channels. For example, in the case of one
~ voltage line, ten current circuits, and five switching éhannels of the
current input | switéhing means, the number of channels of the A/D
_ converter required for cutrent. input is 1/5, that is, two channels.

In- Fig. 16 showing the multicircuit watt meter using input
switching means and performing time shared multiplex sampling, by

replacing the multicircuit type watt meter with a multicircuit type
| watfhour'meter, it can be used as the watthour meter. Also, by replacing
the multiciréuit type watt meter with a multicircuit type powé_r factor
meter, it can be used as the power factor meter. Further, by replacing the

multicircuit.type watt meter with a multicircuit type reactive power meter,
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it can be used as the reactive power meter. Moreover, by replacing the
multicircuit type watt meter with a multicircuit type var-hour meter, it can
be used as the var-hour mo.;.tet,

Below are described embodimen.ts of the circuit in Fig. 16 used
as multicircuit type watthour meter, multicircuit type power factor meter,
multicircuit type reactive power meter, and multicircuit type var-hour
meter. |

First is explained the case of using as multicircuit type watthour
meter. The basic constitution is same as the case of multicircuit type
watt meter for time shared multiplex sampling, and description of the
constitution of Fig. 16 is omitted. '

In this embodiment, the multicircuit type watt meter in Fig. 16 is
replaced with a multicircuit type watthour meter, and the CPU 1700
computes the electric energy, instead of the electric power. _

In electric energy computation, on the basis of the data of
voltage and current sampled simultaneously, the mome.nta_ry electric power
value is determined from the product of momentary values of voltage and
current, the momentary electric power values are éumﬁlatively added, and
the cumulatiw;é sum is the electric energy of the circuit.

In the multicircuit type watthour meter for time shared multiplex
sampling, there is no pause period if sampled while switching the circuits,
and therefore a circuit having large load fluctuations can be measured at
high precision, so that it is more useful than the measurement of
momentary values such as eléctric power values. - For promotion of
energy-saving, it is important to understand the powér consumption
acgurately, and for accurate understanding of power <:_onsumpti6n, multiple
watthour 'rheters are needed. A large space is requi_red.for installing
multiple watthour meters, which requires a large cost for installation and
material, but in the mult_icircuit type watthour meter of the invention,
since the electric energy of multiple circuits can be measured at high
precision, both saving of space and lowering of cost are realized.

Next is explained the case of using the circuit in Fig. 16 as
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multicircuit type power factor meter. The basic constitution is same as |
the case of multicircuit type watt meter for time shared multipiex sampling,
and description of the constitution of Fig. 16 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 16 is
replaced with a multiéi.rcuit type power factor meter, and the CPU 1700
computes the power factor, instead of the electric power.

First, on the basis of the data of voltage and current sampled
simultaneously, the momentary electric power is determined from the
product of momentary values of voltage and current, the momentary values
are added for a period of an integer multiple of one alternating-current
.period, and the average of the period adding the momentary values is
determined. The obtained average is the average power of the circuit,
that is, the electric power amount.

‘On the other hand, from the sampled data of voltage and current,
the effective values of voltage and current are calculated, and the apparent
power is obtained as the product of the voltage effective value and current
effective value, and by dividing the average power by the apparent power,
the power factor of the circuit is obtained. That is, supposing the power
factor to be cosé, it is expressed as

cosd = average power/apparent power.

In a low voltage circuit, genefally, since there are many branchéd
circuits, when adjusting the power factor in the low voltage circuit, for
installation of a power factor adjué_ting device' by power factor
computation and control, a large space is needed for insfalling multiple
power féctdr adjusting devicé_s for single circuits, and it requires a large
cost for installation and material. It is therefore preferred to adjust the
power factor of multiplé circuits by one power factor adjusting device
from the viewpoint of saving space and lowering _thé cost. Hence by.
usi'ng-the multicircuit type power factor meter of the embodiment in this
power factor adjusting device for multiplé circuits, both saving of space
and lowering of cost are realized.

Further is explained the case of using the circuit in Fig. 16 as
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multicircuit type reactive power meter. The basic constitution is same as
the case of multicircuit type watt meter for time shared multiplex sampling,
and description of the constitution of Fig. 16 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 16 is
replaced with a multicircuit type reactive power meter, and the CPU 1700
computes the reactive power, instead of the electric power.

As mentioned in the above description of the multicircuit type
power factor meter, on the basis of the data of voltage and current sampled
simultaneously, the average power and apparent power are determined, and
by dividing the average power by the appa'rent power, the power factor
"cosp" is obtained. From this power factor cosd, the circuit reactance
rate "sin¢" is easily obtained in the following formula.

sing = (1 - cos?¢)'/?
From the apparent power and reactance rate, the reactive power is obtained
as

reactive power = -sinp X apparent power.

In a low vo-ltage circuit, generally, since there are many branched
circuits, when adjusting the power factor in the. low voltage circuit, for
installation of a power factor adjusting device 'by reactive power
computation and control, a large space is needed for installing multiple
power factor adj'usting devices f'or_.single circuits, and it requires a large
cost for installation and material. It is therefore preferred to adjust the
power factor of'mﬁltiple circuits by one power factor adjusting device
from the viewpoint of saving space and léwering the cost. By using the
multicircuit type reactive power meter of the embodiment in such power
factor adjusting device for multiple circuité, the effective of saving of
space and lowering of cost may be further enhanced.

Also is explained the case of using the circuit in Fig. 16 as
.multiciréuit type var-hour meter. The basic constitutibn is same as the
case of multicircuit type watt meter for time shared mul.t'iplex sampling,
and description of the constitution of Fig. 16 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 16 is
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replaced with a multicircuit type var-hour meter, and the CPU 1700
computes the reactive energy, instead of the electric power.

As mentioned in the above description of the multicircuit type
reactive power meter, from the apparent bower and reactance rate, the
reactive power is obtained as | |

reactive power = -sin¢ X apparent power.
By cumulatively adding the reactive power values, the reactive energy is
computed.

In measurement of reactive energy which is an integral value,
since time shared multiplex sampling is performed, there is no pause
period if sampled while switching the circuits. Therefore, a circuit
having large load fluctuations can be measured at high precision, so that it
is more useful than the measurement of momentary values such as electric
power and reactive power. For effective use of electric power, it is
important to understand the reactive energy accurately, and for accurate
understanding of reactive energy, multiple var-hour meters are needed.
A large space is required for installing multiple var-hour meters, which
reﬁuires a large cost for installation and material, but in the multicircuit
type ;lar-hour”meter of the invention, since the reactive energy of multiple
circuits can be measured at high precision, both saﬁng of space and
lowering of cost are realized.

(Embodinient 10)

Explained below is a different embodiment of a multicircuit type
instrument having input switching means and performing time shared
multiplex sampling. This embodiment comprises voltage input switching
means in addition to current input switching means, and is designed to
switch voltage inputs by the voltage input switching means. In the
embodiment, this voltage input switching means i-s‘ disposed in the front
stage of the voltage input means, that is, between the potential transformer
and the voltage input means, and the current input switching means is
disposed in the front stage of the current input means, that is, between the

current transformer and the current input means. Relating to this
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multicircuit type instrument having voltage input switching means and
current input switching means, aﬁ example of multicircuit type watt meter
is described below while referring to Fig. 14A, Fig. 14B and Fig. 17.

First, the secondary side of the transformer 21 is supposed to be
line 1 and the secondary side of the transformer 22 to be line 2. Line 1
' voltage from ‘the potential transformer 24 and line 2 voltage from the
potential transformer 25 are fed into the voltage input switching means
2100. The output of the voltag.e input switching means 2100 selected by
the voltage input switching means 2100 is put into the A/D converter 1600
through voltage ihput means 2000. On the other hand, line 1 (circuit 1)
current from the current transformer 27 and line 2 (circuit 2) current from
the current transformer 28 are fed into current input switching means 1901,
and line 1 (circuit 3) current from the current transformer 30 and line 2
(circuit 4) current from the current transformer 31 are fed iﬁto current
input switching means 1902. The line 1 current from the current
transformer 27 and line 2 current from the current transformer 28 fed into
the current input switching means 1901 are selected by the current input
switching means 1901, and fed into the cur'r_gnt input means 1801, and the
line 1 current from the current transformer 30 and line 2 current from the
current transformér 31 fed into the current input switching means 1902 are
selected by the current input switching: means 1902, and fed into the
current input means 1802. The output of the current input means 1801
and output of the current in‘putl means 1802 are fed into the A/D converter
1600. | |
| The voltage and current fed into the A/D bqnverter 1600 are
: sinusoidal waves in this example as shown in Fig. 14A and Fig. 14B. By
the CPU 1700, while controlling the.switching by the voltage input means
2000, current input means 1801 and current input means 1802, time shared
multiplex Sampling is obtained from the digital output of the A/D
converter 1600. For éxam_p.le,-;x case of sampling sinusoidal waves of

voltage and current from two lines by the time sharing number of 8 is

explained bgiow.
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Suppose to sample line 1 voltage and current simultaneously, and
to sample line 2 voltage and current simultaneously. A solid-line point
in Fig. 14A is supposed to be line 1 voltage, a solid-line point in Fig. 14B
to be a ;sampling point of line 1 current, a broken-line point in Fig. 14A to
be line 2 voltage, and a broken-line point in Fig. 14B to be a sampling
point of line 2 current. By the control of the CPU 1700, at the solid-line
sampling point of line 1, the voltage input switching means 2100 selects
the line 1 voltage from the potential transformer 24, The current input
switching means 1901 switches the current inputs from the current
transformer 27 and current transformer 28 to the current input of line 1,_
that_is, the current input fr-om the current transfor;ner 27, and the current
input switching means 1902 switches the current inputs from the current
transformer 30 and current transformer 31 to the current input of line 1,
that is, the current input from the current transformer 30. |

At the broken-line sampling poinf of line 2, the voltage input
switching means 2100 selects the lin-e 2 voltage from the potential
transformer 25. The current input switching means 1901 switches the
current inputs from the current transformer 27 and current transformer 28
to the current input of line 2, th.at is, the current input from the current
transformer 28, and the current input switching means 1902 switches the
curreln.t inputs from the current transformer 30 and current transformer 31
to' the current input of line 2, that is, the current input from the current
transformer 31. | : |

* Voltages and currents of line 1 o.f'solid line and line 2 of broken
line are digitally cbnverted in the A/D converter 1600, and digitally
converted voltage and cﬁrre'nt data are entered into the CPU 1700 as
sampling data at respective points, and the electric power is computed.

‘The time sh_aring multiplex number between the sampiing point at
‘the basic time shared sampling of time sharing multiplex and a nlex't
sampling point, that is, between solid lin'e and solid line in Fig. 14A and
Fig. 14B is determined by thie number of sWitching_channels_of the current

input-switching means 1901 and 1902,'t.ha.t is, the_nu_mber pf'curré-nt inputs.
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In the example in Fig. 14A and Fig. 14B, since the number of switching
channels is two, the time sharing number in one alternating-current period
is 8 times 2, and hence the sampling points are 16. Supposmg the number
of switching channels to be three, another sampling point is added to the
sampling points indicated by broken line between solid line and solid line
in Fig. 14A and Fig. 14B, and the time sharing number in one alternating-
current period is 24.

Thus, by using the voltage input switching means and current
input switching means, for the total number of inputs to the voltage input
means and current input means, the A/D converter is required to have the
number of channels only by the sum of the total number of inputs to the
voltage input switching means divided by the number of switching
channels of the voltage inpﬁt switching means, and the total number of
inputs to the current input switching means divided by the number of
switching channels of the current input switching means. Therefore, by
using the voltage input switching means and current input switching means, _
the multicircuit type watt meter is realized at low cost. = Still more, as in
the embodiment, the e.ff.ects may be further enhanced by installing the
voltage input switching means in addition to the current input switching
ineans. Moreover, by time shared multiplex sampling, there is no pause
period in data acquisition, and therefore lack of data is avoided, and a
circuit with a large load fluctuation may be measured at high precision.

When such multicircuit type watt meter is cons'tit'uted, the circuit
constitution can be simplified by integratiﬁg other parts than the CPU with
the CPU as ASIC. In Fig. 17, moreover, the potential transformers are
provided outside of the multicircuit type watt meter 11, but they may be
also incorporated within the multicircuit type watt meter 11.

The number of voltage_linés is not limited, and the number of
current circuits is not limited either. The time sharing number is not
limited as far as the precision of measurements can be maintained. As a
-matter of course, it is not required that the number of lines be equal to the |

number of input sw1teh1ng channéls. For example, in the case of one .
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voltage line, ten current circuits, and five swi.tching channels of the input
switching means, the number of channels of the A/D converterrequired for
current input is 1/5, that is, two channels. |
Without changing the current input section composed of current
input switching means 1901, current input switching means 1902, current
input means 1801 and current input means 1802 as shown in Fig.17, the
voltage input section coniposed of input switching means 2100 and voltage
input means 2000 in Fig. 17 may be composed of voltage input means 1101,

voltage input means 1102 and voltage input switching means 1500 as
shown in Fig. 15. '

'.O'r, without changing the voltage input section composed of
voltage input switching means 2100 and voltage input means 2000 as
shown in Fig.17, the current input section composed of current input
switching means 1901, current input switching means 1902, current input
means 1801 and current input means 1802 in Fig. 17 méy be composed of
current input means 1201, current input means 1202, current input means
1203, current input nieans 1204, current input switching means 1401 and
current input switching means 1402 as shown in Fig. 15.

In Fig. 17 showing the multiciréuit watt meter using the voltage
input. switching means and the current in_pﬁt switching means, and
performing time shared multiplex sampling, by replacing the multicircuit
type watt meter with a multicircuit type watthour meter, it can be used as
the watthour meter. Also, by replacing the multicircuit type watt meter

"with a multicircuit type power factor meter, it can be used as the power
factor meter. Further, by replacing the multicircuit fype watt meter with
a multicircuit type reactiv.e power meter, it can be used as the reactive
power meter. Moreover, by replacing the multicircuit t.ype watt meter
with a multicircuit type var-hour meter, it can be used as the var-hour
meter. ' |

Below are desc;ibed embodiments of the circuit in Fig. 17 used
as multicircuit type watthour .meter, multicircuit type power factor meter, .

multicircuit type reactive power meter, and multicircuit type var-hour
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meter.

First is explained the case of using as multicircuit type watthour
meter. The basic constitution is same as the case of multicircuit type
watt meter for time shared multiplex sampling, and description of the
constitution of Fig. 17 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 17 is
replaced with a multicircuit type wétthour meter, and the CPU 1700
computes the electric energy, instead of the electric power.

In electric enérgy computation, on the basis of the data of
voltage and current sampled simultaneously, the momentary electric power
value is determined from the product of momentary values of voltage and
current, the momentary electric power values are cumulatively added, and
the cumulative sum is the electric energy of the circuit.
| In the multicircuit type watthour meter for time shared multiplex
sampling, there is no pause period if sampled while switching the circuits,
and therefore a circﬁit having large load fluctuations can be meésured at
high precision, so that it is more useful than the measurement of
momentary values such as electric power values. For promotion of
energy-saving,_ it is important to understand the power consumption
- accurately, and for accurate understanding of power consumption, multiple
watthour meters are needed. A large space is required for installing
multiple watthour meters, which requires a large cost for installation and
material, but in the multicircuit type watthour meter of the invention,
~since the electric energy of multiple circuits can be measured at high
precisidn, both saving of space and lowering of cost are realized. |

Next is explained the case of using the .circuit in Fig. 17 as
multicircuit type- power factor meter. The basic constitu'tion_ is same as
the case of multicircuit type watt meter for time shared mu-ltiplex sampling,
and description of the constitution of Fig. 17 is omitted.

In this embodiment, the muIticircﬂi_t typ.e'watt meter in Fig. 17 is
replaced with a multicircuit type power factor meter, and the CPU 1700

computes the power factor, instead of the electric power.
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First, on the basis of the data of voltage and current sampled
simultaneously, the momentary electric power is determined from the
product of momentary values of voltage and current, the momentary values
are added for a period of an integer multiple of one alternating-current
period, and the average of the period adding the momentary values is
determined. The obtained average is the average power of the circuit,
that is, the electric power amount. .

On the other hand, from the sampled data of vbltage and current,
the effective values of voltage and current are calculated, and the apparent
power is obtained as the product of the voltage effective value and current
effective value, and by dividing the average power by the apparent p'ower,
the power factor of the circuit is obtained. That is, supposing the power
factor to be cos¢, it is expressed as

cos$ = average .powe_r/apparent power.

In a low voltage circuit, generally, since there are many branched
circuits, when adjusting the power factor in the low voltage circuit, for
installation of a power factor adjusting device by power factor
computation and control, a large space is needed for installing multiple -
power factor adjusting devices for single circuits, and it requires a large
cost for installation and material. It is therefore preferred to adjust the
power factor of multiple circuits by one po»;rer factor adjusting device

from the viewpoint of saving space and lowering the cost. Hence by
using the multicircuit type power factor meter of the embodiment in this
power factor adjusting device for multiple circuits, both s__a(ring of space
" and lowering of cost are realized.

Further is explained the case of using the circuit in Fig. 17 as
multicircuit type reactive power meter. The basic constitution is same as
the case of multicircuit type watt meter for time shared multiplex sampling,
and description of the constitution of Fig. 17 is omitted.

In this embodiment, the multicircuit type watt meter in Fig. 17 is
replaced with a multicircuit tjpe reactive power meter, and the CPU 1700

computes the reactive pdwer', instead of the electric power.
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As mentioned in the above description of the multicircuit type
power factor meter, on the basis of the data of voltage and current sampled
simultaneously, the average power and apparent power are determined, and
by dividing the average power by the apparent power, the power factor

"cos¢" is obtained. From this power factor cos¢, the cifcuit reactance
rate "sin¢" is easily obtained in the following formula.
sind = (1 - cos?¢p)'/?
From the apparent power and reactance rate, the reactive power is obtained
as
reactive power = -sing X apparent power.

In a low voltage circuit, generally, since there are many branched
circu-its, when adjusting the power factor in the low voltage circuit, for
installation of a power factor adjusting device by reacti've power
computation and control, a large space is needed for installing multiple
powef factor adjusting devices for single circuits, and it requires a large
cost for installation and material. It is therefore preferred to adjust the
power factor of multiple circuits by one power factor adjusting devicé
from the viewpoint of saving space and lowering the cost. . By using the
multicircuit type reactive power meter of the embodiment in such power
factor adjusting device for multiple _'circuit.s, the effective of saving o-f
space and lowering of cost may be further enhanced.

Also is explained the case of using the circuit in Fig. 17 as
multicircuit type var-hour -meter. -The basic constitution is same as the
case of multicircuit type watt me_tér for time shared multiplex sampling,
and description of the constitution of Fig. 17 is omitted.

In this embodixﬁent, the multicircui.t type watt meter in Fig. 17 is
replaced with a multicircuit type var-hour m-eter, and the CPU 1700
computes the reactive energy, instead of the electric power.

As mentioned in the above description of the multicircuit type
reactive power me‘?éf, from the apparent power and reactance rate, the

reactive power is obtained as

-reactive power = -sin¢p X appare'nt power.
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By cum.ulatively adding the reactive power values, the reactive energy is
computed. . B :

In measurement of reactive energy which is an integral value,
since time shared multiplex sampling is performed, there is no pause
period if sampled while switching the circuits. Therefore, a circuit
having large load fluctﬁations can be measured at high precision, so that it
is more useful than the measurement of momentary values such as electric
energy and reactive power. For effective use of electric power., it is
important to understand the_ reactive energy accurately, and for accurate
understanding of reactive energy, multiple var-hour meters are needed.
A large space is required for .installing multiple var-hour meters, which
requ-ifes a large cost for installation and materiél, but in the multicircuit
type var-hour meter of the invention, since the reactive energy of multiple
circuits can be measured at high precision, both saving of space and
lowering of cost are realized. '

(Embodiment 11)

Referring now to Fig. 18, the invention relates to a multicircuit
type instrument constituted to supply source power for the multicircuit
type instrument itself stably regardless of power failure if power failure
should occur in any line of the voltage of multiple lines.

In Fig. 18, line 1 (LINE 1) and line 2 (LINE 2) are individually
independent alternating-current electric power circuits. Reference
numeral 15 denotes a multicircuit type watthour meter of the embodiment.
From the alternating-current electric powér circuit line 1, line vbltage of
line 1 is supplied into electric watthour computing means 2500 through
voltage [ input means 2200a. Reference numerals 32a and 33a are current
transformers for measuring the circuit currents of line 1, and outputs of the
current transformers 32a and 33a are fed into the watthour computing
means 2500 throﬁgh current I input means 2300a as a two-phase current.
On the_.other hand, from the alternating-current electric power circuit line
2, line voltage of line 2 is supplied into the watthour computing means

2500 through voltage II i_nput means 2200b. Referénce numerals 32b and
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33b are current transformers for measuring the circuit currents of line 2,
and outputs of -the current transformers 32b and 33b are fed into the
watthour computing means 2500 through current II input means 2300b as a
two-phase current.

Reference numeral 2600 is power source switching means for
switching the supply of source power of the multicircuit type watthour
meter 15 from either line 1 or line 2. The voltage input of either line 1 or
line 2 selected by this power source switching means 2600 is connected to
a power source section 2400 of the multicircuit type watthour meter 15,
and an electric power for operating the multicircuit type watthour meter 15
is su_pplied to the multicircuit type watthour meter 15. |

By thus constituted multicircuit type watthour meter 15, the
electric energy of line 1 and line 2 is measured. Either voltage input of
line 1 or line 2 selected by the power source switchfng means 2600 iS
connected to the power source section 2400 olf the multicircuit type
watthour meter 15, and the multicircuit type watthour meter 15 is put
into operation.. |

First, suppose the line voltage of line 1 fed.thro'ugh the voltage I
input means 2200a is fed in.to the power source section 2400 through the
poweér source switching means 2600 to operate the multicircuit type
watthour meter 15. In the maulticircuit type'wa_tthour meter 15, the.
electric energy of line 1 is computed and rﬁeasured by the watthour
computing means 2500 by the line voltage of line 1 supplied through the
voltage I input means 2200a and the circuit current of line 1 supplied
through the current I input means 2300a. S.imi-larly,_ the electri.c energy
of line 2 is computed and measured by the watthour computing means 2500
by'the-lline volfage of line 2 supplied thrdugh the voltage II input means
2200b and the circuit current of line 2 supplied throdgh the current Il input
means 2300b. |

Supposing power failure 6ccufs at line 1 side, the line voltage of
line 1 is lost. At this time,.the | power source switching means 2600

Swi_tc_hes over from the line voltage of line 1 'supplied through the voltage {
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input means 2200a to the line voltage of line 2 supplied through the
voltage II input means 2200b, and the electric power is continuously
supplied into the power source section 2400, so that the multicircuit type
watthour meter 15 can measure the electric energy of line 2 continuously
by the line voltage of line 2 supplied through the voltage II input means
2200b at the line 2 side not having power failure and the circuit current
of line 2 supplied through the current II input means 2300b.

Thus, if power failure should occur in one line while measuring
the electric energy of two independent voltage lines, the electric power is
supplied to the multicircuit type watthour meter from the remaining line
having the voltage, so that the electric energy of the remaining line having
the voltage can bé measured continuously. In this embodiment, the
multicircuit type instrument is the watthour meter, but the same effects are
obtained if the multicircuit type instrument is watt meter, power factor
meter, reactive power meter, or var-hour meter.

(Embodiment 12)

This embodiment comprises priority order seélecting means for
switching the power sources in a multicircuit type instrument constituted
so as to supply source power for the multicircuit type instrument itsef
stably regardless of power failure. l

A constitution of this embodiment is shown in Fig. 19. In Fig.
19, reference numeral 2700 is priority order selecting means, and 16 is a
multicircuit type watthour meter. The other constitution is same as in
Fig. 18 explained above. In thus constituted multicircuit type watthour
meter, by the command of the priority order selecting means 2700, power
source switching means 2600 usually selects the line voltage of line 1
supplied through voltage I input means 2200a. Therefore, in the po'wer
source section 2400, the line voltage of line 1 supplied through the voltage
I input means 2200a is supplied by priority, and the multicircuit type
watthour meter 16 is operated by the line 1 Side voltage. In the
multicircuit type watthour meter 16, the electric energy of line 1 is

computed and measured by the watthour computing means 2500 by the line
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\}oltage of line 1 supplied through the voltage I input means 2200a and the
circuit current of line 1 supplied.through the current I input nieans 2300a.
Similarly, the electric energy of line 2 is computed and measured by the
watthour computing means 2500 by the line voltage of line 2 supplied
through the voltage II input means 2200b and the circuit current of line 3
supplied through the cufrent I1 input“means 2300b.

Supposing pbwer failure occurs at line 1 side, the line voltage of
line 1 is lost. At this time, the power source switching means 2600
switches over from the line voltage of line 1 supplied through the voltage I
input means 2200a to the line voltage of line 2 supplied through the
voltage II input means 2200b, and the electric power is continuously
supplied into the power source section 2400, so that the multicircuit type
watthour meter 16 can measure the electric energy of line 2 continuocusly
by the line voltage of line 2 supplied through the voltage. IT input means
2200b at the line 2 side not having power failure and  the circuit current
of line 2 supplied through the current II input means 2300b.

Consequentiy, when the power is recovered at the line 1 side,
after the line 1 side voltage is stabilized, by the command of the priority
order selecting means 2700, the .power source switching means 2600
switches the voltage to be supplied to the power source section 2400 to the
line 1 side voltage. If power failure occurs at the line 2 side, the po.wer
source switching means 2600 selects the line 1 side voltage, and the
voltage is supplied to the power source s_eé_tion 2400 from the line 1 side,
so that the multicircuit type watthour meter 16 can operate continuously
without trouble, so that the electric energy of the line 1 side can be
measured.

Thus, by prelimi-narily selecting the priority ordér of the line,
which has less power failures and less voltage changes, to be connected to
the power source section 2400, if power failure and recox}ery are repeated,
the electric power can be stably supplied into the multicircuit t.ype
watthour meter 16, and the electric en.erg-y of the line having the voltage

can be measured s'tably and reliably by reducing the transient phenomena
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due to repeated power failures. In this embodiment, the multicircuit type
instrument is the watthour meter, but the same effects are obtained if the
multicircuit type instrument.is watt meter, power factor meter, reactive
power meter, or var-hour meter.
' (Embodiment 13)

Fig. 20 shows an example of an alternating-current electric
power circuit consisting of three independent lines. Line 1 and line 2 are
same as in the embodiments in Fig. 18 and Fig. 19. |

From alternating-current electric power circuit line 3, line
voltage of line 3 is supplied into watthour computing means 2500 through
voltage III inpuf means 2200c. Reference numerals 32c and 33c are
current transformers for measuring the circuit currents of line 3, and
outputs of the current transformers 32c and 33c are fed into the watthour
computing means 2900 through current IIl input means 2300c as a two-
phase current. Reference numeral 17 is a multicircuit type watthour
meter for meas'uring- the electric energy of the alternating-current electric
power circuit having mutually independent three lines, and reference
numeral 2800 is power source sWitching means for selecting the line to be
connected to the power source section 2400 from three lines of the
alternating-current electric pdwer circuit and switching whether power
source electric power is supplied or not. The other constitution is same
as in the embodiment shown in Fig. 19, and duplicate explanation is
omitted.

In thus constituted mult_icircuﬁ type watthour meter, -by the
command of the priority order selecting means 2700, power source
switching means 2800 usually selects the line voltage of line 1 supplied
through voltage I input niea‘ns_ 2200a. Therefore, in the power source
section 2400, the line voltage of line: 1 supplied through the voltage I input
means 2200a is supplied by priority, and the multicircuit type watthour
meter 17 is operated by the line 1 side voltage. The multicircuit type
watthour meter 17 computes and measures the electric ehergy of line 1 by

the line voltage of line 1 supplied through the voltage I input means 2200a
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and the circuit current of line 1 supplied through the current I input means
2300a. Similarly, the multicircuit type watthour meter.17 computes and
measures the electric energy of line 2 by the line voltage of line 2 supplied
through the voltage II input means 2200b and the circuit current of line 2
supplied through the current II input means 2.300b. Like_wise, the
multicircuit type watthour meter 17 computes and measures the electric
energy of line 3 by the line voltage of line 3 supplied through the voltage
III input means 2200c and the circuit current of line 3 supplied through the
current III input means 2300c.

In tﬁe power sour.ce switching section 2800, one line voltage is '
supplied each from the voltage I input means 2200a, voltage Il input means
22000, and voltage III input means 2200c. In the power source switching .
section 2800, the voltage td the power source section 2400 is switched
over according to the command from the priority order selecting means
2700 so that the three lines may be sequentially selected and switched in
the priority order of , for example, line I voltage','line II voltage and line
III voltage. By feeding the output voltage from the power source
switching section 2800 into the po&er source section 2400, the
multicircuit 't.ype- watthour meter 17 is put in operation. Therefore,
usually, the line voltage of line 1 supplied through the voltage I input
means 2200a is fed by priority into the power source section 2400, and the
multicircuit type watthour meter 17 is operated by the line 1 side voltage.

I voltage is lost in the line I alt.e'rna.ting-current electric power
‘circuit due to power failure or the like, according to the command of the
priority order selecting means 2700, the power source switching means
2800 switches over from the voltage of the voltage I input means 2200a to
the voltage of the voltage Il input means 2200b, and the voltage is
continuously supplied into the power source section 2400, and the
watthour coﬁputing means 2900 computes and measures the electric energy
of the line 2 -_alternating-current electric power circuit and line 3
alternating-current electric power ciréuiti Consequently, whep “the

power is recovered in the line 1 alternating-current electric power circuit,
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after the voltage is stabilized, by the priority order selecting means 2700,
the power source switching means 2800 switches the voltage to be supplied
to the power source section 2400 from the line 1 alternmating-current
electric power circuit. If power failure occurs in the line 2 alternati.ng-
current electric power circuit, since the line 1 alternating-current electric
power circuit is selected by the priority order selecting means 2700, the
power is continuously supplied to the power source section 2400, so that
the multicircuit type watthour meter 17 can operate continuously, so that
the electric energy of the line 1 alf.ernatingfcurrent electric power circuit
and line 3 alternating-current electric power circuit can be measured.

i If the line 1 alternating-current electric power circuit and line 2
alternating-current electric pdwer circuit both fall in power failure state,
by the priority order selecting means 2700, since it is switched by the
power source switching means 2800 to supply the voltage to the power
source section 2400 from the line 3 alternating-current electric power
circuit, the electric energy of the line 3 alternating-current electric power
‘circuit caﬁ be measured. When the power is recovered in the line 1
alternating-current electric power circuit, if the power failure state of the
line 2 alternating-current electric power circuit continues, after the
voltage is stabilized in the line 1 alternating-current electric power circuit,
by the piiority order’ selecting means 2700, it is switched by the power
_source switching means 2800 to supply the voltage to the power source
section 2400 from the line 1 alternating-current electric poWer circuit.

Thus, in orde'r that the power source switching section 2800 may
always switch to the voltage of the line higher in the priority order, the
priority order sélect.ing means 2700 determines the connection destination,
and supplies electric power to the power source section 2400. Instead of
selecting the circuit having :the voltage to be connected to the _power
source circuit 2400 and .changing_the connection on every occasion of
occurrence of power failure._ in the alternating-current electric power
circuit of the line for feeding electric power to the power source section

2400, when the power is recovered in the alternating-current electric
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power circuit of higher priority order, immediately after the voltage is
stabilized, the electric power is supplied to the power source section 2400
from the alternating-current electric power circuit of higher priority order.
Therefore, if power failure and recover occur frequently in the
alternating-current electric power circuit of each line, power supply may
be done stably and securely by reducing the power source switching, and
the electric energy in the alternating-current elgctric power circuit of the
remaining line having the voltage can be securely measured.

Fig. 20 shows three lines of alternating-current electric power
circuit, but it is similarly applied to three or more lines for using by
specifying the priority order in the alternating-current electric power
circuit of all lines. The greater the number of lines; the more stable is
the operation of the lines b3'( supplying electric power to the multicircuit
type instrument by specifying the lines with the priority ordér. In this
embodiment, the multicircuit_type instrument is the watthour meter, but
the same effects are obtained if the multicircuit type instrument is watt
'meter, power factor meter, reactive power meter, or var-hour meter.

(Embodiment 14) |

A current transformer of the inveﬁtion suited to be used in the
multicircuit type instrument is described below while referring to the
drawings. | | | |

In Fig. 25, reference numeral 51 is a wire to be measured, and 52
is a split type current transformer. Refgrence numeral 53 is a magnetic
circuit assembly, 56 is a nonmagnetic container, 57 is a band fixing
element, 58 is a screw, and 59 is a nut. Fig. 26 shows a constitution of
the magnetic circuit assem_Bl_y. As shown in Fig. 26, the magnetic circuit
assembly 53 is composed of two divided magnetic elements 54a and 54b,
and two windings 55a. and 55b wound on the two divided magnetic elements
54a and 54b according to thie current transformer rating. The two divided
'ma'gnetic elements 54a and 54b form a complete closed magneti'c gircuit by
adhering butt to butt their cut sections 54a-1 and 54b-1, and 54a-2 and

54b-2, respectively. One end m2 of the winding 55a and one end n2 of
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the wiﬁding 55b are connected so as to be of additional polarity, and other
end m1 of the winding 55a and other end nl of the winding 55b are output
terminals of this split type current transformer. Fig. 27 is a sectional
view of the magnetic elements 54a and 54b.

Fig. 28 shows_the nonmagnetic container 56. The nonmagnetic
container 56 is made of an elastic material, and it is a ring in appearance,
being separated by the portion indicated by 56-1 (this separated portion is
hereihafter called the opening). Fig. 29 shows a sectional shape of the
nonmagnetic container 56. Fig. 30 shows an enclosed state of the
magnetic circuit assembly 53 by the"nonmagnetic container 56, and Fig. 31
shows a sectional view in an enclosed state of the magnetic circuit
' asser-nbly 53 by the nonxhagnetic container 56. In Fig. 31, inside of the
nonmagn.etic container 56 are accommodated the magnetic e_leme-nt 54a
wound with the winding 55a, and the magnetic element 54b wound with the
winding 55b. The butt junctioﬁ 54c of the cut section 54a-1 of the
magnetic element 54a and thé cut section 54b-1 of the magnetic element
54b is positioned nearly in the center of the opening 56;1 of . the
nonmagnetic container 56, and the butt junctio'n 54d of the cut section
54a-2 of the magnetic ‘element 54a and the cut section 54b-2 of the
magnetic element 54b is positioned -neaﬂy in the center of the main body of
the nonmagnetic container 56 (the position remotest from the opening, in
the center 6f the arc formed by the nopmagnetic container 56 main body).
The connection ends of one end m2 of the winding 55a and one eﬁd n2 of
the winding 55b wound around the magnetic elements S4a and 54b are
aécommodated in the nonmagnetic_ container 56. Moreover, as shown in.
Fig. 25, the o.uter circumference of the nonmagnetic container 56 is
tightened by the band fixing elemént 57, thereby fortifying the magne'tic |

coupling of the butt juﬁction of the magnetic element 54a and magnetic
" element 54b (the junction 54c of the surface 54a- 1 and surface 54b- 1, and

junction 54d of the surface S4a-2 and surface 54b-2). The band f1x1ng-
element 57 is tightened by the screw 58 and nut 59 at its opening.

Relating to the split type current transformer thus assembled as
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shown in Fig. 30, a method of placing so as to surround the wire 51 to be
measured as shown in Fig. 25 is explained below. Since the nonmagnetic
container 56 is made of an elastic material, the butt junction 54c can be
opened by using the butt jun;:tion 54d of the two divided magnetic element
54a and magnetic element 54b as the fulérum as shown in Fig. 32.
Therefore, after opening the butt junction 54c and passing in the wire to be
measured 51, the butt junction 54c is closed again, and therefore it can be
placed easily by tightening the outer circumference of the nonmagnetic
container 56 by the band fixing element 57. |

Fig. 33 shows a state of installing plural split type current
transformers in plural wires to be measured disposed at narrow intervals.
According to the split type current transformer of the embodiment, two
divided magnetic elements are contained in the elastic nonmagnetic
container which can be opened, and the nonmagnetic container is tightened
by one band fixing element, and thereforé if plural wires to be measured
are disposed at narrow intervals, it is possible to install easily in a narrow
space. Moreover, since the tightening portion 57a is disposed at one
position only, the tightening portion 57a may be eésily positioned always
at the upper side of the Iplural disposed wire groups, so that working
efficiency may be enhanced. It, however, does not mean that the
tightening portion 57a must be always positioned at the upper side of the
plural disposed wire groups. The tightening portion 57a may be selected
in its position depending on the‘cond'it_ion of insfallation.

Further according to the split type current transformer of the
embodim,ént, since the two divided magnetic elements are contained in a
nonmagunetic container of one-body structure, it can be installed so that the
same surfaces may always cbn-tﬁct with each other. It is particularly
effective when it is required to join the- cut sections butt to butt with each

other such as the case in whlch the magnetlc element is cut off from a ring

core. Moreover, since it is designcd to tighten by the band flxmg' |

element, a high contact is obtained at the abutting surfaces, and the

abutting surfaces are rot deviated. Therefore, a high magnetic coupling
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may be always maintained. Actually, the gap in the magnetic circuit is
closely related to the excitation current and has effects on the output
characteristics, and hence it is an important matter how to heighten the
tightness of the abutfing surfaces of the magnetic element. Still more,
since one end of two windings wound around the magnetic element is
connected to the additibnal polarity inside the nonmagnetic container, and
it is not necessary to connect when installing the split type current
‘transformer, and there is no possibility of wrong connection when
installing. It is further possible to lower the risk of wire breakage.

In this embodiment, the sectional shape of the nonmagnetic
container is shown in Fig. 29, but the section of the nonmagnetic container
is n(-)t limi.ted. to this shape alone, and the shape is not particularly limited
as far as it is designed to envelope the magnetic circuit assembly wound
with windings.

(Embodiment 15)

Other embodiment of the current transformer of the invention
suited to be used in the multicircuit type instrument is described below
‘while referring to the accompanying drawings.

In Fig. 34, reference numeral 60 is an elastic nonmagnetic
container, and a notch 61 is provided near the butt junction 54d of the
magnetic element 54a and magnefic element 54b. Fig. 35 is its magnified
view. In Fig. 35, an inverted-V mnotch 61 is provided inside of the
fulcrum having the elastic nonmagnetic container 60. By forming this
notch 61, the inside -of the nonmagnetic container 60 is more easily
expanded, and when opening the opening side of the nonmagnetic container
60, a wider opening angle:is obtained, which is a great benefit.

(Embodimentllﬁ) '

F1g 36 shows. a diff_erent embodiment of the current transformer
of the invention. In Fig. 36, reference ‘numeral 62 is an elastic
nonmagneti-é container, 54a is dne_ of the divided magnetic elements, and
54b is other divided magnetic element. This embodiment relates to the

relation of the nonmagnetic container 62 and the magnetic elements S4a
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and 54b near the opening.

Fig. 36 shows an opened state of the opening. At'the magnetic
element 54a side, the end 54a-1 of the magnetic element 54a is retracted
inside of the nonmagnetic container 62. On the other hand, at the
maghetic element 54b side, the end 54b-1 of the magnetic element 54b is
projected from the end of the nonmagnetic container 62 The inside 63 of
the nonmagnetic container 62 at the magnetic element 54a side serves as
the guide of the end of the magnetic element 54b. That is, when the end
54a-1 of the magnetic element S4a and the end 54b-1 of the magnetic
element 54b are joined butt to butt, by inserting the end of the magnetic
element 54b along the inside 63 of the nonmagnetic container 62, the end
54a-1 and end 54b-1 can be easily joined without deviation, not requiring
aﬁy particular positioning.

Therefore, the j'o'ining precision is high at the butt junction 54c
of the magnetic element 54a and magnetic element 54b, and a secure
magnetic coupling is obtained, and therefore the split type current

transformer high in reliability in installation and high in workmg

eff1c1ency is obtained.
_ (Embodlmen-t 17)

Fig. 37 shows other different embodiment of the current
transformer of the invention. In Fig. 37, reference numeral 64 is a
nonmagnetic container, 54a is one of the divided magnetic eleﬁients; and
54b is other divided magnetic element. ‘This embodiment relates to the
structure of the nonmagnetic colntainer 64 at 'the' fulcrum near the butt
junction 54d of the magnetic element 54a and magnetic element 54b. In
this embodiment, an Q -shaped loop 65 is provided at the fulcrum of the
_nonmagnétic contajiner 64, and by the elasticity of this loop 65, -the
" opening angle of the opening of the noumagnetic container 64 is widened.
In this embodiment, the same effect is. obtamed if the portlon of the Q-
- shape is formed in an inverted-U shape
Such shape may be eas11y reallzed by moldmg a resin. By

forming the fulcrum in a loop shape, thg elastxcny is more easily obta-med,'
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and it is advantageously possible to form an integral structure by using a
resin of relatively low elasticity.

(Embodiment 18)

Fig. 38 shows a further different embodiment of the current
transformer of the invention. In Fig. 38, the same parts as in Fig. 25 to
Fig. 37 are identified Qith same reference numerals.

Fig. 38 shows a tightened state of a magnetic circuit assembly 53
accommodéted in a nonmagnetic container 66 by a band fixing element 57.
Reference numeral 67 is a fulcrum provided in the nonmagnetic container
66, 68a and 68b are band fixing element accommodating parts provided in
the nonmagnetic container 66, and the band fixing element accommodating
part-s 68a and 68b are provided on the outer circumference of the
nonmagnetic. container 66. Fig. 39 1s a sectional view of part A-A of the
band fixing element accommodating part 68a shown in Fig. 38. 1In Fig.-39,
reference numeral 68a is a guide groove opened upward, and the band
fixing element accommodating part 68a is for.med of the main body of the
nonmagnetic container 66 and anlouter wall 69a. = Fig. 40 is a sectional
view of part' B-B of the band fixing element accommodating parts 68b
shown in Fig. 38. In Fig. 40, reference numeral 68b is a guide groove
opened downward, and the band fixing element accommodatihg part 68b is
formed of the main pody of the nonmagnetic container 66 and an outer wall
69b. By thus constituting the band fixing element accommodating parts
68a and 68b, the outer walls 69a and 69b serve as guide for mounting the
band fixing element 5.7, and the band fixing element 57 can be 'hardly
~ detached by the upwhrd’ groove 68a and downward .groove 68b.

Fi'g. 41 is a detailed drawing of the fulcrum 67 provided in part
of the outer circumference formed of the outer wall 69a of the band fixing
element accommodating part 68a.  Part of the outer wall 69a is formed in
an Q -shape as the fulcrum 67, and the right and left sides of the
nonmagn.etic'.container 66 are connected only by the fu.lc_:rum 67 .formed in
the Q -shape to. be in one body. When the fulcrum 67 is constituted as

" shown in Fig. 41, the band fixing element 57 is contained in the guide
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groove 68a and 68b formed of the main body of the nonmagnetic container
66 and the outer wall 6%9a, and therefore the band fixing element 57 does
not interfere with the fulcrum 67, and tightening by the band fixing
element 57 may be uniform over the entire circumference of the
nonmagnetic container 66. Besides, by forming the fulcrum in the Q-
shape, the elasticity is obtained .more easily, and hence the opening S4c
can be opéned more easily and widely, so that the working efficiency in
installation may be substantially enhanced.

Fig. 42 shows a section of part C-C of the current transformer in
embodiment 18 shown in Fig. 38. When accommodating the magnetic
circuit assembly 53 into the nonmagnetic container 66, a band elastic
element 70 is inserted in the gap between the nonmagnetic contéiner 66
and magnetic circuit assembly 53 along the magnetic gircuit ass.embly 53.
The band elastic element 70 serves as a cushion to the magnetic circuit
assembly 53, and when the nonmagnetic container 66 is tightened by the
band fixing element 57, the'magnetic circuit assembly 53 receives a
pressure in the contracting direction by the elastic force of the magnetic
element 70. Therefore, at the butt junctfons 54c and 54d of the magnetic
elements 542-1- and 54b, the pressure is mutually recei,véd between the
magnetic element ends 54a-1 and 54b-1, and between the magnetic element
ends 54a-2 and 54b-2, so that it is effective to tighten firmly without -
causing gap due to inclination of surfaces.

Thus, in the split type current transformer of the embodiment,
the configuration of the nonmagnetic container 66 and magnetic circuit
assembly 53 is maintained by the elastic force of the band elastic element
70 inserted in the gap of the nonmagnmetic container 66 and magnetic
circuit assémbly 53 along the outer circumference of the magnétic circuit
assembly 53. On the other hand, as shown in Fig. 43 or Fig. 44, deviation
or inclination of the abutting surfaces of the magnetic element ends Sda-1
and 54b-1 or 5butting surfaces of magnetic element énds 54a-2 and 54b-2
at the bu;t junctions 54c and 54d of the magnetic elementé 54a and 54b can |

-be easily corrected-,'regard-less of the elastic force -of the elastic element
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70.

After correction of deviation or inclination. a.bove, while
tightening with the band fixing element 57, as shown in Fig. 45, by filling
and curing the remaining gap in the nonmagnetic container 66 with an
elastic filler 73, the configuration after correction can be maintained.
After curing of the filler 73, if the band fixing element 57 is loosened, the
correct configuration is maintained by the filler 73. If-a slight gap or
inclination should occur in the abutting surfaces of the magnetic element
ends 54a-1 and 54b.-1 or abutting surfaces of the magnetic element ends
54a-2 and 54b-2, it is easy to join the surfaces tightly by tightening again
By the band fixing element 57.

Thus, according to the splii type current transformer of the
em_bodiment, it is easy to assemble because the guide grooves of the band
fixing element 57 are formed in the nonmagnetic container 66. Besides,
the opening 54c can be opened more easily and widely, and if the band
flxmg element 57 is loosened, a correct configuration is ma1nta1ned by the
filler 73, and therefore the working efficiency in installation can be
notably enhanced, and a high reliability is obtained.
| (Embodiment 19)

Fig. 46 and Fig. 47 shdw a further different embodiment of a
current transformer of the invention. In Fig. 46 and Fig. 47, reference
numerals 71a and 71b are nonmagnetic containers, 54a is one of the
divided magnetic elements, and 54b is other divided magnetic elément.
This embodiment relates to a constitution of the nonmagnetic container 71
and the band fixing element 57 at the fulcrum near the butt junction 54d of
the magnetic element 54a and magnetlc element 54b.

In this embodiment, the magnetic elements 54a and 54b wound
with the winding are accommodated in separate nonmagnetxc cont_amers
" 71a and 71b. In the embodiment, at the butt junction 54c side, it has the
same structure as in embodiment 14 in Fig 25, but at the butt junction 54d
“side, the magnetic element ends 54a-2 and 54b-2 pro;ect out of. the_

nonmagnetlc containers 71a and 71b, and are joined butt to butt out51de of
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the nonmagnetic containers 71a and 71b.

| With the fnagnetic elements 54a and 54b accommodated in
" separate nonmagnetic containers 71a and 71b held in the join'ed state at the
two butt junctions S54c and 54d, the outer circumference of the
nonmagnetic containers 71a and 71b is tightened by the band fixing
element 57 made of an elastic material. The nonmagnetic containers 71a
and 71b are fixed at plural positions each to the band fixing element 57 by
means of a tape 72. The butt junction end S4c side of the magnetic
- elements 54a and 54b is an opening of thé band fixing element 57, and the
' band fixing element 57 is clamped at its opening by means of screw 58 and
nut 59.

According to this embodiment, since the band fixing element 57
is made of an elastic material, it is easy to open the opening 57a of the
band fixing element 57 around the fulcrum 57b (that is, near the butt
junction §54d), and the strength of the fulcrum can be assured. Also
according to this embodiment, since the honmagn.etic containers 71a and
71b are not required to -be made of elastic material, they can be made of
easy-to—molcluresin, and the wall thickness of the containers can be reduced,

so that the split type current transformer may be further reduced in size.
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1. A multicircuit type watt meter comprising:

Claims

voltage input means for receiving and delivering plural voltages
of an-alternating-current electric power circuit,

current input means for receiving and delivering current values
in the same number of voltages supplied into said voltage input means or

more,

electric power measuring means in the same number of said
current input means or more, and

voltage-current combining means for arbitrarily selecting the
voltage delivered from said voltage input means and feeding to said
electric poWer measuring means.

2. A multicircuit type watt meter of claim 1, wherein the
voltage-current combining means has changeover switches for receiving
voltages from plural voltage input means and selecting only one of said
voltage inputs, disposed by the same number as the number of said electric
power measuring means.

3. A multicircuit type watthour meter comprising:

voltage input means for receiving and delivering plural voltages
of an alternating-current electric power circuit,

| current input means for receiving and delivering current values
in the same number of voltages supplied into sa1d voltage input means or

more,

electric energy me.asﬁring means in the same number of said
current inbut means or more, and
' ' voltage-current' combining means for arbitrérily selecting the
voltage delivered from said voltage input means and féeding to said
electric energy measuring means. -
4. A multicirc’uit'type watthour meter of claim 3, wherein the
voltage-current combining means has changeover SW1tches for recelvmg
voltages from plural voltage input means and’ selectmg only one of said

voltage inputs, dlsposed by the same number as the number of said electrlc

—_—
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5. A multicircuit type watt meter comprising:

energy measuring means.

voltage input means for receiving and delivering plural voltages
of an alternating-current electric power circuit,

vol'tage-current combining means comp.osed of parts for
arbitrarily selecting and delivering voltage values delivered from said
voltage input means,

curfent i'nput means for receiving and delivering current values

in the same number of voltages Supplied into said voltage input means or

more,

current switching means for delivering current values delivered
from said current input méans one by one by time sharing, and

electric power measuring means for measuring the electric power
of the multiple circuits from the voltages entered from said voltage-cﬁrrent
combining means and currents entered from said current switching means,

wherein said electric power measuring means is.composed of
" time shared measuring means for sampling the voltages entered from said
voltage-current combining means and currents entered from said current
switching means by time sharing, and measuring by converting the time
shared sampled analog data into digital data, and an electric power
computing section for measuring the electric power from said digital data
of current and voltage delivered from said time shared measuring means.

6. A multicircuit type watthour meter comprising:

voltage input means for receiving and delivering plural voltages
of an alternating-current electric power circuit, | _

voltage-current combining means cdmposed of parts for
arbitfarily selecting and delivering voltage values delivered from said
voltage inpﬁt means, ' _

' curreat input means for receiving and delivering current val.ues

in the. same number of voltages supplied into said voltage input means or

more

current switching means for delivering current values delivered

. * [ L M S *
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from said current input means one by one by time sharing, and

electric energy measuring means for measuring the electric
energy of the mdltiple circuits from the voltages entered from said
voltage-current combining means and currents entered from said current
switching means,

wherein said electric energy measuring means is composed of
time shared measuring means for sampling the voltages entered from said
voltage-current combining means and currents entered from said current
switching means by time sharing, and measuring by converting the time
shared sampled anaibg data into digital data, and an electric energy
computing section for measuring the electric energy from said digital data
of current and voltage delivered from said time shared.measuring means.

7. A multicircuit type watt meter comprising:

~ voltage input means for receiving and delivering voltages of

plural lines of an alternating-current electric power circuit,

current input means for receiving and delivering currents in the
same number of voltages to said voltége input mean's'or more, and

an electric power measuring section,

wherein said electric power measuring section is composed of
time shared measuring means for sampling the voltages entered from said
voltage input means and currents entered from said current input means by
time sharing,. and measuring by converting the time shared sampled analog
data into digital data, and an electric power computing section for storing
the voitage digital data delivered from said time shared measuring means
in a memory, combining said .voltage digital data arbitrarily with current
digital data delivered from said time shared measuring means, and
measuring the electric power from said combined current digital data and
voltage digital data.' | ' '

8. A multicircuit type watthour meter comprising: '

voltage input means for receiving and deiiverfng voltages of

plural lines of an alternating-current electric powér_ circuit,

current input means for receiving and delivering currents in the

A
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same number of voltages to said voltage input means or mdre, and

an electric energy measuring section, ]

wherein said electric energy measuring section is composed of
time shared measuring means for sampling the voltages entered from s.aid
voltage input means and currents entered from said current input means by
time sharing, and measuring by converting the time shared sampled analog
data into digital data, and an electric energy computing section for storing
the voltage digital data delivered from said time shared measuring means
in a memory, combining said voltage digital data arbitrarily with current
digital data delivered from said time shared measuring means, and
nieasuring the electric energy from said combined current digital data and
voltage digital data.

9. A multicircuit type instrument comprising:

at least one line or more of voltage input means for receiving
voltages of alternating-current’ three-phase electric circuit or alternating-
current single-phase electric circuit,

current input means for receiving currents of said ‘alternating-
current three-phase electric circuit or said alternating-current single-phase
electric circuit through current transformers in the same number of voltage

input means or more,

current input switching means for switching over said current
input means, | _

an A/D converter converting an analog output of said voltage
input means into a voltage digital signal, and converting an analog output |
of said current input switching means into a current digital signal, and

. a CPU for controlling switching of said current input switching

means, controlling time shared multiplex sampling of the-output of said
A/D converter, and computing the electric poWer of all circuits connected
through current transformers by said current input means from the data
sampled simultaneously by time shared multiplex.

10. A malticircuit type instrument of claim 9, wherein said

- CPU computes the electric energy instead of saxd electnc power.

Iy
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11. A multicircuit type instrument of claim 9, wherein said

CPU computes the power factor instead of said electric power.
_ 12. A multicircuit type instrument of claim 9, wherein said.

CPU computes the reactive power instead of said electric power.

13. A multicircuit type instrument of claim 9, wherein said
CPU computes the reacfive energy instead of said electric power.

14. A multicircuit type instrument comprising:

at least one line or more of voltage input means for receiving
voltages of alternating-current three-phase electric circuit or alternating-
current single-phase electric circuit,

current input means for receiving currents of said alternating-
curr'ent three-phase electric circuit or.alternating-current single-phase
electric circuit through current transformers in the same number of voltage

input means or more,

voltage input switching means for switching over said voltage

input means,

current input swifching means for switching over said current
input means, -

an A/D converter converting an analog output of said voltage
input switching means into a voltage digital signal, and converting an
analog output of said current input switching means into a current digital
signal, and '

| a CPU for controlling switching of said voltage input switching

means and current input switc;.hing means, controlling time shared
. multiplex sampling of the output of said A/D converfer, and computing the
electric power of all circuits connected through current transformers by
said current input means from the data sampled simultaneously by time
shared multiplex.
_ 15. A multicircuit type instrument of claim 14, wherein said
CPU computes the electric energy instead of said electric power.

16. A multicircuit.type iristrut_nen—t of claim 14, wherein said

CPU computes the power factor instead of said electric power.

-
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17. A multicircuit type instrument of claim 14, wherein said
CPU computes the reactive power instead of said electric power

18. A multicircuit type instrument of clarm 14, wherein said
CPU computes the reactive energy instead of said electric power.

19. A multicircuit type instrument comprising:

at least one line or more of voltage input means for receiving
voltages of alternating-current three-phase electric circuit or alternating-
current single-phase electric circuit,

current input switching means for switching over curreats
entered from said alternating-current three-phase electric circuit or
alternating-current single-phase electric circuit through current
transformers, |

at least one or more current input means for receiving outputs of
said current input switching means, _

an A/D converter converting an analog output of said voltage
input means into a voltage digital signal, and converting an analog output
of said current input means into a current digital signal, and

a CPU for controlling switching of said current input switching
means, controlling time shared multiplex sampling of the output of said
A/D converter,'anrl computing the electric power of all circuits connected
to said current input switching means through current transformers from
the data sampled simultaneously by time shared multiplex. |

20, A multrcrrcurt type instrument of claim 19 wherein said
- CPU computes the electric energy instead of said electric power.

21. A multicircuit type ir_rstrtrment of claim 19, wherein said
CPU computes the power factor instead of said electric power.

22. A multicircuit type instrument of claim 19, wherein said
CPU computes the reactive power instead of said electric pOwer.

23. A maulticircuit type instrument .of claim 19, wherein said
CPU computes the reactive energy instead of sard electric power.

24. A multicircuit type instrument comprising:

\_/oltage input switching means for switching over voltage inputs

NP
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of at least one line or more of alternating-current three-phase electric
circuit or alternating-current single-phase electric circuit,

current input switching means for switching over current inputs
entered from said alternating-current three-phase electric circuit or said
alternating-current single-phase electric circuit through current
transformers in the same number as said voltage inputs or more,

at least one or more voltage input means for receiving outputs of
said voltage input switching means,

at least one or more current input means for receiving outputs of
said current input switching means,

. an A/D converter converting an analog output of said voltage
input means into a voltage digital signal, and converting an analog output
of said current input means into a current _di_gital signal, and

a CPU for controlling switching of said voltage input switching
means and said current input switching means, controlling time shared
multiplex sampling of the output of said A/D converter, and computing the
electric power of all circuits connected to said current input switching
means through current transformers from the data sampled simultaneously
by time shared multiplex.

25. A multicircuit type instrument of claim 24, wherein said
. CPU computes the electric energy instead of said electric power.

26. A multicircuit type instrument of claim 24, wherein said
CPU computes the power factor instead. of said electric power.

27. A multicircuit type instrument of claim 24, wherein said
CPU computes the reactive power instead of said electric power.

28. A multicircuit type instrument of.-claim 24, wherein said
CPU computes the reactive energy instead of said electric pbwer.

29. A multicircuit type instrument comprising:

'voltage input means for receiving plural voltages of plural lines
of alternating-curren't three-phase electric circuit or alternating-current
single-phase electric circuit, ' . |

current input means for receiving plural currents of said plural

* c L M s *
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lines of alternating-current three-phase electric circuit or_alternating-
current single-phase electric circuit,

a power source switching section for automatically selecting one
line having voltage out of said plural lines of alternating-current three-
phase electric circuit or alternating-current single-phase electric circuit
connected through said voltage input means, |

a power source section for using the voltage delivered from said
power source switching section as the power source for the multicircuit
type instrument, and

electric power measuring means for measuring the electric
power from the output of said voltage input means and output of said
current input means, -

wherein it is designed to measure continuously the electric power
of other circuit than the power failure line if power failure occurs in any
alternating-current circuit of the plural lines.

30. A multicircuit type instrument of claim 29, wherein said.
electric power measuring means for measuring the electric power is
replaced by electric énergy measﬁring means for measuring the electric
energy.

31. A multicircuit type instrument of claim 29, wherein said
electric power measuring means for measuring the electric power is
replaced by power factor me'asuring means for measuring the power factor.

32. A multicircuit ty-pe inst'ru‘hient of claim 29, wherein said
electric power measuring means for measuring the electric power is
replaced by reactive power measﬁti'ng'means' for measuring the reacfive
power. ' -

33. A multicircuit type instrument of claim 29, wherein said
electric power measuring means for measuring the electric poWer is
replaced by reactive energy measuring ‘means for measuring the reactive
energy.

34. A multicircuit type instrument comprising:

voltage input means for receiving plural voltageé of plural lines

* C L M S *
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of alternating-current three-phase electric circuit or alternating-current
single-phase electric circuit,

current input means for receiving plural currents of said plural
lines of alternating-current three-phase electric circuit or alternating-
current single-phase electric circuit,

a power source switching section for automatically selecting one
line having voltage out of said plural lines of altermating-current three-
phase electric circuit or alternatin.g-Current single-phase élect_ric circuit
connected through said voltage input means,

priority order selecting means for specifying priority order in
said- plural lines of alternating-current three-phase electric circuit or
alternating-'current Single-phase electric circuit, and issuing a command to
said power source switching means so that' said power source switching
means may select the line having voltage according to the priority order,

a power source section for using the voltage delivered from said
power source switching section as the power source for the multicircuit
type instrument, and |

electric power measuring means for measuring the electric
power from the output of said voltage input means and output of said
current input means, |

wherein it is désigned to measure continﬁously the electric power
of other circuit than the power failure line if power failure occurs in any
alternating-current circuit of the plural lines.

35. A multicircuit type instrument of claim 34, wherein said
electric power measuring means for measuring the electric power is
replaced by electric ¢nergy measuring means for measuring the electric
‘energy. ' |

36. A multicircuit'type instrument of claim 34, wherein said
electric power measuring means for measuring the. electric power is
replaced by power factor measuring means for measuring' the power factor.

37. A multicircuit type instrument of claim 34, whérein-sai_d,’

electric ‘power measuring means -for_measuring the electric power is
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replaced by reactive power measuring means for measuring the reactive
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power.

38. A multicircuit type instrument of claim 34, wherein said
electric power measuring means for measuring the electric power is
replaced by reactive energy measuring means for measuring the reactive
energy.

39. A split type current transformer comprising:

a magnetic circuit assembly having one magnetic element for
composing a closed circuit divided into two sections, applying a winding
conforming to the current transformer rating around each one of the two
divided magnetic elements, connecting one end of two windings to the
additional polarity, and using other end of twe windings as secondary
output terminal of current transformer,

a nonmagnetic container enveloping the entire circumference of
said magnetic circuit assembly, having an opening near the divided end of
the magnetic element closer to said secondary output terminal, and
deforming at the position remotest from said opening to be used as’ a
fulcrum, and

a fixing element for tighrening the outer circumference of said
nonmagnetic container for fixing the magnetic circuit assembly divided
into two sections. | o

40. A split type current transformer of claim 39, wherein the
opening is made open by the deformation of the nonmagnetxc container by
elongating at its fulcrum.

41. A split type current transformer of claim 39, wherein the
deformation by elongation is made easy by forming a V-shaped notch at the
inner side of the fulcrum of the nonmégnetic container. |

‘ 42. A split type current transformer of claim 39, wherein the
outer circumference of the nonmagnetic centainer is tightened by one band
fixing element S0 that the split surfaces of the two divided magnetic

elements may tightly contact with each other.

43. A split type current transformer of claim 39, wherein the )
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‘nonmagnetic element is fabricated by resin molding, a linkage part of Q
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-shape or inverted U-sha'pe is provided at the outer side of the fulcrum, so
that the opening may be made open widely by deforming easily at the
fulcrum, and an elastic element is fitted in the gap between said
nonmagnetic container and said mag.netic circuit assembly.

44. A split type current transformer comprising:

a magnetic circuit assembly having one magnetic element for
composing a closed circuit divided into two sections, applying a winding
conforming to the current transformer rating around each one of the two
divided magnetic'elements, connecting one end of two windings to the
additional polarity, and using other end of two windings as secondary
output terminal of current transformer,

a nonmagnetic container enveloping the entire circumference of
said magnetic circuit assembly, having an opening near the divided end of
the magnetic element closer to said secondary output terminal, forming a
fulcrum at the remotest position from said opening in an Q) -shape or
inverted U-shape in the outer circumferential direction, and forming a
guide groove at the inner circumferential side of said fulcrum in Q -shape
or inverted U-shape, and

a band fixing element being made of a material capable of
tightening the outer circumference of a nonmagnetic containers forméd SO
that the split surfaces of the two magnetic elements may tightly contact
with each other, and having an elasticity so as to be opened at said
secondary output terminal side of said winding, being fitted into said guide
' groove provxded in said nonmagnetic container.

45. A split type current transformer of claim 44, whereln an
elastic element is fitted in the gap between said nonmagnetic container and
said magnetic circuit assembly. _ |

46. A split type cgrr'ent transformer of claim 44, wherein said
.guide groove is a U-shéped groove, and a plura_iity of grooves consisting of

groove opening upward and _grqové opening downward are provided.

47. A split type current transformer of claim 44, wherein after
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tightening by the band fixing el_emeﬁt, the positioning of the b_utt junctions
of magnetic elements is 'corrécted, and the 'gap in the 'nonmagnetic
container is fiiled with .an_' elastic filler. ' | |

48, A split type current transformer comprising:

a magnetic circuit assembly having one magnetic element for
composing a closed circuit divided into two sections, applying a winding
. c.onforming to the current transformer rating .around each one of the two
divided magnetic elements, connecting one end of two windings to the
additional polarity, and using othe} end of two windings as secondary
output terminal of current transformer, |

two independent nonmagnetic - containers enveloping said
magnetic circuit aésembly together with said divided mégne-t-ic elements,
divided to as to be opened at the butt junctions of the magnetic elements,

a band fixing element being made of a material capable of
tightening the outer circumference of two nonmagnetic containers
combined so that the split surfaces of the two magnetic elements may
tightly contact with each other, and'having an elasticity so as to be opened

at said secondary output terminal side of said winding.
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