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ELIHU THOMSON, OF

OTFFICE.

SWAMPSCOTT, MAbSAOHUSETPS ASSIGNOR TO THE

THOMSON-HOUSTON ELLOTRIC COMPANY, OF CONNECTICUT.

ELECTRIC METER.

-SPECIFICATION forming part of Letters Patent No, 444,031, dated J ELllum‘y 20, 1891,
| Application filed September 92, 1890, Serial No. 365,7803 (No model.)

To all whom it may concern:

Be 1t known that I, KLIHU THOMSON, a citi-
zen of the United St&tes, and a 1ec;1de311t of
Swampscott, in the State of Massachusetts,
have invented a certain new and useful Elec-
tric Meter; of which the following is a speci-
1cation.

My invention relates to means for measur-
ing the consumption of energyin translating
devices operated upon constant-current or
series circuits—such, forinstance, as are-light

¢ireuits.

The invention consists in the emnbmatlon
with the translating device or devices in
which the current to be measured circulates
and which are placed on a constant-current
or series circuit, of an electric motor of any
suitable description having the usual field-
magnet and armature, one element of said
motor being traversed by a current which is
variable according to the differences of po-
tential at the terminals of the loop contain-
1ng the translating devices, while the other
element has an excitation which is prefer-
ably constant in amount, and a register for
registering the movements of thp movable
element of said motor,

My invention consists, further, in the com-
Lination,with translating devices placed in a
loop of a series or constant-carrent cireuit,
of an eleetric motor whose field excitation is
produced by the current in a shunt of high

- resistance around the loop, so as to be trav-
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ersed by a current due to the varying poten-
tial at the terminals of the loop, a suitable
register for registering the movements of the

armature of said motor, and a retarding de-

vice furnishing a load for the motor, which
increases in a ratio substantially propor-
tional to the speed of movementof the motor.

My invention consists, also, in the special
combinations of apparatus and arrangements
of circuits, hereinafter more particularly de-
scribed, and then specified in the claims. .

In carrying out my invention I prefer to
employ an electriec motor in which the arma-
ture is a rotating armature. |

I prefer also in carrying out my inventioa
to employ the field-magnet coils as that ele-
ment of the motor ‘Wthﬂ shall be traversed

4

| necting parts of the apparatus.

| by a current variable according to the differ-

ences ot potential at the Lemnuals of a loop
on, the series circuit. -

The retarding device employed in the com-
binations of apparatus hereinafter described
and claimed 1s preferatly one described
and claimed in an application forpatent filed
by me August 26, 1889, Serial No. 321,986,
and consisting, essentially, of a magnetic
damper acting by development of I‘Oucault
or-induced eum‘ents produced in an electrie
conduetor movable in a magnetic field.

In the accompanying drmvings, Figure 1

shows in side elevation an electric meter con- -

structed and connected to circuits in accord-
ance with my invention.
6 show modifications in the manner of con-

S8 illustrate further modifications in the man-
ner of exciting the parts of the apparatus.
Fig. 9 is a chd,ﬂram of the apparatus 111[15-
tlated in Iig. 1

The parts of the apparatus are supported
on a suitable back plate I3 B, preferably of
insulating material, and the points of con-
nection of the ecircuit m m are insulated
from one another, insulation being also pro-

Figs. 7 and
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IFigs, 2, 3, 4, 5,and

75

vided at other smmble points, as WIH be well

understood by electricians.

S 5" are the field-coils of an electric motor
the rotating armature of which is indicated
at R This motor may be of any desired de-
seription, and may have its armature wound
10 any proper manner and connected with a

suitable commutator KX, the brushes of which

bear on the commutator disk or eylinder on
a line at right angles to the direct magnetic

fields eqmbhshe(l mound the armature by the
- While the form of motor shown
| 1S a desirable and effective one, I do notlimit

coils S . :_

myself to such special form. - The armature-
shaft R* of the motor has its rotations regis-

tered or eounted by means of a reg 1ste1*mﬂ or

counting device R’, here shown as a bmm
of wheels like the eountmw wheels of a gas-
meter. Thecoils S &/, by couneetwns of their
terminals to the blocks connecting to the ter-
minals of the loop containing the lights I. L
or other translating devices, are placed in
shunt to such lights on the series circuit m m’.
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This shunt is made of very high resistance,
for which purpose the coils S-S’ are prefer-
ably made themselves of high resistance, or
the necessary resistance may be obtained in
part by the placingof an artificial resistance
at another point in the connection with said
Such high resistance might be obtained,
also,in part by introduacing the coils of other
parts of the apparatus in the circuit with the
coils S 5’. By so connecting the coils S 87 it
i1s obvious that the current in them will vary
with the variations in the difference of poten-

tial between the terminals of the loop con-

taining the lights L I, and therefore that the
field 1n which the armature R3 moves will be
strengthened or weakened in accordance with
variations in the number of lights in use.

‘The armature is traversed by a current, pref-

crably of constant amount, from any suitable
source.
1, shown as taken from the main circuit by
placing the armature in a branch of such cir-

cuit around. an artificial resistance B. As

will be presently shown, the current for exci-
tation of the armature mwht be derived from
any other suitable source, or the branch con-
taining such armature might he a branch in
multiple with a coil used for exeiting some
part of the apparatus and placed in circuit in
the same manner as the resistance R.

The resistance to the rotation of the arma-

- fure 18 provided Dby a disk D, of copper or

35

other conducting material, which rotates over
the polesol anelectro-magnet M and between
the poles and an armature I, fixed in position

-~ above 1t, such armature being of magnetic

~ ture, so that the disk will be rotated by such

40
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material and spanning the poles of the mag-
net. Connection of such disk with the arma-

armature, is made by means of a gear-wheel
G, meshuw with a pinion on the Slme CATTY-
ing the dlsk D. DBy this device a check on
the rotation of the armature is produeed
which is comparatively constant, or which is

at least constant when the curr ent flowing is

- constant.

The magnet \I which produces a field in

which the disk D revolves, might be a per-

“manent magnet; butis prei’embly an electro-

55-.
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magnet, and may be excited by current taken -

from tho maln circuit or any suitable source.
In the arrangement shown in I'ig. 1 the colls
of the elcc’rro magnet M are in the branch
containing the m*mmule of the motor.

C mdmates an electro-magnet, which is

employed as a cut-out magnet and provided
with connections, wher eby 1n case of damage -

to the loop eontaininw the translating devices
the loop or portion of the circunit conmmmw
the meter may be cut ot of ecircuit or bhOI‘D—
circuited. For this purpose the magnet C is
plﬂ,ced In a branch of high reeu%m,nee around
tne loop containing the Ltmps L, and may be,

- as herein shown, in the same branch which

contains the COllb S S’. The armature of the
magnet C when excited will close the circutt,
Whleh is a branch of loiv resistance alound

This current is in the diagram, Fig.

—

both the meter and the loop containing the
licghts L I.. The magnet C may be also pro-
vided with a coarse-wire coil, which will be
included 1n such cut-out circuit, and will
thereby hold the armature in pesition to Keep
the cut-out circult closed. The resistance R
1s preferably made as a variable resistance,
as indicated in the diagram, Fig. 9, so that
1ts amount may be varied for adjusting the
rotation of the motor by adjusting thestrength
of the current passing through the armature,
and also through the 00113 Of the retarding-
magnet M M.

The circuit arrangements thus briefly de-
seribed may betr cwud in detail inthedrawings
as follows, butmayobviously be varied toplace
the apparatus in the same relative circuit ar-
rangement: Irom pole m of the main circuit
circuit is formed through the artificial resist-
ance R, and by wire nn through the series of
translating devices 1. to the other pole m’ of
the main circuit. [rom the polem a branch
passes around the resistance R through the

coils M M in series with one another or in

multiple, and thence through the commutator
IK and the armature to the opposite terminal

of the resistance R. Coils M M and the arma-

ture are thus in a branch of the main cireuit
with oneanother. Iromtheconnecting-block
to which the wire 2 1s connected the circuit
1s formed through the coils S 8§/, and thence
through the fme -wire coﬂs of C to the termi-
nal block to which m’ is connected, thereby
putting the coils S 8’ in a shunt around the
translating devices. A low-resistance con-
nection 18 formed also from the pole m di-

rectly to a contact carried by the armature N

of electro-magnet C, which low-resistance con-
nection 1s continued when the armature is
drawn up by way of a contact engaged by the
first and connected to a coarse-wire coil of the
magnet C, and thence from said coarse-wire
coll to the terminal to which m’ is connected.

In brief, the operation of the meter is as fol-
lows: When a number of lights I, I. or other
translating devices are in use, there is a dif-
ference of potential between the terminals of
the loop containing them, and this potential
is felt by the COllS S 8’, which produce the
magnetic field more or leSb stroug, in which
'he armature R? revolves. This armature 18
traversed by a current in the branch around
the resistance IR, and consequently a rotation

| 18 set up, which results in a registry on the

dial R” and in a rotation of the copper disk D
in the field produced by the magnet M M.
The resistance R isadjusted so as to give the

requisite rate for registering a nmnber of

anits on the dial R’ equal _1,0 volt-hours, or
any other proper unit adopted.
voltage is increased between theterminals of
the loop by increasing the number of trans-
lating devices L in circuit in series with one
.;mother the rotation is proportionately more
rapidan d the indicationsinerease proportion-

ately, while if the loop containing the trans-
| lating devices L beshunted, or if the lights be

When the
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cease to registerand no rotation of the arma-
ture and disk would take place. The addi-
tion sucecessively of light after lightincreases
the speed in such a way as to register the pro-
portional volt-hours.
great or abnormal increase of current, such
as might injure the integrity of the coils S S/,

~should oceur,the magnet C will overcome the

retractor of its armature, which is properly
adjusted to such condition and will close the

~ branch circuit desecribed, thus producing a

. [5
20

25

dead-shuntorshorteircuitof the meter, which

will be held closed by the current circulating

in 1t thromrh the coarse-wire cmls of the mag-
net C. |

Among other xarmuons in the connections

which may be employed are the following:
Instead of causing a portion only of the main
current to traverse the armature-coils and the
magnets M M, the whole line-current might
be passed through them, as indicated in Fig.
2, the resistance R in such event being sim-
ply omitted. "This, however, is not desirable
unless the current is very small, and obvi-
ously would require coarser winding in the

armature and 1n the coils of the magnet M.

30
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The armature might be in a branch by itself,
as indicated in Fig. 3, and the magnetic field
for the disk D produced by means of a per-
manent magnet, (marked M.) A definiteshunt
R might at the same time be used,so that the

m*nmture will not have to carry the full line-

current, and in caseof trouble at the commu-
tator a b}"-p’tth will be afforded by the resist-
tance or branch around the armature. |
Fig. 4 1llustrates the application to the ar-
autrement shown in Fig. 2 of the branch or
shunt containing the deﬁmte resistance R.
The branch around the armature need not be
an artificial resistance R, but may contain a
coll forming an exciting-coil of the mmeter ap-
paratus, as indicated in Fig. 5, where the
branch around the armature contains the
coils of the electro-magnet M. In case of
damage to the armature a by-path will be
afforded, as before, and under no circum-
stances will the full current traverse the ar-
mature. The resistance R might be placed
in the armature branch, as indicated, and by

~adjustment afford a means for fixing the

55
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“through the-armature.

definite amount of current which shall flow
If desired, however,
such 1651sta,nce R might be omlt‘red in the re-
lation shown in Ifig. 5 and the flow of cur-
rent determined by the resistance of the ar-
mature in shunt as compared with that con-

taining the coils M. "T'his TELIIELBIO[I 18 indt-

cated in Fig. 6.
The exeltatlon of the mawnets M, which

~afiord the field for the da;mpmn* d‘bk might
" be obtained from the current derived from a

separate source B, as indicated in Fig. 7.
Such source should be one which will supply

current that will be comparatively constant.

Thearmaturemight bearranged,asindicated,

g; the meter W.Ollld :

In case an extremely

current.

clrcuit.

mh

or be otherwise arranged or fed with exciting-
When the armature is placed in a
cireuit where a current of substantially con-
stant amount flows, such carrent may be de-
rived from any source, but is preferably, for
the sake of simplicity, taken from the main
cireult. -

IFig. 8 illustrates a modification wherein

‘both the armature and the magnet M are sup-

plied from a separate source B of substan-

tially constant current. Here the resistance
'R may be placed in ¢ircuitina branch around

the magnet M, the latter being in SGI‘IGS with
the armature.

It is quite obvious that in any of the cases

illustrated in Figs. 2, 3, 4, 5, and 6 the con-

nection might be made with a separate source
of current, as B, instead of with the main
In cases, however, where it is de-
sired to have variations in the excitation of
the armature or of the damping-magnet take
place in accordance with variations of the

line-current, it is obviously desirable that the

line-current be permitted to act directly on
such portion of the apparatus; but such
special arrangement forms no easentml fea-
ture of my 1nve‘11t10n .

In Fig. 8 the lights or other [l‘&ﬂSlrLtll’.lfT de-
vices in series wwh one another, as QJ]i::wrm
are provided each with the usual shuntmﬂ—
switch, and the whole loop is provided w1t]1 a
shumtlnﬂ'-&mtch V. The coils S S’ are of
high 1‘@515‘(&1109 and are placed in a -circuit
connected to the terminals of the loop. For
the purpose of adjustment a resistance R*

may be inserted into the connection contain-

ing the coils S S’. This resistance might be
the coils on the circuit of the eut-out magnet
C, as before described.

Other variations in the arrangements with-
out departing from the invention, as herein-
after claimed, will 1eadlly occur to elee-
tricians.

While I have shown that element of the '
motor which comprises the field of the motor

as traversed dlreetl} by a current forming a
branch of the main current and variable ac-
cording to the diiferences of potential at the
termm&ls of the loop, Ido not limit myself to
such armnﬂement,&lthouﬂh it is preferred on
account of its simplieity, since the same op-

eration will be produced if the current were

derived from any other source, provided it
were made variable according to the differ-
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ences of potential at the termmals of the

loop containing the translating devices.

While 1 plefer to employ the magnetic
damping or retarding device on account of
simplicity, I do not limit mn yself to the same,
but may use any other which will furnish a
retardation or resistance to the rotation pro-

portionate or substantially proport101mte to

the speed of rotation.

I do not claim herein the system of distri-
bution herein shown and comprising a eon-
stant-current or series circuit ad&pted to op-

in a branch around the reSIStanee R, as shown, | erate translating devices in series with means

125
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for keeping a 1eﬂ15trv of the voltage-differ- 1 from said line, and a work or load for said

ence at the Lerlmna,ls of loops eontalmnﬂ* such
translating deweee, as this formsthe c41110,] ect
of broad e]mms in another application for
patent filed by me of even date herewith, Se-

rial No. 365,759,
What I claim as m y invention is—

1. The combination, with translating de-

vices on a censtant—current O Series eueult
of an electric motor, one element of which is
traversed by a current variable according to
the differences of potential at the terminals
of a series of translating devices in said ecir-

cult, while the other element has a substan- |

tml]y constant excitation and a register of
the movements of the armature of seld motor.

2. The combination, with a loop on a series
hne and one or more translating devices in
series in the loop, of a high- reelstance shunt

to the loop using an extremely small fraction

of the current for furnishing the field for the
rotation of an armature treversed by cur-
rent, the rotations of which armature are
measured by a suitable register, and a retard-
ing device applied tosaid armature, substan-
tially as described.

3. The combination, with a loop on a series
line and one or more franslating devices in
series in the loop, of a high- l‘esmtanee shunt
to the loop using an extremely small -fmetlon
of the current for furnishing the field for a
electric-motor armature in L]le series eu*omb
a register for counting the movements of ea,ld
armatme, and a 1eta,rdm o device connected
to said armature, as and for the purpose de-
scribed.

4. The combination, with a loop on a series

lme and translating devices in series on the

loop, of an electric- metor field-coil in a branch
of high resistance connected to the terminals
of the leep, an armature for said motor in
the series circuit, a register for counting the

- movements thereof and a damping or 1"ete1*d-

45
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ing device eonneeted to the armature, asand
for the purpose described.

5. The combination, with a translating de-
vice or devices on & Serles or constan t—eurrent
circuit, of an electric meter having a motor,
one element of which (armature or field) is
traversed by a constant current taken from a
branch of the main, while the other is trav-
ersed by current varying with the potential
difference at the terminals of a loop contain-

'mﬂ‘ a translating device or devices.

The combmdtlon, with a series electric
line, of an electric motor having a field-coil
in a high-resistance shunt around translat-
Ing devices on said line, and an armature

in a constant-current branch of said line, and

a register. of the rotation of said armature, as
and for the purpose deseribed.

The combination, with a series electric
lme of an enermzmﬂ'-eml 1n a high-resistance
5huut around tra;nslatmﬂ*dewces on said line,
an armature in a field produeed by said coil

motor which is directly proportlonal te the
speed of rotation.

8. The combination, with a number of trans-
lating devicesin a con stant-eurrent circuit, of
an eleetrle motor havinga field-coil in a hlﬂ‘h-
resistance branch around the translating de-
vices, an armature traversed by a constant
current from any source, and suitable retard-
ing and registering devices connected tosaid
armature.

9. The combination, with a series line sup-

plied with a current Whlch 1s constant despite

variations in the number of translating de-
vices in circuit, of a shunt around any num-
ber of such dewces, a high-resistance station-
ary coil in said shunt, a motor-armature acted
upon by said coil, a maﬂ'netle retarding de-
vice, Subeteutmll} such as described, and a
register for indicating the movement of the
al"mature connected to such retarding device.

10. The combination, with the eleetme me-
ter having motor-coils in a branch of high re-
sistance amund the translating dewces_, of a
cut-oif magnet in series with smd 00115 asand
for the purpose described.

11. The combination, substantially as de-

seribed, with transletmﬂ' devices on a series
or eensta,nt -current uremt, of an electric mo-
tor, one element of which is in a branch of
hwh 1*eelste,nee around translating devices
arrenfred in series, while the other element 1S
in the main or prmelpel circuit, a branch of
sald circult around the latter element and

containing an adjustable resistance whose

amount may be varied for adjusting the ro-
tation of the motor, and a counter for regis-

tering the number ef rotations of the arma-

ture of sald motor. |

12, The combination, substantially as de-
scribed, with a series of translating devices

on a conetent current lme, of an eleetrlc mo-

tor having a field-magnet in a branch of high

resmtence connected to the terminals of the

loop containing such translating devices, an

armature for the motor in the main CllGLllt
an adjustable resistance in the branch around
sald armature for adjusting the rotation of
the motor, and a register for counting the ro-
tELthHS of the armeture.
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The combination, substentully as de-

Sembed with the eleetmc motor having coils
in a brench of high resistance m'ound the
translating deweee In series, of an armature
for said motor in a branch of the main cir-
cuit, a retarding device having exciting-coils
also in the bmnoh of the maiu circuit, cmd a
variable resistance for determining the flow
of ecurrent in the armature and retardmw de-
vice, as and for the purpose described.

14. The combination, with an electric mo-
tor having field-coils in a circuit of high re-
sistance connected to the terminals of a loop
In a series circuit, of an armature for said
motfor and a 1etald1nﬂ‘- agnet, both in one

and traversed by a constant c,urrent ta,ken A brench of the series elrcmt .:md a Varleble
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resistance in a branch of the main cirenit in

multiple with the first for adjusting the

strength of the current passing through the
- armature and retarding-magnet.

5 15. The eomblnatlon with tr: 11151&t11111 de-
vices arranged in series O1 & Series or con-
stant-current circuit, of an electric motor ex- |
cited by current in a high-resistance derived
circult around the series of translating de-

1o vices, an armature for said motorin the main |

by

circuit, a branch around said armature, and
a counter for registering the movements of
sald armature.

Signed at Lynn, in the county of Esse*; ancl

State of Massachusetts, thls 18th da,y of Sep- 13
tember, A. D. 1890,

ELIHU THOMS ON.
Witnesses:

JOHN V. GIBBONEY,
JOHN P. BRODERICK.
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