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THOMAS DUNCAN, OF FORT WAYNE, INDIANA.

ELECTRIC METER.

SPECIFICATION forming part of Letters Patent No. 604,459, d&ted_ May 24, 1808,
Application filed March 20, 1897, Serial No. 628,396, (No model.)

To wll whom it may concermn: |

Be it known that I, THOMAS DUNCAN, of
Fort Wayne, in the county of Allen and State
of Indiana, have invented certain new and
useful Improvements in Electric Meters, of
which the following is a specification.

My Invention relates more particularly to
thattypeof alternating-current meters known
as “‘Induction motor-meters” and operating
by the inductive action of two magnetic fields
of differing phase upon a closed secondary or
armature. Some of its features are, however,
also adapted for usein electric meters of other
types.

Among the objects of the invention are to
provide an improved form of meter which will
be accurate under all conditions of service
and under inductive as well as non-inductive
loads, to provide a construction that may be
changed at will from an integrating to an indi-
caling meter, or vice versa, in a moment’s time
and without material alteration of its parts,
and to provide certain other features of im-
provement, all as hereinafter set forth, and
more particularly pointed outin the appended
claims.

In the accompanying drawings, Figure 1 is
a tront elevation, partly in section, of a meter
congtructed in accordance with my improve-
ments. Ifi1g. 1*is a diagrammatic view of the
connections thereof. Fig. 2isaside elevation
of the meter. Kig. 318 a diagram illustrating
the relative oscillations of magnetism, cur-
rent, and electromotive force involved in the
operation of the phase-transformer. Fig. 4is
an exaggerated diagrammatic view showing
an alternate form of phase-transformer. Figs.
5 and 6 are diagrammatic views, in elevation
and plan,respectively,showing certain details
of the meter and a further alternate form of
transformer. Iig.7isa detail of animproved
form of magnetic drag. '
matic view showing the meter connected di-
rectly in' the main circuit from the dynamo.

In said drawings, A designates a supporting
frame or bracket ordinarily made of cast-iron
and comprising, as herein shown, a horizontal
base-plate A" and an upright back plate A%,
having lateral lugs @, through which screws
may be passed to secure the meter in place.

b designates a revoluble disk or armature
of aluminium or other suitable material car-

Iig. 8 is a diagram-

|

dle.

— -

ried by a spindle B’, to which it is rigidly fas- |

tened. The lowerendofthespindleisstepped
in a suitable bearing ¢’ on the base-plate, and
its upper end is detachably engaged by a bear-
ing ¢ in the outer end of an arm C, which lat-
ter 1s pivoted to the back plate A? at ¢® in
such manner that it may be swung up to re-
lease the spindle and permit the removal of
the armature. A worm b on the upper end of
the spindle engages the worm-wheel ¢’ of a
registering-train C', conveniently carried by
the arm C, and thus registers the movement of
the armature in a manner well nnderstood.

D and K& designate, respectively, the series
and volt colls,by the inductive action of which
the armatureisrotated. The volt-coilis here-
in shown as placed closely superjacent to the
disk I3, nearthe front edge of the latter. The

series coll or coils are on the opposite side of

the disk from the volt-coil-—. e., are just be-
neath the disk—in the arrangement herein
shown and are located eccentrically to the
volt-coil. |

As shown in Figs. 1 and 2, the series coils
are two In number and are connected in se-
ries and located on opposite sides of the axis
of the volt-coil. (In Figs. 5 and 6 only a sin-
gle series coil is shown.) The series coils are
supported by lugs a* of the base-plate, while
the volt-coil 1s in this instance carried by a

bifurcated bracket f, which is secured by

screws /' to an upright partition I. The lat-
ter extends transversely across the meter just
back of the spindle B’ and is provided with a,
horizontal slot /*, through which the disk B
rotates freely. Said partition is secured by
screws f° to the base-plate and at its upper
edge 1s steadied by and at the same time forms
a rest and additional support for the pivoted
arm C. A screw f* passes through the arm
Into the partition and is first removed when
the arm is to be swung up to release the spin-
The essential function of the partition
F, however, is as a shield to prevent disturb-
ance between the fields of force of the coils
D and E and a Foucault or magnetic drag G,
provided to exert a retarding action on the
armature directly proportional to the speed
of the armature in a manner well understood.
Any suitable form of magnetic drag may be
used for this purpose; but the peculiar con-

| struction of permanent magnets herein shown
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constitutes one feature of the present im- |

provement. It comprises two horseshoe-sec-
tions ', arranged end to end in the form of
a continuous loop with like poles in proxim-
ity. Soft-iron pole-pieces ¢ are secured to
both sections at their opposite points of june-
ture by screws ¢’ and serve to unite the sec-
tions into substantially a single continuous
structure. The spacebetween the proximate
ends of the pole-pieces is wide enough to per-
mit the armature BB to rotate freely between
them, and the magnet is held in proper posi-
tion relatively to the armature by any suit-

“able clamps G, secured to the base by a screw

g* and made to permit the magnet to be ad-
justed toward or from the axis of the arma-
ture to vary the drag in standardizing. The
form of magnet thus described is easily and
cheaply made and very effective for the pur-
pose intended. The partition If is made of
soft iron or steel and being directly between
the drag and the coils and both above and be-
low the armature serves as a shield to pre-
vent the flux from the coils from affecting the
drag or being effected thereby.

A principal feature of the present improve-
ment and one of great practical value consists
in a provision whereby the meter may be
changed at will from an indicating to an inte-
orating instrument, or vice versa, as follows:

Il designates a light spring arranged be-
tween a part of or upon or rotating with the
armature and a stationary part of the frame
and also arranged to be instantly counected
or disconnected, as desired. In an approved
form, and as herein illustrated, said spring
is of helical shape and conveniently coiled

~around the spindle, with one end secured at

AO

5o
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Iv to the framework and with its other end 7/
adapted to be inserted in an aperture in a col-
lar 0', fixed on the spindle B’ to rotate there-
with, a clamping-serew 0? serving, if neces-
sary, to fasten the end of the spring in said
aperture. When the spring is disconnected
from the collar, the armature is free to rotate
as usual, and its movement is recorded by the
registering -frame. 1If, however, the end of
the spring is engaged with the collar, the ar-
mature will be brought to rest as soon as the
tension of the spring is equal to the torque
produced by the induective action of the coils
on the armature, and the amount of the move-
ment of the armature from the position at
which 1% will be naturally held by the spring
when no current is passing to the position
which it will assume when the current is
turned on will obviously measure the torque
of the meter and be proportional to the energy
being consumed in the circuit. The edge of
the armature-disk is graduated, as shown in
IFig. 6, and a fixed pointer ¢® on the base is
arranged to point to the zero of the scale when
the spring is connected and the meter is idle.
When the current is turned on, this pointer
will then indicate on the scale the amount of
energy being consumed in the eircuit at each

particular moment, the seale being graduated ;

elther to watts or horse-power or other units,
as desired. With this construction if it is
desired, for example, to determine the actual
number of watts perlamp being consumed by
the particular set of lamps on the circuit it
is only necessary to insert the end /v of the
spring in the apertured collar &', note the in-
dication of the pointer on the graduated edge
of the disk when the armature comes to rest,
and divide the total number of watts thus in-
dicated by the number of lamps in use, or the
load on a motor at any given moment may be
determined with substantial accuracy by 1n-
dicating the energy supplied to the motor in
the same manner as above described and mul-
tiplying by the efficiency factor of the motor.
To connect the spring and take the reading,
need occupy but a moment, and if the spring
1s then immediately disconnected again the
registration will proceed as before, and tho
Iinterruption need have been so slight as to
practically not affect the aceuracy of the
totals. T'he instrument is thus fully avail-
able in both of its capacities and fills a want
long felt by central-station men and other dis-
tributers and users of electrical energy. It
will be obvious that the features of construe-
tion thus deseribed andwhich render the me-
ter capable of use either as an indicating or
integrating instrument are not special to in-
duction-motor meters or to wattmeters more
than current-meters; but will operate equally
well 1in connection with any form of meter
having an armature or rotary part the actu-
ating torque upon which may be measured by
the extent of movement it will produce in op-
position to an increasing resistance. It will
also be obvious that such variable resistance
might in some cases be exerted by an agency
other than a spring or by a spring differently
applied and arranged to be differently con-
nected and disconnected than asherein shown,
and any construction within the broad state-
ment thus made will be understood to he in-
cluded within the present invention.

In common with other alternating-current
wattmeters of the induetion-motor type that
herein illustrated depends for its actuating
torque upon the inductive action upon the
armature of the resultant shifting field pro-
duced by the combined action of the scries
and volt coils as energized by eurrents which
differ in phase. Such difference in phase is
commonly effected by advancing or retarding
the current in the volt or shunt coil with re-
spect to the impressed electromotive foree ol
thework-circuit. Inorderthatthe meter may
be accurate under changing conditions of
load - inductants, it is necessary that such
phase displacement in the volt-coil shall be
approximately ninety degrees, this becausc
the energy consumed in the work - cirenit
equals the product of the current, the elec-
tromotive foree, and the cosine of the angle
of lag of the worlk-current, while the torque
of the meter is proportional to the product of
the current, the electromotive force, and the
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sine of the angle of phase displacement be-

tween the currents in the volt and series coils.

When the phase displacement between the
electromotive force of the work-circuit and
the current in the volt-coil is ninety degrees,
the two angles of the equations are comple-
mentary, and thesine of the onealwaysequals
the cosine of the other, in consequence of
which the torque of the meter will always
vary 1n exact proportion fo the energy being
consumed 1n the work-circuit, no matter how
much the current in the latter may lag by
reason of the self-inductance of the load. A
further feature of my present improvements
therefore consists in the combinations and
arrangements whereby a phase displacement
of sunst&ntlally ninety degrees may be se-
cured in the volt-coil 011"(311113 and 1nvolve the
use of a transformer I, constructed after the
manner set forth in the patent to Hunting,
granted June 25, 1895, No. 541,615, and con-
nected in circuit in the manner more par-
ticularly shown in Kig. 8 of said patent. The
construction and operation of such trans-
former are well explained in Hunting’s speci-
fication, substantially as follows, the word-
ing being herein altered to correspond with
Fig. 4 of the present drawings and with the
reference-letters thereon.

The magnetic core 7 of the transformer is
laminated or built up of separate layers of
soft-iron punchings in the usual manner, any
suitable subdivision of the punchings for as-

sembling the parts being resorted to and the

core being formed with preferably two open-
ings or slots, in which the primary and second-
ary colls may be wound. So far as the core
and the primary and secondary coils are con-
cerned the transformer does not differ neces-
sarily from those nowcommonly constructed,
except that the primary and secondary coils
instead of being wound the one over the
other, as usual, are wound in opposite ends
of the slots or openings. Thus in Fig. 4 the
primary coil is wound in the spaces P and
the secondary coil in the spaces S, each filling
the spaces from the end of the slot nearly 10
the middle thereof. By reason of this ar-
rangement consequent magnetic poles are
formed, which are strongest in the positions
denoted by the arrows p p—that is to say,
between the coils P and S—their strength
gradually diminishing toward each end of the
slot. The formation of these consequent
poles is due to the opposition of the magneti-
zationinduced by the primary current to that
induced by the secondary current. Thus the
primary coil tends to project lines of force
through the core in the direction of the arrow

6o p', while the secondary coil tends to project

lines of force through the core in the opposite

direction, as denoted by the arrow p* and

these opposing forces result in the diversion
of lines of force in the direction of the ar-
rows p at the consequent poles. These di-

verted lines of force are projected across the

age, the extent of which will be determined
by the particular proportions given to the
transformer. These lines of magnetic leak-
age occur in oscillations of like frequency to
those of the primary and secondary current,
and are capable of generating alternating
currents in any coil which may be arranged
to inclose them. One such coil is wound in
the spaces T T and another in the spaces 1"
T", both coils being in planes perpendicular
to the planes of the primary and secondary
coils. These coils T T’ may be designated
‘““{ertiary” coils and are herein shown as con-
nected in series with each other, although
they may be otherwise connected, if desired.
For reducing the magnetic resistance of the
path of the eross-magnetic field and to gather
in the lines as elose as possible Lhe core 18
further shown as provided with lugs .7/, which
project into the coils T T and direct as many
lines as possible through the inner convolu-
tions of the coil.

In appiyingthe construction thusdeseribed
to the meter under consideration the primary
coll of the transformer is connected in shunt
between the main leads J of the work-circuit,
while its secondary coil is connected in an in-
dependent circuit containing a resistance R
preferably non-inductive and made adjust-
able, asindicated. Thetertiary circuit of the
transformer is connected with the volt-coil of
the meter,and the current induced in said ter-
tiary circuit and volt-coil will differ in phase
from that in the primary or shunt circuit
by approximately ninety degrees for reasons
which will be made appm"ent by a considera-
tion of the diagram shown in Fig. 3. In said
figure the line % is a graphical 1*ep1'esentati0n
of the oscillations of electromotive force in
the work-circuit and consequently in the
shunt-cireuit and primary of the transformer.
The currentinthe shunt-circuit will bein step
with 1ts electromotive force and may be rep-
resented by the same line. The magnetic
oscillations induced in the transformer-core
by the primary current are represented by
the line v and the electromotive force set up
thereby in the secondary coil by the line 2.
The latter line may also stand for the sec-
ondary current, since, as before stated, the
load or resistance R in the secondary circuit
1s non-inductive. Inasmuch as the greatest
electromotive forceis generated when the rate
of change in the number of magnetic lines 1s
n'rea,test and vice versa, the hne w 18 dis-
placed by a quarter-pemoc- or ninety degrees
from the line v, and the line w is displaced
the same amount from the line v, and conse-
quently by a half-period or one hundred and

cighty degrees from the line u, the primary
and seeonddry currents bemﬂ* thus exactly
opposite in phase. The mwnetlc leakage or

cross-magnetism which 111(:111068 the telmary'

current being the resultant of the mutually-
opposing magnetizing actions of the primary
and secondary cury ents 18 greatest when they

gaps or slots and constitute a magnetic leak- | avre greatest and least when they are least.
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It may therefore be represented by the line

x, and the electromotive force and current
induced thereby in the tertiary or volt coil
circuit may be represented by the line v,
which for the same reasons above stated in
connection with the relation of the lines u, v,
and 1 1s displaced by ninety degrees from the
Illne = and from the lines 2 and v as well.
1The voli-coll current is thus displaced from
the electromotive force of the work-cireuit by
the ninety degrees desired, and the torque of
the meter will therefore vary accurately in
proportion to the true energy consumed in
the work-circuit in accordance with the rea-
sons hereinbefore stated.

It will be understood, as is also further ex-
plained in said patent to Hunting, that the
shape of the transformer-core and the loca-
tion of the coils thereon may be widely varied
with the same essential result in the opera-
tion of the device. Thus, forexample, in the
form of meter shown in Figs. 1 and 2 the coils
are wound upon such a core as is shown dia-
grammatically in Figs. 5 and 6, while that in
IF1g. 3 is similar to the construction more par-
ticularly detatled in Ifig. 4. So far also as
the means described of securing the phase
displacement between the current in the se-
ries of volt-coils 1s concerned the armature of
the meter may obviously be of other than
disk form and still be capable of accurate op-
eration under the inductive influence of said
coils. "T'he adjustable resistance R is useful
in varying the speed in calibrating by vary-
ing that factor of the torque representing the
inductive action of the volt-coil.

Meters constructed in accordance with these

1mprovements may be used to measure the

energy consumed eitherin the secondary cir-
cult derived from the ordinary scries trans-
former K, as in Figs. 1%, 4, 5, and 6, or in the
main circuit from the dynamo, as in ¥Fig. 8,
1t being obviously immaterial, so far as the
meter 18 concerned, just how the cireuits are
arranged or what the energy-consuming de-
vices consistof. In connecting the meter in
circuit the wires from the service-transformer
will lead up to binding-posts L and L' at one

side and lead off from similar binding-posts

on the other side. The series coils are con-
nected 1 series between the front binding-
posts L. L, while the rear binding-posts are
connected with each other to complete the
circuit. The terminals P’ P’ of the primary
transformer-coil are connected to the front
and rear binding-posts Land L/, so as to place
the said primary coil in shunt with the work-
cireult, and the resistance R, which is con-
nected In the secondary ecircuit, is herein
shown as conveniently located immediately
behind the transformer beneath the base-
plate A’ as shown in Fig. 2. The terminals
ol the tertiary coil of the transformer are car-
ried upwardly along the edges of the shield
IF, past the ends of the slots /? thercof, and
thence along the bracket fto the volt-coil. A
hinged cover-plate A® is shown as provided

on the armature, and a shield of conducting

on. the transformer and connections on the
under side of said base-plate and when raised
18 designed to be locked in place by any suit-
able device. (Not herein shown.) The up-
per portion of the meter may be inclosed by
protecting-casing of the usual form, having a
glazed opening through which the register-

dials may be observed, and this cover may -

either be locked in place or left removable to
permib the use of the meter as an indicating
instrument, according to theserviece for which
1t 18 used.

1t will of course be understood that the in-
vention is notnecessarily confined to the par-
ticular details of construection illustrated, as
these may be varied through a wide range
without departing from the broad spirit of the
features of invention embodied therein.

I claim as my invention—

1. Thecombinationwith an electric cirenit,
of an electric meter for measuring the encrgy
of said cirenit, provided with a rotating av-
mature, field-coils connected in series in said
cireult, volt-colls codperating with said field-
colls to set up a shifting magnetic field to ac-
tuate the armature, a transformer having ¢
primary c¢oil in shunt across said cireuit, and
a closed-circeult secondary coil between which
and the primary coil a consequent magnetic
field is set up, and a tertiary coil wound to
inclose the lines of said magnetic field, and
connected with series with the volt-coil, sulb-
stantially as deseribed.

2. Aninduction motor-meter provided with
an armature, colls acting induetively on the
armature, amagnetic drag also acting on'the
armature, and a shield ol conducting mate-
rial inserted between the coils and drag.

3. Aninduetion motor-meter provided with
an armatuare, coils acting induetively on the
armature, a magnetic drag also acting on the
armature, and a shield of conducting mate-
rialembracing the armature between the coils
and drag.

4. Aninduction motor-meter provided with
a disk armature, coils acting inductively on
the armature, a magnetic drag also acting
material embracing the disk between the coils
and drag.

5. Aninduction motor-meter provided witlh
an armature, colls acting inductively on the
armature, a magnetic drag also acting on the
armature and shield of conducting material
mmserted between the coils and drag, said
shield being slotted to permit the free rota-
tion of the armature therethrough.

6. A meter provided with & disk armature,
coils acting inductively on the armature, &
magnetic drag also acting on the armature, &
shield of conducting material arranged Dbe-
tween the coils and drag and a slot in said
shield through which the diskis free to rotate.

/. T'he combination with the meter-frame,
of the armature mounted on its spindle, a
bearing on the frame for one end of said

| spindle, a pivotal arm having a bearing for
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the other end of said spindie, coils acting in-
ductively on the armature, a magnetic drag
also acting on said armature, ashield of con-
ducting material secured to the frame be-
tween the coils and drag and forming a sup-
port for the pivotal arm, and a slot in said
shield through which the armature rotates.

3. An electric meter provided with a rota-
tive part, means for exerting a torque on said
part, registering or recording devices there-
for, an increasing resistance detachably ap-
plicable to said part, and means for measur-
ing the movement of said parts in opposition
to said resistance. . -

9. An electric meter provided with a rota-
tive part, means for exerting a torque on said
part, registering or recording devices there-

for, a spring detachably applicable to said |
part, and means for measuring themovement

of said part in opposition to the spring.

10. A meter provided with a rotative part,
means for exerting a torque on said part, reg-
istering orrecording devices therefor, a coiled
spring detachably applicable between the ro-
tating part and a stationary part, and means

for measuring the movement of the part in

30

opposition to said spring.

11. A meter provided with an armature,
means for exerting a rotary torque on said
armature, registering or recording devices
therefor, a spring coiled about the armature-

L

'spindle a,nd' secured to a fixed part on the

meter-frame, and detachable connections be-
tween the free end of the spring and the
spindle.

12. An electric meter provided with an ar-
mature, ¢olls acting inductively on said ar-
mature, a spring detachably applicable be-
tween the armature and a stationary part, and
means for measuring the movement of the
armature in opposition to said spring.

13. An electric meter provided with a ro-
tating armature, registering or recording de-
vices, aspring detachably applicable between
the armature and a stationary part on the
meter-frame, a graduated scale on the arma-
ture and a stationary pointer or mark for
measuring on the scale the movement of the
armature in opposition to said spring.

14. A magneticdrag for electric meters and
the like, comprising two horseshoe sections
arranged with their ends in proximity, and
insetting pole-pieces secured to the ends of
the sections at their points of juncture..

In testimony that I claim the foregoing as
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my invention I affix my signature, in presence

of two subscribing witnesses, this 15th day of
March, A. ID. 1897.
THOMAS DUNCAN.

Witnesses:
ARTHUR L. [HADLEY,
MARTIN C. (GRASS.




	Drawings
	Front Page
	Specification
	Claims

