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1o all whom & may concern.:
- Beit known that I, EMILE BATAULT, a citi-
zen of the Swiss Republie, residing at No. 6
Rue de Universite, Geneva, in the canton of
Geneva, Republic of Switzerland, have in-
vented a certain new and useful Improve-
ment in Alternating-Current Electric Meters,
of which the following is a specification.
My invention relates to improvements in
alternating - current meters and electrical
measuring instruments of similar character,
and particularly to the class of meters where-
In a register is actuated by a rotating body
or armature, movement of which is effected
by the resultant field produced by two mag-
netic fields- differing in phase, one of said

fields being due to and varying with the cur-

- rent in the work-cireuit and the other field
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being due to and varying with the electrical
pressure. | |

The object of the invention is to provide an
alternating-current meter of simple construe-

tion which is aceurate both on non-inductive

and on highly-inductive circuits, which con-

sumes only a small amount of energy in its

operation, which registers accurately loads
ranging from those of extremely-small pro-
portions through wide limits, and wherein the
armature will be protected from any induc-
tion tending to operate it when no current is
consumed in the work-circuit. To effect this
object, I employ a registering mechanism of
any suitable type and operate it through me-

.chanical connections from a rotating arma-

ture the speed of which is directly depend-
ent upon and proportional to the consump-
tion of current in the work-circuit. The ar-
mature 18 subjected to two fields differing in

‘phase, one produced by a shunt-coil influ-

enced by the pressure and the other by a se-

ries coil in the work-cireuit, a part or whole
of the cores of the series coils being common
to the cores of the shunt-coils—such, for in-

stance, as by winding the series coil or coils
around only a portion of the mass of the
shunt-cores. DBy thus using common cores
for the series and shunt coils the general con-

straction of the meter will be simplified and

1ts efficiency increased.
The invention also consists in details of

construction and arrangement relating prin-

cipally to means for preventing rotation of

the armature when no energy is being éon-
sumed in the work-circuit, to means for se-
curing accuracy of registration on highly-in-
ductive circuits, to means for inducing a
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starting torque, whereby the armature will -

commence to rotate on very small loads, to
means whereby a balance of the armatire
may be effected to overcome the starting frie-
tion thereof, and to specific improvements in

the retarding or brake magnet used when the

electromotive force on the circuits to be me-
tered 1s subject to variations and by reason
of which the energy of the retarding or brake
magnet or magnets may be maintained prac-

tically constant, as well as in other details of

construction and.arrangement, all as will be
morefully hereinafter described and claimed.
In order that my invention may be better

| understood, attention is directed to the ac-

companying drawings, forming part of this
specification, and in which— | o

- Figure 1 is a front view of the meter with
the cover removed; Fig. 2, a vertical section
on the line « x of Iig. 1; Fig. 3, a cross-sec-
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tion on the line 7/ 7/ of Fig. 1; Fig. 4, a hori-

zontal section on the line z 2z of Fig. 1; Fig.
0, & cross-section through the end of the
shunt-magnets, illustrating a single series
coil on a portion of one of the shunt-cores and

30

showing also the induction-rings used to se-

care accuracy of registration on highly-in-
ductive circuits; Fig. 6, a similar view show-
Ing two series coils on the same shunt-core;
Fig. 7, a similar view showing a winding like
that shown in Fig. 1, a series coil being wound
upon thecorrespondingsection of each shunt-
core to produce like fields in the armature;
Iig. 8, a similar view showing four series
coils, two on each shunt-core; Fig. 9, a simi-
lar view showing two series coils, one on the
front section of one shunt-core and the other
on the rear section of the other shunt-core,

the series coils producing unlike fields in the

armature; Kig. 10, a view similar.to Fig. 9,
but showing the portions of the shunt-cores
on which the series coils are wound as being
of less area than the unwound portions there-
of; Ifig. 11, a similar view the reverse of Fig.
10; FKigs. 12, 13, 14, and 15, various longitu-
dinal sectional views showing different modi-
fications in the outer ends of one of the shurnt-

cores; lig. 16, a diagram showing the con-
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nections with a three-wire circuit, and Fig. | and series coils may be changéd in méany re-

IO

17 a detail view showing a retarding or brake
magnet and showing the means which I have
invented for maintaining the energy thereof
practically constant.

In all of the above views cmresp@ndmw
parts are represented by the same letters of

reference. -
A represents an el'eet-romagnet having pref-

erably laminated or sectional legs, as shown.
A" A’ are two shunt-coils carried by the
magnet, said coils being connected across the
cucmb 30 as to be mﬂueneed by the pressure.
The shunt-coils A’ are wound to produce un-
like poles in the armature. A° A®in Figs.
1, 2, and 3 represent two coils in series with
each other and with the work-circuit. These
coils are influenced directly by the current to

- be measured and are of relatively-coarse

20

- The series coils are wound upon one or both .
of the sections a a of either or both of the

25§

- like polarity in the armature.

30

front section of one of the shunf-cores.

wire, with generally but three or four turns.

shunt-cores. In Figs. 1, 2, 3, and 7 both se-
ries coils are wound upon the front section a
of both of the shunt-cores, the winding being
such that the series coils will induce fields of
In Kig. 5 only
a single series coil is shown wound upon the
Ob-
viously it may be wound upon the back sec-
tion. In Fig. 6 two serieg coils are shown
wound upon the two sections of one shunt-

~ core, the windings being such as to produce

35
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figure the section of each shunt-core upon
-whlch the series coil is wound is of less mass
than the unwound section, while in the latter

o tudinal section of Fig.10, with the addition of-
one of the induetive rings, which I will refer
Fig. 131is a longitudinal sec-
tion of one of the cores shown in Fig. 9 with.
the same addition.
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'matu re.

ity in the armature.

to hereinafter.

man'netlc fields of opposite polm ity in the ar-
In Fig. 8 four series coils are shown
wound upon the two sections of both shunt-

cores, each pair of coils induecing fields of un-
- like polarityin the armature.
~and 11 two series coils are shown, one wound

In Figs. 9,10,

upon the front section of one shunt-core and
the second upon the rear section of the other

shunt-core, the windings being such that the
series coils will induce fields of unlike polar-
The only difference be- |

tween Ifigs. 10 and 11 is that in the former

ficure the reverse is true. IFig. 12is a longi-

I'ig. 14 shows one of the
sections of the shunt-core cut away opposite
to the series core, and Fig. 15 shows one of the

sections of the Shunt—cme of greater length
In Fig. 161 1llustra,te the eon-}

than the other.
nections which may be used when the meter is

employed for measuring current on a three-
wire system, the series (3011% being in circuit
with the outside wires and bemn' wound so
as to produce ﬁelds of the same polamty in
the armature.

It is obvious that the constructlon of the
‘shunt-cores may be varied within wide lim-.
168 and that the windings of both the shunt |

-constant.

spects without departing from the essential
spirit of the invention, which resides in the
employment of a series coil which shall, in
whole or in part, be common to a shunt-core.
Mounted above the coils of the magnet A
is an armature B, pivoted in any suitable
way so as to be ad;]usta,ble on a center and
located between the armature I3 and the poles
of the magnet A, and carried upon a shaft C
is a metal disk or armature D. This disk is
made, preferably, of aluminium. The bear-
ings for the shaft C are as frictionless as pos-
sible, as is common in the art. A register G,
of any suitable character, connects throun*h
any desired mechanical gearing with the sha,ft
C to register the rota tions of the armature D.
In opezatlon it will be observed that the
shunt and series coils induce fields in the
armafure D which, being of different phases,
canse said armature o rota,te under the effect
of the Foucault currents induced therein.
The phases of the magnetization induced by

the shunt-coils lag behind the phases of the

magnetization induced by the series colls on

account of the great self-induction of the

former. The tm que produced by the differ-

ences in phase of the fields thus induced in

the armature and which results in its rotation
is proportional to the current influencing the
series coils when the electromotive force 1s
The speed of the armature 1s 1n
consequence proportional to the current to
be measured. It will be observed that if the
shunt-coilsalone were used Foucault currents

would be simultaneously induced in the ar-
mature at diametric points 1311016111 and no

movement thereof would be e eeted but if
the disk is caused to rotate byanothel infiu-
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ence the Tfoucault currents so generated op-
o .

pose such rotation, the checking or braking
effect varying directly as the speed. If, on
the other hand, the series colls were wound
entuely ar ound the cores and alone used, the

same e
the series coils as so disposed shunt-coils were
employed there would still be no movement
of the disk, since the two fields induced by
the shunt and series coils, though different
in phase, will be superimposed. Ifor this
reason it has been the practice in construct-
ing meters of this type to employ separate
cores for the shunt and series magnets. 1
have found that by placing the series coill or
coils on only a portion of the area of the mass

110

fect would be produced, while 1f Wlth )
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of the shunt-magnet a rotating field may be

obtained in an armature to rotate the latter
at a speed proportional to the -consumption
of energy in the work-circuit, while at the
same time retaining the braking action of the
Foucault currents generated by the shunt-

coils, whereby the relative speed of rotation

to the current to be measured holds good

within wide variations.

As stated, if the shunt-coils alone were

used the Foucaultcurrents generated thereby
at diametric points in the armature exert no

T30
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tendenéy‘ to rotate the sanie; but when the |

series coils are carried upon a portion of one

~ or both of the shunt-coils the shunt-coilstend
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to Induce currents in the series coils when no
current 1s energizing the work-circuit, and
the eddy-currents so induced in the series

colls tend to mduee in the armature Foucault

currents of different phase from thoseinduced
directly by the shunt-coils, and in conse-
quence there is in some instances a tendency
of the disk to rotate under the action of the
rotating field so produced, which manifestly
must be avoided. The tendency of the disk
to thus rotate under the effect of Foucault
carrents induced directly and mduectly by
the shunt-coils and differing in phase is de-
pendent largely upon the kmd of winding
used. It will be observed that when the se-
ries coils are disposed as in Figs. 1, 2, 3, 6, 7,
and 8 this tendency will be very small and
will, in fact, depend upon any slight struc-
tural differences in the series coils. For in-
stance, with Figs.-1, 2, 3, and 7 it will be
noted that the eddy-currents induced by the

shunt-coils in the series coils are such that

in one coll they have a tendency to move the
armature in one direction and in the other
coll a tendency to move it in the other direc-
tion, since both coils are on the same side of
the armature thereof. When, however, the
series coils are influenced directly by a cur-
rent flowing in the work-circuit, the fields in-
duced therebyinthe armature will, as stated,

‘be of like polarity, whereby rotation will be
35

effected. Thesameistrue with the arrange-
ment shown in IFig. 6. Eddy-currents in-
duced in theseriescoils by the adjacent shunt-
coll counteract or oppose each other, while
currents induced by the series coils underthe
effect of current energizing the same supple-
ment one another and effect rotation of the
armature. With the arrangement shown in
Figs. 5, 9, 10, and 11 the teudeucy of the ar-

.mature to wmte when no current is influene-

ing the work-circuit is very much greater,
Since-bhe series colls are placed on opposite
sides of the diameterof the armature, and the

- tendency to rotate is the same whether the

§O
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atfect the armature may be overcome.

fields induced in the armature by the series
colils are caused by induection from the shunt-
coils or by current in the work-circuit. In
all instances, therefore, it isdesirable, in some
instances 1t 1S necessary, to provide means
whereby any tendency of eddy-currents in-
duced in the series coils by the shunt-coils to
- Ifind

- in practice that by employing the armature
- B, between which and the magnet A the ro-

6o

tating armature D is located, this tendency

of the armature to rotate is largely neutral-

ized. Dy shifting the position of the arma-
ture B, as shown in dotted lines, Fig.:4, the

- starting torque of the motor can be regulated,

due probably to the fact that the lines of

force established by the shunt- coils pass
through the rotating armature D to reachthe
_pwoted armature B and in so doing develop |

;'fu

eddy-currents in the armature. These eur:
rents on account of their self-induction lag
behind the currents in the shunt-coil, caus-
Iing the armature to be rotated, which move-

~ment can be accelerated by adjusting the ar-

mature I3 in the direction of rotation.

My meter so far as I have explained it is
substantially acecurate on non-inductive cir-
cuits, but develops an error or defect of reg-
1stration when used on highly-inductive cir-

cuits, as is the case with nearly all alternat-
‘ing-current meters.

The reason is that the
phase differences with highly-inductive cir-
cuits, particularly under light loads, are very
small and, in fact, are sometimes reversed,
so that the armature turns in the wrong di-
rection. I have discovered that thiserrorin
alternating meters of the type under consid-
eration may be entirely overcome by.sur-
rounding the poles of the core of the shunt
magnet or magnets by a metallic ring L of
suitable size.
18 determined by experiment. Instead of
rings L, I may use suitably-proportioned

same purpose. The currents induced in the
rings L. or other device induce in the arma-
tule D eddy-currents, which differ more than
ninety degrees in phase from the current 1n
the series coils when non-inductive, so that
the action upon the armature of the field
thus produced by the rings Land of the field
produced by the series coils tends to rotate
it, which tendency is greater with induetive
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The proper section of thisring
90

short-¢ireunit windings or closed coils for the -

95
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currents than with non-inductive currents, -
for the reason that non~-inductive ecurrentsin

the series coils having a phase difference of
more than ninety degrees from the field in-
duced by the rings LL would have a tendency

105

to move the armature in the opposite direc-

tion.
currents the rings L mtroduce a checking
action.
currents generated in the armatme by the

shunt 'a.nd series colls 1s greater with non-in-

ductive currents than with inductive cur-
rents on account of the greater phase differ-
ence between thém. : Thus a proper combi-

nation of the two actions noted results in a
true energy-meter, the proper balance be-
tween the two actions being obtained by ex-

perimental adjustment of the position and
section of the rings I.. T'o additionally pro-
vide, or as a substitute provision, against the
rotation of the armature when no current. is

flowing through the work-circuit, it may be
provided with a plug H, of copper, silver,.or

other metal different from that of which the
armature is formed.

core of the magnet results in a slight accel-
eration of the speed, or the passage of the
plug H away from the pole results in-aslight
retardation of the speed.
checking action is produced on the armature

On the 0the1 hand, the action of the;

When the armature is
composed, as is preferable, of aluminium,
the approach of the plag I toward either

In this way. a

In other words, with non-inductive

I1O

[I5
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which varies, of course, with the size of the -
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plug H, In this way I am eilabled to coun-

~ terbalance the retarding effect of friction for

10

- shunt-magnet; as before noted; but if the |

20

small currents by adjusting the meter so that
there shall be a constant tendency of the ar-
mature to rotate, which tendency will be ex-

duced by the plug H when receding from
one of the magnet-cores unless the emrent
strength is above a definite minimum;

If the electromotive force in the cireuit to
be measured 1s -constant, the braking effect
may be secured entirely by the action of the

electromotive force is subject 0 variation a
separate retarding or braking magnet P may
be employed, as shown in Fw 17, the poles
surface of a disk D, asis common. In order

ergy of the magnet P, I employ an armature

R, carried by a spring S at a convenient dis-

tance from the magnetic poles, which arma-
ture being attracted by the magnet will short-
circuit a greater or less number of lines of
forcethroughit. Asthestrength of the mag-

- net P decreases, the armatme R will slowly

30
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recede, short-circuiting a smaller number of
lines of force, and thus equalizing the effect
on the brake-disk D. The armature R is
provided with two non-magnetic pins 7 7' to
prevent actual contact of the armature and
the magnetic poles. |

Havmﬂ' now described my mventlen what

I claim as new, and desire to secure by Letters

Patent, is as fellows

1. In an induction alternating motor-me- |

- ter, the combinatlion with a revoluble arma-

40 <

45

ture of two shunt-coils diametrically dis-
Dosed to the armature and inducing fields of

opposite polarity therein, Wherebv a check-

ing effect is produced on the rotating arma-

ture, and means to induce fields of different

phasein, and effect rotation of, the armature,
substantmlly as set forth.
2. In an induction alternating motor-me-

ter, the combination with a revoluble arma-

__-ture, of two shunt-coils diametrically dis-

50O
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posed to the armature and inducing fields of

- opposite polarity therein, Whereby a check-

ing effect is produced on bhe rotating arma-

-ture and series coils for inducing ﬁelds of
| d1ﬁe1 ent phase in thearmature, substenhellv

as set forth.
3. In an induction alternating motor-me-
ter, the combination with a reveluble arma-

| ture of two shunt-coils diametrically dis-

6o

'pesed to the armature and inducing fields of

opposite polarity therein, whereby a check-
Ing eifect is produced on the rotating arma-
ture and series and closed coils for mdueme
ﬁelde of different phase in the armatur e, sub-—

stantially as set forth.

4, In an induection alternatmﬂ' motor-me-

ter, the combination with a revoluble arma- -
tme of two shunt- coils diametrically dis-
| pesed. to the armature and inducing fields of

1]

ing effect is produced on the rotating arms:
ture, and twoseries coils cooperating with the
shunt-coils and arranged on the same side of

the diameter of the armature, eubstantmlly _

| as set forth.
actly counterbalanced by theretardation pro- |

5. In an induction alternating motor-me-
ter, the combination with a revoluble arma-
tare, of a shunt-coil for producing a magnétic
field in the armature, a series c¢oil located ec-
centrically to the field of influerice of the
shunt-coil and producing in the armdture a
magnetic field of a different phase, whereby
rotation of the armature is effected, and a

“closed conductor located between the series

coil and the armature,, eubstentlally as set

forth.
of which are arranged in prommlty to the |

ter,
to maintain prectleal uniformity in the en- |

6. In an induction alternetmn‘ motm me-
the combination with a 1evolub1e arma-
ture, of a shunt-coil producing a magnetic
field therein, a core for said coil, a series coil

~wound on a portion only of said core, and a

closed conductor surrounding the core and
located between the series cell and the arma-
ture, substantially as set forth.

7. In an induction alfernating motor-me-

ter the combination with a revoluble arma-
ture and means for rotating the same in a
magnetic field of a conducting non-magnetic
piece of a different but better conduecting
metal carried by the moving body and so lo-
cated that by the movement of the armature
sald eonducting-piece approachestoward and

‘recedes from the magnetic poles, thereby

producing an acceleration and retardation of
1ts movement, substantially as set forth. |
8. In an induction alternating motor-me-

ter, the combination with a revoluble arma-

ture, of shunt and series coils inducing mag-
netic fields therein of different phase, and a

~circular plug of different but non-magnetic

metal in the armature for producing an ac-

celeration and retardation of its movement,

substantially as set forth.
9. In an induction alternating motor-me-
ter, the combination with a core hawnﬂ' split
e-xtremities, shunt-coils and secondary elesed
coils wound around the entire core, and se-
ries coils on portions thereof, of a revelubly-
mounted conducting-body looated in the field
of the magnetic core, substantially as set
forth. ~
10. In an induction alternating motor-me-
ter, the combination with a revolubly-mount-
ed conducting-body and means for rotating

the same, of a permanent magnet producing

a field of force through which the conduct-

ing-body passes, a movable armature for the

magnet arranged to divert a portion of the
lines of force to weaken the field in which
the conducting-body rotates, and means to
automatically withdraw the armature away
from the magnet to maintain its field practi-
cally uniform, substantially as set forth.

- 11. In aninduction alternating motor-me-
ter,the combination with a revolubly-mount-
ed conduetlnn'-body and means for rotating

| -epp051te polarlty therein, Whereby a check- | the same, of a permanenb maﬂ'net ploduclnn*
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a field of force through which the conduct-
ing-body passes, a movable armature for the
magnet arranged to divert a portion of the

- lines of force to weaken the field in which the

IO

L5

conducting-body rotates, and a spring to au-

tomatically withdraw the armature away
from the magnet to maintain its field practi-
cally unlform substantially as set forth.

12. In an mduetlon alternating motor-me-
tor, the combination with a core and series
and shunt colls thereon, the series coil being
wound about a portion only of the cross-sec-
tion of the core, and a plvoted armature for
said magnet situated in front of the pole-
pleces and adapted when moved to one side

with respect to the pole-pieces to wvary the
starting torque of the motor, of a revolubly-
mounted conducting-body located: between
the magnet and its armature and adapted to
be rotated by reason of the influence of the
fields plodueed by alternating currents ener-
gizing theseriesand shunt emls subs‘rantmll y
as set forth.

€t

20.

In testimony whereof I afﬁx my swuatme

in the presence of two witnesses. -
' EMILE BATAULT:

- Witnesses:
THEODORE BRET.
. BADEL,
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