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Lo’ ail whomw it mas evncorn: s
Be it known th t I. Eyaxuen Morcek, of

274 Grolmansirigsse: Chariottenbure, Ger-

many. engineer. have-invented cortain new
and useful fmprovements in Alternating-
“Current Meters: aied 1do hereby declare the

i

nature of thi< invention and in what manner
performed to be particu-,

the same s to be
farly deseribed and aseertained in and by the
following statement. .

My invention relates tou process for produe-
ing a <hifting of pha~e of 90 degrees n alter-
nating curcent meter<on Ferraris’ principle,

An slternating current meter on Ferraris’
prineiple consists of o <hort-cireuit avmature
woich is acted upon by a shunt-cireuit field
that i~ proportionai ta the potential, and by a
main cireuit fiehd enerated by the effective
main enrrent. while
formed i absworbed by means of magnetie
dampimze. The numtber of révolutions of the
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arustiure that i~ intewrated. by a counting |

necbanispy s then proportional to the con-
sumption in watts for ofl the shiftings of
shasel if for cos fp== 1 the sidfting of phase
vetween the shunt eirenit field and the main
cirenit ficld s equal to 90 degrees. Now
aceordiins to the present invention a shifting
of phase of this kind tprough 90 degrees is
prodaced by resolving the magnetie Hux jnto
branci:es of ditferent natures,  For example
I ean prodiee this <Lifting of phase between
the two braneises of the flux of the coil which
is energized by tle cwrrent, that, is propor-
Uonzi 1o the potential. or 1ean produce the
~hifting between the two branehes of the flux
of the coil, which s energized by the main
current, or L ean cambine the shiftne of the
flux of Loth, that is o say the total flux of
the potential coil and of the current eoil, iy
resobved into components which are shifted
relativedy to one another and therefore also
reletinely to the thax which consijintes their
resifiant. Then it is that component. of the
flax ol 2 coth whieh: is acting on the armature,
that i~ ~hified In phase through 90 degrees
refativiiy to the jlux {or the component
theread - of the other coll whicli s also acting
on the arnmture.

These refations are clearly iHusirated in
the dizram shown in Figs. 1 to 3 of the
aceompanying drawings, ‘

Friare 1 iHustrates the branching or reso-
lution of the flux of the potential coil. Ry,

15
ot

40

the main current colf and Fig. 3
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Figs. 4 to 8 illustrate some constructions,

showing by way of example, in what manner
i the branching or resoluiton of the potential
Mlux may be effeeted. Figs. 9 to 12 illus-
trate construction for the brauehing or reso-
Plution of the flux of the cwrrent coil.  Fias,
L 13 and 14 are side views of Firs. 6 and 11
Frespectively. : - L
P In Figs 1O B represents the veetor of tlie
! potential.  For cos =1, the main current
[ 15 in phase with the potentinl, and the field

1 the branching or resolution of bLoth fluxes.
t
i
i

feenerated by the main cnrrent may be also

in phase with the poteptial. The gield N
which s generated by a current proportional
i to the potential, is vesolded ‘into two conm-
pponents N'oand N* by Nividing N into
Phranches of different natures. NV lags he-
hind. N* leads relatively to N only X' aets
upon the arpuiture and is shifted in phase
hrought 99 degrees velatively “to the main
current field 11, .

[n-Fig 2, O F oagain represents the veetor
of the potenvial.. N representsithe field of
the potential coil, which aets upon the arma-

i ture.  In this ease the field I which is gen-
erated- by the current coil is resolved into

two components T and T of which 1 lags
I wcets on the

degrees,

In Fie 3, the flux of the potential coil is
resolved in the anner shown in Fie, 1,
while the flux of the current coll is resolved
as shownin Fig, 20 The fagging component
Ntol the thix of the potential coll sets to-
sether with the deading component. T of the
ux of the current coil spon the armature,
aed NV s <hifted in phase through 00 degrees
relatively to 1, .

i the following | shall show for example
how to CHrry out the proress l)__v SOme appi-
ratusex which may he constryeted o ddif-
ferent ways and may be cimployed with aul-
i':ml;x;:v.

A displacenment of the two braneh-finxes
may take place:

1. Theough the ditfferent vetarding elleet
of the hysteresis,

2. Through the effect of the secondury
celfeets, : ’

3. Througsh hoth of siid offects,

The diffevence in phase displacement inthe

2 dliirates the branching or resolution of ¢ {luence of -l : by
ifustrates | giving the two branches different sized air-

branches can be eaused by the laguing in-
the hysteresis, for instance by
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gaps.” This can be explained in the follow- | short-circuited winding, there will be pro-

mg man.2r: In an entirely iron-closed eir-

cuit the eqlui\':ﬂont sine-wave of the mag-
netie fiux

i

duced a secondary field by ‘eddy currents

i und the resulting field will lag in phase as

ags behind the magnetomotive

force by reason of the etfect of the hysteresis.

If an air-gep be inserted in the magnetic

path, a portion of the magnetomotive force :

will be consumed for carrying the flux
thirough the air gap.  If the air gap increases
the imagnetomotive foree which'is necessary
for causing the flux to pass through thie iron,

hecomes smzll compared to that, whiclt

canses the flux to pass through thesair. In
the same way the influence of the hysteresis
hecomes small with respect to the total flux
and the total flux lags less behind the mag-
netomotive force. It 1s ‘therefore evident
that with a small air-gap there is a great
displacement of phase of the flux behind the
magnictomotive foree, ard with a big air-gap
there is a small displacenent of phase of the
lux behind the magnetomotive forse.  If
the ux is divided over two branches, one
of which contains more air than the other
(in the first one the hy'steresis is no doubt of
only slight influence?, a phase displacement
of the two braneh fluxes must necessarily
take place or in other words the total flux
divides into a less displaced flux and 2 more
displaced flux.  The secondary fields may
be obtained by means of special inserted
short-circuit coils or through the secondary
fields of the avmature.

The apparatus shown in Figs, 4 and 5 in
elevation and in plan respeciively, consists
of & motor armature ¢, a potential cotl b and
an iron frame of F-shape composed of the
parts ¢, d, I; the iron parts ¢ and % com-
plete the magnetic braaches.  m is the cur-
rent coil. The total flux which is generated
by b lows through d, spliits up into branclies
and flows in part through an iron branch
(which is almost closed aad has only a nar-
row slit or air-gap for ihe reception of the
motor armature @) back tlamugll ¢, [ and g.
The other portion of the total flux flows
through a wide air space (which may be
varied for the purpose of uceurate adjust-
ment of the phase) and through ¢, & and ¢.

N . - J v
“The different magnetic conformation of the

two branches has the result of chusing the
portion of flux in 1 to layz in phase behnd the
tofal fluxind,” Theiren parts are laminated.

With the object of otherwise prodncing a
difference between the branches, a portion
of the effective braneh may be made solid,
as for instance the part £ shown in ¥ies 6
and 13, TFor the ssme reason a short-cir-
cuit winding may be ineluded in this branch
as shown at ¢ in g, 7. The action of the
unlaminated iron in Fleo 6 or the short-cir-
cull. winding 7 in Fig. 7 will be clear by the
following consideration.  If [ have a con-
stant magnetic alternstiang lux and T put

- 65 unlaminated iron in its way or L apply a

well known.  Naw, if the flux of one coil is
divided into two branches that are wholly
the sanie only one has a short-circuit wind-
ing or is partly unlaminated, there must oc-
cur between the two fluxes in the branches
a =hifting of phase. ,

Tn Fie, 8, one branch of the flux passes
from & through the air to 1, and the other
brunch passes from k through the armature
« to 1. The difference in the conformation
of the two branches is effected in this case by
means of the armature,

N

Figs. 9 and 10 show a construction in ele-

vation and in plad respectively for the pur-
pose of shifting the current field. a is the
armature, n, o, p are parts of an iron frame.
of F-shape. The iron parts ¢ and r complete
ihe vranches.  The iron parts are laminated.
The flux of the current coil m flows through
n, divides into branches; the one which acts
on the armature flows through p, r, and an
adjusiable air space for the purpose and
regulating the pim‘se, and back through ¢.
The other branch is short-circuited through
iron and flows back through 9, o, g. The
different nature of the two branches pro-
duces an advance in the phase of the flux
acting on the armature relatively to the total
flux so thai a shifting of 90 degrees is pro=
duced between the active partial flux of the
current coil and the lux of the potential coil.

In order to produce the desired difference
between the magnetic branches one part of
the brasch that dees not act in a motive
sense, may be made solid, as indicated for
exatple by the part ¢ in Figs. 11 and 14, or
# shovt-cirenit coil may 'be arranged as is
indicated at ¢ in Fig 12, Of course still
other conformations and arrangements may
be made for the purpose of establishing two
magnetic  branches of  different natures.
Likewise, an exact adjustment of the phase
awny be effeeted by modifying any one por-
tion of the magnetic branches with respeet
to position or amount. T

Having now particularly deseribed and
ascertained the mature of the said invention
and in what manner the same is {o be per-
formed T declare that what T elaim is:—

1. An alternating current meter compris-

Ang o main cwrrent coil mounted uponr a

frame having two magnetie branches one of
wineli said branches is provided with.an
adjustable air space; a potential coil also
mounted upon a frame having two magnetic
branches one of which said potential coil
branches is provided with a constant air
space and the other with an adjustable air
space: and a suitable armature cutting the
magnetic field of the main current coil in its
adjustable air space, and the magnetic field
ol the potential coil in its constant air space. -
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2. In an alternating current meter «m- | meter which censists in resolvirig the flux of

[N
Ll

ploying a main current and a potential
the combination of frames.for mounting sa1d
main current and potential coils eact of
which comprises two magnetic branches of
which one branch of each frame is provided
with an adjustable air-gap and the nzher
branch of one of the frames is provided with
a constant air-gap: a disk armature adagied
to be rotated through the constant o)
of one frarae and the adjustable uwir gop of
the other frame; and means connected with

ar
QL

- each of the aforesaid adjustable air-cups

20

whereby the width of said air-gap max be
varied at will to modify the ragnetie Te-
fuctance of the several branches relative to
each other and to the total Aux of each woil

3. In an alternating current meter em-
ploying minin current and Eotential ewls,
the combination with a disk armature, of
frames for mounting said coils adjssent
thereto, each of said frames comprising 1wo

" magnetic branches. of which one branck of
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each coil is provided with an air gap wizhin
which said. dizk armature is adapted to be
rotated by the magnetic flux in that bramch;
and means connected with each frame where-
by the magnetic relucétance of each aciive
branch of the magnetic flux may be modified
relatively to that of the other branches in
such manner as to cnable a shifting of pliase
of exactly 90 degrees between the active
branches of the two fluxes. '

4. The process for producing a shifning
phase of 90 degrees in an alternating current

‘ }

il, i-the current coil and of the potential coil into .

two magnelic branches one of which is ‘mo- .

tively effective and the other of which is
notively inefleetive in such a manner that
that portion of the {lux of the potential coil
which acts In a motive sense lags behind
the total flux of the same while that portion
of the flux of the current coil which acts in a
motive sense leads relatively to the total
flux of the current coil, in such n manner that

a shifting in phase of 90 degrees is produced

between the active portions of the fluxes of
the current and potential coils, substantially
as set forth. ’

5. The process for producing a shifting of -

phase of 90° in an aiternating current meter,
which consists in-resolving ‘the flux of the
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curfent of the current coil and of the poten~ -

-tial eail into Lwo magnetic branches and in

varying the magnetic reluctance in the active
branch of ithe former coil and in the ineflect-.
ive branch of the latter coil in such man-

ner as to produce a shifting of phase of 90°-

between the active portions of the fluxes of
the two coils, as deseribed.

In testimony that I elaim the foregoing as

my invention, I have signed my name in
presence of subscribing witnesses, |

EMANUEL MORCK. .

Witnesses:
Worpemar Havurr,
Hexry Iasrer,
KARL FRANCKE.
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