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PATENT OFFICE.

RALPH D. MERSHON, OF NEW YORK, N. Y., ASSIGNOR TO THE WESTING-
HOUSE ELECTRIC & MANUFACTURING COMPANY, OF PENNSYLVANIA.

FREQUENCY OR SPEED INDICATOR.

SPLECIFICATION forming part of Letters Patent No. 671,730, dated April 9, 1901.
Application filed July 12, 1899, Berial No, 723,567, (o model.)

1o all whom it may concerw:

Be 1t known that I, RALPH D. MERSHON, a
citizen of the United States, residing at New
York, in the county and State of New York,
have invented a new and useful Improvement
in Means for Indicating Electric Generator
Speed or Current Frequency, (Case No. 842,
of which the following is a specification.

My invention relates to means for indicat-

ing the speed of a dynamo-electric generator !

or the frequency of a current generated by it;
and 1t has for its object to provide a simple
electrical apparatus for this purpose which
shall be effective and reliable in operation.

In the accompanying drawings, Figure 1 is |

a diagram of a system of distribution embody-
ing an alternating-eurrent generator and my
improved means for indicating speed or fre-
quency. Fig.21s a diagram of a magnetiza-
tion curveand its coordinates, illustrating the
operation of my invention., Tig. 3 is a dia-
gram similar to Fig. 1, illustrating a modifi-
cation. Fig. 4is a diagram similar to Fig.
2, but illustrating -the conditions which ob-
tain in the operation of the apparatus shown
in Kig. 8. Fig. 5is a diagram similar to Fig.
1, but embodying two generators. Figs. 6,
7, and 8 are diagrammatic views similar to
Figs. 1 and 3, but embodying modified forms
of my invention.

Referring now particularly to Figs. 1 and
2, the alternating-current generator &, the
field-magnet of which is excited by a direct-
carrent exciter H, supplies energy through
the transmission-conductors [ and !’ to suit-
able translating devices £. The terininals of
a local circuit /?are respectively connected to
the brushes of the generator G or to the con-
ductors leading therefrom, and in this local
circult is located an inductive resistance or
choke coil I, having an iron core I, and in
series therewith a non-inductive or chmie re-
sistance R. '

A voltmeter V or other indicating instru-
ment of similar character has its terminals
connected to the terminals of the induective
resistance or choke coil I, as indicated. The
character and amount of iron embodied in
the core of the choke-coil are such that the
1iron will be worked at some point above satu-

ration, and the ohmic resistance R is of such |

proportions that the drop between its termi-
nals relative to that between the terminals of

the inductive resistance is so great that the
former substantially governs or controls the
amount of current which flows from the gen-
erator G through the local circait /2

The operation is as follows: Assuming that
the voltage of the generator G remains con-
stant and that its speed varies, the amount
of current flowing through the induective and
ohmic resistances will be substantially con-
stant and the voltage across the terminals of
the 1anductive resistance will vary approxi-
mately as the frequency of the current pass-
ing through it varies and thereiore approxi-
mately as the speed of the generator. Suech
being the case, the indicating instrument V
will Indicate approximately the frequency or
speed. If desired, this instrument V may be
calibrated in either alternations per minute
or revolutions per minute orin any other way
in which 1t 18 desired to indicate either fre-
quency or speed instead ol being calibrated
to indicate volis. The indications of the volt-
meter would be absolutely correct if the ra-
tio between the ohmie and inductive resist-
ances were inlinity—that 1s to say, i the
ohmie resistance were of such proportions as
to absolutely determine or control the amount
of current passing through the local circuit.
In practice this condition may be so nearly
approximated that any error resulting from
the fact that a change in frequency tends to
effect a change 1n current will be so small as
to be within the limits of negligible error in
ordinary measurements. dSuchanadjustment
s alded by reason of the fact that the vol-
tages across the two resistances If and I in-
stead of being 1u step with each other have
a substantially ninety-degree phase diifer-
ence. The phase diiference between them
would be absolutely ninety degrees if the
ohmie¢ resistance were absolutely non-induact-
ive and the Inductive resistance were en-
tirely free from losses. Iven If such an ad-
justment is not made the voltmeter indica-
tions will be correct provided the instrument
Is calibrated with the rest of the apparatus
by varying ine rate of alternations of the cir-
c¢uit instead of calibrating the tnstrument as
a voltmeter. -

The statements above made apply to cases
where there 18 & constant voltage at the ter-
minals of the generator and remalns true

- whether the iron of the c¢hoke-coil be satu-
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rated or unsaiurated; but it is evident that a

variation in the voltage of the generator,
whether the frequency remains constant or
not, will produce a variation in the reading
of the voltmeter which when the latter 1s set
as a frequency-indicator would constitute an
error. It is for this reason and in order to
make the indications of the voltmeter less
dependent npon changes in the voltage of the
oenerator, so that when the frequency is con-
stant the reading of the voltmeter will not
change appreciably with changes 1n gener-
ator-voltage, that the iron of the inductive-
resistance core is worked above saturation.

‘The reason for this may be understood by

reference to Kig. 2, which represents a mag-
netization curve for the iron of the core ot
the inductive resistance in which the codrdi-
nates, as indicated, are respectively the cur-
rent traversing the local ecircuit and the
electromotive force across the terminals of
the inductive resistance. The line a’ and '
marks the point in the magnetization curve

at which the iron core of the inductive re-
“sistance 1s normally worked.

The length of
the line « 0’ represents at that point the
voltage across the terminals of inductive re-
sistance, and the line o 0’ represents the cor-
responding current passing through the in-
ductive-resistance coil. Assuming that the
voltage of the generator varies to such an ex-
tent that the current traversing the local cir-
cuit decreases to an amount represented by
line o 0% the corresponding change of voltage
across the ten minal&, of induective resistance
will be from a' §’ 1o a* 0%, the amount of the
change being represented by the linea'¢®. 1t
will be readily seen that under these condi-
tions the variation of voltage between the ter-
minals of the inductive resistance will be 4
very much smaller perceniage of the total vol-
tage than the percentage of current through
such resistance, so that by selecting for the
core of this resistance-coil a quality of iron
the magnetization curve of which has an
abrupt bend or knee it is possible to secure
indications by means of the voltmeter whiel
are not to any great extent influenced by nor-
mal variations of the voltage of the generator,
but will be mainly influenced by variations
in the frequency ot the current supplied by
the generator, or, what amounts to the same
thingin thisconnection, by the speed at which
the generator is run. A similar analysis 1s
possible and applicable in cases where the
voltage of the generator & increases 1nstead
of decreases. Of course if the voltage of the
oenerator is allowed to vary to such an ex-
tent that the iron of the core of the inductive
resistance is worked at a point near to or be-
low the knee of its magnetization curve the
indications afforded by the voltmeter will be
inaccurate so far as they puarport to represent
the frequency of alternations.

In case it is desired o secure 8 more aceu- |

rate indication than is possible under all cir-
cnmstances with the apparatus already de-

671,730

seribed T may use the apparatus shown In
Fig. 3, in which the induective resistance I

{md the ohinie resistance R are or may be sub-
stantially the same as in the apparatus shown

in Iig. 1; but in addition thereto I include in
series with these resistauces in the local eir-
cuit ?the primary winding T of a transformer
T. This transformer T is shown as provided
with an iron core T?; but such a core is not
essential in all cases.  Where it is employed,
theironinstead of being worked above or near
saturation must be on that part of the mag-
netization curve below the kuee, which 1s ap-
proximately a straight line. The secondary
coil T?of this transformer is soconnected with
oneterminalof the induetive resistance I and
with one terminal of the voltmeter V as to op-
poseé the voltage which the voltmeter receives
from the 111(111(3‘&1% resistance.  The result se-
cured by such combination and arrangement
of apparatus is indieated in IFig. 4, where the
voltage of the secondary 1% of the Llc‘bl]bf()l mer
T, vhmh is subtracted from the voltage ob-
tained from the inductive resistance. I, 1
measured from the lineox. This transformer
voltage serves, therefore, to c¢hange the vol-
tage at the terminals of the voltmeter from
the value represented by line o ¢* ¢ to that
represented by the line o a* ¢’, the portion
a* a’ of which approximates very closely to a
straight line, which is substantially parallel
to the codrdinate o y. It follows that any
variation in the voltage of the generator G,
provided its speed remains constant, will pro-
duce substantially no effect upon the volt-
meter. By carefully proportioning the sev-
eral parts of the apparatus the indication
may be made to have any desired degree of
aceuracy. It will be noted that the voltage
obtained from the secondary of the trans-
former T is small as compared with that ob-
tained from the inductive resistance V.
Referring now to Fig. 0, the apparatus is
the same as that tllustrated in FFig. 3, except
that a transformer TY having a saturated

core TP, a primary winding W, and a second-

ary winding W', is substituted for the cholke-
coll K. Iu thlb arrangement the two second-
aries TP and W and the voltmeter V are con-
nected 1n SGIIG&:, as indicated.

In the modification illustrated in Ifig. 7 the
transformer TH of Fig. 6 is employed and the
choke-coil I of Hig. 3 is employed in place of
the transformer T'. It must be borne in mind,
however, that the device, which 1s 1n shunt
to the voltmeter, whether it be a choke-coll
or a transformer, must be so constructed that
its core is worked above saturation and that
the core of the other device, where two are
employed, as indieated in Ifig. 5, must be un-
saturated, whether such device be a choke-
coil or a transtormer.

It will be noted that my invention embodies
a means whereby a constant electromotive
force may be obtained from a source the vol-
tage of which is variable within certain given

| limits, but the frequency of which is constant.

70

75

30

Qo

95

100

105

110

115

120

125

130




IO

671,730

I desire it to be also understood that the |

calibration of the voltmeter as a speed-indi-
cator need not necessarily be made by vary-
ing the speed of the generator G; but when,

ashasalready been indicated,the ohmic resist-

ance 1s large as compared with the induetive
resistance of the choke-coil or that of the
choke-coil and the transformer the voltmeter
may be calibrated by varying the voltage at its
terminals, since the speed then indicated by
1t will be directly proportional to the scale of
calibration and it will be merely necessary
to determine the speed or frequency corre-

- sponding with one point upon this scale.

It 1t is desired, the voltage across the ter-

minals of the inductive resistance may be

| made to increase as the Voltage of the gener-
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ator decreases by increasing the angle be-
tween the line 0 « and the line 0 4. This will
cause the line ¢* @’ to drop instead of remain-
ing horizontal.

I have thus far described my invention as
adapted for indicating the speed of an alter-
nating-current generator or the rate of alter-
nations of the current generated by it. I de-
sire 1t to be understood, however, that the
speed of either an alternating or a direct cur-
rent generator may be indicated by the means

‘described, if a small alternating-current gen-

erator be belted or otherwise coupled or geared
to the main generator and the local circuit
containing the resistances and indicating in-
strument be supplied with carrent from such
small alternating-current generator. In Fig.
5 1 have illustrated such a combination, in
which the main generator G', which is here
shown as a direct-current machine, but which
might obviously be an alternating-current
generator, 18 belted to a small alternating-
current generator G°, the local cireuit /2, con-
talning the speed-indicating apparatus, be-
ing connected to the brushes of such small
generator. -

In Fig. 8 I have illustrated a modification
that differs from the modification shown in
K'ig. 3 only in having the ohmic resistance R’
wound upon the core T? of transformer T.
It 1s within the scope of this modification to
place the ohmic resistance upon either the
saturated or the unsaturated core, but in
either case the core on which the ohmic-re-
sistance coil is wound must have separate
primary and secondary inductive windings,
the former of which will be so proportioned
as to size, number of turns, and resistance as
to produce the proper inductive effect in the
core.

Other variations from what is specifically
shown and described may obviously be made
without departing from the spirit and scope
of my invention. |

I claim as my invention—

1. A speed or frequency indicator for dy-
namo -electric machines comprising a local
circult supplied with alternating currents, di-
rectly or indirectly, from the main generator

of the system, one or more inductive wind- i

cTD
A

ings and an ohmiec resistance in said local eir-
cult, said ohmie resistance being of such pro-
portions as to practically control the amount
of current flowing in the local cireuit and an
indicating instrument connected in shunt to

all or a portion of the induective winding or

windings.

2. Inasystem of electrical distribution, the
combination with an alternating-current dy-
namo-electric machine, of means for indicat-
ing its speed or the rate of alternations of the
generated current comprising a loecal circuit
containing an inductive resistance the core of
which is worked above the knee of the mag-
netization curve, and an ohmic resistance con-
nected in series with the inductive winding
and of such proportions as to practically con-
trol the amount of current in the local circuit,
and an indicating instrument connected in
shunt to the induetive resistance.

5. In a system of alternating-current elec-
trical distribution, the combination with a
main generator, of means for indicating its
speed or the rate of alternations of the gener-
ated current comprising a local circuit sup-
plied with current, directly orindirectly, from
sald generator and containing two inductive
windings respectively provided with a satu-
rated and an uansaturated core, an ohmic re-
sistance In series with said windings, a sec-
ondary foratleastone of said windings having
its terminals reverselyv connected to the re-
spective ends of the other winding and an in-
dicating instrument in series with said sec-
ondary.

4. Aspeedorfrequency indicator for dyna-
mo-electric machines comprising a local cir-
cuit supplied with alternating currents, di-
rectly or indirectly, from the main generator
of the system and containing an inductive
winding having a core worked above satura-
tion, an ohmie resistance of such proportions
as to practically control the amount of cur-
rent flowing in said local circuit and an indi-
cating instrument connected in shunt to said
induetive winding.

5. In a system of alternating-current elec-

| trical distribution, the combination with a

main generator, of means for indicating its
speed or the rate of alternations of the gener-
ated current comprising a loecal circuit sup-
plied, directly or indirectly, from said genera-
tor and containing two inductive windings re-
spectively provided with a saturated and an
unsaturated core and having their terminals
reversely connected together, an ohmic resist-
ance for controlling the amount of current
flowing in the local circuit and an instrument
for giving the desired indications of speed or
rate of alternations. - -

In testimony whereof I have hereuntosnb-
seribed my name this Sth day of July, 1899.

RALPH D. MERSHON.

Witnesses:
W. K. ARCHBOLD,
F. L. TOWNSEND.
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