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UNITED STATES PATENT OFFICE.

RUDOLPH FREDERICK SCHUCHARDT, OF CHICAGO, ILLINOIS.
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1,366,960,

Epecification of Letters Patent.

Patented Feb. 1, 1921,

Application filed November 29, 1818. Serial No. 284,533,

To-all whom it may concern:

Be it known that I, Ruporrr FrepmrIck
ScEUCHARDT, a citizen of the United States,
residing ‘at Chicago, in the county of Cook
and State of Illinois, have invented a cer-
tain new and useful Improvement in Meters,

“of which the following is a full, clear, con-

- ¢ise, and exact description, reference being
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had to the accompanying drawings, forming
a part of this specification.

My invention relates to meters, and par-
ticularly to means for indicating and re-
cording the power factor of a customer’s
load, and for indicating and recording other
characteristics of -the same.

The character of the load, particularly
with respect to power factor, connected to
the generating system is of importance in
fixing rates charged for power and in deter-
mining the design of the circuits.

‘Electric current has, among other proper-
ties, two important manifestations which

. are most commonly put to use for industrial

purposes, namely, the development of heat
and-the development of magnetic effect.

For power purposes and for transforma-
tion of current the magnetic effect is more
important and for lighting, welding and the
like the heat effect is more important.
Neither can' be developed puvely without
some manifestation of the other, but it is
easily possible to develop either one with a
substantial absence of the other.

It is well known to those skilled in the
art that the creation or imcrease of a mag-
netic flow or field is attended with a certain
delay-which is comparable with an effect of
inertia and similarly the destruction or
diminution of the magnetic fiow or feld is
attended with a certain delay also compar-
able with the effect of inertia. Hence in the
case of the employment of the magnetic ef-

- fect of alternating current for transforma-
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tion or power purposes there isa tendency for
the electrical energy to be less effective due %o
this lag of the desired magnetic effect behind
the force or pressuré tending to create it.
One complete cycle of an alternating cur-
rent wave is considered the same as a com-
plete mechanical revolution of 360° and a
half cycle the same as 180° of movement.
The amount of lag of one guantity namely
current behind, the other namely electro-
motive force, is stated in terms of degrees.
Where this wave shape has the form of
simple harmonic motion known as the sine
wave, then ‘mathematically the cosine of the

angle by which the current lags behind the
electromotive force, measured as above de-
scribed in degrees is a measute of the actual
reduction in positive power factor due to the
fact that the current lags behind the electro-
motive force. Technically the cosine of this
angle is termed the power factor. It will
be seen that power factor is a measure of the

60.
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effectiveness of the actual electrical energy

applied.

. The power factor of a piece of transform-
mg or power developing apparatus is largely
controlled by the nature of the design and
the character of the.use of said apparatus.
The effectiveness of the apparatus at the cen-
tral station for generating and transmitting
power is decreased by a load apparatus op-
erating at a power factor less than unity.
Consequently it is apparent that a con-
sumer using a certain amount of power at a
power factor less than unity actually em-
ploys a greater portion of the generating and
transmitting apparatus than does a con-

sumer using the same amount of power at

unity power factor. The customer or con-
sumer should therefore be charged for the
power used upon a basis which takes into
account the power factor of his load.

There is a strong demand in the art for
some means which will enable the central
station and the consumer to know at ail times
the power factor of the load and to keep a
record such as can be consulted for design-
ing cirenits, laying out new installations, ap-
plying corrective means, and for general in-
formation.  In some classes of work such as
stee]l furnace operation, it is desirable to
maintain a certain value of power factor to
secure proper and eflicient operation.  For
such work a device of the present character
is necessary in order to maintain the de-
sired power factor and for observing and
recording the working of the apparatus.
Where synchronous apparatus is employed
for power development transformation” or
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for power factor correction there has long

been a demand for a device of this character
for indicating and recording the operation
of the apparatus.

Heretofore it has been customary in the
above connection to make tests at relatively
long intervals to determine the power fac-
tor of the consumer’s load and to make rates
upon that basis. This has not been satisfac-
tory because it is not a true measure of the
actual power factor nor is it a reliable ap-
proximation.
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Such measurement further fails to give
the value of the power factor at peak k)ads
and this it is very desirable to know.

According to my invention I provide
among other things means for automatically
1ndlcat1ng and recordmo at short intervals
the approximate power factor over that
period. I also provide in conjunction with
the above, means for indicating and record-
ing the total power component and the total
reactive component of the load over the
same period.

The theory of my invention and the rela-
tion it bears to the electrical quantities in-
velved may be demonstrated mathemati-
cally as follows:

The instantaneous value of power factor
1s the cosine of the angle of lfm of the cur-
rent behind the electro-motive force at that
instant, Cr it muy be otherwise stated as
the cosine of that angle whose tangent is the

ratio of the instantaneous value of the re-
active component to the instantaneous value
of the enercy component.

The power factor and the total amount of
power drawn are independent variables as
can be seen at once from the equation ex-
pressing power:

Power=ET cos ¢.

I have observed that it would be possible
to- determine the instantaneous values of
power facters which might be represented
by the following expression:

d cos ¢
dt
by ascertaining the instantaneous value of
the power component, which m may be rep-
resented by the following expression:
Li(di)(d cos €08 ¢)
At
and the instantaneous value of the reactive
component, which may be represented by
the toTIO\vm'r expression :
E(di)(d sin ¢)
dt
inasmuch as the ratio of the reactive com-
ponent to 11‘0 power component represents
*he tangent of the angle of lag whose cosine
Is the power factor.

1,366,960

This may be expressed in the following
equation:
E(di)(d sin ¢)
1 tan & e dt
@ PR O B cos @)
=t
that for every value of the
tangent of the a ngle of lag there is a ‘fixed
cmresrondmo ie of the cosine which may
be mathematical ly expressed by the follow-
ing equation:

T
tt is well known

1
J1+tan?e

“Whereas the provision of means for auto-
ma"ica”-/ indicating the cosine of the angle
of lag by means whith are responsive re-
sectively to the reactive and “the power
ponsats of the loqd constitute the basis
‘nV invention, 1 have chserved tlnt it
vould be undesirable to record a succession
\f swh instantanecus values and T have
therefore provided means for recording the
average power factor over a given perlod of
time by‘ adding ap or 1ntev1°t1nv the in-
stantaneous values of the reactive component
over the give pericd and adding up or inte-
grating Lhﬂ instantaneons values of the
pover comnonent of Lhe load over the same
period, and automatically indieating and re-

N

oS =

iy

j
«-\

cord these guantifies and the cosive of
the angle of which their aforesaid ratio is
the tangent.

Censidering a period of time running
from # to ¢, the total reactive Pomponenb
over that 1 seriod may be represented by the
expre ession :

2]

B(@i)(d sin ¢)

dt
t
and the total nower component over the same
neriod may be represented by the expres-
sion:
h
L(di)(d cos )
dt

t

Hencs the average power factor over the
same given period may be represented by
the expre ssion:

1

Average P. F.=cos ¢=

I have provided means for aut C)m?tl(} Uly
evaluating the wbove equations and for pr 0-
ducing a record of the same ab uhe end of

£y 2
B(di)(d sin ¢)
di

B(0)(@ sin g)
dt

a period. Preferably such values covering
such definite periods are printed in succes-
sion on a strip of paper and they may be
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further integrated, if desired, to arrive at
an average power factor for any greater de-
sired pemod of time..

I may construct the apparatus to be

purely indicating in character and I may

then omit the rcco:’d.mo feature. Im either
case I provide two electrical devices ve-
sponsnm to the potwer component and._to
the reactive component, respectively, and a
third element, the,posiuon or condition of
which is controlled by the two aforesaid de-

vices.

While the inventicn may be practised in
meny different forms of apparatus, I ghall
deseribe “the preferred form and shall

~ point out in the following spemﬁmtlon and

20

25

particularly in the appended claims, the es-
sential features of my-invention.
Preferably I provide two wattmeter ele-

ments of the integrating type as the respon-

sive elements; and I prowde a cylinder hav-
ing means on ite face for indicating the
power factor in accordance mtb the axial
and rotary position of said cylinder. I
cause the cylinder to be moved axially to
represent the response of the one wattmeter
element to. the reactive component and to

be moved rotarily to represent the response

.30

35

of the other watémeter element to the power
component.. The cylinder may obviously be

“moved in the opposite velation by the re-

spective. wattmeter elements. - The surface
of the cylinder is divided on rectangular co-
ordinates to provide small rectangular faces
or fields upon which are mscrlbed or- 0Lhel‘-
wise indicated, the correspon chnor values of

“ power fastor as by suitable numerals or

40}

50
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_other indicating or recording means.

The
cylmder may also have indica tmg or record-
ing means for indicating or recording the

'Valuo of the power component over said pe-

ried and of the reactive component over
the given period.

Instead of a cylinder, a plane surface or
any other surface which may be cmsu‘eu may
be provided, and either the surface itselt
may be moved or two indicating members
operating -preferably in dﬂerent directions
to-each cther and having an intersection
which constitutes a reference point may be
moved across the field to indicate said val-
ues. If desired the reference point may be
moved In one ditection and the chart in an-
other direction.. In any event the chart is
graduated in two dimensions and-relative
motion of the chart and the reference point
may be secured in any preferred manner.

In the acconipanying drawings in which
I have  illustrated dngmmmaucally the
preferred embodiment of my. Invention,

Figure 1 is a diagrammatic hwout of a
system embodymg my. invention for indi-
cating power factor over a given period;

Fig. 2/ is a dn«rmmmatlc seetional view
taken on the line 22 of T F ig. 13

Flg 3 1s a qu‘mlfu' view taken on the: line

C i ig. 4 1sba sumlat' view taken on the line
44 of Fig. 1;

Fig. 5% and Fig. 5% shown as two parts
oi‘ a system consist of a diagrammatic lay-

out of my invention as qpphed to a three-
ohflso line and .providing means for re-
cording both the reactive component, the
power factor and the power component.

Fig. 6 indicates diagrammatically an-
other form of connection for a 3-phase line;

Fig. 7 is a developed view of the print-
ing cyhndﬂr shown in Fig. 1;

l*lg 8 is a developed view of the print-
ng ¢ Jimder shown in Fig. 5°, and

Tig. 8* 15 a Jeveloped view of the print-

1z Ly]muer shown in Fig. 12;

st 9, 10 and 11 are exphnfztory dia-
grams

Tlo 12 is a diagram of a modlﬁcatlon
showmg means for. recording the total
power compenent over a protracted period
of time;

Fig. 18 is a fragmentary view of the rec-

ord made where total power 2 ‘md power: fac-
tor only are recorded; :

Fig. 14 is a similar fragmentary view
:showmo~ the record made when power fac-
tor, reactive component and power compo-
nent and total kilowatts are recorded. '

Fig. 14* shows the record made by the de-
vice of Fig. 12;

Fig, 147 shows a modification in the form
of the strip;

Fig. 15 is a diagrammatic layout of an
mdlcatnw power Factor meter embodying
my mVDntlon,

Fig. 16 is a further modification showing
an mchcatm(r meter embodying the inven-
tion;

cm 17is a chzuft or diagram-explanatory

of Tld 16;

fw 18 1s a similar chart or diagram ex-
planaéorv of the method of arriving at. the
values of power factor to be Dlsced in the
individual squares as’ ‘indicated in Fig, 3

Fig. 19 is a diagrammatic layout of a
further modlﬁcabon, and

Fig. 20 is a fragmentary view of the
chart and pointer employed 1n the same.

bOn‘:ldbll"’l& first Figs. 9 to 12 inclusive,

ha]l ehphm br1eﬂy the theoretical na-
ture of the printing chart.

In- alternating current the relation be-
tween the electro-motive force and the flow
of current broadly may be represented by
the curves shown in Fig. 9. The curve 1
which represents the electro-motive force, is
shown in this case as leading the curve 2,
which represents current, by the angle ¢
which inthis case is. shown as apprommately
30 degrees. In harmonic motion the: angle
passed over represents time elapsed ,

This relation may be indicated: in Vectors
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4

or polar codrdinates as is shown in Fig. 10,
the line OF represents electro-motive force
and the line OI represents current flow. It
will be seen that the vector OI lags behind
the vector OE by the angle ¢. Taking the
line OE as the base line and visualizing the
expression for power above outlined, we
may assume that the vector OI which rep-
resents current, is made up of the two com-
ponents OX and XI; the component CX
represents the in-phase or power component,
while the vector XT represents the reactive
or wattless component of current.

As it is desired to obtain an expression
which represents the cosine of the angle o,
means must be provided for evaluating the
vectors OX and XI. This ean be done by
means of wattmeters as T shall describe later
so that the angle o may be properly de-
termined and an indicator or a record made
thereof. In view of the fact that the angle
depends upon the ratio only cf the vectors
OX and XT and is independent of the abso-
lute value of the vectors, it is necessary in
some manner to provide a common means
which will indicate this ratio.

Consider the chart as shown in TFig. 1t
and assume that the vector OF be laid out
on this chart at the angle o with the base
line OI. Tt will now be seen that any par-
ticular point on the line OF, such for in-
stance as the point 8, falls within one of
the small squares into which the chart is
divided. To give the value of the cosine of
the angle determined by the line OE with
the base OT it is necessary only to place
within the square, such as the square 4
within which the point 3 falls, the numerical
value of the angle or of any of the functions
pertaining to 1it, such, for instance as the
cosine of said angle, the power component
and the reactive component, or any other
information.

While such marking of the individual
squares is only approximate, it can be seen
that theoretically if the squares are made
small enough, any desired degree of ac-
curacy may be obtained.

The charts of Figs. 7 and 8 are con-
structed on this theory and the operation
of the same will be made clear from a con-
sideration of the diagram of Fig. 1 or of
Fig. 58,

In Fig. 1 T have indicated a single-phase
transmission line 5 connected by the wires
6—7 with the customer’s load 8, which may
consist of any desired power consuming ap-
paratus.

In order to determine the power factor of
the load 8 1 have provided the two watt-
meter elements 10 and 11 suitably connected
to the wires 6 and 7 to give indications of
the power component and of the reactive
component respectively. The wattmeter ele-
ments 10 and 11 are of the integrating or

1,366,960

watt hour meter type, having the rotating
elements 12 and 13 shown in dotted lines.
The coils 14 and 15 are connected in series
with the supply mains and the pressure coils
17 and 18 are suitably connected across the
mains 6 and 7, the wattmeter element 11
being provided with the inductance 20 to
provide a component operating at substan-
tially 90 deg. to the electro-motive force in
the coil 17 of the meter 10. T shall not de-
scribe the details of the wattmeters as the
construction thereof is not my invention.

The rotatable elements 12 and 138 are pro-
vided with normally open contacts 21 and
22 which are closed at the completion of a
revolution of the corresponding rotatable
members or any part of a revolution thereof.

I provide an element, in this case the cyl-
inder 23 having motion in two directions—
namely in an axial or longitudinal direction
and rotational respectively—these two mo-
tions being controlled by the wattmeter ele-
ments 10 and 11 respectively. The axial mo-
tion represents the components lying along
the line OX in Fig. 10, and the rotational
motion is represented by the components ly-
ing on the line XT in the same figure.

The cylinder 23 is mounted upon the shaft
24 and 1g provided with the lifting ratchet
25 and the rotating ratchet 26, by means of
which this cylinder may be moved axially
and rotatively rvespectively. The lifting
ratchet 25 is provided with a holding pawl
27 and the rotary ratchet 26 is provided with
a similar holding pawl 28. An actuating
pawl member 29 operated by the solenoid 30
15 controlled by the wattmeter element 10
to raise the cylinder 23 in step by step mo-
tion. The circuit for the solenoid 30 is
formed as follows: from the battery or
source of current 31 through the wire 32 the
contact 21, wire 33, through the winding of
the solenoid 30 and then back to battery
over the wire 34, Thus for each closing of
the contact 21 at the power wattmeter 10
the cylinder 23 will be advanced axially by
one step. An operating solenoid 85 is con-
trolled by the contact 22 over the following
circuit. From the battery 31 over the wire
32, through the contact 22, wire 37 through
the winding of the solenoid 35 and back to
battery 31 over the wire 38,

It is thus apparent that the printing cyl-
inder 23 is advanced one step rotatively for
each closing of the contact 22 by the reactive
wattmeter 11.

The holding pawls 27 and 28 respectively
are controlled by the solenoids 89 and 40
respectively and these holding pawls are
withdrawn periodically to reset the printing
cylinder 23 for the beginning of the next
period. In this connection it is to be noted
that T provide a spring 41 of the spiral type
at the lower end of the shaft 24 through the
medium of a sleeve 42 which is keyed to the
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shaft 24; but which permits axial movement
of ‘the shaft with respect to said sleeve.
Thus when the golenoids 39 and 40 are en-
ergized to withdraw the holding pawls 27

“and 28 respectively, the spring 41 moves the

drum 23 back to its zero position with re-
spect to motion of rotation and the weight
of the drum and connected parts lowers the
drum axially to its zero position with ve-
spect to axial motion.

The solenoids 39 and 40, which control

the ‘resetting are in turn controlled by a

suitable time -controlled contact shown in
this  case as mounted on the disk 43. The
disk 43, as well as the disk 44, is suitably
driven at a predetermined rate by time con-

trolled mechanism, in this case illusirated

- by the clock 45.

20

Thus whenever the contact
between the brushes 46 and 47 is closed the

‘printing cylinder 23 is reset.

I have provided means for periodically
recording the position of the cylinder which
determined its reading as by means of the
record strip of paper 48, and this strip is
fed from the supply roller 49 to the tale-up
roller 50. The feeding of this record strip

_is controlled by a solenoid 51 and suitable

30

35
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pawl and ratchet mechanism 52 to advance
the strips immediately after the printing

‘magnet 52 has been energized.

The printing magnet 53 and the paper
feeding magnet 51 are in series and are con
trolled by -the contact brush 54 and the
rotary contact making disk 44 so that peri-
odically the printing magnet 53 is energized
to make a record of the reading of cylinder
93 and the feeding magnet 51 is energized
to advance the paper after the printing op-
eration. I have shown the contact disk 44

as provided with numerous contacts for

making frequent records of the reading of
the cylinder 23, but it is to be understood
that only one printing operation may be
performed for each period and that prefer-
ably at the end of the period just before the

~cylinder 23 is reset.

50"

55

The printing magnet 53 is provided with
a printing platen 85 which is of substan-
tially the same size as the squares or rec-
tangles provided on the cylinder 28 so that
only the figure directly under the platen 55
will be printed upon the record strip 48.

3

The platen 55 thus performs the functicn of

o reference point for the cylinder 23. ¥ig.
7 shows a development of the surface of

" the cylinder 23. This is an exemplifica-

60
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“tion only and is not the only manner in
which the cylinder may be graduated. I

have shown ten steps in each direction, bub
it is to be understood that the number of
steps may be varied and preferably should
he greatly increased.

Tnstead of employing two releasing mag-
nets 89 and 40, a single magnet may serve

‘to release both of the holding pawls 27 and

5}

98. While a cylindrical drum is preferable
for reducing the size of the apparatus, it is
to be undevstood that a moving surface of
any other character might be employed so
long as this surface has a motion in two
directions with respect to the reference point
and is suitably graduated or -inscribed to
give the proper values.

In Fig. 5* I have shown the manner of
connecting the device of my invention to a
3:phase load circuit. In this case the
3-phase load 68 is connected to the mains 61
through the leads 62. The power wattmeter
element 10 is provided with two current
windings 63 and 64 respectively and two
potential windings 65 and 66 respectively.
These windings are connected in any well
known manner to the leads 62 as by means
of two current transformers 67 and 68 dis-
posed in series relation to the two phases of
she load 60 and the potential transformers
69 and 70 vespectively connected. across two
of the phases of the load. The reactive
meter 11 is provided with the two current
coile 71 and 72 and with the two pressure

coils 78 and 74 respectively. The current

coils 71 and 72 are connected in series with
the secondaries of the current transformers
67 and 68. The pressure coils are connected
so as to receive only a component at right
angles to flow of current.

The cylinder 23’ shown in Fig. 5% is pro-
vided with indicating characters such as
type for indicating and printing not only
the power factor for the given periods but
also the veactive component and the power
component over said period. The surface of
the cylinder 238’ is shown as developed in
¥ig. 8. It is apparent that a greater num-
ber of steps may be advantageously em-
ployed although the number of steps is not
of the essence of the invention. The platen
75, which strikes the recording strip 48
against the type of the cylinder 23" is made
of the proper size to embrace the three small
corresponding squares. Thus there are re-
corded side by side on the recording strip 48
the power component, the reactive compo-
nent and the power factor over a given pe-
riod. Otherwise the operation of the sys-
tem shown in Fig. 5 is the same as that
shown in Fig. 1.

Tf the steps in either a rotary or a vertical
direction should be tco great the last step
may be provided with markings for indicat-
ing that the reading has gone beyond the
dimensions of the chart, A special mark at
the end of the chart such as indicated at 136
in Fig. 8 may be provided.

In Fig. 6 T have illustrated the manner in
which the pressure coils of the wattmeter
slements may be connected to the mains to
secure correct readings. The pressure coils
of the power wattmeter element 10 are con-
nected across two phases of the line, but the
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pressure coils of the reactive wattmeter 11
are connected to the coils of the power
transformer 77.

The particular manner of making the con-

nections is not of importance and may be
varied. Instead of connecting to the wind-
ings of the service transformers as indicated
at 77, Fig. 6, an artificial load may be pro-
vided through which connection may be
made. :
In Fig. 12 T have indicated diagrammati-
cally a modification of the form of device
shown in Figs. 5 and 5% in which totaliz-
ing counters for total power component and
total reactive component are provided.

I have added the numeral wheels 80 and
130, upon which T inscribed characters suit-
able for printing, reading in terms of total
power component or actual kilewasts, and in
total reactive component respeciively. The
numeral wheels 80 are operated by the elec-
tro-magnet 82 in series with the vertical
stepping magnet 30 so that for every opera-
tion of the vertical stepping magnet 30 an-
other unit is added to the indication on the
totalizer wheels 80, thereby registering con-
tinuously the increase in actual power con-
sumed. In the same way the totalizer mag-
net 182 is in series with the rotary stepping
magnet 51 and serves to accumulate or totai-
ize the amount of reactive component over
any given period.

I have also provided the printing raa
83 and 131 which ave connected i
with the printing magnet 53 and the pa
advancing magunet 51, Gtherwise the opera-
tion of this mechanism is substantially the
same as that shown in Wigs. 5% and 55 1%
is assumed, of course, that the conncetion
shown in Fig. 5% for ths wattmeter clements
12 and 13 are provided so that the rotatable
elements 12 and 13 are responsive t
components and reactive components respee-
tively. Upon the completion of a revolu-
ticn of the wattmeter element 12 the con-
tact 21 will be closed for 2 :
vertical stepping mag 3
eter magnet 82 wili be energized simul-
taneously, thereby actuating the indicating
cylinder axially and stepping forward the
unit cyclometer wheel 80 by cne unit.
the same manner all the closuves of the con-
tacts 22 of the reactive meter will he fotal-
ized on the accumulator 130.

The record strip is shown in detail in
Figs. 14, 14* ard 145 Tt is apparent that
any one or more of the guantities may be
omitted if desived and a record of the other:
made. At the end of a given period as con-
trolled by ths time controlled mechanism
and contact mechanism governed thereby,
the circuit for the paper advancing magnet
51 and for the printing magnets 53 and 83
will be energized so that a record is made
of the reactive component over a given

ae}

o
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period, the power component over said
period, the power factor over the period and
the total reactive component and the total
kilowatts consumed to the end of that
period. Thereafter the paper strip is ad-
vanced by the pitch distance illustrated be-
tween the dotted lines ¢ and 0 in Figs. 14
and 144, ‘

This record is highly valuable as indicat-
ing not only the character of the load but
the total load in kilowatts and the total re-
active component over a given period. From
the record strip thus made it is possible not
only to read the power factor over any short
period of time but also over any longer de-
sired period of time. The total reactive
component or part of the same over any par-
ticular period has a definite relation to the
total power component or the part of the
seme extending over the given peried. The
cyclometer wheels 80 and 130 may be made
so as to reset by any well known mesans, as
is well understood by those skiiled in the
art.

The record strip made by each of the
forms heretofore described, also has value
in that it indicates the maximum demand
and the nature of that maximum demand
over any given period. In the record shown
in Figs. 14, 14% and 143 there is given o di-
rect indication of the amount of power con-
sumed over a given period. By inspecting
the record strip it will be possible to select
the largest value of power component and
this represents the maximum demand. Tt ig
also possible to select the largest value of
reactive component and to compave its rela-
tion to the power component ov to the posrer
Tactor in determining the character of tho
load. Thus it is possible not on'y to select
the largest value of power component over
a unit period to represent maximum de-
mand, but alse to determine the power fac-
tor during such maximum demand.

I have shown the record strip in Fips. 14,
14* and 14 as bearing indications 135 to in-
dicate the beginning or end of 5 pericd.
This may be done by the platen of the print-
ing magnet 83 or 1380. Other useful indi-
cations such as an indieation of time may
be made on the record strip if desired.

The printing attachment for printing the
total value of power consumed may be addec
to the form shown in Fig. 1 and in that case
& record such as is shown in Fig. 18 will he
provided. From this record it will be pos-
sible to find the maximum demand over any
eiven period by a simple process of sub-
traction. Thus the largest difference repre-
sents maximum demand.

In Tigs. 15,16, 19 and 20 T have diagram-
matically illustrated the manner in which
my invention may be applied to indicating
instruments. Tn this case I provide a sta-
ticnary chart 85 with which the two mov-
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able pointers 86 -and 87 cobperate. The
pointer -86 is moved in accordance with the
instantaneous value of the power component,

a Wattmeter clement 90 being provided for
"5 this purpose.

The indicator 87 is moved in
accordance with the instantaneous value of
the reactive component by means of the
wattmeter device 91. The intersection 88 of
the pointers 86 and 87 forms a movable in-
dicator or reference point which codperates
with the chart 85 to give an indication of
the value of power factor. The wattmeter
elements 90 and 91 are of the Kelvin balance
type having stationary current coils 92 and
93 respectively and movable potential coils

94 and 95 respectively.

20

25

The movable system of the wattmeter
alement 91 comprises a beam 96 mounted on
a pivot 97 for rocking movement and this

rocking movement is transmitted to a slid-
/ing rod 98 as by means of the rack and seg-

ments 99 and 100.. The indicator or pointer
87 is connected to the sliding rod 98 and is
moved across the chart 85 in response to the
variations in the instantaneous values of
the reactive component of current flowing

_in the mains 6 and 7. The movable system

30

- 35

40:

45

of the wattmeter 90 is similarly connected to
the 'sliding rod- 104 to which the pointer. 86
is. secured.

The values of power factor which appear
within the squares of the chart 85 and also
those which appear in the charts, Figs. 7
and 8, may be mathematically determined as
indicated in Fig. 18. Consider the point
P at the center of the square as typical of
all points within said square. This point P
lies a horizontal distance of three steps
away from the Y axis and lies a vertical
distance of nine steps or units in a wvertical
distance ‘away from the X axis. The tan-

.gent of the angle POX is therefore 9
divided by 8 or 8. - The cosine of the angle -

whose tangent is 8 is .949. These charts
(Figs. 7 and 8) are graduated along their
X ‘axes in values of power component and
along their Y axis in values of reactive com-

"~ ponent,

" 50,

- 60

The values may be otherwise determined
by measuring the size of the angle and ob-

‘taining the value of the cosine of that angle
from: tables of trigonometric functions.

I have illustrated heretofore only rec-
tangular codrdinates, but it is to be under-

-stood that polar cotrdinates or a combina-

tion of both may be used as is indicated in
Figs. 16, 17,19 and 20. ; :

In Tig. 16 T have shown the wattmeter
elements 110 and 111 which have the mov-
able pointers. 112 and 113 respectively.
These pointers are:moved by movable poten-

 tial coils-114' and 115 respectively and it may

- be assumed that for each position of the

- 65..

corresponding.pointer there is a certain and

fixed value of power component-.or reactive

component as the case may be. Therefore
for any particular point on the’ chart, such
as the point Z shown in Fig. 17, a corre-
sponding value of power factor may be in-
scribed. The value there placed will be the
cosine of the angle whose tangent is repre-
sented by the ratios of the value of the posi-
tion of the pointer 112 with respect to the
value of the position of the pointer 1183,
when these pointers cross each other above
the particular spot, or in the immediate
vicinity thereof.

In Figs. 19 and 20 I have indicated dia-
grammatically an embodiment in which the
chart has a motion in one direction and a
movable pointer 119 has a rotary motion
with respect thereto. In this case the watt-
meter element 120 moves the pointer 119 to

a position corresponding to the value of the-

power component flowing at a given time.
The wattmeter element, 121, which is actu-
ated in response to the reactive component
flowing at the same time, moves the chart
122 vertically a proportionate distance and
the corresponding value of power factor
may be read from the chart 122 as is appar-
ent from Fig. 20.

The chart 192 is suspended on a parallel

motion system of links which are pivoted at

the stationary points 123 and 124.
Where an unbalanced three-phase system

is connected the power factor indication will

be an average of the three phases.

I do not intend to limit the invention to
any particular form of apparatus other than
as the same is specified in the following
claims. ,

For the purposes of my invention it is
immaterial whether the surface itself be

.moved . or whether the reference point be

moved with respect to the surface. Such
embodiment of the invention is obviously in-
tended to come within the scope of the ap-
pended claims. It is also apparent that a
partial movement of the surface and a-par-
tial movement of the reference points may
accomplish the same end; namely, that of
bringing the proper indication or recording
character into line with the reference points
so that an exact reading and recording may
be made.

I am aware that my invention includes a
number of individually novel features in

devices of this character which are useful

whether the device which T have disclosed be
used in its entirety or not, and T have there-

~ fore laid claim to the same as appears in

the appended claims.

Y claim: :

1. The method of continuously indicating
average power factor over a predetermined
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period of time, or any portion thereof, of

the electrical power flowing in a conductor
by means. of a surface. divided with respect

to a zero point, into.unit areas by. codrdi-
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nates and provided with graduations on said
unit areas in terms of power factor, the
value of the graduation in each area b(‘ﬂIlO‘
the cosine of the ¢ angle Whoso tangent is the
ratio between the ordinate of said area and
the codrdinate of the same area, which com-
prises—integrating the instantaneous values
of the power component of the power flow-
ing in said line in said period or any por-
tion thereo? into predetermined units, inte-
grating the instz intaneous values of d1e re-
active component of the power flowing in
said line in said period or any 1J01t1011
thereof into other predetermined units pre ef-
erably of equal value with the umits of
power compornent, laying out said units of
reactive conmoncnt as tl‘ev are completed
lineally “10110' an ordinate of measnrement of
said surface, laying out said units of power
component as they are completed hneallv
along a codrdinate of measurement of m,lﬂ
surface, and lete“mmm(r at any time the
value of power factor from the graduation of
the nnit area which is defined in terms of its
ordinate by the value of the integrated or
accumulated units of reactive component
and in terms of its cordinate by the value
of the integrated or accumulated units of
power component

2. In combination, an element having a
curface with in dications thereon correspond-
1n9_' to various power factors, means respon-
sive to the power component of electrical
energy flowing in a line and means respoun-
sive to the 1e‘1ct1ve component ﬁow‘iw n
said line, both of said means codperating
with the element to move said surface to

cause an indication to be given of the power
factor of the electrical power flowing
t‘nourrh said line. ,

. In combination, means adapted to he
responsive to reactive components of poiver
flowing in a line, means respensive to the
power components flowing in said line, a
third means comprising an indicating sur-
face graduated in acr‘omlm co with the * T\qla
ot Hg, the tangent of which is defined by
the ratio of tha reactive component to the
power component, which surface is influ-
enced by said first two means to give an in-
dication of power factor.

4. In combination, means mhpted to he
lesponclve to reactive component of power
flowing in a line, means responsive to the
power component flowing in said line, a
third means comprising an indicating sur
face influenced by s said first two means to
give an indication of powev factor and
means for periodically recording the read-
ing of said indicatin 1 Surche

5. In combination a line, an element hav-
ing an indicating surface bearing indica-
tions correspondmo to cosines of various
angles, a first electrical means responsive
to the reactive component in said “line, a

qecond e‘ c*rical ‘means 1QS‘)OY’ISiVG to the

“3331 indicatio n on wlfl sur-

y 1 to be
21 means
ad of the
ot the ‘eb the
tangent is the
ent to the power

,_4

1ling cosines
clectrical means 1esi,\,us,1..e
muponent in 5“1'7 line, a
rcs“onwe to the
in said line, means for
articniar indication on said
element being ﬁdapted to be
stry with snid Iatter means
£ the first and of be second
elect thereby the cosine
tangent is the ratio of
o the DOWer com-
L(Y‘

2g1
s
noe

ng to s
whose
¢ 7:9 component
4 menng for pericdically mak
of the indication selected on said

Y
s

ing a suy 1" a 1‘1‘0‘*1c ed with indications cor-
"esponfh1 to power factors, means subject
to the reactive component in said line for
moving said sur: face in one direction only,
means svmect to the power comoonent mn
S‘lld line for moving said surface in an-
other dirvection only to br‘nrr a correspond-
ing indication on said surface into register
with a predetermined reference position.

8 In v\,mbm‘lhon a line, an element hav-
ing a sarface provided with indications cor-
rﬂonwhvw +o power factors, means subject

to the reactive component in said line for
moving said surface in one direction only,
means subject to the power component in
saxd line for movm:z S‘Hd surface in another
dirvection only to bhno a corresponding
indication on said surface into register with
h) pre@cfernﬂmed reference r)osmon, and
means -for making a record periodically
of the indication so brought into register.

9. In combination a hne, an element hav-
ing a surface providad with indications cor-
responding to power factors, means subject
to the reactive ncmponent in said line for
moving said surface in one direction only,
means sub;uct to the power component n

said line for moving said swrface in another
dnectlon only to bring a corresponding in-
dication on said surface into register with
a predetermined reference position, and
means for making a record periodically ot
the indication so blourrht into register, and
means for ’)ew‘lodlcaﬂv setting said indieat-
ing surface back to the zero nosmon

10. In combination a line, a first watt-
meter element responsive to reactive com-
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: ponem in bald line, a second wattmeter ele-

-10

ment responsive to power component in said
line, .a common indicating element, means
responsive solely to the first wattmeter ele-
ment and means responsive solely to said
second wattmeter element both of said lat-
ter means operating said common indicat-
ing. clement independently of each other to
give an indication of power. factor.

11. In combination a e, a first integrat-
mg ‘wattmeter element responsive to reac-

- active component in smd line over a given

15

20

25

period, a second indicating wattmeter “ele-
ment responswe to power component in said
line over the same period, a €ommon indi
cating element, meons xnspomlve to the fire

watt mtter element and means msponswe to
said second wattmet er element both of said
latter means codperating with said common
indicating clement to give an indication of
power factor over a given pemod '

-12."In combination a line, a first watt-
meter . element responswe to reactive com.
ponent in said line, a second wattmeter ele-
ment Tesponsive to power” component in
said-line, a common indicating element,
means responsive to the first W%tfmeter ele-
ment and means responsive to said second

- ivattmeter element, both of said latter means

30

. period, said common indi

35

45

to the ﬁr'st wattmeter element

cobperating  with said:common indicating
element to give an indication of power fac-
tor and reactive componem over a given
cating element be-
ing graduated in terms of power factor and
reactive component.

18. In combination a line, a first inte-
grating wattmeter element responsive to re-
active component flowing in said line over

a - glven period; a second integrating watt-

meter element respoisive to power compoi-
ent in said line over the same period, a com-
mon indicating element, means responsive
and means
responswe to gaid second wattmeter ele-

ment, both of said latter means coSperat-

ing with said common indicating element

to give an indication of power, factor and

50

,reactlva ccmponent over said given period,

said indicating element being wrn( uated in
terms- of power factor and reactive com-

“- ponent. . ]
14, In combmatlon a line, a wattmeter
element re: eiponsive to . active component

in gai d line, a second mtmnnter clement re-

~ power

60

- wwattmeter element,

sponswe to power component in said line,

y.common indicating element, said indicat-
mg element being. m‘adu“tnd in terms of
factor and of power component,
means responsive to the first wattmeter ele-
ment and means responsive to said second
both of said latter
means codperating WJth said common indi-

~cating element to give an indication. of

“power factor and of power component.

15. In combination a line, a first inte-
grating wattmeter element responsive to re-
active component in said line, a second in-
tegrating wattmeter element responsive to
power component in said line over the same
period, a common indicating element gradu-
ated In terms of power iactor and power
component, means responsive to the first
wattmeter element and means responsive to
said second wattmeter element, both of said
latter means codperating with said common
111chmtlng clement to give an indication of
power factor and of power component over
said given period.

16. In combination a line, a first watt-
meter element responsive to reactive compo-
nent in said line, a second wattmeter ele-
ment responsive to power component in said
line, a common indicating element graduat-
ed in terms of power factor reactive com-
ponent and power component means re-
sponsive to the first wattmeter element and
Imeans responsive to said second wattmeter
element, both of said latter means codper-
ating with said common indicating elements
to give an indication of power fa tor, re-
active component and power component.

17. In combination, a line, an indicating
element comprising a surface having gradu-
ations distributed thereupon .in two dimen-
sions in terms of the funstions of two vari-
ables similar to the character of the load
connected to said line, a meter element re-
sponsive to one of the line variables, con-
tact means controlled by said meter ele-
ments, a second meter element responsive to
the other of said line. variables, contact
means controlled by said second meter ele-
ment, a reference member coSperating with
said 1ndlcat1no‘ element, means for securing
relative movement between said surface and
said referen e member in one dimension in
steps corresponding to the operation of said
contact means, and means for securing rela-
tive movement between said suriace and
said reference member in another dimen-
niO‘l in steps corresponding to the operation

714 second contact means.

18 In combination a line, an integrating
wattmeter element responsive to the power
flowing in said line, contact means con-
trolled. by said element, an indicating and
recording element comprising a drum hav-
ing qraduat ons in two chmensmﬂ; achpued
to make a re~ord, means for advan-ing the
indicating element in one dimension in steps
corresnonrhng to the operation of said con-
tact means-a complete graduation at a time,
means for moving' the “drum in another di-
mension and automatic recording means for
periodi~ally making a record of the reading
of said last element,

19. In combination a line, an integrating
wattmeter element resp0ns1ve to the power
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flowing in said line, contact means con-
trolled by said element, an indicating and
recording element having fm,duatmnc in
two dimensions and bein e adapted to moke
a record, means for advane ing the indicat-
ing element in one dimension in steps cor-
responding to the operation of said cont:
means, means for advan ncing the element in
the other dimension and automatic z'eco:"i—
ing means for penom ally making a record
of the reading of said last element, and ou-
tomatiz means for periodic WH; resetting the
indicating and recorch“w element.

20. In combination a line, means  con-
trolled by the power component of power
flowing through the line, means controlled
by the reactive component of power flow-
ing through said line, & surface having
graduations in one direction corresponding
to the power component and having gradu-
ations in ancther direction c\,rresvoncfmv'
to reactive components and having
lying substantially at the 3 3
said graduations, said ﬁcrarﬂs correspend d
to a function of the nolo of phase diff
ence between electro-motive for ce and cur-
rent in the line, a relatively stationary i
dicating or reference mcmber means Con-

!
ot
Cu

an
<
U"l‘ r\r\ ,q# o)

trolled by said first means to move the sur-
fare in said first divection and means con-
trolled by said second mentioned meang to

second dire
, Means e

- nower

move the surface in said

21. In combination ne
sive to the power component o
ing ’lﬂrouﬂh the Hne, means responsive to
o . on ?':xt of power
through sai 1 line, a surface having grs
tions in one direction cory espondding to
the power component and having 0'mduw—
tions in another dn’ec fm COTTESPO
renctne compenent and D(‘V“’lg
uw SWbsfﬂlhallv nf the 'me“mc ion
aradmt ons, 5‘1 id ﬁour% corre
a function of the an
between els tro-motiy
the line, a relatively st mary in ng
or reference nmrnbe;.; maans CM‘W‘?")" 1:"\*
said first means to move th
ﬁrs‘s duectlon and means eo:

t

7
a ne

kS

fowing

fare in snid Secord 7’re'ti\,ﬁ. :
periodically m _udlﬂng a record of
brought into register with the
stfitlomr'v member,

22, Tn combination a chart n
two directions, said chart being
in one direction in terms of prs
ponent and in another direction in
powm- component, relatively station:
erence means qrh weent said movab
menns ftdhpke“ t0 be responsive to re active
component in a line for moving the chart
in said ﬁrsw direction, means ed to ba
responsive to the power Comuanen* in ths
game lme, for moving the chart in the see-

adant
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direction to bring a prede*ermined por-
‘c v COY I"’SUORCLH} > Lo the power

ister v ‘mh sald 3ta~10m,r' ref-

ond

factor in reg
Nnee means.
In combination a chart movable in
directions, said chard Mung graduated
1

ne divectlon 1 68 o1 reactive com-
(:;

eTin S

ponent, and in another direction in terms
ot wer comp onent, 11111;’::1‘;111“ characters
at intersections of said owldmtmno, a
re ely stationary reference ineans, means

e
(c

tiv

fm:%lvc to reactive compogenu 11‘ a line
for moving the chart in said first direction,
means responsive to the power component
in the line for moving the chart in a sec-
ond direction to bLlﬂo o charocter of the
chart corresponding to the ano-ln of phase
difference in register with said stationary
I‘“fPI’ATiCG means.

24. In combination a chart movable in two
directions, said chart being graduated in
one dirﬂ'uon in terms of reactive compo-
nent, and in another direction in termsz of
power component, indicating characters at
the intersections of said raduwmon , a rela-
tively stationary reference memu, means
asponsive to reactive component in a line
for *'vzo"'nvf the chart 'n sail ;ﬁrst direc tion,

responsive to the pewer compo: zent

or moving he chart in 2 sccond
3 of the chart
1]01\ ( ‘{11)1‘

P S
réi-

for mzunnr;: A rec-

erence me
ord

ans,
peri om:"a‘lv “f
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meter ‘elements: for. moving, the indicating
means in another direction, said indicating
means having characters thereupon and rel-
atively stationary veference means adapted
to. be brought into register with a specific
one of said characters to indicate the power
factor of the current flowing through the
line. ‘
27. In combination, a wattmeter element
responsive to reactive component in a line,
a second  wattineter element responsive. to
power component in a line, indicating means
comprising a_ cylinder having graduations
corresponding to power factors upon the
surface thereof, stepping means responsive
to one.of said wattmeter elements for mov-
ing the cylinder axially and stepping means
responsive to the other of said wattmeter
elements for moving said cylinder rotarily,
and a stationary reference member with
which a.portion of said cylinder is adapted
to bhe brought into register for indicating
power:. factor. - :

98. In combination, a wattmeter element

. responsive to reactive component in g line,

a second wattmeter element responsive to
power component in a line indicating means
comprising a cylinder having graduations
corresponding to power factors upon the

surface thereof; stepping means responsive

to one of said wattmeter elements for mov-
ing the cylinder axially and stepping means
responsive to the other of said wattmeter

“elements for moving said cylinder rotarily,

and a stationary reference member with
which a portion of said cylinder is adapted
to be brought into register for indicating
power factor, and printing means for pe-
riodically making a record of the portion
of said cylinder brought into register with
the relatively stationary means.

29. In combination, a wattmeter element
responsive to reactive component in a line,
a second. wattmeter element responsive to
power component in a line indicating means
comprising a cylinder having graduations
corresponding to power factors upon the
surface thereof; stepping means responsive
to: one of said wattmeter elements for mov-
ing the cylinder axially and setting means
responsive to the other of said wattmeter
elements for moving said cylinder rotarily;
and-a stationary reference member. with
which a portion of said eylinder is adapted

to" be brought into register for indicating

power, factor, and .printing means for pe-
riodically making -a-record of the porticn
of said cylinder brought into register with
the relatively stationary means, and auto-
matic resetting means for periodically re-
the cylinder both axially and ro-

-30. In combination an integrating watt-

“meter for power component, an integrating

wattmeter for reactive component and tem-

porary. register means for registering.the
power. component and the reactive compo-
nent measured by said. wattmeters over a
given period and for registering the power
factor corresponding to said values of power
component and reactive components.
31. In combination an integrating watt-
meter for power component, an integrating
wattmeter for reactive component and a
temporary register for registering the power
component and the reactive component meas-
ured by said wattmeters over a given period.
32. In combination an integrating  watt-

meter for power component, an integrating.
wattmeter for reactive component, tempo-

rary register means for registering the
power component and the reactive compo-
nent measured by said wattmeters over a
given period, means for periodically. record-
g the readings of said registering means

and means for periodically resetting. the

registering means. - «

83. In combination an integrating watt-
meter element for power component, an in-
tegrating wattmeter element. for reactive
component, temporary register means for
registering the power component and the
reactive component measured by sald watt-
meters over a given period; and an accu-
mulating register for registering the total
amount of power component.

34. In combination an integrating- watt-
meter element for power component, an in-
tegrating wattmeter element for reactive
component, temporary. register means for
registering the power component and- the
reactive component measured by, said watt-
meters over a-given period, an accumulat-
ing register for registering the total amount
of power component, a record sheet and
means for periodically -recording. on said

sheet the readings of the temporary register:

an¢t the accumulating: register.
- 35. In combination an integrating watt-
meter element for power component, an in-

tegrating wattmeter element for reactive

oy

component, temporary. register means for
registering the power:component and  the
roactive component registered by said watt-
meters over a- given period and for. regis-

tering the power factor corresponding to:

said values of .power. compenent -and reac-
tive .component over said- period, means. for
resetting periodically the temporary. regis-
ter means, an  aceumulating register for
registering the total amount of power com-
ponent, a record sheet-and means. for peri-
odically recording on- said-sheet the read-
ings of the temporary register and of the
accumulating register. S

36. In a device of the character described,
a rectangular chart subdivided over its en-
tire area into a plurality of unit areas de-
fined by two groups of continuous lines

which intersect each-other, said-areas having.
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inscriptions thereupon of power factors, the
value of each inscription being a trigonomet-
ric relation of the value of the position of
the particular unit arsa along one group of
lines to the value of the position of said
area along the other group of lines, and
means responsive to power flowing in a line
for bringing the reference member and the
particular unit area which has the proper
Inscription of power factor into register to
indicate the power factor of the power flow-
ing in the line, said last means being subject
to two forces corresponding to the two sets
of lines, namely power component and re-
active component.

37. In a device of the character described,
a two-dimensional chart having its entire
surface subdivided into rectangular unit
areas by two groups of parallel lines the
lines of each group being at right angles
to the lines of the other group, each of said
areas having inscribed thereupon a value
of power factor, the value of each inscription
being a trigonometric relation of the value
of the position of the particular unit area
along one group of lines to the value of the
position of the said unit area along the other
group of lines, and means acted upon by two
forces, namely reactive component and
power component, codperating with said
chart to select any appropriate one of said
areas to indicate power factor.

38. In a device of the class described, a
two-dimensional chart having a zero point
and having its surface subdivided into unit
squares by two groups of parallel lines, the
lines of each group being at right angles to
the lines of the other group, each square
having thereupon an inscription of power
factor, the value of the particular inscrip-
tion being a trigonometric relation of the
value of the position of the particular square
along one group of lines to the vilue of the
position of the said square along the other
group of lines with reference to the said zero
point.

39. In combination, means adapted to be
responsive to the reactive component of
power flowing in a line, means adapted to be
respoLsive to the power component flowing
in said line, a third means comprising an in-
dicating surface graduated in two dimen-
sions in accordance with the power factor
of the energy flowing in the line, and means
codperating with said graduated surface and
adapted to be brought into register with the
proper graduation on said surface by rela-
tive movement between the surface and said
last means to indicate power factor.

40. In combination, an indicating element
comprising a drum having its cylindrical
surface graduated in two dimensions, means
responsive to power component for moving
the drum in one dimension and means re-
sponsive to reactive component for moving

1,366,960

the drum in the other dimension, and indi-
cating means adapted to codperate with the
drum and to be brought into register with
the particular portion of the surface of the
drum which indicates the power factor cor-
responding to said component.

41. In combination, a meter responsive to
a function of the power component flowing
in a conductor, a second mater responsive to
a function of the reactive component flowing
in the conductor, a chart graduated in two
dimensions in terms of a function of the two
components and reference means for select-
ing an indication on the chart, said reference
means and said chart being relatively mov-
able with respect to each other by the joint
action of the two meters to select the corre-
sponding function.

42. In a device of the class described, a
printing drum, a meter responsive to a char-
acteristic of the current flowing in a con-
ductor, said drum being graduated in two di-
mensions and movable in two dimensions,
means controlled by said meter for moving
the drum in one dimension and other means
for moving the drum in another dimension.

43. In a meter of the chavacter described,
a two dimensional chart having its surface
subdivided into unit areas, each of said unit
areas having inscribed thereupon a funec-
tion of the angular position of the area
with respect to a zero position, electrical
means for measuring two components or
factors of electrical power, a reference
member and means subject to one of said
components for registering its quantitative
value in one dimension on said chart by
relative movement of the chart with re-
spect to the reference member, and means
subject to the other component for register-
ing its quantitative value in the other di-
mension on said chart by relative movement
of the chart with respect to the reference
member,

44, In combination a line adapted to have
a flow of electrical power therethrouoh, said
flow of power being characterized by two
variables, a chart or indicating member
graduated in two dimensions in functions of
the two variables, means codperating with
the chart or indicatine member to indicate
continuously a desired function of said two
variables, a device responsive to unit quan-
tities of one of sald variables for control-
ling in one dimension the selection of the
proper graduation on said chart or indicat-
ing member, and a second device respon-
sive to unit quantities of the other of said
variables for controlling in another di-
mension the selection of the proper gradua-
tion on said chart or indicating member,
said device jointly effecting selection of the
proper graduation to indicate the function
of the two variables as measured in units
by said devices.

70

80

90

95

100

105

120

125

130



10

1,366,960

45: The method of measuring and indicat-
ing a“desived characteristic of an electric
flow of current with a surface graduated in
two dimensions from 4 zero polnt in terms
of said characteristic and a reference mem-
ber, which comprises, summing up or in-
tegrating. the instantaneous values of the
reactive . component - into - units of -prede-
termined value, and when a unit is com-
pleted moving the surface and the member

- relatively to each: other in response thereto
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a unitary amount in a given dirvection with
reference to the zero position, simultane-
ously summing up or integrating the instan-
taneous values of the power component
into corresponding units of the predeter-
mined value and when a unit of the latter
class ‘is completed moving the surface and
the member relatively to each other in re-
sponse thereto a unitary amount in a direc-
tion at. substantially right angles to the
first given direction with reference to the
zero position, whereby said reference mem-
ber and said chart at any time designate the
desired characteristic of the circuit for any
period of time considered.

46. The method of measuring and indicat-
ing a desired charvacteristic of an electric
flow of current with a surface graduated in
two dimensions from a zero point in terms
of said characteristic and a reference mem-
ber, which comprises, summing up or in-
tegrating the- instantaneous values of the
reactive component into units of a prede-
termined value, and when a unit is com-
pleted moving the surface and the member
relatively to each other in response thereto
a unitary amount in a given direction with
reference. to the zero position simultane-

‘ously summing up-or integrating the instan-

taneous values of the power component intn
corresponding units of the predetermined
value and when a unit of the latter class
is completed moving the surface and the
member relatively to each other in response
thereto a unitary amount in a direction at
substantially right angles to the first given
direction with reference to the zero posi-
tion, whereby said reference member and
said chart -at any time designate the de-

" sired - characteristic of the circuit for any

55
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period of time considered, and periodically
restoring the surface and the member to
zero’ position.

47. In combination, a line, an indicating
element comprising a surface having gradu-
ations distributed thereupon in two dimen-
sions in ‘terms of a trigonometric function
of two variables-controlled by the character
of the load connected to said line, a swatt-
meter element responsive to one of the vari-
ables, a reference member coSperating with

‘said indicating element, means responsive

to the first wattmeter element for moving
said surface with respect to said reference

18

member in one dimension in response to one
of the variables, and means responsive to
the second wattmeter element for moving
said reference member and said surface rela-
tively with respect to said reference member
in another dimension in response to the
other of said variables.

48. In combination, an element having a
surface with indications thereupon corre-
sponding to a desired trigonometric func-
tion of two variables, means responsive to
the power component of electrical energy
flowing in a line and means responsive to
the reactive component flowing in said line,
both of said means codperating with the
element to cause an indication to.be given
of the desired trigonometric function of said
two components. .

49. In combination, means adapted to be
responsive to the reactive component of
power flowing in a line, means responsive to
the power component flowing in said line; a
third means comprising an indicating sur-
face graduated in accordance with a pre-
determined . trigonometric function of two
variables corresponding to said reactive
component and power component, said third
means being influenced by the first two
means to give an indication of the desired
trigonometric function of the two compo-
nents. ' ’ '

50. In combination, means adapted to be
responsive to reactive component of power
flowing in a line, means responsive to.the
power component flowing in said line, a
third means comprising an indicating sur-
face influenced by said first two- means to
give an indication of a trigonometric fune-
tion of the two components, and means for
periodically recording the reading of said
indicating surface.

51. In combination, a line, an element hav-
ing an indicating surface bearing indica-
tions corresponding to a trigonometric func-
tion of two variable components lying at
right angles to cach other, a first electrical
means responsive to the reactive component
in said line, a second electrical means. re-
sporisive to the power component in the line,
means for selecting a particular indication
on said surface, said latter means and said
element being adapted to be brought into
register by joint action of the first and of
the second electrical means to select thereby
the paréicular value of the trigonometric
function of the said two variables.

52. In combination, a line, an element
having a surface provided with indications
corresponding to a trigonometric function
of two variable components lying at right
angles to each other, means subject to the
reactive component m said line for mov-
ing said surface in one direction only, means
subject to the power component in said line
for moving said surface in another direc-
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tion only to bring a corresponding indica-
tion on said surface into register with a pre-
determined reference- 13051t1on.

53. In combination, a line, an element
having a surface provided with indications
corresponding to a trigonometric function
of two variable components lying at right
angles to each other, means subjpct to the
reactive component in said line for moving
said surface in one direction only, means
subject to the power component in said line
for moving said surface in another direc-
tion only to bring a corresponding indica-
tion on said surface into register with a pre-
determined reference p051t10n and means
for making a record periodically of the in-
dications so brought into register.

54. In combmwtlon, a hne, an- element
having a surface provided with indications
corresponding to a trigonometric function
of two variable components lying at right
angles to each other, means subject to the
yeactive component in said line for moving
said surface in one direction only, means
subject to the power component in said line
for moving said surface in another direc-
tion only to bring a corl‘esponchno indica-
tion on said surface into register with a
predetermined reference posmon means for

making a record mrlodmlly of the indica-
tions so brought into register, and means
for periodically setting said indica ating sur-
face back to the zero Dos1t1on

55. In a device of the class described, a
cylindrical drum, the surface of the drum
having a zero point and being graduated in
two dimensions to form rectangular unit
areas, said unit areas having printing char-
acters thereupon, each character bemO‘ a
trigonometric function of the location of F the
unit area with respect to the zero point.

56. In a device of the class deseribed, the
combination of a cylindrical drum, the sur-
face of which has a zero point and which is
graduated in two dimensions to form unit
areas, said unit areas having printing char-
acters thereupon, each character being a
trigonometric function of the location of the
unit area with respect to the zero point in
terms of suitable units, said drum being
mounted for axial qu rotary movement
stepping means for moving the drum in
suitable unit stenrs in an axial direction,
stepping means for moving the drum in
unit steps in a rotary divec tion, holding
means for holding the drum in advanced

position and means for releasing said hold--

inv mems
In a device of the class described, the
combmatlon of a cylindrical drum, the sur-
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face of which has a zero point and which is
graduated in two dimensions to form unit
areas, said unit aress having printing char-
acters thereupon, each ch‘lraﬂter'belnw a
tugonometmc functlon of the location of
the unit area with vespect to the zero point
in terms of suitable units, said drum being
mounted for axial and 1otary movemmt
stepping means for moving the drum in
suitable unit steps in an axial direction,
stepping means for moving the drum in
unit steps in a rotary (hrectlon, holding
means for holding the drum in advanced
position, means for releasing said holding
means at the end of a given pemod of time
and means for p!’lntnw the selected one of
said characters at the end of the given pe-
riod.

58. The method of indicating the charac-
ter of power ﬁowm(r in a line over a pre-
cletermined period of time, which comprises
integrating the instantaneous values of
power component over said period into pre-
Jowrmmed units; simult ﬂneou%lv integrat-
ing the instantaneous values of reactive

1ponent over said period into similar pre-
determmed units; luvm(Jr out said units
direction and dimensions flom 9 7ero poq-
tion as they arve completed ! Jy he movement
of a common 1‘1d1c(1tm0f element with ref-
erence to a given zerg posmon. and at the
end of the De“10d ascertaining a desired
trigonometric function of the posmon of
said common indicating element with ve-
spect to said zero *)osmon
. The *nethod of indicating average
power factor in a line over a pr edetermined
pericd of time which comprises integrat-
ing the instantaneous values of power com-
.)onent over said peried into predetermined
units, simultaneous sly integrating the instan-
taneous values of reactive componenf over
said *)erlod into similar predetermined units,
moving a common indicating element in one
direction with reference to a given zero po-
siticn in response to the predete1mmed
nmu of one component, and moving the in-
Jicating element in a divection at substan
tially rlght angle to the first direction of
movement in response to the units of the
second component, and at the end ot the pe-
riod, ascertaining the angular position of
said common indicating element with re-
spect to said zero position, in terms of the
cosine of the angle.

In witness whereof T hereunto subscribe

my name this 25th day of November, 1918.

RUDOLPH FREDERICK SCHUCHARDT.
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