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Preface.
The writers have endeavored in this short treatise to present
| the subject in & simple, readable form and in as practical a manner
as possible, eovering briefly the evolution of our present wattmeter
system and the underlying principles of the instruments together
with a f'ew laboratory tests and our conclusions.

While this treatise is not claimed to be exhaustive, still as
impartial authorities who have written upon the subject in other than
a strictly mathematical way are not numerous, we hope ‘that it may
' at least prove toc be an interesting addition to the small amount of
literature on the subject.

Use has been made of the bulletins on wattmeters issued by the
various manufacturing companies wherein much reliable and useful
information could be obtained that was not available from any other

source.
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The business of electriec lighting and power distribution from
central stations has grown to such a velume that millions of dollars;
change hands yearly in the transaction of that business. The conm-
modity exchanged is the electric current and Yet there is great un-
certainty as to what that so called current really is. Considering
this fact, the enormity of the business built upon this invisible
something is rather surprising.

The general lack of definite knowledge on the subject and the
fact that the commodity is intangible are perhaps responsible for
the laxity that has existed in the buying and selling of electrical |
power until a comparatively recent time. The sale of ecurrent ihvolv-f

ing large sums is often based upon measurements taken with poor, in- i

efficient instruments or upon a system of caleculation elosely allied ;

with guessing. Such a manner of doing business would have resulted
in bankruptey in any other line, but the spirit of the age has enter-
ed the trade and the ery for the past few years has been for a more
accurate system and this means better instruments. While the sta-
tion manager knows that his financial success depends largely upon
the exeellence and efficiency of his plant yet he cannot shut his
eyes to the fact that His income depends largely upon the system by
which he sells his eurrent. Dissatisfied ©r suspicious ;ustOmers
are not conducive to presperous trade, and dissatisfied they will be
if they feel that there is inaccuracy or guessing in their aeccounts.
The effect of poor measuring devices usually reacts in twe ways upon
the central station manager for beside trouble with customers he al-

S0 has to stand a loss from inefficient metering, this loss often




:amounting to eight per eent of the current going through the meters.

With the rapid strides of electrieal enterprise, however, the im-

provement and manufacture of electrie meters has in a large measure

kept pace_and today there are on the market a number of very effi- 3

cient meters.

The first patent on electrie meters issued by the United States

was dated Octeber 29, 1872 and was issued to S. Gardiner Jr. The

next was issued Nevember 26, 1878 to J. B. Fuller on what was perhaps

the first alternating current meter made. Up to 1891 the patent rec-

' ords show that 185 patents were issued. There were a great mumber of

very ingenious devieces but their eost of manufacture and ease of de-

| rangement kept the mest of them out of the race from a practical

| standpoeint. It is only about fifteen years sinee the meter system ;

came inte use in any form and only about twelve years sinee the motor

type as we now have it was adopted.

The first meter that attained any degree &f success in a eom-

mereial way was the Edison Chemical Meter patented in 1881. The prin-f

| eipal elaim for this meter was an eleetrelytie cell placed in shunt

with the current to be measured and so regulated by a resistance that

only a small proportional part of the current went through the meter.

| The ehemical action consisted in the depesition of metal from @ne

| eleetrode to another upon the prineciple of the veltameter. As used

by the Edison Company it was se regulated both in large and in small

imeters that one milligraim of metal deposited represented one ampere

' heur.

The first sueeessful alternating eurrent meter was the Shallen-

gberger Meter patented in 1888. It is of the well known meter type

?With revolving ¢eil. The damping effect instead eof being accomplilsh-

%sd by the more modern device of damping magnets was accomplished by




| means of wings er vanes but it is a question whether this damping

| effect varies as the square of the eurrent.

The Aren Meter was a very ingenious eontrivance of German origin

| and ten er fifteen years ago was used quite extensively in Germany

| but its size and cost were prehibitive to its extensive use in Amer-

iean practice. In this meter the eurrent passed its noted by the

difference in movement of two thirty-day elecks whose pendulums, when

| no eurrent is passing, swing synehrenously. One of the penduluns

has a steel magnet at the end which is influenced by a eoil just be-

' low it through whieh the current passes. As more current flows

through the c¢eil the magnetie pendulum swings faster, and from the

difference in time indicated by the two e¢locks at the end of the month}

| the eurrent used was ealeulated. i
One of the best known if not the best known meter of today is %

the Thompson Meter. The present day type of his meter will be de- E

[

| seribed 1in detail a little later, but at this peint it might be of

| interest te mentien Mr. Thompson's first form of meter. It was a so

| called "vapor neter," the prineiple upon which it werked being va-

porization ef ether, alcohol or glycerine in twe sealed glass bulbs

In either of these bulbs was a very thin plati-

;cennected by tubes.

| aum foil or wire to which the terminals eof shunt wires from the main

| eircuit were eonnected. The tubes cenneeting the bulbs were inter-

| cepted by a small reservoir filled with a heavy liquid and the whole

fpivoted s0 that the bulbs could alternately rise and fall. When the

;platimun foil in one of the bulbs was heated by the passage of a cur-

fent it expanded the gas in that bulb whieh in turn ferced a portien

| of the heavy liquid in the reservoir ever into the other bulb; this

|

| destroyed the equilibrium and caused the bulb to sink. This sinking
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might happen te a meter like this.

gcaused a2 connection of the foil in that bulb with the terminals of
%the shunt at the same time breaking connections on the other end.
iBulb number twe was then heated and the eperation reversed thus caus-
| ing oseillations of the beam. These oscillations were registered
?and from that the eurrent measured or e¢aleulated. The scheme may

| have been ingenious but it did not appeal to the éublic in a commer-
;cial waye.
Thompson's meter type was almost exactly the same when it first
came out as it is now and that ferm is familiar teo every one experi-

| enced in station werk. Perhaps the greatest change he has made is

| the substitutien of brass or alley fer the frame in piage of iron.

| The iron frame had the effect of ereating an auxiliary field thus
| destroying the aeccuracy of the meter.
Anether meter deserves mention in this synepsis if for no ether

| reason than its novelty. This is ths Walker Meter invented in 1889.

| by eloekwork. A small incandescent lamp on the inside of the meter
;suPplied the light when any external eurrent was flewing. A ray of
élight from this lamp was admitted to the roll of paper through a slit
éer hole in the end of an ammeter needle, an arrangemént also being
‘made for marking the hours. Eaeh month this rell was taken out, de-

It needs ne exposition to shew how many things

Mr. Weston in 1883-~84 took out patents on meters very similar
te the Themusen Meters and several practically new meters are on the
market. Among these latter the Gutmann and the Stanley meters are

notable examples. They are both induection meters, small and compact

and are fast beceming popular.

A theory that was made much of during this spring time of the

gHere a record was kept on a roll of sensitized paper that was revolved




;wattmeter system was the necessity of a visible dial for the custom=
5er's benefit. It was urged that he knows that he pays se much for
so many things and if there is a dial that he ean read the consumer 5
'will be better satisfied. It may register lamp hours or horse power,
;it.is all the same to the consumer. Hewever it may be, I think that
lthe idea was given too mueh prominence but as it is, general cen-
venience has firmly established the use of a visible dial. ﬂ
Present use démands a meter that is easily adjusted, light, com-
| pact, npt teo costly, but above all as accurate as possible. It
must withstand suech disturbances as vibratiens (to a limited extent
of eourse) of the meter support, variations'in voltage, short cireuits|

sufficient to blow fuses in the meter circuit, change of temperature

ete. and at the same time perform accurately its function of measure-

'ment with small consumption of power.

In the average small station the meter is put te its severest
| test for here there is usually a dirth of instruments and those on :

' hand and even the switeh-board instruments are frequently seo antique,

er have seen so many accidents due to unskilled attendance that they

| are quite often very inaecurate and the idea of keeping twe er theee
goed stamdards to cheek up by, the average station manager will not

entertain for a moment. The consequence is that the voltage varies

'widely on different lines and normal conditions are strangers. Quite ?

| often it may eeccur that when the station instruments are ceonnected
| to the secondaries of am old transformer and the maehines regulated ;
iaccardingly, while out on the line at some point where there is

;a new and more efficient transformer installed the voltage may be
éfar from normal. One instance that came under the author'’'s observa-

'tion was such a case as this. The normal voltage was 104 but test-




ing with a new standard voltmeter aeross the main switch in a house
having about twenty lights showed gz voltage under working conditions
. that varied from 113 te 117. It is under conditiens like these that
a meter must operate and in-addition is never tested in hundreds of
cases until a short eircuit or a stroke of lightning burns out some
of the coils. Such a state of affairs is not only unbusinesslike but
is detrimentél to the trade. Confidence in a plant where suech loose

methods prevail, whether the benefit falls te the station or to the

consumer, reqguires some effeort.

In the installation and use of meters it is a question of no
. small moment to the stétion manager whether to install a small num-
ber of large meters or a large number of small meters. It is a ques-
tion requiring judicious censidération and governed largely by cir-
eumstances. The small meters have a larger number of turns in thé
series eoiis and henecé the less in the meter is preoportionally great-
er but on the other hand the meter of large capaecity that will reg-
ister as accurately on small loads as on heavy ones is yet to come

before the publie. In the common example of residence lighting the

greater part of the eurrent used is very frequently eonsumed by only

a very few lights at a time even though the maximum lcad is high. In

a case like this if the maximum load would warrant it, it would be
manifestly better te install two meters whose combined capacities
would carry the maximum lead of lights and would yet register accu=
rately ene er two lights, but in a case where & heavy load was on all
' the time one large capaéity meter would be better and cheaper than

two or more small ones.

e¢ to exnlaln as simply as possible the underlying principles of
‘their operation and give the results of a few tests.

In the following pages we have taken up the individual discussion|

of a few of the more prominent meters in use teday, and have endeaver-|




The Dynamometer.

If we have two incandescent lamps of exactly the same construc-

' tion, one fed by an alternating and one by a continuous current until

| they reach precisely the same state of incandescense, the effective

strength of the alternating current would obiviously be ewual to that

' of the continuous current. Since both lamps have the same temperature |

| their resistances must be equal: Let "R" be the resistance of each.

Then the work done in the time "T" by the direct current is equal |

to EIT. or = itRT if I, -strength of continuous current.
i
Work done by alternating current = j 1°Rdt

(]

where=-

I= instantaneous value of current, which is a function of the

time "t"; This function being graphically represented by the current

ecurve which may be of any form.
| T
The effective value of the alternating eurrent is--I = % 1*at.

Now will the ammeter show this, or some other value? All 9°

instruments used for measuring alternating eurrents are based

Lupon some electro-dynamic, or some heat effect of the current.

15 ;
In either case the momentary acticn producedAproportlonal to the

square of the momentary value of the eurrent-- and all these instru-

yments will be equivalent.

We may then restrict the discussion to one particular type of

'instrument. The Weber Dynamometer is representative and will be

considered.

The general appearance in outline is shown in the figure where

la fixed coil or two fixed coils, if a varied range is desired, is

mounted upon a vertical support. Within this fixed coil a movable

from

€0il is delicately suspended by means of a thin spiral spring,




a torsion head, the lower extremities of the suspended colil terminate
in two cups of mercury to afford convenient connection.

The torsion head has degrees stémped upon the outer edge if its
disc, as shown, and a pointer, rigi€ly attached to the movable coil
plays about the circumference of this disc.

For measuring currents the two coils are
connected in series and the torsion head turned
back to oppose the currents action until the pointd
er registers zero. |

A reading is then taken and the square root

of  this multiplied by the constant of the instru-

ment gives the current value. I,z KVYD

& 7

.y The currént is then direetly proporticned

to the square root of the angle of torsion. For example, if with one

current the number of degrees noted was (36) and with another current

(144} then the currents are to each other as “éﬁ or £ or ry .
s Vi 77 ST

low returning to the theory--In the case of a continuous current
I, the deflecting force D= Isééwhere "K" is a constant depending upon
the construction of the instrument or I = KVE as has been said.

The gquestion now to be considered is if this formula is applicable
if the current is not continuous, but alternating accordihg to any

regular or irregular function of the time.

This funetion may be,and usually is,represented by a curve whose

ordinates are instantaneous cuerent values and obscissae time values.

By squaring the ordinates we ob-
tain a second curve the area of which

is--| 1%°dt and this area divided by

the b;se line T gives the square of the

s ] [ S
effective current value or I= E 174t

Q




Now if the torsion head be turned to zero when the current is
applied then left in that position after the current is turned off it
iis seen that, if;It is an instantaneous value of current the force D
acting at this instant is (DK +I7)

This force produces an acceleration- (Qﬁgzli) where (m) is the
mass of the moving coil.

Sinee by mechaniecs-- If (f') is the velocity imparted to a body of
me&ss (m) irn one second (acceleration)}by a force F; then (mf) is the
momentum produced in one second, and F is proportional to (mf); (eg)
FK= (mf'), where K is some constant.

If suitable units are taken this constant becomes unity or Fm (mf)é
hence (f)= g: (DK:v»If) |

If this mass were sufficiently small, the acceleration which would|
be alternately positive and negative, since at different times (I) is
greater and less than ghe effective (I,),- would set up a visible
ascillatory movement of the coil,the velocity of which would be
§= j Igﬁgzlz.dt since Ft= mv for Fz mf hence FtZ mft or Ft= mv

But in the actual instrument the mass (m) of the coil is large
coﬁpareé with the forces acting also the frequencynof change of accel-
eration from positive to negative is so rapid that nc visible move-
ment is observable. _

The veloeity (v) at all times must be infinately small, or ex-

t g 2 t t T
pressed mathematically | (DK -It)dt = 0 | Dx®dt- | Ifdt=0 or DK | dtz
© m

2 : % 5 2
J%Itdt hence DK = %]ﬁlidt.
1O

TJo

t
But the effecti¥e value of current squared= %JaIidt,and hence

[+

the dynamometer measures the true effective value of the current re-
gardless of the wave form.
The constant K may be determined once for all by calibration with

& cont inuous current and then may be used to measure alternating




currents.
It yet remains to show how the dynamometer e¢an be used to meas-

ure power, and tc determine whether or not such measurements are

accurate for currents of irregular wave shape.

€
B % Let~ C= movable coil

L

ce fixed coil

w= non-inductive load

)

alternating generator

G
# + + + # T= transformer

The current at which the power to be measured is led through the

fixed coil and a shunt containing & non-inductive resistance (w) is
:placed in series with the movable coil and bridged across the load
(primary of T).
If the shunt (w) is very large we have the right 6o assume, with-
out sensible error, that the current therein is in phase with the E.
M. F. impressed:hence the current flowing through the movable coil
has no lag and is proportional to the E. M: F.
The current through: the series coil may lag or lead according to
the nature of the load.
Let= I = the main current
Iy Maximum value-of I
i = shunt current

ip= maximum value of (i)

then if the E. M. F. and current are sine wgves, the turning pmeuo- |

‘merit acting upon the movable coil is proportional to!I sin(a-@)i;sin a
where (a) is the phase of the E. M. F. at the time to which the ex-
pression refers and 0 the angle of lag of current in (c), the fixed

gold.,




If R = resistance of shunt and connexions_ then ig = €m and the

turning moment may be considered proportional to I, sin (a-0)€m sin a
_ R

By twisting the torsion head of the instrumeht to balance, we must

apply a force: £ = DK2. The acceleration at the time to which the

phase angle refers is(sz - Imem sin (a-@) sin aland the velocity
R

attained after a %ime (t)- . m

v=@|0k% - I, @ . sin (a-0)-sin a) dt.

But V i; at all t?mes equal to zero owing to the inertia
of the movable coil and rapidity of accelerations. Hence the coil

remains at rest and

tDK2 I, B gin (a-@) sin a
R

2
sin (a-¢) sin a da
AT

Solving DK® =1 Ip€y cos O
a

ﬁ L4
But I = nd C= €mhence Dk2 =1 . Ie cos 0. But
3 B

Ie cos D is the power carried by the current I flowing under a

potential difference (e) and having "a lag @ -
The product RDK? is therefore the power of the alternat-

ing current.




THE WESTON INDICATING WATTMETER.

In the Weber dynamometer, the fixed and movable coils are
connected ink series, hence the torque is proportional to the pro-
duct of the currents in each, or is proportional to the mean square
values of the current.

If now instead of connecting thus,we place one coil in
$he main circuit as we woulﬁ an ammeter, and the other in series
| with a high resistance. across the load as we would a vdlt meter, a
wattmeter is the result.

In the figure, ab is the series
coil which ¢ arries the entire cur-
rent supplied to the load and cd is

the coil which in series with the

resistance R is connected across
the mains (m-m). Now the iorque at any instant is proportional to
the product of the currents in the coils at that instant.

But the current in the voltage coil is directly proportional |
to the voltage over the mains, conseguently the torgue is proportion—:
al to (EI) or the product of the instantaneous values of the cur-
rent and voltage and the deflection multiplied by a bonstant is the
| power value, required. Obviously a scale could be easily calibrated
| to read power directlj. This is done on the commercial instruments.
With the voltage terminals connected as shown above, the
| drop over the current coil ab is added to that over the load ef,

' thus making the reading too high by an amount equal to the loss in

(ha Jhorant coid. But if ¢ be changed to connect at b the current

| which supplies the voltage coil must all pass through the current

flowing in that coil |

' coil. This addition to the load current already




produceés a reading which is again too high.
The method of compensation is not far to
seek. It consists essentially of winding over |
the series coil, differentially, exactly the |
same number of turns of fine wire, as occur

in the series coil, and connecting this

second coil in series with the voltage coil
and shunt resistance. |

This neutralizes that pqrtion of the field set up in the
series coil by the current which supplies the voltage coil, thus
making the instrument read the power ekpended in the ecircuit
without ény correction.

In order that the indications of a wattmeter may be pract-
ically correct with loads of any character whatever, it is necessary
that the self induction of the voltage coil be small as compared
with its resistance. To this end the coil should consist of as few
turns as possible and be placed in series with a large non-induct-
ive resistance.

With such an arrangement the coil produces only a weak field
and to secure sufficient sensitiveness the current coil must have
a strong field. To diminish the disturbing effects of foreign cur-
rents the coil possessing the weaker field should be the suspended

one.

The reasons why a large non inductive resistance is neces-
sary in connection with the shunt coil, will now be considered.

The effect of self induction in the voltage coil is two-

fold. If the wattmeter has been calibrated with direct currents

| it will read too low with alternating currents, since with the same

terminal voltage, in the two cases the currents in the coil are to




each other as 1 : cos @ where 0 is angle of lag in the coif in
question.

Moreover, the currents in the voltage coil will not be iﬁ
phase with the voltage, but will lag behind it.

Now, 1f we also have an inductive load the angle of lag in
the main coil being @0, the current in the shunt circuit then differs
from that in the main circuit by an angle of (0 -6)

The reading of the wattmeter is then proportional to
EI cos (0-6). Introducing both factors we have wattmeter reading =

EI cos © cos ( @ - © ) and true watts = DNattmeter reading X cos 0
cos © cos (O -o)

for theoretically true watts = EI ( coé @,) the derivation of which
is as follows:
Let the accent (') denote instantaneous values. If the cur-

rent lag by an angle @ then -

E' = Ep sin a

where a = 2Wft

and I'= Iy sin (a-0)

P' = E'I' = 2 EI sin a sin (a-0)

But sin (a-{Q) = sin a cos @ - cos a sin O

So 2EI (sin® a cos 0 - sin a cos a sin O =P

Remembering that 0 is a constant, the average power over 180°

o s
P=—-2EIcosEDfsingada-ZEIsinmfsinacosada
(o] 0

m 1

.ee P EI cos O which is the general expression for power

in an alternating current circuit.




The instrument gives theoretically correct readings only
'when there is no relative phase digference of the currents in the
Lhwii otly mt any instant, that is when 0 =0 or when © = 0.
When 0 is less than © the readings are too small, and when
B is greater than © they are too large. The correction is of
; greater importance in cases where 0 is large. This is evident from
the formula, since the COSiNné changes more rapidly as the angle

. approaches 90°.

Wattmeters are now constructed with the self induction of
. the voltage circuit less than .004 henry, and with resistancesof
' 1250 Ohms for 75 volt circuits, and 25,000 ohms for 1500 volt cir-

| cuits. With a frequency of 100 this gives 7 minutes and less than

j 1/2 minute, respectively, as the values of © corrésponding to the

| two reéistances above. With a seven minute lag, the correction is

é eight-tenths of one percent when 0 is 759 and two tenths of one per-

| cent when D is 45°.

| It is seen by the. formula for wattmeter reading that as ©
approaches zero the wattmeter reading approaches the true theoretic-

' al reading. So in case high non-inductive resistances are used,

the correction becomes less.

For all measurements on transformers with closed magnetic

circuits, and for most measurements on transformers with open mag-

Enetic circuits, such an instrument may be used without any correct-

| ion. It would not be accurate, however, if used to measure the no

éload losses of a transformer with open magnetic circuit with the

| low pressure coil as primary.

The well known Weston Indicating wattmeter is construcged

| upon the above principles as will readily be seen from the




é accompanying diagram taken from a late modél.

Here the voltage coil ¢

is pivoted delicately be-

§ tween the two series coils

R% _ _ A and B each of which has

Sl i ‘three turns, and over

|~ S
*g each of which is wound

compensating coils A’

ﬁ | K | and B' of three turns
& gach.

The resistances R

R' are each non-inductive
| and are composé@d of a special alloy, the specific resistance of

| which remains unaltered by variations in temperature. K is a but-
| ton, which, when depressed and given a quarter turn, inserts, per-
| manenély, the voltage coil in the circuit. A light aluminum needle
| is rigidly attached to the movable coil.

| The post marked IND is the one to be used in connection with
either the 150 V.or 75 V. posts when it is desirable to exclude the
| compensating coil. With direct current and no load the reaction of
the movable coil and compensating coil produces a slight negative

E reading. The earth's magnetism also effects the no load position
; of the needle to a small extent.

g The type of instrument here shown may be used on circuits

| of either 75 or 150 volts without multipliers by connecting to the

| Proper pressure terminals.




THE THOMPSON WATTMETER.

If we shpuld supply the moving element of a non-compensated

Weston indicating wattmeter with a commutator, so that instead of

simple deflection, continuous rotation results; and should we pro-
vide some means of governing and recording the number of these
rotations we would have in form at least, nothing more nor less
than the old reliable Thompson integrating wattmeter sd universal-
ly'used to-day.

So‘well known is this type of meter that only a brief de-
scription is necessary. The two series coils A and B are composed

of few turns of very coarse

|

wire, which in meters of

higher capacities is of

The form

square crossection.

. Resistarce.

of this winding is rectang-

ular. These coils are rigid-

1y mounted within a brass

frame and the terminals con-

(000

nected as shown, one to the

generator, the other to the

load. Between these centrally |

is placed an armature, neatly wound  with many turns of fine wire
and mounted upon a thin vertical spindle which 1s supported below

by a jewell bearing.
yE

S ) A7
-4 a
(A it

spindle,

4

The commutator, which ijs on the upper eIx

r eight that uniform rotation may résult.

usually has about six o
The segments of this commutator are separated simply by thin air
ing compound being used.

spaces, no mica or insulat
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| A pair of long, thin, flexible, copper brushes faced with
E platinum contacts,conveys current to the armature. The tension of
these can be varied within a considerable range by means of suitable
i ad justing nuts.
Still above the commutator there is cut upon the spindle a
| worm which engages with a small pinion, thus operating the record-

ing train. The lower end of the spindle passes through a coppe@ or

| aluminum disc, which by means of a set screw against the shaft or

spindle, is adjusted to revolve between the poles of one or more

| horseshoe magnets, the object of which will be explained later.

Within the left-hand series coil is placed another coil so

: 1
| that it can be moved toward or away from the armature; this is called |

| the pressure coil and is connected in series with the armature and

| a large non-inductive resistance, the whole of which is bridged

? across the load and constitutes the potential circuit. The pressure
E coil is for the purpose of overcoming constant mechanical losses and
| giving initial starting torque, thus enabling the instrument to re-
| cord accurately with light loads. Its position should be such that

E the armature is just upon the point of rotation at no load. Plain-

5 1y, to increase the toPgque the coil is moved toward the armature.

| Owing to the fact that in iron, quality, uniformity, magnet-
Z ic history, etc- enter in, and are constantly subject to variation,

é the use of iron in the construction of these meters is abstained
éfrom-
z Suppose now that the instrument above described,which is vir=-
itually a shunt motor, be subjected to the action of the current from

% a generator -- obviously, it would begin to rotate and each rotation

| would be accelerated until an enormous speed 18 attained.

%function of the dise and magnets above

The

b))

mentioned is to hold this




speed within reasonable limits’, %he action is as follows: --

If 2 metallic disc be revolved ¥
between the poles of a common horse shoe
magnet (see figure) eddy currents willﬁ%et
up within that portion of the disc ad=
jacent to the poles in such a direction as
to oppose the motion (Henz's Law)- The
amount of this retarding effect is direct-
ly proportional to the speed of rotation.

Since the angular force causing the armature to totate is

é directly proportional to the magnetic field of the currents in the

; two coils and the retarding angular force - - proportional to the
speed, the armature must eventually rotate at such a velocity that
the elecro-magnetic driving force is exactly equal to the retarding
; forcei 1Then with a constant pressure maintained in the wattmeter

; coils for any length of time the number of revolutions of the

| armature, and therefore the travel of the dial hands will also be

| constant during the time, and proportional to the energy supplied;
| Regulation is accomplished by moving these retarding magnets
| either t;ward or away from the discﬁ center, according as it is de-
| sirable to increase or decrease the speed® A very slight change

é either'ﬁay makes considerable difference. To insure permanent suc-

2 cess by this method of damping, it is essential that the magnets be

i
|

| aged so that they remain for an indefinite time unchenged in strength.é

In the 100 ampere Thompson meter tested the following data

| Wwere secured:--

Pressure coil G s a4 b e SO ORI

Non-irnd. Resistanee ! - = = 995 ohms
Armature LR D e etk S R iR

Total shunt circuit Sse e 2530 ohms
Series coils -- Negligable




From the foregoing the lossés in the different portions fRAf

at various voltages could easily be computed.

] The diagram for testing by use of

K;_ H the Weston indicating wattmeter is
|

shown in figure. For accuracy the

employment of any other method is

discouraged. Care should be taken to
get the generator to the left, and

ghe load to the right hand side of the|

meter, otherwise the disc will rot-
ate backwards.
For computing the indicated watts the following formula is
3600 X K
Watts = ===werm—cree- s+ where K is the testing con-
SecC. per rev.

stant of the instrument, usually stamped upon the disc.

And per- cent error = true watts - indicated watts X 100
true watts

In order to secure the best results upon light loads the
positive generator terminal should be conneciéﬂ with the post
marked +. One of the great objections to these meters is the con-
stant shunt loss, another that they tend to creep through the in-
fluence of the compensating coil. Their great advantage is that
they may be employed upon either direct or alternating current cir-
cuits. A few curves showing the action of a meter of this type are
shown elsewhere in this treatise.

The meter was first checked with a direct current, at normal

% voltage, then subjected to inductive and non-inductive loads at

various voltages and frequencies, that its behavior under the dif-

ferent conditions might be observed.

|
|
i
]




With 110 volts, the upper limit, regulation is not as per-
é fect as might be expected, the variation being as much as 5 % slow.
é It is presumed that an improvement might be made in the plotting of
? this curve for as it stands it is slightly misleadirng in some res-
{ pects. Although on the whole a general tendency to rur slow is ex-
;hibited notwithstanding the fact that it was checked correct at mean
éload (50 amp).

With 105 volts the regulation is vastly improved. Atabout

| half load (50 amp) the actual curve intersects the theoretiwal (red)

 but diverges from it to about 4 % slow at low load.
With 1C0 volts the real curve is practically parallel to

| the theoretical but is slow throughout and the same fault to about

| the same extent is present at 95 volts.

Of this set of direect current curves it is difficult to say
at which voltage regulation is the best. If any one were selected
ihowever,lit would be the one at 105 volts, the mean voltage for
|which the.instrument was intended.
| It must be understooff that none of these curves go beyond
fhalf load for inf testing it was impossible, with the service, to
ﬁload above 50 or 60 amperes, where, it is presumed the meter would

|operate slightly fast, thus compensating for the lightlow load re-

' gistration.

With the same setting as for direct currents, the meter was

%tESted with alternating currents.

With 110 wolts, 60 cycles, an exceptionally good curve was

|obtained, which, starting at low loads 4 % slow steadily approaches
|

'and finally intersects the theoretical curve at half load.

With 100 volts, 60 cycles, it appears to be more accurate

!&t low loads and diverges from the theoretical as the load increases, |
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making an error of about 2% upon half load.

With 105 volts, 60 cycles the same remark holds only to a
slightly greater extent showing about 3 % error half load. This
seems to show that a drop in voltage causes a corresponding per cent
error slow for the same load.

With 110 volts, 50 cycies we see that the error is 2 1/2 y g8
practiéally the same as with 105 volts, 60 cycles. The meter runs
much slower than with 110 volts, 60 cycles. Hence lowering the
cyclage has the same effect as lowering the voltage.

With the particular meter under test an inductive load
(110 volts, 60 cycles) appears to produce the best regulation of
all, a rather remarkable fact which cannot be satisfactorily ex-
plained with the data accumulated. This might not hold for loads
above those experienced.

Notwithstanding the fact that, ordinarily, it‘is a very
sigple matter to read correctly the dials of wattmeters, yet com-
mercial usage is oftimes responsible for serious displacements of
the pointers ﬁhereon, in which case difficulty arises in the proper
interpretation 6f the amount of power registered.

In view of this fact, a brief discussion, showing how to
read correctly under such conditions will not be out of place:

Meters, as usually furnished, have five dials and are so
| geared that the first, third and fifth dials register clockwise, wh
| while the second and fourth register counterclockwise or vice versa

as the case may be.

The first dial at the left registers 1 Kilowatt when the

pointer has made one complete revolution, each division upon the

| dial represdnting 100 watts. Each succeeding dial registers ten

itimes as much as the preceding one*




When reading a meter one should always rea@& the lower

figure of the two between which the pointer stands even though the

pointer may be nearer the higher one+ The reason for this will be

apparent later.

In the illustrations given the different diels will be re-

ferred to as a ~ b - ¢ - d and e, beginning at the right: The

In the next figure the

(9

1000000 I0QO0T 10,000 CD\

at zero, the pointer (d) at 1,
zero mark.

These two example

reading in the first meter shown is
5,518,900 and not 5,519,900 as might
be supposed because the pointer of

(b) should not indicate 9000 until

the pointer at (a) has completed the
revolution and is at zero or slight-
ly beyond |

reading is 4,999,800 and not

4,109,8Y0 as it might easily but er-
roneously be read: <The reason for
“thig is apparent on a little thought. |
The pointer of diel ( ¢) cannot
rightly indicate zero until the point-
er of (a) passes from 8 to O; then

the pointers of (b) ané (¢) will be

and the pointer (e) just past the

s will serve to place the observer upon

the alert and will be sufficient to show him how to attack any para-

dox upon the meter disl with intelligence.

The indicated watt-hours must Db

if any, of the instrument,

hours to be paid for; the difference, of course,

e multiplied by the constant,

in order to ascertain the number of watt- |

between the last
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The Gutmann Recording Wattmeter.

The motor-meter eof the cemmutatof type was the great pieneer in
| both continucus carrent and alternating eurrent systems but with the
| extended use of alternating eurrent and progress in the manufmeture

of alternating current instruments, induction meters began to make
their appearance. The honor of econstructing the first alternating
. eurrent induction meter is given by some to M. Blathy eof Buda-Pesth,
| Hungary, who alse pointeé out the laws governing their aetion
The most important makes of induction wattmeters now on the
American market are small, compact and of neat design. They have
few complicated or delicate parts to get out of order, no commutator
- or commutator brushes and no moving or revolving coils.

As to the theory or underlying principles of the inducticn watt-

| meter, we feel that we cannot do better than quote from Franklin and
Williamsén. "The induction wattmeter is essentially a two-phase in-

| duction motor, of which the drivimg torque is porportional to the
watts delivered to the receivimg circuit. The armature disk is large

and one edge of it moves between the poles

of a permanent steel magnet (not shown in

the cut) whieh causes the speed to be pro-

portional te the driving terque as in the

Thompson wattmeter.

The total ecurrent delivered to the re-

ceiving circuit passes through the coil of

coarse wire on the lug A of the laminated

iron cere. The lugs BB are wound with fine

wire which is connected across the mains.
The slternating current I in coil A produces a magnetic flux in
This flux in-

| lug A whieh is preportional to and in phase with I.




duces electrometive force in the disk DD, which is 90° ahead of the

| flux in phase, and this electromotive force produces current in the
| disk which is in phase with it. Therefore the eddy current in the
disk is proportienal te and 90° ahead of I. This eddy current flows
aleong the cireular lines shownrin the figure, passing under the lugs
BB.

The electromotive force E between the mains produces in coil BB
| a eurrent which is preportional to and nearly 90° behind E. This
eurrent in its turn produces thoough B and B a flux whieh is 90° bs-
hind and proportional to E. The phase difference between thés flux
| and the eddy eurrent in the disk is equal te the phase difference @
between E and I.

The eddy current in passing under the lugs BB is pushed sideways
by the flux fram.BB with a force the average value of which is pro-
poerticnal te the product ef maximum eddy current X maximum flux X
cosine of phase difference between the twe, which according to the
statements above, is proportional te EI ces 8, or to the power deliv=-
ered to the receiving circuits. The speed of the ﬁisk 1s therefore
proportional to power delivered and the total revelutions ef the
disk in a given time aye proportional te the total werk delivered."
This gives very briefly thé theory of the driving foree ¢f inductien
meters without the use of mathematical formulse. Indeed the meter
of today is not like the cut in that there is no iren core in the
series coils and there is but one pressure coil, but the essential e
| elements are the same and the same unﬁerlying principles apply.

In considering the Gutmann Wattmeter in particular we are first

struek with its comparative lightmess and neat appearance. The cov-

: er, secured by screws from the back, 1s of aluminum and fits the base

or back so smuesly as to render it dnet, insect and meisture proof.




| The revolving part of a Gutmann meter consists of an aluminum disk
mounted upon a steel spindle about two inches long. The disk is
slotted in spiral lines which causes the eddy currents to be disposed
in the most favorable manner to produce torque, the portions of the
disk between the slots acting as bars or conductors, as on a regular

armature. The spindle is at its lower end polished to a ball-shaped

point, while near its upper end is the worm which communicates motion
to the recording train. The upper bearing is simply a brass post,

but the lower bearing 1s a sapphire which, with a revolving element

weighing only three-fourths of an ounce, occasions but little loss
| from frietion.

The edge of the disk passes between the poles of a laminated
steel magnet upon the back of which is wound the shunt coil. The two
series eoils are placed one above and one below the disk and close
beside the laminated steel magnet. The coils are small and of few
turné thus causing little or no inductive drop in the main ecircuit.

| The single permanent damping magnet is located at the opposite side
of the meter and is of the ordinary type. The dial plate with five
pointers is easily read through a small window. In front of the disk
there is also a small window and this together with a black spot on
the edge of the disk enables the revolutions of the disk to be count-
ed for testing purposes without removing the cover.

The meter experimented upon in this case was one just received
from the factory having been sold as a commercial meter to an elec-

tric light company. It was a meter of 5 amperes capacity, 100 volts,

| 60 eycles. The meter rack was fastemed to a heavy stone wall and was

absolutely free from vibration. The power was furnished by a 15 X. W.

| alternator, and the load was a bank of 110 volt, 16 candle power in-

single phase

| candescent lamps. The alternator was connected as a




machine. The data were very carefully taken, one observer regulating
the voltage and speed of the generator ahd the other timing the rev-
clutions of the wattmeter disk by means of a stopwatch. The true
watts were read on the new Weston Indicating Wattmeter (0-3 K.W.)
inserted in the circuit so as not to measure the loss in the meter

tested. For calculating the number of watts indicated by the meter

the formula used is, Watts = K R = 3600 R in which "R" is revolutions|
S TS
of disk, "S" 1s the time in seconds and "T" is the "train ratio"given |

By train ratioc is meant the number of

on a slip with each meter.
revolutions per watt-hour made by the disk and in the case of a §

ampere 100 volt Gutmann meter the train ratic is 4.

A test was made of the meter as it came from the factory, normal |

voltage and cyclage being maintained and the load varied from one

lamp to 25% overload. The resulting curve shows that the meter is

| remarkably near correct, varying from abbut 2% to 0.1% slow. The

meter was then calibrated exactly correct on one-half full load by

swinging the damping magnet to or from the center of the disk as the
meter ran slow or fast. Another series of readings were taken under

| normal conditions. fThe resulting curve shows the meter varying again |

from 2% to 0.3% slow. The calibration curve as drawn is open to

eriticism, for, by comparing the "per cent error" curves of the two
tests mentioned, it will be seen that there is far more difference
indicated in the "test curves" than either the "per cent error" curvesé
or the data warrant. (It might be mentioned at this point that in

| comparing the curves of this meter with those of the Stanley meter

| or with those of the Thompson meter preceeding, it should be kept in

' mind that the scale to which the Gutmann curves are plotted is much

larger than in the others, so that at first glance the discrepancies

| of* the Gutmann meter would appear proportionally greater.) .In com-




paring the curves taken at 105 volts, 60 cycles and 95 volts, 60

eycles, one high and one low voltage, it is a fact wotth noticing
that on the lower voltage the meter runs faster than on the voltage
above normal. This fact is more noticable in the curves of the Stan-
ley meter follbwing. A glance at the curve taken at 100 volts, 50
cycles shows that here as in other meters the weak point is in its
inability to operate correctly on different cyclages. This failure
is of considerable importance as a varying cyclage ié of common o06G=
curance in practice. With an inductive load the meter as adjusted
for non-inductive load shows a considerable discrepancy, running from
4% to 6% slow. There is,however, in the Gutmann meter a device for
compensating for inductive loads.

As g summary, considering the lightness and neatness of this
meter, the fact that the working parts are so thoroughly protected
from dirt, its accuracy as it comes from the factory and that it is
fully protected by the company's guarantee, the station manager can-
not make a very great mistake by installing Gutmann meters.

(See next page for data and curves.)
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The Stanley Recording Wattmeter.

A wattmeter that has attracted a good deal of attention on ac-
count of some decidedly new features, is the Stanley meter. The
earliest patemt date on a Stanley meter is March 1l, 1880« ‘It im mn
induction meter with a revolving disk of aluminum mounted upom a soft
steel core or shaft. The claim of the Stanley Company is that that in i
thair meters‘thej have practically eliminated frietion by a method of
magnetic floation of the revolving element. In this method there are

no supporting bearings and no jewels or end pivots to wear out. The
dater

4 U _ soft steel core "C" (Fig.l) has a

small hole drilled longitudinally

from end to end through the center,

and at both endsof the hole are lo-

cated small phosphor bronze rings.

The core and disk are placed in poe-

B8 H‘ | sition as shown in Fig.l and a piece
F‘{'y./ -
of piano wire is drawn through the hole in the core and rings. By

means of two stationary steel plugs or posts the wire is drawn tight
thus becoming a straight stiff guide passing through the core. The
wire fits the hole in the phosphor bronze rings loosely and thus the
jcore is free to fevolve around the guide. It must be noticed that
the only points of contact between the wire and the core are on the
bronze rings. The stationary plugs "A" and "B" are magnetized by the
permanent magnet "' and the lines of force pass through the soft

steel core "C" and by means of the construction of the lower part of

the core relieves the core and disk of any mechanigal support. As the

head "E" of the core falls below the line "ef," the lines of force,

tending always to take the path of least reluctance, seek a path

| " "H" and any art of UBEdn
throush the head, ae the air-gap between et P




smaller than between the main part of the

e F | &
u 5 //5 core "C" and any part of "B", but also as ' H
;é their course is upward through "C" they tend
= 7 to pull "H" upward to a level with "ef."
R e
/ If it rises above "ef" on account of the

Frga magnetic pull exerted by "A" (Fig.l) on the

upper end of the core, the lines of force tend to pull "H" down to

a level with "ef" again. It will be seen, therefore, that the disk

and core are practically floating on air with only the piano wire

| before mentioned to keep them in place. This method of support,
termed by the manufacturers "Magnetic Flotation," is very successful
in practice. If the disk is lifted or depressed by the finger, when
the pressure is removed the disk will fly back to place as though
held there by a spring. As there is practically no friction, no
"balancing devices" are used to give it starting torque and as the
meter is made in good electrical and mechanical balance there is no
tendency to creep on account of the shunt current.

The series and potential coils are located in the back part of

the meter and the damping device in the front part. The damping

effect is accomplished by means of two permanent magnets with like

poles on opposite sides of small adjustible iron or steel plugs be- | l
tween which the edge of the disk passes. The damping effect is reg-
ulated by moving these plugs nearer or farther from the disk by means
of a couple of small adjusting screws. Like the Guimann, it comes

'from the factory fully sealed and the guarantee expires with the
breaking of the seal.

The meter experimented upon in this case was a 15 ampere, 110

volt, 60 cycle meter. The disk constant as stamped on the cover was

{"30 sec's.," which means that the time the disk required to make one




revolution with 100 watts in the ecircuit at normal voltage and cyclage

'was 30 seconds. The formula for watts in the cirecuit is, Watts =

Rev. of Disk X Disk constant X 100
- Time in Seconds

The same method and apparatus was used as in testing the Gutmann

meter and as in other tests it wags desired that the meter should be
subjected to such variations of voltage and cyclage as it would meet
in actual practice. A test was made of the meter as it came from the

factéory and the data and curves show that it wmas remarkably accurate

from low loads up to 25% overload. (As before mentioned in taking thee:

data the wide discrepancy in the first réadings were attributed to
inaccuracy in regding theindicating wattmeter on low loads.) It will
be noticed that the meter as it came from the factory was about 1%
fast increasing slightly on overload. It is customary, howevér, to
favor the consumer if possible, hence the meter should run a small
per cent slow if not strietly accurate.

By adjusting the plugs on the damping device, bringing them
‘closer to the disk, the movement of the disk was retarded. The
jmeter was regulated to read exactly correct on about two-thirds full
loaéug;td'for a calibration curve taken under normal conditions. The

eurve as shown is a little at fault in that it should rise a lillle

on full load and overload according to the data and in order to agree

with the "per cent error curve." It shows, however, that the meter is

very nearly accurate throughout its range. At 115 volts and nbrmal
eyclage the meter runs just a little slow but less than 1% while at
1100 volts and normal cyclage the current and datd show it to run
:about 1% fast. At normal voltage and 50 cycles it does not follow
'the indicating wattmeter so well, runningmabout 3% slow. This par-
ticular part of the test is, moreover, an important one for the speed

of & generator is apt to vary end in an alternator the cyclage is

|
i




governed by the speed, hence as the cyclage is quite often unsteady

in practice, a meter whose accuracy is affected by these changes
| certainly has a weak point. Yet it must be kept in mind that this
one test can scarcely be taken as conclusive on this point. Under
inductive load at normal voltage and cyclage the resulting curves al-
most exactly coincide with the theoretic curves showing that the
Stanley meter works equally well on inductive and on non-inductive
loads witnout adjusting for the different kinds of loads. This ex-
cellent qualify is possessed perhaps by no other meter on the market.
On the whole the results of the test are very satisfactory and
they indicate a very efficient and accurate meter and one on which

the station manager can rely.

(See next page for data and curves.)
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CONCLUSIONS AND PRACTICAL SUGGESTIONS.

Wattmeters should, if possible, be installed on a solid
support or at least not be subjected to sudden shocks or jars.
Meters with a heavy moving element, as the Thompson meter, are more
affected by vibration than an induction meter for instance, because
there is more pressure on the jewel bearing and alsoc because a
meter compensated for a considerable amount of friction will be
almost sure to "creep" if subjected to a continuous vibration.
Meters should not be subjected to excessive heat or cold or fumes

from chemicals.

From a few tests made by the authors but not otherwise
recorded here, the effect of a considerable mass of unmagnetized
iron was found, even with the cover of the meter removed, to be
very small, practically negligible, and with the cover of the meter

on and acting as a shield, it would be unappreciable.

The indicating wattmeter method is the most accurate method

of checking and calibrating as there is less chance for error in

reading instruments. Standard lamps are sometimes used for com-

mercial tests.




In timing meters with a stop watch the more revolutions the

disc makes in the time taken, the less chance for error.

A split stop-watch is preferable for in this type a mare

instantaneous start of the hand can be obtained and besides many

watches are not equally accurate at all points of the circumference.

In the case of the New York Edison Company, care is taken

that the meters :de not run more than 2 % fast or 5 % slow. Meters

are checked at regular intervals and at the customer's request.

If occasion demands that the magnets be removed, in replac-

Use little or no oil in the clock work or on the jewel

bearing; if any, it should be porpoise o0il or jeweler's oil.

The jewel bearing will deteriorate faster with an alternat-

ing current than with a direct current.

"For lighting only, fuses shoudd be placed on the gervice

side and the switch shpuld be on the load side of the meter. For

motor purposes, the meter shou}d be fused on both sides and the

This arrangement will prevent

switch should be on the load side.

any "kick" from the motor fields passing through and breaking

down the potential path of the meter.”

ing care should be taken to place the North pole on top of the disc.f




Before a test is made the meter should be allowed to warm
up for with the increased resistance in the potential coil the
meter will slow down.

In the commutator type of meter the commutator and
brushes should be cleaned occasionally. Remove the brushes and
use a fine cut file or if not badly worn polish with a piece of
tape stretched on a piece of wood. A simple way of cleaning both
brushes and commutator is to slip a piece of narrow, cotton tape
around the commutator and under the brushes and draw it backward
and forward over the surface of the commutator. If surfaces are

very rough, # use crocus cloth in the same manner and polish with

a piece of tape. To prepare the crocus cloth lay the strip upon a;

flat surface and draw a moist cloth over it to remove the greater
portion of the crocus and when dry rub briskly over the surface
of a nail to soften it and wear it down. Be careful not to bend
or twist the brushes out of shape by catching them with the

frayed ends of the cloth. It is better to remove the brushes.

In modern meters the speed can be increased or retarded
about 16 % by moving the magnets. In repairing a meter ifitids
not possible to properly calibrate it by moving the magnets, a
rough correction can be made with the motor type of meter by

changing the resistance in series with the armature.

Magnets will become"aged" if kept near stray currents.
Meters should not be installed neer running belts or machineg or

A short eircuit will sometimes "knock down" a

heavy leads, etc.
. ! a meter to speed up-

a permanent magnet, thus allowing




