1913.]

KAPP : ON PHASE ADVANCING. DISCUSSION.

261

3*053 million units. With current at o^d. per unit this makes a
difference of about £600 in the bill for current.
This, or something approaching this figure, represents the saving
to the power company owing to their having to supply very little
wattless current. If then this saving is divided between the company
and the consumer the latter gets ^300 as a return for his capital
outlay on phase advancers. To provide such apparatus for motors
aggregating 800 kw. would cost between ^300 and £400, so that the
phase advancers would prove an excellent investment for the
customer, and be still more profitable to the company. The latter not
only reduce their working expenses by ^300 a year, but they also may
increase their sale of current by taking on more consumers to the extent
to which their plant has been liberated from wattless current.
DISCUSSION.

Mr. W. M. MORDEY : I think this paper is a very useful and practical JJrcontribution to the treatment of a problem that has not received as
much attention from engineers as it ought to have done. I am sorry,
however, that the author has dismissed the use.of electrostatic condensers as phase advancers. I feel a certain interest in that subject,
and I read a short paper before the Institution in 1909 * to draw attention to what seemed to me then—and still seems to me—to be the
practical possibility of using electrostatic condensers for this purpose.
I could not help thinking that as condensers were now made so cheaply
and on so large a scale—I refer in particular to the Mansbridge process
—that the time had come when we ought to be able to use them on
power circuits. I would ask whether the subject has had adequate
practical attention. I do not say that with such condensers everything
can be done that is possible with dynamic phase advancers such as the
author's, or Professor Miles Walker's, or the Brown Boveri phase
advancer ; but certain things which are impossible with dynamic phase
advancers can be done with condensers. The author in his comparison
as to costs points out that the Miles Walker or Scherbius phase
advancer would cost about £2 19s. per k.v.a., and although he does not
give us directly the figure for his own device, I have calculated from
some figures at the end of the paper that it is about 10s. per k.v.a.,
which, of course, is a very great difference. I stated in my 1909 paper
that Mansbridge condensers, that is to say, the cheap kind of paper
condensers that are now made for various telegraphic and telephonic
purposes in large quantities, could easily be made on commercial lines
for 20s. per k.v.a. Such condensers are made almost entirely for use
on low-tension circuits. I imagine that-the 20s. could be very considerably reduced now, and that possibly the price might come down to
nearly Dr. Kapp's 10s. per k.v.a. The author, however, quotes Mr.
Ashton as giving a higher figure—£vg—and as that is later than mine,
it may be that my estimate requires revision. I should mention that my
* "Journal of the Institution of Electrical Engineers, vol. 43, p. 618, 1909.
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estimate was based on practical results that were then obtainable with
low-tension static condensers. I assumed that high-tension static condensers would be made by building up a number of low-tension condensers in series, so that the strain per condenser would be the same as
if the condensers were used on low-tension circuits. In any case, it
would be interesting to compare the results obtainable by the two
methods—with a vibrating or rotating machine, and with apparatus
containing no moving parts and having a higher efficiency but with the
disadvantage that it applies the correction to the system rather than to
the motor itself. T h e point of Dr. Kapp's and the other related devices
is that so far as motors are concerned they act on the principle that
prevention is better than cure ; that is to say, the correction improves
the motor and does not merely provide the leading current for a lowpower-factor motor—and incidentally it enables a smaller motor to be
used for a given output.
T h e r e is one point in connection with these devices that is, I think,
a little disappointing, although perhaps it is early yet to criticize. I
refer to the fact that the slip is sensibly increased. Looking at Fig. 5
on page 253, I see that the slip at about full load is very nearly 8 per
cent, whereas without a phase advancer it is only 4 per cent. T h a t
ma)' be unimportant for certain purposes, but for certain other purposes
which I have in mind, and which probably other members have in
mind, doubling the slip would often be objectionable. I was hoping
that the author's device would give a better result, but on page 257 I see
that we have practically the same thing. I hope the author may be able
to tell us that there is some hope of avoiding this effect with devices
otherwise so useful. I do not know whether the motor he has quoted is
a very favourable example. I see it is a Brown, Boveri induction motor,
and that firm certainly knows how to make good machines, but an
efficiency of 88 per cent for a 25-h.p. motor seems to me to be low—it
compares unfavourably with even quite ordinary continuous-current
machines. I think the makers of alternating-current apparatus should
be able to do something better than that.
Mr. Ashton.
Mr. A. W. ASHTON : As Professor Kapp has rather disparaged the
use of the electrostatic condenser, I have obtained some information as
to its use from the manufacturers with whom I am acquainted. It is
three years since the electrostatic condenser was first used on any commercial scale for power-factor correction. In that case the condensers
supplied were of 720 microfarads capacity, and they were supplied for
improving the power factor of transformers which were running single
arc lamps on an ordinary street-lighting circuit. They were supplied
to Messrs. Oliver Arc Lamp, Ltd., and I believe have been used in
North London in this way. Each transformer operates in connection
with a 10-microfarad condenser, and there are 72 lamps on the circuit,
the pressure of which is 420 volts, 50 periods. This use of condensers,
I believe, really followed on the reading of Mr. Mordey's paper. But
apparently not very much has been done until within the last year,
when the question of power-factor correction has again arisen. During
y
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the last three years orders larger than that referred to above have been Mr. Ashton.
executed by the Helsby works ; one of a total capacity of 850 microfarads for a 550-volt, 50-period circuit for a colliery in the Midlands,
another for a colliery in Scotland of 1,730 microfarads, 550 volts,
50 periods, and the third a much higher pressure condenser of 4 microfarads for 7,000 volts, 50-periods, for the Midland Electric Corporation
for Power Distribution. I think that alone shows that the electrostatic
condenser cannot be regarded as altogether out of the running,
because I think it will be found that no one firm has installed phaseadvancing apparatus to the same extent as that. I have raised this
question because of what Professor Kapp calls " the experimental
nature" of the condenser. I have no personal interest in the question
of power-factor correction, but it is really a point of great importance
to engineers that they should disabuse their minds of the idea that the
condenser, if properly made by a responsible manufacturer, is likely to
break down. Out of all those condensers which have been put in use,
and including also condensers totalling about 1,000 microfarads that
have been applied to lighting circuits during the last two or three years,
the manufacturers have never heard of a single case in which a breakdown has occurred. I think that speaks well for the reliability of the
electrostatic condenser. In regard to the cost of the electrostatic
condenser, its use is largely confined to 50-period circuits, though
there are cases in which it would pay to install such condensers on a
25-period circuit. Obviously it is no use trying to apply the electrostatic condenser to the rotor circuit of an induction motor ; it must be
applied to higher voltage and higher frequency circuits. There are
one or two other points in the paper in regard to which I think the
advantages of the condenser may very well be pointed out. For
instance, on page 244, the author distinguishes between two methods in
which it is possible to apply power-factor correction, viz. for advancing
the phase angle of the installation as a whole, and for individual motors.
He then makes this astounding statement : " The first case is obviously
the only possible one if electrostatic condensers are to be used." To my
mind, actually the best and most satisfactory way of applying electrostatic condensers is to apply them as closely as possible to the apparatus
that has the low power factor. That can be carried down to a very
fine subdivision, at any rate as low as motors of 5 h.p. The outstanding
feature of the condenser, and the particular point in which it differs
from most other engineering apparatus, is this, that the unit can be
subdivided without appreciably altering the cost per microfarad, and
also without changing the efficiency at all; and since it obviously
follows that the greatest advantage in power-factor correction is
obtained if the remedy can be applied at the seat of the evil, therefore
where possible—and I believe it is practically always possible—electrostatic condensers should be applied to individual motors of even
comparatively small size. I am very interested in this paper because
it gives data of the different types of rotary phase advancers considered
from the point of view of cost. I want to point out how in one or two
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Mr. Ashtoh. cases the condenser would compare, at any rate on 50-period circuits,
with rotary phase advancers. On page 245 it will be seen that the author
has given an example of an idle-running synchronous motor which can
be used to convert 100 kw. of electrical power at a power factor of 0 7
to a power factor of unity; in doing, so he says that power to the
amount of 36 kw. would be liberated for sale. If a condenser at
50 periods is applied for that purpose it will require, in order to
improve the power factor from 0 7 to 1, a capacity of 100 k.v.a., and at
the cost which I have already stated, that means an outlay of ^190 for
condensers : these, moreover, would have a much higher efficiency
than that of a synchronous motor. Comparing condensers with the idlerunning motor—the author has not said that this is the best type of phase
advancer to apply—it will be found that the cost of the condenser is
exactly half the cost of the synchronous motor, and it would also be a
much more satisfactory apparatus in every way. Another case which I
have worked out is that mentioned on page 250, namely, a loaded synchronous motor. I do not wish to criticize this too strongly, but from
a business point of view it seems to me it would not do to leave out of
account the cost of running, or the cost of the losses in this particular
case. The consumer is asked to use this synchronous motor at a
power factor of 0*4 instead of an induction motor at, say, a power
factor of about o'8 ; and he is offered certain inducements to do so.
As the power supplied is metered he has to pay for every kilowatt-hour
he uses, and therefore the losses have to be taken into account. I
quite realize that in the case of an independent generating plant it is
not always necessary to take account of the cost of the losses ; but
where power is being bought through a meter it is always necessary to
do so, if the losses amount to a considerable sum. We are discussing
a 60-k.v.a. motor at a power factor of 0*4. That motor will require
over-exciting, and will also have a lower power factor, and consequently
greater copper loss, because this consumer is asked to use his machine
for supplying wattless power to other consumers. If the extra loss
incurred, due to the fact that the motor is supplying wattless power to
the line, is taken as about 2 per cent of the k.v.a. output, it will be found
that this loss exactly counteracts the 5 per cent discount which is
assumed to be the advantage the consumer is going to obtain by
spending an extra £50. Another point with regard to this particular
case is the fact that, as the consumer is asked to do something, he will
want a perfectly definite agreement with the supply company, because
he does not want the supply company to alter their terms and reduce
his discount when once he has installed the motor. If his agreement
runs for ten years it is obvious that he must expect to repay his capital
in that period ; this will therefore offset another 5 per cent discount
according to the figures given. It follows, therefore, that before the
company obtain any interest on their capital, or anything to pay their
customer for the extra trouble of running and starting up the phaseadvancer part of his installation, they have to give the consumer a
discount of 10 per cent. I notice that Dr. Kapp says that the 100 kw.
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that is being corrected for power factor may be distributed among Mr. Ashton.
neighbouring consumers ; if that is the case each consumer could be
offered a tariff on the Arno principle, and they could be then encouraged
to install other apparatus, such as condensers. I have worked out the
cost on the supposition that this has been done. Taking ioo kw.
improved from 07 to 0*9 power factor, which is the case the author
deals with, it will be found that it takes 54 k.v.a. of condensers at a first
cost of ^103. The apparent saving according to the Arno meter will
be found to be 11 kw., which, at 3,000 hours per annum and O"4d. per
uiit, amounts to ^55 per annum. That £55 per annum would have to
be distributed between the consumers and the supply company. But
if, as the author has done, half is given to each, it will be found that
the cost of the condensers could be repayed in four years ; and there
is then no agreement, except the ordinary agreement, between the
customer and the supply company as to the supply of energy. I do
not wish to imply that the phase advancer is not suitable for certain
cases; I think it is more suitable than the condenser in very many
instances. I believe, however, that there is room for both, and that by
properly understanding the different features of the two cases brought
forward we shall be able to judge for what particular purpose each is
most suited.
Mr. H.W. BOSWORTH : On pases 243 and 244 the author deals with Mr..i
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the rotary condenser, and reaches conclusions that appear to me to be a
little unfair to that machine. He obtains an expression for comparing
the total amount of plant that would be installed if a rotary condenser
were run with a generator, and the amount that would be necessary if
the generating plant were made large enough to deal with the output
at a low power factor. He gives the condenser current as I sin <p, and
then says that the voltage of the condenser has to be 30 per cent
greater than the generator pressure, that is, 1*3 times the voltage of the
line. I fail to see how he justifies that figure. The internal voltage of
such a machine will be about 5 per cent greater than that of the generator, and the additional ampere-turns that are provided are needed to
overcome the armature reaction of the machine at the power factor
at which it is running. The generating plant with which he is comparing it must have a generator designed for running at a power factor
of, say, o'8, and that machine will also require a large proportion of
those extra ampere-turns to overcome its armature reaction ; consequently the comparison appears unfair. If a vector diagram be drawn
for machines of normal proportions, it will be found that not more
than a 10 per cent excess of ampere-turns is needed to reduce the
power factor from o-8 to 0*2 ; consequently the author has very much
overestimated the excess in size of the condenser. In my opinion a
more correct expression for the relation between the two, arrangements would be 1-05 sin (f> + cos <p. Taking this expression, the example
given comes out to approximately 45 per cent excess of plant for the
combination as against the single machine, and this excess of plant
does not represent excess of cost, as the rotary condenser can always
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be designed to run at a high speed, and in many cases at a higher
j j j ^ t i i e alternator with which it is being compared. T h e
reason that I have criticized this point at considerable length is
because the same basis of calculation is used in other places in the
paper, and for the same reasons I cannot quite agree with the figures
quoted by the author on pages 248 and 249, where he compares the size
of a machine used as a phase advancer with one used as a motor alone.
I know that in practice it has been found that a machine used as a
phase advancer and as a motor is about 45 per cent larger in capacity
—that is in k.v.a. capacity—than the machine used as a motor alone.
This refers to a machine working at about 0 7 leading power factor,
and consequently the figure of 45 per cent compares with 79 per cent
given by the author. On page 247 the author refers to the starting of
the Lancashire Dynamo and Motor Company's type of self-starting
machine. T h e r e is a small inaccuracy in the description given, as the
starting resistance of the rotor is not again inserted just before the
exciter is applied. W h a t really happens is, first the starting resistance
is used as in an ordinary wound-rotor machine, all this resistance is
cut out, and the next step then puts the exciter direct on to the rotor
with a separate resistance in series with it. In the latest type of starter
the whole operation is performed by one hand-wheel operating through
a worm gear, so that it is practically fool-proof. T h e main switch and
starter are interlocked, so that the machine has to be started up in the
correct manner and synchronized automatically ; the further operation
of this wheel gives varying power factors as required. On page 253 the
author suggests that a phase advancer and a motor together should not
cost more than an ordinary motor. It would be of great interest if he
could give us some figures of the actual cost of such machines, as in
the only example with which I am acquainted the combination
costs a great deal more than a single motor would have done. Perhaps
I am prejudiced in favour of the self-starting synchronous type of
machine ; it seems to me, however, that this type is more suitable for
ordinary commercial use than the phase advancer, particularly as the
author himself points out that it is not advisable to make the phaseadvancing machine suitable for correcting the power factor of a
n u m b e r of machines, but rather to install a phase advancer for each
motor. Perhaps the author will be able to give us some further comparative figures at a later date on the question of cost. As one of the
unfortunate engineers who at times have to attempt to explain the
advantages of these machines, and incidentally to sell them, I feel
grateful to the author for. having so strongly emphasized that the
installation of such a machine is a sound commercial proposition,
satisfactory both to the customer and to the power company. I can
only hope that one of the results of this paper, following so closely on
Dr. Rosenberg's paper, will be an increased use of machines for
improving the power factor.

Mr. Crcedy.

Mr. F . C R E E D Y : Perhaps it is scarcely fair in discussing this paper
to raise the whole question of, W h i c h is the best type of apparatus to
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use for this purpose ? As, of course, Dr. Kapp is entitled to say that his Mr. Creedy.
paper relates entirely to his own type of apparatus. However, as a
large part of the paper is given to a general discussion of the advantages of phase correction, perhaps it may not be out of order to draw
attention to one point in which, in my opinion, the phase advancer of
the Miles Walker type, that is to say, one possessing a wound stator,
is superior to. a machine of the Scherbius type, or, perhaps, the
author's. A machine of the Miles Walker type can be used by a
slight displacement of the brushes for adjusting the slip ; that is to
say, it can be used to reduce the slip artificially, and even to reduce
it to zero. The way in which I prefer to look at this question is as
follows :—
All these phase advancers are series machines. In a series machine
running at constant speed the voltage is proportional to the current.
That is to say, it bears the same relation to the current as the voltage
across an ordinary resistance does, but the voltage may have the same
direction or the opposite direction to that across a resistance. A motor
may be regarded as a positive resistance, and a generator as a negative
resistance. The Miles Walker phase advancer, with the brushes set in
such a way that the machine generates a certain amount of power, can
be treated to some extent as a negative resistance partially balancing
the rotor resistance of the main motor, and in that way it may be used
to reduce the slip. Another way of regarding the matter is to look on
the phase advancer as a series booster, raising the rotor voltage a
little in proportion to the load. The phase advancer may not only
be used to reduce the slip to zero, but it may even make it negative
if desired, thus realizing a machine in which the speed rises as the
load increases. This action is exactly the same as differential compounding in continuous-current motors, and it is well known that a
series booster may also be used for compounding a continuouscurrent machine. On page 252 Dr. Kapp draws attention to the
importance of a small slip. This is very true. I think a much larger
natural slip may be used by employing a wound stator than by
employing a machine which is incapable of generating mean power.
Perhaps it would be going rather too far from the subject to introduce
the question of shunt phase advancers. I should like to ask the
author why it is that everybody seems to develop a series type of
machine. The shunt type is capable of improving the power factor
at no load, while the series type, unless with a wound stator, is
incapable of producing any effect at no load. In the shunt type it
is possible entirely to abolish the wattless component of the no-load
current on exactly the same principle as the compensating commutator three-phase motor which was originally invented, I believe,
by Mr. Heyland. In fact, one may regard a shunt phase advancer
as simply consisting of the main motor with its commutator removed and placed on a small auxiliary motor with a reduced number
of poles.
Mr. J. T. IRWIN : I should like to mention a little more in detail the Mr. irwin.
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theory of this phase advancer invented by Professor Kapp. The
equation on page 256 of the paper is of the form :—
E =

I
K

In other words, it is an equation of the same form as that for an
ordinary electrostatic condenser. It appears to me that a modification
of this arrangement can be used to enable Professor Kapp to get a
bigger angle of displacement. I take it that what the machine really
suffers from at present is that at the higher frequencies it is impossible to
get quite a large enough angular movement so as to generate a large
leading electromotive force to inject into the rotor winding. It is well
known, taking the ordinary electrostatic condenser, that if one puts an
inductance in series with it then there is a much greater electrical
displacement in the condenser for the same potential difference across
the mains ; in other words, the condenser takes a very much larger
current. The leading component of this. current increases as the
inductance is increased, nearly up to resonance if
the losses in the inductance are small.
Now in Dr. Kapp's vibrator what is required is as
large a mechanical displacement as possible, and
we can obtain this if we arrange some mechanical
spring tending to restore the vibrator to its mean
position. If there is a loop of wire without
mechanical control oscillating in simple harmonic
motion in the air-gap, the forces due to change of
velocity must be balanced by the force due 'to the
interaction between the current carried by the conductor and the magnetic field. If the loop oscillates
between the positions a a and c c, then at the moment
shown in Fig. A the current will have its maximum
value in the direction shown by the arrow, and only the force due to this
current is available to accelerate the loop in a clockwise direction ; but if
there were a spring control acting to bring the loop to the position b b,
the current required would be much less for a given displacement, or
the displacement would be greater for a given current, and the vibrator
would be able to inject a larger E.M.F. into the rotor circuit of the
induction motor. In other words, what we have done is to compensate
to a certain extent for the inertia of the armature, and in that particular
case it is not so necessary to have the armature with such a small
moment of inertia as the author has considered. Of course it would
not be wise to make the control very strong, because supposing we got
up to the mechanical resonance point it would act simply as a vibration
galvanometer and only take enough power to overcome the losses. To
prevent this we must only put on enough control to increase the
vibrations to a certain point, and so that the current is always leading
on the applied voltage. The trouble would be to get a strong enough
spring to act as control. I do not think it is possible to get a mechanical
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spring that will fulfil the purpose at all, but what we can do is use an air Mr. irwin.
buffer. For a high frequency, especially, an air buffer is an extremely
efficient spring. It is used to an enormous extent in the Willans
engine, and most careful indicator diagrams show that the loss of
power in a properly constructed air buffer is very small. It probably
means that the type of construction would have to be altered quite
radically in this instance, say from a rotating to a straight line motion.
For a given armature, putting on mechanical control gives a larger E.M.F.
for a given current, and therefore reduces the electrical " capacity "
of the vibrator; but this is an advantage if it is called upon to work on
a high-frequency circuit. For a constant current, if constructed without spring control the movement of the vibrator would be proportional
to i/(rv) 2 , and the change of flux clue to the oscillation would become
smaller and smaller compared with the change of flux due to the selfinduction of the armature as the frequency increased, and therefore
electrical resonance would soon be reached. Above that frequency the
vibrator would take a current lagging on the applied voltage ; but by
putting in a suitable control the movement could be made as large as
necessary and the current so maintained leading. I have used a spring
control on an armature to find its moment of inertia. If one does not
wish to remove the armature from the field magnets, all that has to be
done is to fasten a strong lever to the armature and have this lever controlled by a suitable strong spring. By supplying the armature with
low-frequency current from a separately excited rotary converter it is
easy to arrange, by altering the frequency, to get mechanical resonance,
i.e. maximum oscillations, for a given current. The moment of inertia
of the armature can be calculated because the force for a given displacement can be found and the frequency measured.
. Mr. H. M. THEAKER (communicated): As a three-phase system Mr.
increases in size, the question of phase compensation becomes more i c a x r important. In some stations it is necessary to run an extra generator
to take the lagging current. I agree with the author that the best place
for the compensator is on the consumer's premises containing the
machine tha't produces the bad power factor. The vibrator seems to be
a very practical solution for improving the power factor, and the author
has, I think, proved that it is a benefit not only to the power company
but to the consumer; it gives the latter a cheaper and smaller motor
for the required work, especially in the case, of large powers. I should
like to ask what would be the effect of putting a spring on the armature
shaft similar to the balance of a watch ? It would give the armature a
natural period of vibration, and could it not be used to alter the power
factor curve for a certain load (i.e. slip) ? I should also like to know if
it would be of any benefit at all. Professor Arno's arrangement is a
very ingenious method of metering the power : may I suggest another
method in which two meters are required. One meter registers true
units (three-phase two element method), the other has the slow phase
reversed and measures W,—W2. Thus from the two meters we can
calculate the average power factor at once.
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Professor R. ARNO {communicated) : I should like to make a few
remarks in regard to the measurement of power in volt-amperes on
alternating-current circuits. Some authors have suggested, and it has
also been mentioned at international congresses, that volt-amperes
rather than watts should be measured. I have devised a method of
doing this for any plant, irrespective of the power factor. In this way,
since the volt-ampere and watt readings are not equal, it is easy to
measure a quantity which is their mean, that is to say, what I term the
"compound load," as defined in Professor Kapp's formula—

= k[ (a
(aEl

Cost = *

*

cos?. +

bEl)di.

o

My remarks may be divided into two sections : I propose first to deal
with the "compound load."
With my new system of metering I can show that a total number of
kilowatt-hours is obtained such that to determine directly from this the
real value of the energy which has been supplied to the consumer a
single charge can be made per kilowatt-hour, namely, the charge that
could reasonably and equitably be applied if in the given installation the
power factor could be left out of consideration. This comes to the
same thing as saying that the power factor may be considered constant
and equal to unity for a given installation. Continuous-current and
alternating-current installations can thus both be treated in a similar
manner, the metering of the energy can be simplified, and the arranging of contracts between the supply authority and the consumer rendered
easier. My new meters are really only ordinary wattmeters and
integrating meters, with the distinctive feature that the watts which
they measure, or integrate over a given period of time, are charged
automatically at unity power factor, regardless of the power factor of
the installation considered. Since the supply authority bases its charge
per kilowatt-hour on the assumption of unity power factor, the phase
displacement of the consumer's load and the wattless or magnetizing
current can both be left out of consideration when my new types of meters
are used. With a " true power " meter the magnetizing current is not
taken into account in charging for electrical energy, but with a meter
registering the apparent power the current " in phase " and the current
go deg. out of phase are both taken into account in the charge for the
supply. The basis of metering the electrical energy is—
L = § true power + ^ apparent power,
L being what has been termed the " compound load." The object of my
new type of meter is to record this " compound load " by taking into
account not only the true power but also the way in which the energy
is utilized ; that is to say, to consider the useful current and the magnetizing current in their proper proportions as affecting the cost. In
applying this fundamental principle to the construction of " compoundload" meters, two main types of load have to be considered, viz.—
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Lighting installations, where the power factor may be considered Professor
Arna
as varying from unity to o-8 ; and
Power installations, where the power factor may be regarded as
varying from 0*9 to o-5.
In the case of single-phase alternating-current installations, the
"compound load" consumption of energy, as defined above, can be
obtained in practice with sufficient accuracy by means of an ordinary
meter of the electrodynamic or induction type, provided that care is
taken to adjust the difference of phase -ty between the shunt-coil flux
and the potential difference applied to the ends of the shunt-coil circuit.
The values of <|/, for lighting and power loads respectively, are as
follows :—
Nature of Load.

Lighting,
Lighting,
Power,
Power,

Type of Meter.

cos <p = 1 to o-8
Electrodynamic,
cos <p = 1 to o-8
Induction,
cos <p = 0*9 to 0*5
Electrodynamic,
cos ^ = o-9 to o'5
Induction,
^

\fs = 50
41 = 95°
^ = 140
= 104°

It may be mentioned that, any method of connecting up or of applying
ordinary meters in the case of three-phase plant can be adopted with
the Arno instruments for measuring " compound loads," because the
difference is only in the value of 4>. Moreover, as is already the case
for ordinary meters and measuring instruments, in order to obtain the
desired phase displacement use can be made of the natural phase displacement in a three-phase system. My-system of "compound-load"
metering can be applied by simple calculation and at very small
expense to all alternating-current energy meters, whether of the
electrodynamic or induction type. In the electrodynamic type of
meters the addition of a well-made and carefully calculated coil is
obviously all that is necessary; whilst in the induction type the result
desired can be obtained very easily, without taking the meter to pieces,
by merely displacing slightly or modifying one of its component parts.
This method has already been shown in practice to be easily and
quickly carried out and to cost very little. I may sum up by saying
that as hitherto no technically accurate, reliable, and fair method of
metering and charging for electrical energy has been available, recourse
has been had to imperfect methods. The advantages of a system which
without any adjustment takes into account any loss of power due to the
phase displacement caused by a consumer's installation, are therefore
evident. Such a system, in which there will be no discussion between
the supply authority and the consumer as regards the tariff at different
power factors, and in which the consumer is encouraged to in'crease the
power factor of his machines, is made possible by using my instruments,
which show at the same time the power factor, the true power, and the
apparent power.
I now propose to discuss my new voltmeters, phase meters, and
" watt-volt-ampere " meters. These instruments have been designed
with the object of showing the apparent power, i.e. the product of the
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potential difference V and the current I, in an alternating-current
, ..

,.

•

installation.
In the case of a single-phase installation the apparent power, namely
V I, is obtained with sufficient accuracy by using an ordinary wattmeter
of the electrodynamic or induction type, provided that the angle of
phase displacement \p between the voltmeter flux and the pressure
applied to the voltmeter circuit is varied. The respective values of f
are as follows : —
Xature of Load.

Lighting,
Lighting,
Power,
Power,

Type of Instrument.

cos $ = i to 0*85
cos $ = 1 to 0-85
cos <p = 0-9 to 0-5
cos ^ = o"9 to o*5

Electrodynamic, »//= 120
Induction,
ip= 1020
Electrodynamic, ^ = 420
Induction,
1//= 132°

My volt-ampere instruments can be used as measuring instruments
and also as integrators for recording the product of apparent power
and time (volt-coulomb meters). It is clear that if an ordinary wattmeter and a volt-ampere meter are used, the indication —^j-—-> that
is, cos <p, immediately gives the power factor. In this connection it is
interesting to note that by installing an ordinary meter and one of my
integrator volt-ampere meters (volt-coulomb meters), the first gives—

ft

V I cos <p d I,

J i

the second—

rt

I":
VI

dt

and the quotient of their readings, viz.—

(}V I cos <p d t
V I dl
no longer gives the power factor of the plant but an "energy factor" ;
this it represents very well, and much more so the mean total power
factor of the plant for the time the latter is running. Similarly, by
combining a volt-ampere meter and a wattmeter, a phasemeter is
obtained, which can be arranged to give, indirectly with two readings,
or directly with only one reading, the apparent power, the true power,
and the power factor. A recording instrument can easily be conceived
having a clock movement which drives the recording drum and also a
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throw-over switch so that the instrument registers both the apparent Professor
, ,,

,

&

rt

^

Arno.

and the true power.
DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON
23RD APRIL, 1913.

Mr. R. A. CHATTOCK : The apparatus described by Dr. Kapp should Mr.
Chattock

prove of very great value to supply undertakings which are troubled
with a low power factor. Especially should this be the case where the
distributing mains are of considerable length. The apparatus itself
appears to be so simple and reasonable in cost that it would probably
be to the interest of the supply undertakings to install it themselves in
connection with large motors on their supply. In Birmingham the
three-phase alternating current E.H.T. feeder cables which are used
for supplying large power consumers are not of any great length.
Most of these cables are run from the sub-stations belonging to the
department, the sub-stations themselves being supplied through trunk
feeder cables. The transforming machinery in the sub-stations, consisting as it does of rotary converters, is used for correcting the power
factor, and in this way about two-thirds of the system is run at a power
factor approaching unity. The short lengths of feeder cables supplying
power consumers on which the power factor is not corrected are
lightly loaded, and it would not therefore appear to be necessary to
adopt any general method of phase-advancing on the consumers'
premises, although isolated cases may arise in which this may become
desirable. The system of metering described on page 260 is very interesting, but I am afraid it would be very difficult to explain to a consumer, and to convince him that he was paying correctly for the energy
taken. There are several consumers on the Birmingham mains who
insist upon having their own check meters in circuit with the Department's meters, and if the difference between such meters varied from
month to month, due to a varying power factor, it would be very
difficult to convince the ordinary consumer that there was not something wrong. The difficulty would be analogous to the difficulty that
is experienced in explaining to a lighting consumer the theory of the
maximum demand indicator.
Mr. A. M. TAYLOR: I am particularly interested in one paragraph Mi-. Taylor.
on page 250 which can be construed as follows : Dr. Kapp suggests that
in the case where there is already a load of, say, 100 kw. distributed
between various motors having an average power factor at the time of
peak load of 07, we should add by means of power-factor-improving
apparatus an additional 25 per cent, or 25 kw. ; this power-factorimproving apparatus to consist of a synchronous motor provided by the
consumer and having large power-factor-correcting capacity. Dr. Kapp
proposes that the consumer should spend £50, in addition to the outlay
required for his own power, so as to obtain this power-factor-correcting
capacity, and he suggests that if the supply authority will give a
rebate to this particular consumer of 10 per cent off its fixed charges,
VOL. 51.
18
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it will provide the consumer with a recompense which will warrant
his incurring the extra capital expenditure. The consumer's debit and
credit account stands as follows : —
Dr. To 10 per cent per annum on ^50 outlay = ^ 5 per annum
to cover interest, sinking fund, and maintenance charges.
Cr. By 5 per cent off fixed charge of £100 per annum charged
by supply authority (25 kw. at ^ 4 per kw.) = £ 5 per
annum.
The reasoning by which Dr. Kapp shows that the supply authority
should allow the discount is as follows: The supply authority has no
other expense to incur than that for fuel and water, the generators,
feeders, sub-stations, and mains being already large enough to provide the power (the total current being unaltered), and he suggests
that as the supply authority gains a new 25-kw. consumer without
any further capital outlay, it is greatly to the supply authority's
interest to give the required discount. I think, however, that there
is a fallacy in this reasoning, because in most, if not all, cases
central-station engineers have already discounted for the power
factor of their generators, and there is not the margin on the steam
side, amounting to an extra 25 per cent, which Dr. Kapp's premises
would involve. It is quite true that the electrical side will stand the
extra power, but this represents, perhaps, in the case of a general
supply in which continuous current is largely supplied from substations, a matter of only about 10 per cent of the total capital outlay
on the system. The supply authority would, therefore, have to face a
capital outlay of something like 90 per cent of that spent per kilowatt
on its existing consumers, together with additional fixed charges due to
the number of kilowatts of maximum demand being increased. The
conditions under which it therefore obtains the ntew load are not very
materially better than those under which it obtains its existing load ;
and in addition, the small 4 per cent loss on the consumer's motor has
to be paid for, whether by the consumer or the supply authority is not
quite clear. It seems to me that this is a matter where in every case
the engineer would have to decide as to whether the inducement was
sufficient to warrant any special terms being offered.
There would appear to be a discrepancy in the statement as to
losses near the bottom of page 245, and possibly also in the table resulting therefrom at the foot of page 245. Dr. Rosenberg in his recent
paper * seems to give figures which differ from this. Dr. Rosenberg
states that in order to improve the power factor from 0707 to o#8
(corresponding with column 2 of Dr. Kapp's table) with a watt load of
1,000 kw. we require a synchronous condenser able to give 250 k.v.a.,
and he suggests that the losses of this condenser will amount to 10 per
cent of the rating of the condenser. Dr. Kapp, however, appears
to allow that 4 per cent will be sufficient. From the consumer's point
of view it seems to me. that we require information as to the capa* Journal of the Institution of Electrical Engineers, vol. 51, p. 63, 1913.
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bilities of synchronous self-starting motors, or of induction motors Mr. Taylor,

fitted with phase advancers, to start under very heavy loads. The
information does not seem to be available in the handy form in which
the central-station engineer can see at a glance the inducements that
the scheme offers to the power consumer.
Mr. N. SHUTTLEVVORTH : The question of power-factor improve- Mr- Shuttiefnent is being forced upon central-station engineers because of the
rapidity with which existing cables are becoming overloaded, and in
many cases the only remedy to save duplication is the adoption of a
phase-advancing device. The author has given the costs per extra
saleable kilowatt, first with synchronous motors running light, and
second with loaded synchronous motors used also for the purpose of
power-factor improvement. The relative costs are £T~£IO and £2 per
kilowatt respectively. I am able to add to these figures the cost of
phase advancers for the same duties, and the variation is from 15s. to
£2 per extra saleable kilowatt, the cost of course depending upon the
size of the motor to which the advancer is applied. It may perhaps be
of more interest to the central-station engineer to know the cost per
k.v.a. reduction in the wattless component of the power supply, so that
the advantage may be calculated for any particular case ; these figures
vary from 8s. to 25s. per k.v.a. corrected. I may point out that there is
a limit to which the phase advancer can be pushed, if unnecessary
expense is to be avoided. It is shown in the paper that the current
carried by the rotor of the main motor and the advancer armature
increases if the power factor is to be improved at any given load. A
machine having a power factor of o"8 at full load requires an increase
in the rotor current of approximately 13 per cent to obtain a stator
power factor of unity. Now to produce double the correction on the
supply system, that is, to cause the main motor to draw leading current
at O'8 power factor, it is necessary to increase the rotor current more
than 60 per cent. This increase is not confined to the current through
the advancer, but applies also ip an even greater degree to the voltage
to be generated ; thus while the improvement to the supply has been
doubled, it is necessary to increase by much more than 100 per cent the
capacity of the advancer, and also considerably to increase the copper
in the main induction motor. It will be seen from this that it is not
necessarily a paying proposition to use only one large motor on the
system and to utilize it for drawing heavy leading currents for powerfactor improvement. Generally speaking, the leading power factor on
any one motor should not be lower than 0*9 for good results. I am
interested in the phase advancer of Dr. Kapp's design for a main motor
of 800 h.p. Judging by the losses in the various parts, there seems to
be much more copper on the stator poles than on the armature. I
should like to know the approximate relative proportions.
Mr. E. A. WATSON : I was very much impressed by the Scherbius Mr.
phase advancer described in the paper, as the idea of a machine which Watsonhas no stationary part with the exception of the brush gear and an
intangiblefluxfixed,or in this case slowly rotating, relatively to it, is dis-
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tinctly novel, and seems to be capable of further development in several
directions. For instance, if a machine built on these lines were provided with slip-rings it might be used as a rotary converter if continuous
current were fed into the commutator, although it appears probable
that there would be considerable difficulty in commutation. I do not,
however, quite agree with Dr. Kapp when he states that the driving
motor supplies the losses due to windage, friction, and hysteresis. T h e
windage a n d friction losses certainly are supplied mechanically, but I
do not see how t h e hysteresis or eddy-current losses can be. I believe
it is an axiom in all revolving machinery that no mechanical torque can
be exerted on the revolving member without a corresponding equal and
opposite torque being exerted on a fixed member. In fact, this is
simply Newton's Third Law. Now, any hysteresis loss, if supplied by
the driving motor, implies the presence of a mechanical torque acting
on the shaft, and this must be accompanied by an equal and opposite
one acting on some fixed portion of the machine. As the only fixed
portions are the brush gear and to some extent the surrounding air, it is
not quite clear how this can exist. I am inclined to think.that the true
explanation is that these losses are supplied electrically through the
windings of the advancer itself, as the following reasoning may
indicate :—
Consider for the sake of simplicity an armature constructed on the
Scherbius system, and provided with two diametrically opposite brushes
through which it is fed with continuous current. This will set u p a
flux in the armature which we may represent by the vector O A in
Fig. B, and this flux will induce an electromotive force at right angles,
represented by O B . If there is no hysteresis or eddy-current loss the
voltage vector O B will be at right angles to the axis of the brushes
which introduce the current, and the voltage O B will have no component either with or against this current. If, however, there is any
hysteresis or eddy-current loss, the flux vector O A will be dragged
round in the direction of rotation, and the voltage vector O B will move
round to correspond. It will now have a component in the direction
O A ; that is, the voltage required to drive the current through the
armature, previously only equal to the I R drop, must now be increased
sufficiently to provide for the hysteresis and eddy current losses. T h e
same argument will, of course, hold in the case of an armature fed with
three-phase currents at the slip frequency of the induction motor,
the field due to the currents being dragged ahead by the rotation of
the armature, and inducing a voltage in phase with the I R drop
in the machine.
I was much interested in the theory of Dr. Kapp's vibrator given in
the paper. At first sight it seems that good results might be obtained
by using a machine of this type directly connected to the supply terminals. T h e armature would then vibrate at such a speed as to produce
an electromotive force which balanced the supply electromotive force
impressed upon its terminals. In this case, as Dr. Sumpner pointed
out, and as can b e seen by inversion of Dr. Kapp's formula on p. 256, the
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output would be proportional to the frequency of supply and also to the
flywheel effect of the armature, instead of inversely proportional as in
Dr. Kapp's formula. The trouble with the arrangement, however,
appears to be that it would be impossible by the interaction of any
normal current and flux densities to produce forces sufficiently large to
produce vibrations of any useful amplitude at a frequency of 50 or even
25 periods per second. If such a machine were connected across the
supply, it would either burn itself out in the attempt, or else the inductive drop in the armature would more than neutralize any phase
advancement which could be obtained by the oscillations produced.
One of the chief points of Dr. Kapp's arrangement of connections
appears to be that although the vibrator only has to inject a small
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electromotive force into the circuit, this is, as it were, magnified by the
motor itself in approximately the ratio of i/slip, and produces a vastly
greater effect at the stator terminals.
Dr. M. L. KAHN : Dr. Kapp's vibrator meets a demand which has
arisen within the last few years, as transmission lines and cables of
some supply systems have been loaded up to their full capacity, due
to the low power factor at which their load is taken. The excitation
of a synchronous motor requires only a few per cent (in large units
1 or 1 per cent) of its output, and the excitation current is conveyed
to such motors by short low-voltage leads. In the case of induction
motors which are connected to a high-tension power transmission, the
excitation has to be provided from the main station. It is produced
at the full voltage of the supply, and if one assumes a low-speed hightension motor with a power factor of o-8, the kilovolt-amperes required
for excitation are 75 per cent of the kilowatts of energy transmitted,
and the line losses on the transmission are increased by 53 per cent
above the losses due to the "watt" current. The arrangement devised by

Dr Kahn
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Dr. Kahn.

Dr. Kapp reduces the kilovolt-amperes required for excitation approximately in the ratio of slip to full speed, as the excitation is not supplied
to the stator with the full voltage, but to the rotor with a voltage of the
order of the slip voltage. This exciting current is conveyed to the motor
by some short low-tension leads. It can be seen from this that by
Dr. Kapp's arrangement the kilovolt-amperes required for excitation,
and the distance which the exciting current has to travel, have been
reduced to a small fraction of the values which are necessary in the
case of ordinary induction motors. The induction motor is thus
brought into line with the synchronous motor as far as the excitation
is concerned—the phase advancer taking the place of the exciter—
without the disadvantages of low starting torque and synchronizing
difficulties. Moreover, the apparatus invented by Dr. Kapp requires,
if anything, less attention and is less likely to get out of order than an
exciter of a synchronous machine. In considering the cost of the
apparatus, it must be taken into account that the size of the induction
motor can be materially reduced if a phase advancer is added. The
reasons of this are as follows : (i) the stator has only to carry the watt
current, and the heating in this part is materially reduced ; (2) the overload of a motor of a given size is increased by attaching a phase
advancer ; (3) the increase of rotor current due to the exciting current
in the rotor does not affect the design materially, as the rotor of an
induction motor usually works well below the heating limits. Considering the case of a 1,300-b.h.p. induction motor which was made
some years ago, and was wound for 8,000 volts, 50 periods, 272 revs, per
minute, with a power factor of C82, it was found that by designing the
machine for use in connection with a phase advancer, the diameter of
the machine could be reduced 15 per cent, and the weight of the
punchings from j% to 5^ tons. This saving of material was effected
without increasing the loading of the material, i.e. the loss per pound
of material. The losses in the motor itself are slightly reduced, which
makes up for the losses in the phase advancer, so that the total energy
consumed is not increased. For small motors the conditions are of
course not so favourable, but in the case of motors above 200 h.p. the
phase advancer offers a very attractive proposition.

Mr
Orscttich.

Mr. R. ORSETTICH : This paper deals with a problem of great
practical importance, affecting to a great extent a large number of
small installations which were carried out several years ago, and the
majority of which were not designed with a view to the expansion that
took place later. The power factor of the motors is very seldom taken
into account in installing plants of this kind, and it is very seldom
realized that small motors running at low speeds have generally a power
factor below 0*8, especially as they are mostly run below their full-load
rating. The result is that with plants of this kind, mainly in mines,
collieries, and works, it is found that after a time it is necessary to lay
new cables in order to cope with the larger current than was expected
from the power consumed. Apart from the question of the cost, the
laying of such a cable requires considerable time, and very often it is
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impossible to install the cable when the addition of one or two motors
to the existing plant becomes urgent. In plants of this kind the phase
compensator described by the author would be of great advantage,
especially if this compensator need not be designed strictly to suit one
particular machine, but can be made for any standard motors, and
installed where and when required. Large municipal plants arc not
affected to the same extent ; first, because they are always originally
designed on more liberal lines, and further because municipal authorities, being usually very lavish in their expenditure on the plant, do not
mind installing machines capable of dealing with 30 or 40 per cent
excess of wattless current. The adoption of synchronous motors to
overcome part of this difficulty has been proposed and considered in
many plants, but the difficulty of starting these machines without
excessive current is very great, and this fact was detailed in the paper
by Dr. Rosenberg which was read a few weeks ago. If anything,
Dr. Kapp's view of this type of machine is too favourable.
A phase advancer either of the Scherbius or Kapp type enables an
ordinary standard motor to be installed, with the only difference that
no short-circuiting gear can be used, as the slip-rings have to carry the
current of the compensator. Both these phase compensators have
the disadvantage of requiring commutators, through which the rotor
current must pass. In the Scherbius compensator the whole of the
current of the rotor has to pass through one large commutator, fitted
with three or more sets of brushes. In the Kapp system the current is
divided between three small commutators, which can be connected in
mesh, thereby reducing the current per commutator to about 60 per
cent of the current per phase. The Scherbius compensator is usually
driven by a separate small motor, and this corresponds approximately
to the expenditure of a small separate exciter, which has to be fitted to
the induction motor when using the Kapp compensator. The advantage of the Kapp compensator, compared with the other type, consists
mainly in the fact that it runs at very low speed, also that the commutation is better, as the voltage can be kept low and the maximum
current only occurs at the moment when the voltage is reduced to zero,
and vice versa. The only drawback appears to be the fact that the
copper losses in the rotor of the main motor must be kept rather low,
compared with a standard motor, but this in itself is not a serious
matter, as the saving in the size of the compensator can easily balance
this extra expenditure. The figures taken from examples of actual
machines tend to show that it is quite possible to put forward an
induction motor of the standard type, fitted with a small exciter and
an independent phase compensator of the Kapp type, against the cost
of supplying a synchronous motor of the standard type fitted with a
starting motor and a small exciter. The price of a synchronous selfstarting motor which is arranged in such a way that the current
at starting does not exceed the full-load current by, say, 50 per cent,
with full voltage applied at the terminals, is much higher, and will
easily decide the selection in favour of a plain induction motor
with a compensator.

Mr

;
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Dr. W. E. SUMPNER : I should like to »mention that Mr. James Swinburne was the first to suggest using a magnetic vibrator as an alternatingcurrent load taking a leading current. The arrangement—which Mr.
Swinburne called an electromagnetic condenser—was not commercially
practicable owing to the high frequency of the currents then used, and
even nowadays with circuit frequencies of 25 cycles per second such a
vibrator would be too expensive. Dr. Kapp's device is possible commercially because he utilizes the low frequencies of the rotor currents.
It can be shown that the number of volt-amperes per phase taken by
the Kapp vibrator is given by
K (t>

where I is the rotor current in amperes passing into the vibrator armature ; v the voltage generated in this armature if run at unit speed
(one radian per second) ; K the moment of inertia of the armature ; and
U>=2 7T<T/, where/is the circuit frequency and <ris the slip. The numerator of the fraction is a constant for a particular armature since the
allowable current I is inversely proportional to the number of conductors determining the voltage v. Hence to increase the volt-amperes
it is necessary to keep the values of K and w small. The importance of
the smallness of the slip frequency <r/is twofold. It not only increases
the capacity of the armature in volt-amperes, but also reduces the
number of volt-amperes needed for compensation. Professor Miles
Walker and others have pointed out the advantage of placing the compensator in the rotor circuits instead of in the stator circuits. Thus, if
1,000 volt-amperes are needed to compensate the stator, the number
needed for the rotor is only 1,000 a, where 0 is the slip. Dr. Kapp
not only uses this principle, but he has designed a vibrator of
which the capacity in volt-amperes is inversely proportional to the slip
frequency : hence the commercial possibilities of the device.
Mr Everest
^ r - ^' ^ ' E V E R E S T '• There is certainly a large field for devices
which will overcome the low power factor inherently associated with
certain classes of load. As soon as the induction motor became popular
many years ago, engineers began to study means by which it could be
made to excite itself without taking wasteful lagging currents from the
supply system ; and while various devices have been proposed from
time to time, they have not till recently taken a commercially successful
form. Dr. Kapp's vibrator is a particularly interesting development.
Some twelve years ago Mr. Swinburne showed that a wound armature
would oscillate if supplied with alternating current while in a constant
magnetic field, and that due to this inertia effect of the armature the
voltage generated by this movement had the same phase with respect
to the current as would be given by a condenser. He called it a
" kinetic condenser." Being interested in condenser development
at that time we made some experiments, and concluded that such a
device was not commercially useful for the relatively high frequencies
then prevailing. Dr. Kapp has found that for the very low "slip"
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frequency of an induction motor secondary the device is quite, feasible, Mr. Everest,
and he has developed it in a very practical form.
Referring to the remarks in the first part of the paper in regard to
the use of an over-excited synchronous motor for correcting power
factor, it is somewhat surprising to find the self-starting synchronous
motor regarded as a comparative novelty. It is true there has not
been much demand for self-starting motors of this type in Great
Britain till recently, but in the United States they have been building
self-starting machines for some years past. Dr. Kapp mentions two
British firms now building-such machines. To this may be added
that the British Thomson-Houston Company also build self-starting
synchronous motors, having even better starting characteristics (i.e.
torque per ampere) than the corresponding sizes of squirrel-cage
induction motors. These machines are started under the same conditions of load as the squirrel-cage motors, and with the same device
to reduce the applied voltage at starting. No synchronizing is
required, as the motor pulls into step when the field is excited.
Such machines are well suited for use with a surplus of excitation,
so as to take leading current and neutralize a bad power factor elsewhere. While for general service the induction motor will continue to
be employed, with the auxiliary devices which are now available there
appears no longer reason why such motors, at least in large sizes, should
be allowed to spoil the power factor of the system.
Mr. H. BENTHAM (communicated): After inspecting Dr. Kapp's Mr.
phase advancer I should like to know how he suggests obtaining
the continuous-current excitation when a consumer is supplied with
three-phase current only. Also with what success or otherwise can
the advancer be applied to the rotor of a rolling mill motor with, say,
a permanent slip resistance in circuit, such slip resistance to allow of
from 10 to 15 per cent slip in order to take advantage of the flywheel
effect for heavy passes through the mill ?
DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION ON
5th MAY, 1913.

Dr. W. M. THORNTON1 : Dr. Kapp could not have come to a district Dr.
where such a device was more needed. There is probably no part of 10rn on"
the world where phase advancers are more to be desired than on the
North-East Coast. I leave the question open as to who is to take
the first steps in installing them, but the average power factor of the
district is not what it was, and perhaps the Supply Company may find
it well to make the first move—or at least to suggest their use. The
benefit is clearly mutual to the company and any consumer with a.bad
power factor. In some cases, shipyards for example, the average
power factor a few years ago was about o"6, so that the figure Dr. Kapp
has chosen to illustrate his case applies to such conditions. With
regard to condensers, it is quite possible to use them, but it is an open
question whether they are capable of hard industrial wear and tear.
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At the bottom of page i<2 Dr. Kapp refers to small natural slips, which
,.
,
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V ,, TT ,
,
.
. . f '.
brings to my mind the question of the Hunt motor, in which the slip
is small; it seems to me that the combination of the Hunt motor and
the Kapp vibrator would be as good as one could get. The two
together, especially for supply systems, would be almost ideal at the
far end of a long transmission line. With regard to haulages, I do not
know how far a device of this kind can be applied to winding engines
which have to start and stop frequently—in mining work it would be
very useful if it could be applied. I should like to know whether the
motor would be suitable for gear which has to start and stop frequently. It seems to me that the principle of the vibrator is a special
case of Lenz's law making use of the inertia of the vibrator armature to
obtain the correct phase position of the injected voltage to oppose the
component of the rotor E.M.F. which is at right angles to the rotor
current. The movement of a telephone diaphragm is a parallel case
producing, as its does, an apparent capacity effect. With regard to
Professor Arno's meter, the only point which occurs to me as likely to
give trouble is the degree of accuracy obtainable. In the present case
we are dealing with fairly large powers, and a temperature error of
a few per cent nfight be possible between light and full load ; this
would mask the advantage of the special arrangement. Dr. Kapp's
suggestion that the supply company and consumer should share the
cost of the installation and the benefit of a good power factor, will
commend itself as reasonable, and I hope that we shall see his invention applied on a large scale, for the larger the motor the greater the
advantage to be gained by the use of such a device requiring, as it
does, to be excited separately.
Mr. Carter.'
Mr. T. CARTER : Two points occur to me. The first is that the
vibrator must have continuous-current excitation. If the system
already in existence is entirely alternating current, it is a serious
difficulty if one has also to provide a continuous-current supply ; it
is, in fact, an additional complication which cannot be ignored, and
which would have to be explained away to a prospective customer.
The second point is that the cost of the vibrator is bound to be considerable, but there is no indication in the paper of what it actually
is. The size quoted for the 2oo-h.p\ motor would probably cost something like £60 or ^70, and the cost of the motor would be about
£200 to ^300 according to its speed, so that the vibrator adds something like 25 or 30 per cent to the cost of the motor. I am open to
correction on this figure, but its order of magnitude cannot be far
wrong. Customers, as at present constituted, will not pay this extra
cost, nor will the present supply companies bear the charge. I should
like, therefore, to know who Dr. Kapp thinks should be responsible for
providing the vibrator.
Mr. Wilson.
Mr. J. WILSON : There is one point mentioned by Dr. Kapp in
regard to the Scherbius phase compensator which I should like to clear
up, namely, the pressure for which that type of compensator can be
designed. He mentioned 3 volts as being the pressure of the com-
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pensator at Birmingham University; but this is very low, as the Mr. Wilson,
maximum pressure for which they have been built is 30 volts. To
show the effect of phase compensation in actual practice, it may be of
interest to give particulars of two cases where Scherbius compensators are being installed in this country.
In the first case, a rolling mill motor, of about 700 h.p. and running
at 150 revs, per min., was very much underloaded, and took about 200
amperes on a i,ooo-volt three-phase system, the power factor being
approximately0*4. When a Scherbius phase compensator was applied,
it reduced the current to. about 80 amperes at unity power factor,
which made quite an appreciable improvement in the power factor of
the whole system. A peculiarity of this case is that before the application of the phase compensator the current variations were hardly
perceptible, while the actual load was varying all the time, but after
the compensator had been connected the current was seen to vary
with the load. The second case is that of a shipyard, where 270 horsepower is to be added to the present load of 1,800 amperes on a 440-volt
circuit which has a power factor of approximately o"65. In ordinary
circumstances this would entail an increase in the capacity of the substation transformers, and additional cables across the yard from the
sub-station to the compressor house. As an alternative, phase compensation was considered and finally decided upon. The scheme
adopted uses three compensators : one on a 420-h.p. motor, advancing
the power factor from 0^85 lagging to 0*82 leading, and the other two
on two 150-h.p. motors, raising their power factor from 0*65 to
unity. The result is that the additional load will be carried with a
reduction in the current from 1,800 to 1,620 amperes, the power factor
of the circuit rising to approximately 0*9. In both the above cases
phase compensation showed itself to be quite a sound commercial
proposition.
Mr. W. T. MACCALL : In connection with Fig. 4, explaining that a Mr.
motor for use with a phase advancer should be designed with a small
slip rather than with a high power factor, is it correct to state that
a high power factor is of very little advantage ? With the same
injected E.M.R the higher power factor causes the primary current
to lead in phase, therefore a smaller injected E.M.F. will bring the
power factor to unity, so that a smaller phase advancer will do the
work. Graphically the effect of an increased power factor is to move
A (Fig. 4) to the right and therefore to move C, the centre of the arc
E A M, downwards, thus reducing S B considerably. That is to say, a
high power factor reduces the size of the phase advancer just as a
small slip does—perhaps not to the same extent but sufficiently to make
a high power factor decidedly advantageous. Another question to be
considered is who shall pay for the apparatus, the supply company or
the consumer ? The consumers suggest that the supply company
should, whereas the company's representatives seem to think that the
consumer ought to do so. In the latter case some inducement should
be offered to the consumer, since the company benefits by the improve-
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ment of the power factor. One way out of the difficulty is the meter
invented by Professor Arno, and this seems to be the simplest and
most satisfactory method. Temperature errors (mentioned by Dr.
Thornton) will only affect this meter to the same extent as they affect
a meter of the ordinary kind. But the registration of such a meter is
not exact over a wide range of power factors. About six years ago
I worked out a number of figures for a meter in which additional lag
{i.e., a lag additional to the normal 900) was given to the shunt current;
some of the results may be of interest at present. In thefirstcase
mentioned in the paper (a lag of 50) the meter would register correctly
at a power factor of 0*9 for Professor Arno's method of charging
{i.e. two-thirds of the kilowatt-hours plus one-third of the k.v.a.-hours).
At unity power factor the error is less than £ of one per cent, and at
0*85 power factor it is about f of one per cent, that is to say, the errors
are practically negligible. For the case of *a meter for po.wer factors
from o'5 to 09 the errors do become of importance, as the following
table shows:—
Increase of Cost per Kilowatt-hour.
Power Factor.

Difference.'
By Prof. Arno's Formula.

As Registered by Meter.

Per cent.

Per cent.

37

6-6

O- 9
07
i4'3

Mr. Selvey.

o-6

22'2

°"5

33'3

16
21-5
28-6

Per cent.

2'8 high
I"S »
o*6 low
3-6 „

The above is for a lag of io° (not 140 as stated in the paper). I
should like to know whether Professor Arno has published a paper
describing his method of metering, and if so, when and where ? I do
not agree with Dr. Thornton's parallel between the action of the
vibrator and Lenz's law. As I understand it the vibrator necessarily
produces a leading current just as a condenser does; or to put it in
another way, the E.M.F. injected by the vibrator leads the current in
phase whatever the power factor of the motor may be, lagging or
leading.
Mr. W. M. SELVEY : As mentioned by previous speakers, the supply
company is affected by bad power factor, but not to the large extent
that some remarks would indicate. At the power station a low power
factor results in increased losses in the alternator, which is not a very
serious loss; but often it results in running extra plant for the power
output, which is more serious. A few figures will illustrate this. The
extra loss on a large machine between unity and 075 power factor was
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found to be 1*7 per cent of full-load output. Below this power factor
an extra machine had to be put on for the same load, which on the
steam taken was equivalent approximately to 11 per cent of the full
load on one machine. The net difference in coal consumption between
the cases of, say, 4 machines at C95 power factor and 5 machines fully
loaded as regards k.v.a., say with 075 power factor, is of the order of
4 per cent. The squirrel-cage motor was a boon to the supply companies in the early days of electric power : now they are beginning to
feel one of its drawbacks. Some speakers seem to think the consumer
should be made to pay for this, but unless he has an alternative choice,
when purchasing plant, of taking good or bad power-factor plant, I
think there are no grounds of dealing with him on the question at all.
The matter must be covered by the inclusive price charged for power.
It does, however, seem that in the future this alternative choice will be
available in the application of the new self-starting sychronous motors
which were discussed in connection with Dr. Rosenberg's recent
paper.*
Mr. F. O. HUNT : How are we going to persuade the Board of
Trade in regard to the type of meter proposed ? In connection with
the vibrator, are the armatures connected in star or in mesh ? Another
speaker mentioned that colliery load considerably lowers the power
factor ; I have heard quite recently of some big winding plants having
a power factor even below 0*5, and I think if that is the kind of plant
that is being introduced, the supply company will have to think very
seriously about phase advancers.
Mr. J. R. BEARD : On page 250 a figure of £2 is given for the capital
cost per kilowatt of saleable power obtained by phase advancing with
a synchronous motor. It would be very interesting if Dr. Kapp would
give parallel figures for the Scherbius phase advancer and for his
vibrator.
Dr. G. KAPP (in reply) : Mr. Mordey ascribed to me the estimate that
the Miles Walker phase advancer costs £2 19s. per k.v.a. This is a
mistake. I did not say that was the price of the Miles Walker apparatus,
but that it cost £2 per k.v.a. if a synchronous motor was used as a phase
advancer. I am glad to hear both from Mr. Mordey and Mr. Ashton
that condensers are in successful use. Mr. Mordey estimates their cost
at £1 per k.v.a., and although Mr. Ashton did not mention their price
he gave some particulars of their use. I do not want in the least to
disparage condensers. The reason why I left them out of consideration was because I have had no experience of them. Mr. Ashton has
now supplied some very useful information. He has mentioned that
condensers are in use up to a size of 1,730 microfarads, which would
correspond to about 120 k.v.a. [Mr. ASHTON : The figure is actually
160 k.v.a.] That is quite a considerable power, but the important
thing is that the motor cannot be improved by using condensers. If
the motor has a small overload limit, this will not be altered if a condenser is placed by the side of the motor. What the condenser
* Journal of the Institution of Electrical Engineers, vol. 51, p. 62, 1913.
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achieves is the improvement of the power factor of the circuit as a
whole. I do not see why Mr. Ashton should be astounded at this statement. There must be some misunderstanding; let me therefore explain
by an example. Suppose that within the restricted space of this
building motors of a total capacity of ioo kw. are installed and that phase
advancers cannot be fitted to those motors, then either condensers or synchronous motors must be used. It is quite immaterial whether all the
condensers are installed in one place or are distributed in groups near
the individual motors. I am also unable to follow Mr. Ashton's calculation as to the power factor of the 6o-k.v.a. motor. I say in the paper
that this motor would be loaded to 25 kw., and Mr. Ashton deduces
from these figures a power factor of o'4. But power factor is not calculated from the size of a motor and its load ; it is calculated from the
ratio of the kilowatts to the kilovolt-amperes. Calculated on the
correct basis the power factor of this motor is 0 7 and not 0*4. I quite
agree with Mr. Ashton, however,that the loss may with this k.v.a. capacity
become a rather serious matter. I have estimated it at 4 per cent of
the k.v.a. capacity, which would be in this case 2*4 kw.- I quite see
the force of Mr. Ashton's argument that this is a considerable loss,
which one would gladly avoid. This is precisely the reason why one
puts a phase advancer on an individual motor. In this way no extra
loss of power is incurred, because the saving in the Ia R loss in the
motor pays for the small amount of power taken by the phase
advancer. In Mr. Ashton's calculations with regard to the advantage of
condensers I missed one point which is very important, namely, what is
the efficiency of condensers ? In other words, will the loss in the condenser be less than 4 per cent, the figure I have taken for the synchronous motor ? [Mr. MORDEY : O"6i per cent of the kilovolt-amperes
is the loss.] [Mr. ASHTON : We have had some lower than that,
namely, o-3 per cent.] Shall we say as an average £ per cent. [Mr.
ASHTON : I think the loss would be guaranteed to be not greater than 0 6
per cent.] That is very good. I am in favour of any means of advancing
the phase, whether it is by means of condensers, static or dynamic, or
the Miles Walker machine, or my vibrator, or anybody else's phase
advancer. I think it is disgraceful that we should send through our
cables hundreds of amperes which do no work at all. Mr. Mordey
raised the question of the increased slip with the Scherbius phase
advancer and also with my vibrator. Mr. Creedy has pointed out that
the Miles Walker phase advancer can be arranged to correct completely for slip, only in that case the phase advancer becomes a
machine which absorbs power. Instead of taking electrical power
from the slip-rings, it takes mechanical power from somewhere else.
I have only dealt with phase advancers which inject electromotive
force 90 degrees out of phase with the current. The objection to the
increase of slip is not very serious. When looking at the diagrams in
my paper it must be remembered that this phase advancer was not
built for a 20-h.p. motor. It was built for one of Mr. Hunt's 60-h.p.
Cascade motors with a much higher resistance in the secondarj', and
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the effect on the slip is then very much less. If the phase advancer Dr. Kapp.
and the motor are really fitted to each other the slip would not be very
much increased. I lay stress on the importance of a small slip, and it
will be remembered that Professor Miles Walker in the example that
he gave when he read his paper said the slip was only o'8 per cent. It
is quite possible to build motors with i to 2 per cent natural slip, which
would be increased by adding a phase advancer or a vibrator to 1*5-3
per cent. Is a difference of 1 per cent in the speed of a motor such a
very serious matter ?
I cannot agree with Mr. Bosworth that only 5 per cent of excess
electromotive force is required to drive the current through the
armature. If it were only that, a short-circuit current equal to twenty
times the full-load current would result. Motors and dynamos are built
now for a short-circuit current of three times the normal, which means
that the induced E.M.F. must be at least 30 per cent greater than the
terminal E.M.F. to drive a wattless and leading current through the
armature. I have to thank Mr. Bosworth for correcting my description
of the Lancashire system. It is some time since it was shown to me when
I was in Manchester; evidently some improvements have been made
since then. Mr. Bosworth asked what will be the saving in the weight
of the motor if a vibrator is used. I cannot give actual figures because
the vibrator is a new apparatus, and only one has been made up to the
present time. One for a 450-h.p. motor is in course of construction, and
other firms are also making experiments, but they are not sufficiently
advanced to enable me to give figures. In the discussion at Birmingham one speaker said that by using a vibrator in connection with a
1,300-h.p. low-speed motor the weight of the stampings could be
reduced by 2 tons.
One rather important matter in the comparison between overexcited synchronous motors and phase advancers applied to individual
induction motors is the question of starting. If the ordinary induction
motor is provided with a vibrator the motor is started in the usual way.
The vibrator looks after itself. The motor can be started under full
load, and no synchronizing is required. I learn now that there are
some interlocking switches put in on the Lancashire arrangement,
which shows that there is some necessity for care in starting the
synchronous motor, and it is very doubtful whether the motor can
be started under full load.
In reply to Mr. Creedy I believe that Messrs. Brown, Boveri have
made a phase advancer in series and in shunt, but from Mr. Creedy's
remarks I rather infer that he meant the Scherbius arrangement of an
ordinary induction motor in connection with a commutator motor of
smaller size in order to control the speed. This is a different class of
machine altogether. My paper only deals with the series principle
where the injector voltage leads the current by 90 degrees.
The spring suggested by Mr. Irwin and also in the communication from Mr. Theaker would have the desired effect, but only
at a fixed frequency. It would not be applicable to my vibrator
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because the frequency of vibration must adjust itself to the slip
frequency. The combination of a spring and a mass might suit
one particular frequency, but it would not fit any widely different
frequency. There is, moreover, no need for counteracting the influence of inertia. The vibrator as now developed is not a large or
expensive apparatus. For instance, three armatures of n cm. diameter
and 24 cm. core-length would suffice for a 120-h.p. motor if the primary
frequency is 50, and 180 h.p. if it is 25.
Mr. Chattock mentioned that the vibrator should be of great value
to supply authorities troubled with a bad power factor, and that in
some cases it might be to their interest to install such apparatus at
their own cost. He also said that in Birmingham there is no need for
any improvement in the power factor since that is already corrected in
'the sub-stations. As a citizen and ratepayer of Birmingham I ought to
feel delighted at this, but yet I think there is a fallacy underlying the
argument. It seems to me that the fallacy lies in this, that Mr. Chattock
assumes the phase correction effected by the rotary converters is
obtained free of cost. As far as the continuous-current supply is concerned this is true. A rotary converter which takes current at unity
power factor is cheaper in first cost and more economical in working
than a converter which takes a lagging current; but if it is desired to
use the converter .for correcting the power factor of those consumers
who take alternating current, then it must be made larger and be more
strongly excited and its prime and working costs must increase. This
extra outlay can be saved if the consumers can be persuaded to correct
their individual power factors themselves. The objection against the
use of the Arno meter is of the same character as that raised against
any differential tariff or the maximum demand indicator. There is
undoubtedly a difficulty with the consumer, but where a system of
charging is fair to both parties one stands on firm ground, and with a
little patience in explaining the principle to a consumer it will be
possible to convince him that he is being treated justly. If he installs
a control meter, all the better. He will then see for himself that the
use of a phase advancer is to his advantage. I cannot quite follow the
argument of Mr. Taylor, which seems in its broad lines to come to this,
that supply undertakers have no interest in a good power factor. The
reason for this is that central station engineers have already discounted
for the power factor of their generators and there is no margin of power
in their steam plant. If that were really the case, then the power factor
would have no influence on the cost of plant; but every electrical
engineer knows that he has to pay more per kilowatt for his generators
if he specifies that they must give the output at a low power factor.
Moreover, Mr. Taylor's views are in contradiction to those of other
speakers, who agree that a good power factor is desirable. Thus, Mr.
Shuttleworth said that the question of power-factor improvement is
being forced upon central-station engineers because cables are becoming overloaded. I quite agree with this speaker that it is not good
policy to overdo power-factor correction in one large motor and leave
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all the other motors as they were. It comes to this : in order to correct Dr. Kapp.
a bad power factor due to lagging currents one installs a machine
(either an induction motor and a vibrator or an over-excited synchronous
motor) which has also a bad power factor, but this time due to a leading current. This must necessarily increase the copper losses. For
this reason it is much better to correct individually the power factor of
all those motors where it is worth doing, but no more, or at least not
much more, than is required for each motor. I think Mr. Shuttleworth's
limit of 09 with the current leading is already too high ; anything from
unity to C95 (leading) applied to individual motors will be quite sufficient to raise the power factor of the whole system to an acceptable
value, without at the same time increasing the copper losses unduly.
The difficulty Mr. Watson has in understanding how the hysteresis
loss in the Scherbius phase advancer can be provided for mechanically,
although there are no material poles fixing the field in space, will vanish
if he considers that there is actually a field in space which is cut by the
armature wires at a considerable speed. That this field is not fixed in
space but revolves at a low speed does not alter the relation. To see
this clearly let us consider a continuous current entering at one brush
and passing out in parallel at the other two brushes. The armature
gets a polar axis exactly in the same way as if external field poles were
used. If then the armature is rotated some of the power will be used
up in hysteresis losses. The field is, so to speak, tied to the brushes,
arid if an alternating current of low frequency is used instead of a continuous current the field is still tied to the brushes, although slowly
revolving. This is the main effect. There may be, as shown in Fig. B,
a slight shifting of the magnetic axis due to hysteresis, and this may
produce a small component of the E.M.F. of rotation which does oppose
the slip-ring voltage, but that can only represent a very small fraction
of the power used up in hysteresis, leaving the bulk of this power to be
supplied mechanically. Let us look at the problem in still another way.
Suppose the Scherbius armature were supported in ball bearings and
traversed by the rotor current. We should then have a core placed in
a slowly revolving field, and if the friction of the bearing were negligible and the hysteresis effect very strong the armature would revolve
with a speed somewhat less than that of the field, and in the same
sense. In this case the slip-rings would actually supply power to the
armature. The speed can, however, never be greater than that of the
field. Now in reality the armature is driven by mechanical power at a
much greater speed and also in the same sense as the field revolves. All
the power corresponding to this excess of speed must therefore be
provided mechanically.
In reply to Mr. Bentham, where no continuous current is available
it must be produced by a small dynamo, which may be driven either by
belt from some existing shaft or by a small three-phase motor. The
exciting dynamo need only be a very small machine, its output being
something -of the order of £ of 1 per cent of the power of the motor.
When the vibrator is fitted to a motor having a large speed variation,
VOL. 51.
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such as a rolling mill motor with a flywheel, it will not interfere with
or materially improve the power factor during the periods of large
slip, but during the period when the motor is running at increasing
speed to store up energy in the flywheel it will improve the power
factor.
Dr. Thornton asked whether the vibrator could be applied to
motors which have to stop and start frequently. During the starting period, when the rotor frequency is high, the vibrator cannot
improve the power factor. The armatures would simply quiver,
but not sensibly vibrate; and their presence would not make the
power factor worse during this period, since the inductance of the
armature is very small indeed compared with that of the motor
winding itself. Moreover, during the starting period, say for instance
during the time that acceleration takes place in a winding engine,
a large and gradually diminishing resistance must be put into the
rotor circuit, and if the acceleration is to be kept constantly at its
maximum the working point on the input circle would be kept at
the same level ; this means that the power factor during the whole
of the accelerating period would be somewhere near its highest
natural value. During this period the vibrator cannot improve the
power factor or make it worse. If the vibrator is introduced into
the circuit behind the starting switch it would take the place of the
electrical centre of the starting switch and would then require no
attention, coming into action as soon as the speed of the winding
engine approached the normal running value. The vibrator would
improve the power factor a little towards the end of the accelerating
period, and when the speed had reached its normal value the
improvement would be such as to produce unity power factor or,
if desired, a value slightly less than unity but with the current
leading. Thus, although the power factor can only be improved
over short periods of time, the energy factor taken over the whole
day may be materially improved. By energy factor I mean the
ratio between the kilowatt-hours and the k.v.a.-hours.
Mr. Carter pointed out that the vibrator requires continuouscurrent excitation : so also does its rival, the over-excited synchronous
motor, but with this difference that very much more exciting energy
is daily required for a synchronous motor than for a vibrator. If
continuous current is not available, an exciting set consisting of a
three-phase motor and a continuous-current dynamo must be provided ; its output need not exceed \ of i per cent of the total
power of the motors fitted with vibrators. The cost quoted by
Mr. Carter is about right. The cost of a vibrator depends largely on
the rotor voltage and the slip frequency; the higher the slip-ring
voltage on open circuit and the smaller the slip, the cheaper will be
the vibrator. Mr. Carter estimates that the vibrator will cost from
25 to 30 per cent of the price of the motor; this may be quite correct.
He also thinks that customers will not submit to this extra-outlay, and
asks, Who is to bear it ? This question has already been answered in
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' my paper. That customers will submit to an extra outlay for the sake Dr. Kapp.
of improving their, power factor is shown by the fact that in many
cases over-excited synchronous machines are used for this purpose.
Here the customer not only submits to the extra capital outlay, which
is greater than the 25-30 per cent Mr. Carter has estimated for
vibrators, but they also submit to the far more important yearly and
therefore ever-recurring outlay represented by the cost of current
required to provide for the losses in these machines. In my paper I
have estimated the-loss at only 4 per cent of the k.v.a. capacity of the
synchronous machine, but some of my critics have put the percentage
higher.
Mr. Wilson has mentioned several Scherbius phase advancers
which he has installed in the Newcastle district, and I heartily congratulate him on his success. I feel sure that his customers will come
to him again and bring others, for once the advantage of phase
improvement has been demonstrated in practice in the striking way in
which Mr. Wilson has demonstrated it, users of asynchronous motors
will adopt phase advancers readily enough, for it is to their advantage.
Mr. Maccall has pointed out that not only a small slip but also a
high natural power factor tends to reduce the cost of the vibrator.
This is true, but, as stated in the paper, the effect of a large slip is more
strongly felt than that of a bad natural power factor. Moreover, the
cost of the motor is not increased to the same extent by aiming at a
small slip than by aiming at a high power factor. To reduce the cost
of the motor and the vibrator it is therefore good policy to build the
motor for a small slip and allow a rather bad natural power factor.
As regards the errors in the Arno meter for power, if. Mr. Maccall had
calculated his table on the basis of an extra lag of 140 he would have
found that the errors are very much smaller. Professor Arno has
published the theory of his system of metering in the Proceedings of the
Associazione Elettrotecnica Haliana and also in Lumiere Elect rique.
Mr. Selvey thinks that a self-starting synchronous motor is preferable to an asynchronous motor with a phase advancer. Possibly, but
what about the many asynchronous motors already installed ? He
surely does not propose to scrap them, and if they are to be retained
then the phase of the installation as a whole can only be improved by
making the synchronous motors take a wattless and leading current
component, involving an increased ohmic loss. The right policy is
obviously to improve the power factor of individual motors.
Mr. Hunt referred to the star and mesh system of connecting the
three armatures of the vibrator. As a general rule mesh connection is
preferable, since the current to be passed through the brushes is less.
There is generally no difficulty in winding the vibrator for the slipring voltage. If in exceptional cases the slip-ring voltage should be
abnormally high, then star connection may be employed. He also
raised the question whether the Board of Trade might possibly object
to the Arno method of metering, since this does not strictly speaking
conform with the provisions of the Electric Lighting Act. When the
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Act was drafted we knew little of the commercial importance of power
and nothing about appliances for improving it. Now that these
matters are beginning to acquire financial importance we may assume
that the Board of Trade will adopt a reasonable attitude and not oppose
a new method of measurement simply because it had not been foreseen
years ago.
Mr. Beard asked as to the price of the Scherbius phase advancer.
I am sorry I cannot supply the information. The phase advancer I
bought for my laboratory is a special experimental machine and its
price would be no guide for estimating the cost of a commercial
machine.

30

-10

50

60

Kw. input.

i'O

00

100

FIG. C.—Curves obtained with Kapp Vibrator connected to a 90-h.p. Holmes
Motor.
Piimary voltage = 2,650. Frequency = 408.
Open-circuit slip-ring E.M.F. = 540 volts.
Synchronous speed = 408 r.p.m. Natuial slip = 2 | per cent.

In Fig. C. the curves are reproduced which were obtained at a
demonstration given before the Newcastle Local Section subsequent to
the reading of my paper. The curves, although similar to those reproduced in the paper, are of interest since they refer to a much larger
motor, viz. one of 90 h.p. I am indebted to Messrs. J. H. Holmes & Co.
for placing this motor at my disposal, and giving me facilities for the
demonstration. A similar demonstration, on a 40-h.p. General Electric
motor, was given before the Birmingham Local Section.

