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A paper presemnied at the 233d mesting of the
American Institute of Electrical Enginesrs,
New York, January 8, 1909.

Copyright 1909. By A. L. E. E.

CONDITIONS AFFECTING STABILITY IN ELECTRIC
LIGHTING CIRCUITS

BY ELIHU THOMSON

The term stability in this paper refers to that condition in
which the current or potential, or both, remain at a steady
value. Instability implies fluctuation which may arise from
internal causes or be provoked by slight changes; and the
fluctuations so arising may tend to be perpetuated automat-
ically. An example of such action is the well-known *‘ surging "’
in series arc-light circuits, which in the early days of develop-
ment often became a difficulty. ‘

The chief part of the present discussion will naturally have
to do with the constant-current series circuits containing arc
lamps operated by direct-current dynamos, by alterna-
ting-current transformers, by reactive devices in alternating-
current circuits, or by rectified alternating currents from trans-
formers. Much that will be touched upon is already well
known; but there may be some matters which are not so well
known, the bearing of which may be rendered more clear.
The instability due to so-called ‘‘ hunting ”’ will be left out of
present consideration, which will be confined chiefly to cases
in which the load conditions themselves tend to instability.

The art of electric distribution began about 30 years ago
with the direct-current series arc circuit. The load was in-
herently unstable owing to the peculiarity of the arc resistance
falling with increase of current. This form of distribution
seems destined to survive for a long period, especially for street
service with the later luminous flame arcs of high economy.
It will also hold its place in similar service with series incan-
descent lamps with metallic or other high economy filaments, the

1
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nature of the resistance of which results in stability of current.
Such a circuit as the latter is therefore outside of present con-
sideration. Where in fact the load in a circuit is of the nature
of *“ dead " resistance, stability is assured, provided no other
disturbing causes exist, such as speed fluctuations in driving
the generators. This is of course the case in the incandescent
lamp circuit, whether in series, in parallel, or in a combination
of the two. In early continuous current plants of small capacity,
it was, however, generally easy to note the disturbances intro-
duced by speed irregularities, or even to count the revolutions
of the driving engine, or to watch the intermittent action of
the engine governor.

The coupling of machines in parallel, and the later introduc-
tion of turbine driving, have resulted in the almost complete
elimination of such fluctuations and they may, therefore, be
left out of consideration as having nothing to do with inherent

.lack of stability or with such instability inherent in the ar-
rangement of the circuit itself. In passing, however, it may
be remarked that sometimes in self-excited direct-current
dynamos of constant-potential type, shunt or compound, the
degree of sensitiveness to speed variations may be abnormal.
This sensitiveness has occasionally been noted by designers in
high-speed, high-efficiency machines of moderate capacity. In
such cases each slight increment of speed raises the potential
and immediately reacts to increase the field strength, in turn
causing a further increase, and so on. With a slight fall of
speed there is of course the opposite effect. The difficulty is
exaggerated if the engine governor is a little late in making its
compensations, and they are at their worst when the iron of
the machine is worked at the steep part of the curve of mag-
netization much below incipient saturation. The remedy for
this form of instability is an alteration of proportions in the
design and the removal of mechanical accessory causes. By
working higher up on the saturation curve the tendency to
magnification of the effects above alluded to is much reduced.
The greater stability secured is, of course, purchased at the cost
of more copper or a less efficient field circuit, and in a com-
pounded machine the curve of potential regulation may not be
so flat.

It is fortunate that the great fall of resistance in car-
bon filaments occurs only at ranges of temperature much
below normal incandescence, or such lamps might become a
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load tending to instability, as in the case of the Nernst glower,
which requires the addition of devices for securing stability of
current.

The metallic filament and metallized filament, having positive
temperature coefficients, tend, if anything, to minimize all fluctu-
atioms, but the effect is naturally very small. Some tests made
with rods of fairly pure silicon seem to show that, unlike carbon,
it has a positive coefficient up to about 600° or 700° cent., beyond
which the resistance falls very rapidly. Had, therefore, silicon
poss essed the refractory character of carbon, it would probably
have been an unstable load, if otherwise suitable for filaments
and tried in lamps.

The Nernst lamp glower is like the arc in being an unstable
load. An arc started between electrodes held at a fixed dis-
tance apart and maintained at a constant potential difference
would exemplify the most unstable condition possible, but the
requirement is manifestly impracticable. It would result in
infinite current passing. The current would grow in value
until the assumed condition of constant potential difference
ceased to exist. The condition reached would virtually be
that of short-circuit. While the conditions assumed above are
unrealizable, they are sufficiently approximated in practice,
and they emphasize the fact of the need of some current-lim-
iting or steadying device in circuit with the arc. Several arcs
in series evidently do not change the nature of the problem.
By an inspection of Fig. 1, in which the curves represent the
relation of current and resistance and of current and potential
in an open arc with fixed separation, these curves being prop-
erly regarded as ‘‘ characteristics,” the unstable condition
is manifest. An enclosed arc gives substantially the same result.

It has been said with some truth that to design and con-
struct a constant-potential dynamo that would work fairly
well, was, even in the early years of the art, an easy undertaking
compared with the production of a dynamo to operate a series
of arc lights, involving a peculiar and little-known proportioning
to secure stability of current in working a load so inherently
unstable. The problem was not only this, but the stable cur-
rent value had to be such as was proper to the machine, one
which did not involve a destructive rise of temperature in the
windings; and, on the other hand, one which was not so small
in value as to involve such low temperatures in the windings
as to indicate that the material was not being used at or near
the maximum effectiveness.
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It may be instructive to trace briefly the history of the devel-
opment which preceded that of the constant-potential dynamo.
Early in 1879 there existed arc machines working at about 10
amperes with a dozen or more arc lamps in series, the arc pres-
sure being about 45 to 50 volts per lamp. The carbon-filament
incandescent lamp was not brought out until about the begin-
ning of 1880. It is well known that the original dynamos in
service for arc lighting, excepting a small number of lighthouse
plants, operated with the permanent magnet field (Holmes and
Alliance machines), were constructed to work only a single arc
with commutated direct current. Such were the Gramme
machines of 1876, the Wallace of the same date, and the Siemens
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and Brush machines of a year or so later. The arc voltage was
the same or nearly the same in these, but the current, according
to the size of the machine, varied widely, being in some as low as
10 amperes and in others as high as 30 or 40 or more amperes.
While the current values varied somewhat as the single arc
burned with varying separation of its carbon, the current at
any time was stable, without surging or fluctuations, such as
might have been expected from the nature of the arc resistance,
which was substantially the only resistance in circuit.
But there were elements of compensatory character present in
the circuit. As the current in an arc increases, the section of
its hot gaseous conducting flame likewise increases; the resist-
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ance falls as more material is volatilized, and more ions are
furnished to conduct the current, unless at the same time the
length of the arc itself be increased to compensate therefor.
Most of the early arc lamps used with these machines possessed
the feature of automatically lengthening and shortening the
arc following the current changes in the arc-separating lamp
magnets, this tending to regulate and keep constant the current
strengths. The lamps were in fact called ‘‘regulators’. But
while this * floating arc length ", as it may be’ called, assisted
in securing stability, it would not have been of itself sufficient
in the absence of other causes. It would have been too late
in its action and of insufficient range.

When we examine the conditions of the circuit in these early
machines, we find a large relative resistance in the circuit with
the arc. As an example, a small Gramme machine of 1877
had a total circuit resistance including its arc, of 3.66 ohms,
only 1.87 ohms being in the arc; the internal and external re-
sistances were nearly equal. A Wallace machine had a total re-
sistance of 7.83 ohms with only 2.77 ohms in its arc. An early
Brush single-arc machine had 2.95 ohms total with 1.67 ohms
in the arc. This relation of resistances would of itself be ample
for securing stability of current, except that the dynamos
being series-field excited, were of a nature to enhance current
variations in the circuit by such variations reacting at full value
through the series field. The machines would on this account
be more likely to have unstable current. We now know that
in such cases the high armature reaction allowed, and the
amount and kind of iron and its nearness to saturation, were
potent factors in the stability which existed. At the time
these machines were designed very little was known of these
matters, and the success obtained must have been largely the
result of *‘ cut and try ", the experimental method. It was cer-
tainly easy to make the mistake of using too heavy iron sections,
less armature reaction, less saturated field, with the result of
using much less copper and obtaining even a more efficient
machine for an equal energy output, and a better design if it
had to work over dead resistance, but one which with an arc
for its external work or load would not attain stability in cur-
rent until the value was so large as to overheat and destroy
the structure in a short time. The problem was the more
difficult when later it was to be designed for a series of ten or
more arcs, for in that case the steadying effect of internal re-
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sistance, so potent in the case of the single-arc machines, could
no longer be counted upon, such resistance falling more and
more in relation to the external resistance with the size and
increased capacity. In machines of a capacity of thirty to forty
arc lights in series, the external resistance might bear to the in-
ternal a relation of approximately 10 to 1. There still re-
mained the regulating effect of the lamp magnets giving a
*“ floating arc length ", and this action of the so-called regu-
lators or lamps was the more important, as in the larger ma-
chines the time-constant of the circuit increased, giving more
time in which the lamps could act to extend and shorten the
arc lengths. When surging or instability took place it was
marked by a lower rate of variation in the large machines than
had been the case in the smaller ones, and consequently the
period in which the lamps could act was more favorable. In
series dynamos of large size the field-magnet reactance is natu-
rally large, and mechanical adjustments of arc length were
possible on account of the resultant sluggishness of the current
variations indicating instability. There was, however, a more
important property, the full significance of which was only
realized at a later date. A

Dr. John Hopkinson in 1879 called attention to the method
of plotting curves, afterward called ‘‘ characteristic curves ’’ by
Marcel Deprez. It was shown that by a study of the charac-
teristic of a series dynamo the condition of stability or instability
of current when working an arc in its circuit could be predicted.
It is not necessary to repeat the work done by various investi-
gators in the study of these curves. Suffice it to say that the
conclusions as to instability are evidently modified somewhat
under the conditions above pointed out, where the circuit has
high reactance and there is time for the lamp mechanism to act
in changing the resistance in circuit—increasing it when owing
to an increase of current it tends to fall in the arc, and de-
creasing it when the current tends to die out, owing to the
higher arc resistance which follows a diminished arc current.

At one time series direct-current circuits, made up of what
were known as ‘‘short arcs” as distinguished from ‘‘long
arcs’’, were employed in lighting to a considerable extent.
In these short arcs the carbon electrodes were run so close to-
gether that there was but little appearance of any arc-stream
between them. The arcs were hissing arcs, giving out con-
tinually a frying sound and frequently dropping out mush-
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rooms of graphitic carbon which accumulated on the negative
or lower carbon. The light itself was yellowish and came largely
from the highly heated ends of the carbons next the slight sep-
aration or imperfect arc. In practice the current was about
double that of the normal long arc; the voltage at the arc was
about one-half. With the long arc the current was about 10
amperes and the voltage 45 to 50. In the short arc these
amounts were approximately 20 amperes and 25 to 30 volts.
Comparatively, the light production for a given energy expended
was lower in the short arc. Reasonable life of carbons was only
obtained by using extra hard sticks heavily copper-plated.
The line losses formed a much higher proportion of the energy
supplied. Unless the copper section were quadrupled in the case
of the short arcs as compared with that used with the long arcs,
the same loss per mile could not be attained.

This matter is, however, aside from our subject and is men-
tioned only as indicating one of the reasons for the non-survival
of the type. So far as stability is concerned, however, since the
lights were in considerable measure like dead resistances, it was
far more readily obtained; it did not depend to such a large
degree on the characteristic of the dynamo. So far as the
writer is aware, these short arcs or semi-incandescent arcs were
the only ones ever successfully run in series on shunt-excited arc
dynamos, machines in which the proportioning was much more
easy and more akin to that of constant-potential types. Despite
the fact that a greater efficiency in the dynamo itself could be
reached, the system gradually went out of use. It is readily
seen that where the arcs were so short as to be only incipient
arcs, the regulating effect of the series magnets of the lamp
mechanism was quite important in determining the strength
of current used. Slight increase or decrease in the separation
of the carbons gave a larger change in the working resistance
and also in the light. A similar extent of movement of electrodes
toward or from each other in the long arc would have scarcely
any effect. The floating arc condition was then quite essential
to practical operation of these short arcs. The lamp mechanism
was indeed a ‘‘ regulator "’ in this case.

The various forms of series arc lamps involving differential
lamp magnet mechanism of one or another type secure in greater
or lesser degree the floating arc condition as distinguished from the
* fixed separation ", a feature of some types. As exemplifying

the importance of this regulating feature upon current stability,




8 THOMSON: LIGHTING CIRCUITS (Jan. 8

the writer may perhaps be permitted to recall an early experi-
ence in arc dynamo design. The first series arc machine de-
signed and built under his supervision, was also the first dynamo
having the three-coil (star three-phase) winding with three-
segment commutator. This machine, at a speed of 750 rev. per
min., ran a series of eight lamps at 10 amperes, with 45 to 50-
volt arcs, and survived room temperatures of a bakery in the
midsummer of 1879 in Philadelphia, the thermometer on the
wall nearby showing sometimes 120° up to 140° fahr. in the
early evening with the ovens in full operation. The machines
had been carefully proportioned in the light of all available in-
formation which could be discovered at the time. There was
very little to guide one in this task. Nevertheless, the current
of the machine was stable at the current for which it was de-
signed, although no experimental machine had preceded it.
Further, there was no change needed in the windings and it
remained in service for years thereafter.
* Several similar machines were made after the trial of this
first one. Following these there was constructed in 1880 a
small compact machine for a circuit of 16 arcs in series, but
the proportions were less conservatively chosen, and the arma-
ture strength was less in proportion to the field, so that re-
garded from a later standpoint the armature reaction was too
small to give a proper droop in the characteristic at the current
value of 10 amperes, for which it was designed. The iron sec-
tions were also liberal. It was found capable, when driven at
800 rev. per min., of maintaining its full quota of lamps, 16 in
series, but although the lamps had the series-magnet regulating
feature, the current was decidedly unstable, and only became
stable at higher values, about 15 amperes, too high for the safety
of the windings. It was observed, however, that if in the
circuit there was introduced a single supersensitive lamp, or
one in which comparatively large extensions or shortenings
of arc length followed quickly upon minor current changes, an
artificial stability was produced, which, in spite of the evidently
unsuitable characteristic, as now regarded, allowed the lamps
to be operated at their intended current of 10 amperes, or even
less. The behavior of the dynamo as to heating and efficiency,
etc., was then satisfactory.

On account of the relatively high duty of the machine, less
weight of wire and cost, it became actually a debatable point
whether the supersensitive regulating lamp might not be shut



1909) THOMSON: LIGHTING CIRCUITS 9

up in an iron box and maintained as a permanent part of the
circuit in practice. Later work, however, developed the fact
that by changing the manner of commutation, the same machine
became quite stable at the current intended, but at a sacrifice
of output which could only be met by running at a somewhat
higher speed. Naturally the stability' obtained was accom-
panied by a somewhat lowered efficiency, but when attained
was sufficient to render the circuit independent of any ad-
justment of arc length by the magnets of the lamps, except
that of feeding as the arcs were lengthened by consumption of
carbons. The actual change in the commutation made as above
referred to consisted in rearranging the brushes of each pair,
positive and negative, around the commutator from what was
called forward regulation position to that which became
standard in the Thomson-Houston arc machines afterward
built. In the forward regulation the slots in the three-
segment commutator were straight and parallel to the axis,
in which case a pair of connected brushes on each side separated
by a definite angle was used. Sometimes a single brush at
each end of the diameter of commutation was applied, and the
slot between the commutator segments offset so as to cause
the segments to overlap or cover considerably more.than 120°
each, giving like results in commutation. In the later method,
and that which became standard, there were two pairs of brushes.
The commutator was made with straight slots parallel to ‘the
axis, and a positive pair of brushes placed on one side, and the
negative pair on the other side. The brushes of each pair
were spaced apart 60°, so that virtually a segment of the com-
mutator was in contact with the positive or negative brushes
through 180° in the full-load position. In regulating for a
decreased number of lamps in series, the brushes in forward
regulation were moved progressively forward, while in the later
method the forward brush of each pair was adjusted forward
only so far as to cover the spark developed, while the rearward
brush of each pair was moved backward to the position where
the same value of current was given to the circuit. It was
found that if in either form of regulation the current was stable
at full load it never became less so on diminished load, but
rather more stable. This was to be expected. It is interesting
to note in passing that if the arrangement of the brushes was
intermediate between that of forward regulation and that of
the later standard placing referred to, the circuit was character-
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ized by great instability, so great as to make it impracticable
to use the machine at all for an arc-lamp load.

These matters were, of course, the result of experimental
trials of available apparatus. The explanation is that the
needed droop in the characteristic curve of the two forms or
arrangements was the result of opposite or conflicting causes
incompatible with each other, so that an arrangement inter-
mediate between them was not practicable. There isnospace
here for a more detailed analysis, which would itself be an
interesting and instructive subject. It may be noted that one
of the reasons for discarding the setting of the brushes as in
* forward regulation' was that the wear of the brushes tended
to extend the arc of contact and virtually to increase the overlap
of the segments or the arc of revolution during which a segment
was in contact with a positive or negative brush. This followed
as a result of the tangential position of the brushes, which were
made of slit strips of hard-rolled copper, as is well known. Lack
of care in trimming and adjusting the brushes would, in fact,
so extend the arc of contact that instead of stability, great in-
stability would result. This showed clearly that stability de-
pended on a restricted arc of contact or overlap of contact be-
tween adjacent segments under the brushes. If the field were
relatively strong this overlap needed to be diminished. With a
weaker field and greater armature reaction the arc could be
extended. In consequence of this, and for the reasons above
stated, the second or later arrangement was the final one adopted.

Another and curious stumbling block so far as stability of
current was concerned was met later. Several sizes of Thomson-
Houston arc dynamos were designed and built at New Britain,
Conn., in 1882-1883, giving perfectly stable current without
dependence on the regulating action of lamps or floating arc
condition. The manufacture was removed to Lynn, Mass., in
the fall of 1883, with the result of importing instability of cur-
rent. The same patterns and proportions were used, all ele-
ments of construction apparently being retained. A change had
been made in the'lamp mechanism whereby there was now no
longer any dependence of arc-length on the current fluctuations,
the control of arc-length and feed being obtained by a derived
circuit or shunt-potential magnet only. ° At first it was thought
that this change in the lamp mechanism was the cause of in-
stability, and as assisting to that conclusion, experiments
showed that the Lynn-built machines could operate a circuit
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of lamps having differential magnets (differential lamps) smooth-
ly, and without instability. These were the old so-called D
lamps; the new lamps being the old well-known M & K type.

As a remedy for the trouble, and one resorted to while the
true cause was being investigated, there was established a short-
circuit band of copper wire around the field cores parallel to
the winding. This device at once gave stability to the current
with both types of lamp. Meanwhile it had been determined
that machines built in New Britain could operate with a stable
current with either type of lamp in circuit, showing that they
at least were independent of the floating-arc condition, or did
not need the regulating effect of the lamps to insure stability.
It was further found that machines built in Lynn from c¢astings
made in New Britain gave stability with either type of lamp.
This led to the suspicion that in the cast iron itself lay the
true cause. Analysis showed manganese in the New Britain
iron and very little in the Lynn foundry iron. Special melts
made in Lynn with the same mixtures of pig iron as were used
in New Britain gave at once stable current and ended the diffi-
culty without recourse to the closed copper band on the field,
which demanded the sacrifice of considerable copper.

If anything will serve to show the pitfalls to which the arc-
dynamo designer was subject, the above incident should suffice.
The difference in the iron was evidently a difference in magnetic
stability, rigidity, or hysteresis. In a dynamo machine the
iron of which is magnetically stable or rigid, as when the hys-
teresis loop is wide, there is an absence of response to minor
current fluctuations, which response is one of the causes of insta-
bility in series-wound machines. Put differently, it may be that
there is an ascending characteristic curve, derivable from current
and potential determinations while these are increasing, and a
descending characteristic derivable from similar determinations,
while these are diminished or diminishing. The greater the
difference between these two the greater the stability of current,
and the further down toward the origin one may work without
instability. In machines with large iron projections on the
armature core, such as the Brush arc machine, it is likely that
there would be but little difference ascending or descending,
owing to the magnetic vibration accompanying the operation of
the machine; but it is conceivable that with steadily-driven,
smooth-core armatures the hysteresis of the field iron would be
a controlling factor. Doubtless, in the case above described,
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a study of the magnetic qualities of the two irons would have
disclosed the difference, so important in its practical effect.
But it was then too early and there was too much else to be
done at that time.

In apparatus in which potential differences of thousands of
volts had to be maintained with only a single slot in the com-
mutator between the brushes at such great potential differences,
it can readily be understood that flashing or arcing over a slot
might short-circuit or reduce the liné current so much as to
introduce a different kind of instability. Such a flashing or
arcing in the slot was of the nature of an alternating arc. A
segment of the commutator left the brush with a small trailing
spark, showing a diminishing current reaching zero at a small
distance in advance of the brush. Immediately thereafter the
potential of the segment was reversed and attained a high
opposite value, which, as an alternating arc, would jump
the zero current position, especially if any heated gas remained
in the slot. The writer has been frequently credited with
having adopted as a bold expedient the well-known air-blast
mechanism to blow out the sparks at the commutator. Nothing
could be further from the fact or more mistaken. The real
function of the air blast was to ensure the non-existence of heated
gas at the zero current, to replace it with cold air and prevent
the possibility of the next alternation re-establishing the arc
and short-circuiting the commutator over the single slot be-
tween positive and negative brushes. The action to be secured
was carefully reasoned out in advance of its trial and applica-
tion. Without it the instability of circuit conditions would
have rendered operation entirely impracticable, owing to in-
cessant alternating arcs between commutator segments. Al-
though these considerations apply to apparatus which is rapidly
being replaced by other means of distribution, the writer feels
justified in here presenting them as matters of history not gen-
erally understood.

The arc-light dynamo devised by Charles F. Brush was
the pioneer machine in series-arc work, and it is proper to in-
quire as to the features which made it successful so far as sta-
bility of current was concerned. It was early shown to possess
a drooping external characteristic, but it is safe to say that in
the earliest types there was still dependence upon the regulating
feature of the lamp or floating-arc condition. The lamps were
of the differential type. It is also a fact that the peculiar
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property conducing to stability both in the earlier and more
recent designs was largely due to an almost critical proportion-
ing of the proper extent and relative sections of the pole horns
adjacent to the armature on each side. In a conversation with
Mr. Brush in 1878, the writer remembers that he laid emphasis
on the fact that even in the single-arc machines then before us,
a comparatively slight variation in spacing or the arc covered
by the pole pieces would destroy the stability of current, so that,
as he said, he could do nothing with the machine. This was
before the day of characteristic curves. The later Brush ma-
chines of large capacity for multicircuit work up to 125 arc
lights or more, many of which have been built at Lynn, Mass.,
depended more than ever on the close proportioning of arma-
ture and field, and more particularly upon the form section,
material, and arc covered by the pole horns. By careful ad-
justment an external characteristic curve having an almost
vertical droop at a current value a little beyond the working
current strength was obtained, rendering the current stable
regardless of the regulating effect of lamps, and leaving but
little to be done in regulating for variations of the number of
lamps in circuit.

There is given in Fig. 2 an approximate showing of the rela-
tion of external characteristics of three Brush machines of dif-
ferent periods. The curves are not accurate, but merely indi-
cate general types. Curve A shows the general form of char-
acteristic of one of the earlier bipolar types. Curve B is that
of a later type of larger capacity (125 arcs in series) built in
Cleveland. Curve C gives the approximate curve of a still
later machine of the same capacity built in Lynn, the two
latter machines being of the four-pole type. There was a pro-
gressive saving in copper obtained. In the machine of curve A,
the copper was approximately 50 lb. per kilowatt output, in
the machine of curve B, about 40 1b. and in the machine of curve
C, about 28 1b.

In Fig. 3 are given three characteristics taken from one of
the most recent Brush machines constructed for working mag-
netite arc lamps at 4 amperes at a total circuit voltage of 15,000,
multicircuit plan. In regulation the machine is shunted more
or less and brushes adjusted automatically for variations of load.
Curve A with a little over 15 per cent of the field current shunted
and spark at brushes of fixed length, indicates that the normal cur-
rent point is well over on the droop which at 5 amperes corresponds
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to short-circuit or no voltage. With curve B, or unshunted
field, the normal current point lies on the horizontal part of
the curve which then droops rapidly at about 4.75 amperes and
would indicate a probable short-circuit current at about 5.5.
Curve C shows the normal current value of 4 amperes at no
voltage and indicates the condition when all lamps are shunted
and the field shunted, in this case to the extent of 34 per cent
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of its current. Curve A shows ample stability. Curve B
indicates an approach to instability, probably capable of being
- prevented by the regulating feature of the lamps or floating arc
condition. Curve C is, of course, an indication of most perfect
stability and it will be readily understood that as the load is
cut off in passing from A to C the margin of stability will in-
crease steadily.
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It is interesting to note that in most of the early Brush ma-
chines there was applied around the field cores a closed copper
band to increase the stability or prevent surging. The tem-
porary use of this expedient in the Thomson-Houston construc-
tion has been alluded to. The closed band served to render
the field magnetism less sensitive to quick changes occurring
in the current of the machine, by permitting the induction of
opposed currents in the band. The magnetism was thus ren-
dered more stable and the changes in it more sluggish.

The complete theory of the various types of arc dynamos
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has not been worked out, and much of the designing has been
of necessity of the cut-and-try order. The later work on the
Brush dynamo has been ably carried out by Charles M. Green
at Lynn, and the machine, on account of lending itself readily
to multicircuit working, is still constructed, though the output
is now relatively small. On account of the great dependence
of the working and current stability upon the relations and
proportions of the pole horns, it may almost be characterized
as a * pole-piece "’ machine in contradistinction to one in which
there is either an absence of pole horns or in which, if they
exist, their form and dispositionJexert no vital influence on
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the working, particularly as concerns the stability so essential
where the load consists of arcs.

It seems probable that on account of the simplicity of the
wiring, the series constant-current circuit will be employed for
a long period in the future for arc lighting in street service and
for large spaces. The advances recently made in high-efficiency
luminous flame arcs will doubtless be a potent factor in future
development.

When the enclosed carbon arcs were substituted for open
arcs on direct-current circuits, it was recognized that a sacrifice
of efficiency of light production with a given energy was involved.
This was offset, however, by the other well-known advantages
accruing. No noticeable change in the stability of the circuits
was discovered when the substitution was made. When, how-
ever, the alternating-current open arc, itself less efficient than
the direct-current arc, came to be enclosed it was found that
the sacrifice in efficiency was such that aside from the white
color of the light of the arc there was no advantage over in-
candescent lamps using the same energy. It may be conceded
that no artificial light equals the carbon arc in its approach to
an ideal white light, or that of the sun; and doubtless we see
to better advantage with such a quality of light even at a
diminished intensity of illumination.

The introduction of alternating-current arcs in lighting oc-
curred very early, as in the lighthouse lamps before mentioned.
The introduction of the so-called Jablochhoff candle in 1878
was, however, the first attempt to apply it in general illumina-
tion. The candles had some of the features of the luminous
arc, inasmuch as they smoked and consumed a solid substance
such as kaolin besides the carbon. The candles were operated
several in a series. Little is known of the stability conditions
in such circuits, but in Paris in 1878 the alternating dynamo
current was not carried directly to the lamps, but the lamp
circuits were operated through huge condensers in such manner
that several series of lamps were fed from the single current of
larger value split up through the condensers. It is possible
that this use of condensers in the distribution served to limit
the current values and secure stability. Later attempts to
apply open arcs of the alternating type on series circuits from
constant-current transformers, met with little encourage-
ment. Not until the success of the enclosed arc on direct
current had been fully demonstrated was there any con-
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siderable opportunity to make use of series alternating-
current arcs. The enclosed alternating arc operated from
constant-current regulating transformers gave the oppor-
tunity. The system permitted the employment in the station
of generators of large capacity with constant-potential mains, to
which the primaries of the transformers could be connected
at conveniently located sub-stations, while the secondary arc
circuits became independent, so that leaks or grounds on one
did not affect the other. This was a manifest advantage.
Fortunately no difficulty arose in securing stability of current
values in constant-current transformer distribution. The re-
actance, or more properly the general impedance of the system
including the alternating lamp magnets, which themselves
assist materially, resulted in a fall of potential with increased
current, and the reverse, at a rate sufficient to insure stability.
The characteristic curve plotted with current as abscissas and
volts as ordinates would in the constant-current transformer
droop as in the arc machine, but it would droop steadily from
zero current outward. In other words, the potential is at a
maximum with zero current, while in the series field arc machine,
except for residual magnetism, zero current corresponds to zero
potential. Were, however, the primary and secondary coils
of the transformer allowed to come too near together the con-
dition would approach too closely that of a constant-potential
transformer. The leakage magnetism between primary and
secondary coils, when as close together as permissible, will give
rise to considerable reactance values, which, as the load on the
secondary is cut off, will gradually increase as the secondary
is repelled to a greater and greater distance. It is necessary
that the movement of the coil be effectually damped, by dash-
pots or the like, or an instability due to overrunning akin to
hunting will take place during changes of load. The direct-
current arc dynamo with its heavy series-field coils is likely
to have so much self-induction as to tend to steady the current
values so far as very rapid fluctuations are concerned. When,
however, the field, as in the Brush machine, is shunted more
or less for regulation, this influence of the field inductance is
neutralized, at least to a large extent. With the alternating-
current circuit there is, of course, an entire absence of such
influence upon stability; but in this case the resistance and self-
induction in the whole circuit traversed by the current is suffi-
cient for securing stable values of current. These conditions
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giving rise to stability naturally involve a lessened power-factor
in the system, and, as is well known, the distortion of the cur-
rent wave in an alternating arc, while not in the nature of a
true lag, reduces the power-factor. It is probable also that
the tendency to instability in an alternating-current arc is not
so great as in the direct-current arc, for the arc undergoes ex-
tinguishment at the zero and does not relight until after the
potential difference between the electrodes has reached a con-
siderable fraction of the maximum.

In the more recent work with magnetite arcs and with lamps
_having electrodes which, for satisfactory operation, demand the
employment of direct current, there was at one time a tendency
to return to the use of motor-driven arc dynamos giving small
current values and high potentials. The development of the
mercury-arc rectifier with its apparent special adaptability to
the rectification of small currents at high voltage has naturally
led to its employment in conjunction with the constant-current
transformer for securing direct currents suitable for series-arc
circuits. The practical results so far obtained with oil-immersed
mercury rectifiers have been so generally satisfactory as to indi-
cate an extended future application: The new factor which
has thus been introduced into constant-current working may
of course be the cause of disturbances and instability under
certain conditions, such as too high or too low a temperature
in the rectifier, change of vacuum, or momentary flashing
from anode to anode, indicating failure to rectify. Any cause
which disturbs the circuit voltage is productive of results which
may be classed as instability.

Oil-bath immersion has given control of the working tempera-
ture of the rectifiers. If too low, the condition imports in-
stability. If too high, there is danger of breakdown. Fortu-
nately it appears that normal working demands such moderate
temperatures as are easily maintained in the oil bath. Altera-
tion of vacuum by leakage, or by gradual giving out of gas may
result in the accumulation of a body of insulating gas around
the anode, interfering with the normal ionized mercury-vapor
stream which conducts the current. This may cause a fading
out of the rectified current, in turn causing the lamp to lower
or drop the electrodes together, and thus again allow increase
of current, which again separates them, and so on; a condition
of surging or oscillation somewhat akin to the instability of an
arc circuit when working too close to the critical point on the
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characteristic. Lowered vacuum also endangers the rectifier
by causing excessive stresses near the anodes, which may
puncture the glass. Suitably spaced shunting gaps may be
provided around the rectifier as a safeguard against excessive
stresses. The temperature of the rectifier tube can also be
maintained by circulation of air by a fan where oil is not used.
The plant includes, besides the rectifier and constant-current
transformer, additional alternating-current reactance, and a
direct-current reactance in the rectified current circuit, the pro-
portions of which are chosen to insure as far as possible steadi-
ness in the working.
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If a characteristic be plotted it takes the form given in
Fig. 4, which is properly the regulation curve. The vertical
line at 4 amperes shows the range of constant current between
110 per cent load and 35 per cent of full load in kilovolts, the
latter point corresponding to the greatest separation of primary
and secondary coils as provided for in the construction of the
transformer tested. Even at short-circuit the current will then
not exceed 5.25 amperes. As a rule the circuit is adapted to
the operatlon of lamps in which the arc length is either ‘* float-
_ing” or fixed, without involving instability of current. Hence
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the lamps may be constructed to lift the upper electrodes and
separate them to a definite distance and to drop them together
at feeding, which in the case of long-burning electrodes would
occur very infrequently. This manner of operating was known
in the early days as ‘‘ drop-and-lift "’ feeding, and was probably
first used on any scale in the obsolete Wallace plate lamp. As
before shown, such operation requires a current which is
inherently stable, as no adjustment occurs in the lamp itself.
As indicating the endurance of the mercury-arc rectifier itself,
it may be incidentally mentioned that some of these in service
have attained upwards of 5000 hours’ life and are still operating.
The system has the advantage of permitting arc lamps to be
operated from 25-cycle circuits, and while the direct-current is
then more pulsating than in the case of higher frequencies, it
is still satisfactory. The power-factor at full load rdnges about
70 per cent and the efficiency is about 90 per cent. Increase of
the power-factor would probably result in instability of current.

Before closing, the conditions governing the stability of an
arc or arcs in branches from constant-potential mains may be
briefly referred to.

As before stated, instability is then at a maximum and cur-
rent values may rise to the proportions of a destructive short-
circuit. If the regulating mechanism of the lamp extends the
arc or the reverse in response.to current variations, a violent
surging or oscillation with extinction results. Hence the
necessity of the choking-coil, whether there be one or more
arcs in series across the mains. With continuous currents a
dead resistance which will cause a drop of from 20 to 30 per cent
of the total potential is generally inserted. The condition for
stability is that the resistance shall drop the potential at the
arc with increase of current at a greater rate than that caused
by increase of current in the arc itself, and vice versa, as is
well known. This involves a serious loss of energy and many
efforts have been made to reduce or minimize it. It is customary
to allow the floating arc to exist and in such a case the
dead resistance may be cut down, if in the arc branch a large
self-induction be inserted, a reactive coil which introduces a
time-lag in the current variations, allowing the regulating action
of the lamp magnets to come into play. Better yet, if the
lifting magnet be made a shunt of many turns around the
more coarsely wound reactance or reactive coil (as invented
by Higham) a supersensitiveness in the lamp mechanism is
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obtained which causes it to anticipate current changes or at
least compensate therefor in increasing and diminishing the arc
length and so preventing the fluctuations attaining any consid-
erable value. Still more effective is the arrangement in which,
as in Fig. 5, the arc-adjusting coil C in shunt to the reactive
coil R is made to move in the field of the latter used as a field
magnet M. These arrangements permit a direct-current arc
to be operated between constant-potential mains with a minimum
of dead resistance in series with it. Unfortunately, the saving
with the carbon arc is of little practical value where a single

Fic. 5

enclosed arc is put in a branch across 110-volt mains. While
the voltage at the arc may be thus increased from 80 volts to
100 or thereabouts, the gain in light does not correspond to the
increased arc energy, on account of the comparatively low
luminosity of the arc flame itself. It is possible that where the
arc flame is the source of light, as in luminous arcs, the ex-
pedient may give practically valuable results, though that re-
mains to be seen. In the case of the alternating arc across
lines at constant potential, stability is readily obtained by.the
introduction of an impedance, or reactive coil, which need not
involve any considerable loss of energy, but of course its effect
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is to diminish the power-factor of the system,to which also the
distortion of wave in the alternating arc itself may add. Both
the Nernst glower and the mercury-arc lamp share with the
ordinary arcs the disability of invoking instability of current
unless special means are provided to prevent it. No special
consideration needs therefore to be given to them in this general
review of the subject.
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DiscussiON ON ‘‘ CONDITIONS AFPECTING STABILITY IN ELECTRIC
LicHTING CircUITS.” NEW YORK, JANUARY 8, 1909

Elihu Thomson: The paper I have to present is in large meas-
ure incomplete. It is merely a sketch or outline, and much of
it is historical, going back to the early days of the inception of
the art which this Institute represents. It was thought it
would be well to bring together in one paper and place upon the
records of the Institute some of the historical facts connected
with the subject treated of in the paper.

President Ferguson: The Institute is especially fortunate
in having been able to induce so distinguished a member
as Professor Elihu Thomson to present this paper to you
this evening. There is probably no man in this country
who is able to talk more authoritatively on this subject, or
who has done more in the development of electric street light-
ing, than the author of this paper. The work which he did
was in the early days, when electrical engineering was com-
paratively unknown, at a time when it required not only skill
but courage and patience to accomplish results. I have the
. distinguished honor, gentlemen, not to introduce to you, but
to call upon Professor Elihu Thomson, who will present a paper
on “ Conditions Affecting Stability in Electric Lighting Circuits.”

A. E. Kennelly (by letter): Professor Thomson’s interesting
paper discusses a subject which has not received from engineers
the attention it deserves; namely, the automatic maintenance
of current stability in circuits which contain collapsible resist-
Ences; that is, resistances which tend to diminish with current

ow.

Two principal automatic methods are discussed: namely,
ballasting the circuit with extra impedances, and providing the
generator with a drooping external characteristic.

The first method is especially applicable to constant-potential
circuits. Its weak point is its wastefulness of power.

The second method is especially applicable to constant-cur-
rent circuits.

The arithmetical relations that determine the restoration of
stability to such a circuit are simple enough, if we regard the
matter merely from the standpoint of static equilibrium; but
in practice the problem is complicated by kinetic actions, such
as the time-interval of arc-mechanism response, the time-inter-
val of engine-governor response, the time-interval of field-
magnet response, and other time-intervals alluded to in the
paper. Consequently, the complete practical problem, as pre-
sented in a series-arc circuit, is arithmetically very complex,
even with the accumulated experience of 30 years. It must
have appeared yet more intricate in the early years of arc lighting.

It is very interesting to learn that a supersensitive arc-lamp
mechanism in the series-arc circuit was found sufficiently effect-
ive as a stability regulator to make its practical adoption, in
the early days, worthy of consideration.
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The remarkable degree of current-stability in series-arc cir-
cuits supplied through constant-current or tub-transformers,
which is familiar to all who have operated such circuits, is clearly
explained in the paper. The external electromotive force
characteristic shown in Fig. 4 would fall much too precipitately
for effective use in a generator, as may be seen by comparing
it with curve B in Fig. 3. The current stability in the case of the
tub-transformer is only rendered possible, with the vertical
drop of voltage characteristic in Fig. 4, by the automatic bal-
ancing of gravitational force against electromagnetic repulsion
in the manner well known.

It is a curious fact that the property of diminution in resist-
ance with current which may bring about current instability
in an arc circuit, is the property which is utilized in wireless tele-
phony to throw a vertical conductor into sustained electric
oscillation, by means of voltaic arcs shunted by condensers.

Alex Dow (by letter): It is well known that any cause which
disturbs the circuit voltage is productive of results which may
be classed as instability and, conversely, that circuit conditions
of apparently minor importance may be effective in maintaining
stability. For instance, a constant-current Brush machine on
a Mississippi River steamer was used to operate two 20-ampere,
50-volt arcs in series during the loading and unloading of the
steamer, and, when the steamer was under way, to operate a
40-ampere, 50-volt searchlight. The field windings of the ma-
chine operated in straight series on the former service, and in
multiple-series on the latter service, so that the field ampere-
turns were constant and the armature ampere-turns were double
when the searchlight was operated. The latter condition should
have tended to produce stability. Nevertheless the two arcs in
series were beautifully steady, while the single searchlight
behaved sinfully. The completely successful remedy applied
was the insertion of inductance in the searchlight circuit, in
the form of some large iron wire wrapped over asbestos paper
on a gas-pipe core, in which gas-pipe core sundry pieces of old
iron found on the steamer were inserted to make the final
adjustment. .

Another instance. Two new circuits of M and K lamps in
which the arc-length was controlled by a shunt round the arc,
were unsteady when operated from their proper Thomson-
Houston spherical armature machines. They were entirely
steady when operated from Brush machines, and the Brush
differential lamps were entirely steady when operated from the
Thomson-Houston machines. Consequently, this exchange was
adopted as the regular rule of operation. Subsequently it was
found that if one-quarter to one-third of the lamps on the
circuit were of the Brush differential type, the circuit would be
steady on either machine.

In my experience the worst case of circuit instability was
that of several circuits each intended to carry 150 arcs. They
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behaved very badly, and it was necessary to adopt a quick and
a cheap remedy. The generators had not the drooping char-
acteristic. Their short-circuit current was about twice the
normal current. But they had an exceedingly effective regulator
which would control closely the current supplied to a circuit
naturally stable. The constructing engineer had combined
those machines with shunt-wound arc lamps, not the lamps
usually operated in conjunction with the generators. Each
string of 150 lamps was served by rubber-insulated, lead-covered
underground cables of high insulation resistance, high static
capacity, and inadequate resistance to puncture. The cap-
stone, so to speak, of the combination was that the lead cover of
each length of cable was intentionally kept out of contact or
connection with the lead covering of the succeeding lengths and
was, because of frozen soil, virtually insulated from earth.

When these 150-lamp circuits were operating, all the telephones
on the west side of that large city went out of business. One
hundred modern wireless installations could not have been
more effective in disturbing the ether. But the circuits would
not stay in operation. The machines spilled, the cables punc-
tured, and the arc-lamp posts burned out. The remedies ap-
plied were, first, the earthing of each section of lead sheath;
second, a rearrangement of the circuits so that some old
differential lamps were included in each string of shunt-wound
lamps; third, the steadying of the machines by various devices
known in the art; and finally the substituting of different ma-
chines with marked drooping characteristics for the original
efficient but very sensitive generators. The last remedy was,
of course, final, but the effect of the connection of a compara-
tively few differential lamps was surprising.

E. W. Rice, Jr.: This subject is of great interest to me, because
I had the rare privilege of association with Professor Thomson
in the early days of which he speaks. I still have vivid recollec-
tions of the difficulties surrounding the design and manufacture
of electric generators that would satisfactorily operate a load
of the inherent instability possessed by the electric arc. It is
easy for us with our present-day knowledge to discover the
cause of those early difficulties. I doubt if the younger genera-
tion of electrical engineers can form a proper mental picture
of the conditions surrounding the work of the pioneers
ip electric arc lighting. In those days practically no electrical
measuring instruments were to be had; it was years before
the ammeter, voltmeter, and wattmeter were invented. Besides
this, the confidence of financiers in electrical inventions was not
particularly great, and cash was notably scarce.

Without seeming to depreciate to the slightest extent the
achievements of other workers of that period, I believe I am
merely stating a historical fact in saying that the author of
this paper had, of all his contemporaries, the clearest view and
the strongest mental grasp of the electrical problems then press-
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ing for solution. For some reason, probably because of his
characteristic modesty, Professor Thomson has failed to call
attention to the fact that the first scientific investigation of the
properties of the electric arc was made by him with, I believe,
the assistance of Professor Houston some time in 1878 or 1879,
and that a paper setting forth the result of the investigation was
published in the Journal of the Franklin Institute at the time.
This paper clearly sets forth, among other interesting facts, the
laws governing the variation of the resistance of the electric arc
as an inverse function of the current, from which the inherent in-
stability naturally follows.

I am also able to say that as far back as 1880, when I first
became professionally associated with Professor Thomson, he
frequently explained to me, in much the same language as that
employed in the paper he has just read, the characteristics
necessary for a dynamo successfully to operate a circuit of
arc lamps. However, for the reasons he has explained,
it was not always possible to realize these views in practice.
I remember we often wished that an arc lamp would behave
like a respectable dead resistance.

It is interesting to note that the early machines operating
but a single arc lamp undoubtedly owed a large portion of their
success to the high internal resistance, which improved the
stability factor, and that the problem, as usual, became more
serious when an attempt was made to improve the efficiency.
Unfortunately, it seems to be a general law of nature that the
highest efficiency is likely to be associated with the greatest
instability. However, it is worth while to try for efficiency,
as in the long run the most efficient system, if practicable, will
survive, as instanced in the relatively short vogue of the in-
efficient so-called *‘ short-arc ”’ system described in the paper.

Referring again to the earlier one-lamp machines which were
operated at widely different currents, I think this variation was
probably partly due to the fact that stability was not always
found at the designed current, and machines, being small and
of relatively large radiating surface, could be operated at that
current which gave stability without serious overheating.
Professor Thomson’s description of the early machine which
operated satisfactorily only when artificial stability was pro-
duced by means of a single supersensitive arc lamp, and his
suggestion that it might be desirable in practice to place such
a lamp shut up in an iron box as a permanent part of the cir-
cuit, recalls to my mind that at a considerably later date I
actually made use of this early experiment. My application of
this device was made at a time when I was placed in charge of an
exhibition of arc lamps which was made by the Thomson-Houston
company in Boston some time in the year 1882. For some
reason the particular machine was unstable. After trying vari-
ous expedients, I concluded that our exhibition was doomed
to failure unless some immediate remedy were applied. As it
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was impossible to make any general changes in the machine or
arc lamps, I arranged one of the lamps as a supersensitive
stability regulator, and kept it operating in a part of the space
where it would be unobserved by the public. The remaining
lamps were, as I remember, entirely satisfactory. After the
exhibition the machine was properly tinkered until it worked
in a satisfactory manner.

Professor Thomson mentions one method of improving the
stability, or even creating stability, in a machine of unstable
characteristics, which consisted in establishing a * short-circuit
band of copper wire around the field cores parallel to the wind-
ing.”” I remember this dévice as a sort of powerful medicine
that could be used successfully only in small doses. It, of course,
had the objection mentioned by Professor Thomson, of increasing
the amount of required copper, but I remember it also had
the added objection that if the short-circuit band were made of
too large cross-section, so as to become a fairly good secondary
circuit, the machine had the characteristics of a separately-
excited machine. Under such conditions any flashing of the
commutator was enormously increased in intensity and pro-
longed in time. So great was this fault that for this reason alone
the machine would become uncommercial. On one occasion
one of these machines gave so much trouble that I was sent
to investigate its cause. I found the machine, of 10-lamp ca-
pacity, entirely stable and satisfactory so long as flashing was
prevented; but if for any cause a flash occurred at the commu-
tator, the flash would continue for so long a time as actually to
extinguish the arcs, seriously interrupt the service, and exhaust
the patience of the mill owner. The machine had to be re-
placed. After the short-circuit band was reduced to proper
proportions, the same machine was found to operate in an en-
tirely satisfactory manner.

It is pleasing to note the valuable and timely suggestions
made in the closing paragraphs of the paper, which point out
the possibility of increasing the efficiency of the already ex-
tremely efficient flaming arc lamp, by employing methods to
maintain stability with minimum loss.

Dugald C. Jackson: When I was at Cornell University the
laboratories possessed one of .the old Wallace arc lamps with
plate electrodes made of gas-house carbon. The arc formed
between adjacent edges of these plates was prodigious, and
absorbed a corresponding volume of current. It wandered
from right to left and from left to right at will, along electrode
edges perhaps a foot long. It was sometimes here and some-
times there, at its own volition, and the illumination afforded
was too erratic to be useful.

Arc lighting with cylindrical carbons §-in. or less in diameter
had even then come to stay; but there was a contest on between
the short or hissing arc of approximately 20 amperes and per-
haps 35 volts, and the long or silent arc of approximately 10
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amperes and perhaps 50 volts. Each had its ardent supporters.
But the hissing, flickering short arc returned so much less light
per unit of energy supplied to it that its commercial life was
doomed, notwithstanding the good workmanship, for that day,
in the Weston shunt-wound dynamos, and the gems of mechan-
icians’ skill comprised in the Weston lamps, which among some
others, supported the short-arc or low-potential arc lighting
system.

It required a bold and original man to stake out a feasible
path into the domain of the unstable long or high-potential arc.
But the talents of Mr. Brush and Professor Thomson, each
in his own way, brought the desirable end. Mr. Brush’s
dynamo, judged by the dogmatic theory of that day, was
viewed as a curiosity; Professor Thomson's dynamo was looked
upon as a monstrosity and contrary to the proper theories
of dynamo electric machines. But both dynamos abundantly
proved their right to exist, and both proved the lack of imagina-
- tion of their critics. The fault of the critics lay in trying to
apply an incomplete theory of dynamo electric machines to
one element (the dynamo) of a complete system comprising
several elements, all of which react on each other in a complex
manner.

In viewing the magnetic flux entering the armature of
a direct-current constant-potential machine, we think of
the aggregate flux as a determining feature of construction
and operation. In the case of alternating-current machines, we
generalize further and recognize that the position of the flux
with respect to polar faces and arrangement of the armature
conductors affects the form of the pressure wave and the output
and functioning of the machine. A like condition seems to be
even more marked in the case of the Brush arc-light machine,
and the positioning of the flux which enters the armature core
may be of an importance comparable to the importance of the
aggregate strength of field. For example, in some Brush
machines, I have understood that changing the polar tips from
soft steel to cast iron has actually increased the capacity of the
machines. These are machines in which, of course, armature
coils are changed from series to parallel relations, and the re-
verse, by the action of the commutator in each revolution
of the armature. A rational theory includes such effects; and
its guiding finger points to such improvements as the reduction
of copper required per kilowatt of capacity referred to in the
paper, By * positioning ' of the flux, I mean the distribution
as it enters the armature core, say at full load, and the varia-
tion of the distribution with changing current.

My first intimate acquaintance with the Thomson-Houston
arc-light machine was made with a 30-lamp machine in the
later 80’s in the middle of the Mississippi valley at a place where
repair parts were unknown. A sleepy attendant ailowed the
lubrication of the blower to become defective, the runner stuck
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in the case, and the blower case was torn from its bolts and
entangled with a mess of wreckage of the links and levers of the
regulator mechanism. The accident was no fault of the ma-
chine itself. To show the essential simplicity of the type,
I will say that new bolts and some links and levers roughly
shaped from iron rods by the aid of a country blacksmith’s
forge put the machine in satisfactory and prompt commission,
and it was continuously used while new parts of orthodox con-
struction were being obtained from the factory in the East.

My observation of that machine, and many others of the
same or of larger size, has led me to view the function of the
blower a little differently from the manner stated in the paper.
I differ with Professor Thomson, but the difference may, after
all, be only a matter of definition. A close observation of the
working of a Thomson-Houston arc machine shows an obvious
blowing out of the arc. The blowing out is not like that of a
candle, where the flame is blown from the wick by a blast;
but the air blast crosses the path of an arc existing between
commutator segments, stretches it to the point of rupture, and
replaces the heated gases by air which is cool and unpolarized
(Professor Thomson prefers the word un-ionized) and there-
fore will not support a renewal of the arc until it is
re-established by the action of the brushes. A similar effect
may be produced by blowing a brisk blast across the arc of an
arc lamp.

The constant-current transformer, associated with alternating-
current lamps, referred to in the paper, brought arc lighting
within the scope of economical central station practice, since
it made the operation of arc lighting from current generated by
great generating units an assured fact. The addition of the
mercury-arc rectifier has done much to extend this improve-
ment, but it is apparent that the end is not yet. Indeed, im-
provement must be vigorously prosecuted if electric arc lighting
is to maintain a satisfactory margin of supremacy over the
new gas-burners for outdoor lighting.

C. M. Green: The early observation of armature reaction is,
in my opinion, the basis of all of our arc machines of to-day.
Under full-load conditions the point of commutation is under
the following pole piece, and as the load is decreased, or lamps
are cut off, the point of commutation goes still farther under
the following pole piece. The regulation of various machines
is accomplished in various ways. In the Thomson-Houston
and Fort Wayne machines the final adjustment or regulation
is accomplished by means of varying the armature reactions-—
by overlapping the double brushes in the Thomson-Houston
machine; by short-circuiting the armature during part of the
revolution and separating the double brushes in the Fort Wayne
machine. In other words, in the Fort Wayne machine with
constant current through the field there are less active conduc-
tors in the armature under full load than under no load. The
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regulation in the Brush, Schuyler, and Excelsior machines was
accomplished by varying the field strength—in the Brush and
Schuyler machines by shunting more or less current through a
rheostat and in the Excelsior machine by varying the number
of turns on the field.

The short-circuit bands around the fields common to both
the Thomson-Houston and early Brush machines undoubtedly
had a very beneficial effect. We have found other ways of
obtaining stable operation as may be seen from the following:

Brush arc generators
No. of machineorclass............c.ovvviunn.. 7.5 12 13
Volts rating. ...covveiereiiieeanneinarnnennens 2500 8500 15000
AMPeres. ...ovvevneeeeennannensssesscansnanas 9.6 6.6 4
No. of commutator..........ccoviiiiiinienn.nn 3 4
Volts per commtuator section.................. 833 2125 3750
Temperature rise of pole shoe above air for....... 270° cent 11° cent 30° cent
Material of poleshoe..............cocviivnnn, Cast iron | Laminated | Cast iron
Closed copper band on fields.................... Yes No No
Pounds of copper per kw.output............... 53.7 29.5 26.2
Efficiency full load.......... AU 70.5 88.0 85.4

For stability of operation of machines on an arc-lamp load,
one of the most essential features is the saturation of the iron.
An examination of Fig. 3, curve C, shows that there is very
little saturation until the curve drops very abruptly. At this
point the armature bobbins are commutating under the follow-
ing pole tip, and the pole shoe becomes very highly saturated
just beyond the magnet core. Into some 0.5 in. holes bored in
some of the shoes I inserted a thin steel rule; the rule was at-
tracted very strongly to the iron, showing a heavy magnetic
field across the hole. The magnetism held the rule so tightly
that it could be twisted about 30° in 3-in. lengths. I doubt
if there are any machines manufactured to-day in which the
saturation of the iron is higher than in the Brush machine.

I desire to add another characteristic curve to the two which
are given in Professor Thomson’s paper, Fig. 2 and Fig. 3; one
showing the effect or characteristic of varying the length of
spark on the commutator, entitled ‘‘ External Characteristic
No. 11 Brush Arc Generator.” When the generator is running
on short-circuit, if the spark length be increased, the current
rises; this however, continues to a less and less degree, as the
full arc-lamp load of the machine is approached. At the point
of about maximum output a variation in the length of spark
has very little if any effect upon the current output of the ma-
chine. If the machine is still further loaded, the brushes move
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backward, and if the spark is lengthened out the current falls
off rapidly; in other words, a short distance beyond the point
at which changing the length of spark does not affect the output
of the generator, is the maximum load of arc lamps which the
machine will carry. In addition to this, it is the maximum
output which can be obtained from the machine. Either short-
circuits or open-circuits will decrease the load and the power
required to drive the machine. Generally speaking, arc ma-
chines do not operate well at reduced current, and the kilowatt
capacity is practically in proportion to the square of the current,
and the operation is poor, due to the fact that the iron is not
saturated at lower current.

The first 120-lamp 6.6-ampere Brush arc generator was de-
veloped in Lynn, worked satisfactorily, and was sold to the
Boston Electric Light Co. Shortly after that they installed 18
more machines. When about one-half of them were delivered
I was told that they were unsatisfactory. The difficulty in
the machines was corrected after extensive tests by changing
the material in the pole shoes from steel casting to cast iron,
taking 360 1b. of copper from the fields, rewinding the rheostats,
and increasing the rating from 8000 to 8500 volts.

BRUSH COM, / BRUSH COM, )

NEGATIVE
POSITIVE SPARK

Fic. 1

Later additional changes were made, reducing the amount of
copper in the original machine by 636 1b. or more than 25 per
cent.

Experiments were conducted at Cleveland and approximately
500 1b. of copper were taken from the fields and the magnet cores
were increased from 5.25 in. to 6 in. in diameter. The generator
operated satisfactorily on a resistance load, but when the ma-
chines were operated on an arc-lamp load they were not satis-
factory. They would run satisfactorily to about 5000 volts,
but not to 6250 volts, their rated load. Characteristic curves
were taken up to about 5000 volts and were satisfactory for the
operation of arc lamps, but when the field strength was increased
to obtain a higher voltage the peak of the characteristic curve
went out to 12 or 13 amperes. Arc lamps could be operated
at this current, but it was not what the customer wanted.
About two years later further experiments were carried on, and
we succeeded in reducing the copper on the fields 636 1b. and
the machines worked satisfactorily.

I thought we could reduce the magnetic leakage in the
machine and increase the output by removing the sharp
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corner from the back ends of the pole shoes by making the
radius of the curve about 0.25 in., but the output was reduced
5 per cent or 300 volts. I also conducted further experiments,
displacing the pole shoes somewhat, about 2 in., from the center
of the magnet cores. I found on these machines that a change
in the direction of rotation would give an output of four to one,
depending upon whether the long end of the pole shoe was
leading or trailing. With the long end in leading position, the
machine gave the larger or maximum output. The commuta-
tion, however, was not satisfactory over the necessary range.
Another peculiar thing in arc generators is that the brushes
move backward with increasing load, which is apparently the
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reverse of constant-potential machines; but in both machines
the brushes move forward when the resistance in the load
circuit is reduced.

The Brush and also the Thomson-Houston arc generators
possess the peculiar property of allowing us to change the di-
rection of rotation of the armature, keeping the direction of
the current through the field the same and maintaining the same
relative position for the positive and negative brushes on the
commutator. This secms wrong, but theoretically it is right.
The instantaneous fluctuationsin current of the Brush arc genera-
tors amount to about half a per cent. I do not know exactly
what it is with the Thomson-Houston machine, but I know it
is many times greater. The steadying effect and alternating
voltage across the fields of the Brush machine are negligible. In
the Thomson-Houston machine the steadying effect I believe
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to be very appreciable and essential, and if my recollection is
right, the alternating voltage across the field amounts to about
75 per cent of the rated direct voltage. This varies somewhat
under different conditions of load.

I think the Brush multicircuit arc machine has interfered
more with telephone service and done more to improve it than
any other machine, by forcing the telephone companies to put
in metallic circuits. We have also experienced trouble in op-
erating these machines on underground cables. I should like
to bring to the notice of the Institute the use of a transformer
on a fluctuating direct Brush circuit for the purpose of pre-
venting surges between the generator and the circuits, which
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tend to puncture the insulation on the cables but as yet have
had no effect, so far as I have been able to find out, on the gen-
erator. This seems strange when a rated 8500-volt machine
usually breaks down on about 10,000 valts, alternating current,
jumping from the armature bobbins to the pole pieces.

The transformer is so connected that the currents through
the windings neutralize each other. If we put capacity in the
circuits, with the varying voltage which is generated between
different commutator sections, we will have an extra current
flowing through the transformer due to the capacity, and this
will transfer part of the high electromotive force from one loop
or section of the generator circuit over to the other so that
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there will be very little alternating voltage between the nega-
tive brush in the figure and that end of the transformer winding
connected to load in series. On the 12 Brush arc generator
rated at 8500 volts, 6.6 amperes, two-circuit machine, the alter-
nating voltage across the transformer is about 800 at full load.
The larger the amount of capacity or length of underground
cables in the circuit, the greater the alternating voltage across
the transformer, so that we will have changed from an unstable
to a stable condition by the use of the transformer, and the
electrical surges in the circuit which punctured the cables
are cut out, but they had no effect so far as we could ob-
serve upon the machines or upon the lamps.

The disturbances on the telephone lines, either grounded or
common metallic return, were due to the electrostatic effect, or
to the wave of voltage which continually traveled along the
lighting circuit. They were not due to the current or magnetic
inductive effect, which was proved by the fact that telephone
disturbances were experienced on multicircuit machines when
one of the circuits was short-circuited so that there was no cur-
rent flowing in it, only the variation in potential existing. The
difficulty was overcome by the telephone companies putting
in metallic circuits, which should have been done long before,
as the service at that time was unsatisfactory, owing to stray cur-
rents from electric railway and other circuits.

John B. Taylor: Mr. Green has just referred to fluctuation or
pulsation in value of the current, or more properly (since we
may have pulsations of widely different frequencies due to
various causes) the extent to which the direct-current arc cir-
cuit becomes an alternating-current circuit with frequency
determined by a number of points of commutation. At first
sight, an armature with a three-part commutator might be
expected to introduce a considerable alternating-current com-
ponent, but a rough analysis will show that this alternating
component is not very great, and there is also the reactance
of the circuit and apparatus tending to smooth out the alter-
nations. A neighboring telephone circuit, however, as already
pointed out, gives evidence of the alternating feature, and in
addition I was surprised to find a perceptible alternation in
illumination.

This I noticed about eight years ago while making some
stroboscopic tests on alternating-current motors by the aid of
a striped cardboard disc rotating, and illuminated by an alter-
nating-current arc. About the same time some old Thomson-
Houston direct-current open arcs were being replaced by 60-cycle
enclosed arcs supplied from constant-current transformers; during
the process of changing, both systems were in operation at the
same time. I rotated the disc on one street corner near a 60-
cycle arc for the edification of a friend, and on the next corner
advised that no such stroboscopic effect would be apparent on
account of the direct-current arc. 1 was surprised, however,
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to find that there was a decided alternation in intensity of
illumination as evidenced by the disc appearing stationary at
the proper speed, although, of course, the contrast between light
and dark stripes was not so definitely marked as with the
60-cycle lamp. .

I wish to ask if tests have been made which can be quoted
to show how much alternating effect there is in the Thomson-
Houston circuit with the machine under average load, and if
these alternations are sufficient appreciably to affect figures
for efficiency for such machines where the output has been
measured by voltmeter and ammeter of the D’Arsonval or
Weston type. Such meters give the mean value of current and
voltage rather than the root mean square value, and in the
extreme case of a rectified sine wave, ammeter and voltmeter
individually indicate but approximately 0.9 of the proper value,
while output in watts, as determined by their product, would
show a little more than 0.8 of the true value. If this has not
been taken into account, some values of efficiency on such gen-
erators might properly be increased by a small value, possibly
1 or 2 per cent. _

There is one feature of stability rather outside the scope of
this paper; that is, the stability of illumination as distinguished
from stability of current producing the illumination. Incan-
descent lamps are probably the most stable form of artificial
illumination which we have, while the illumination from an
arc, in spite of cored-carbon and such devices, still leaves much
to be desired. .

As Dr. Kennelly has pointed out in his letter, the inherently
unstable feature of the arc itself is now being turned to good
use in wireless telegraph and telephone service.

I believe that Professor Thomson, as usual, has anticipated
many other experimenters in this direction and I hope he can
tell us something of his early experiments with the ‘‘ singing "
or high-frequency arc. It seems possible that we may have in
some of the underground cable distribution systems for arc
lighting a condition not unlike that which is purposely arranged
for the singing or oscillating arc; that is, a capacity (made up of
cable) around the arc in series with more or less reactance (prin-
cipally in the lamp mechanism). If both reactance and capacity
should chance to have the proper values, and the resistance and
other losses were not too great, this combination might build
up sufficient voltage to account for some unexplained cases of
breakdown on such systems.

H. G. Stott: I would call attention to a very important his-
torical note in the paper, where reference is made to one of the
first series arc dynamos. It is as follows:

The first series arc machine designed and built under his supervision
was also the first dynamo having the three-coil (star three phase)
winding with three-segment commutator.

I believe Professor Thomson can enlighten us very consider-
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ably on the point, which was recognized by him and his asso-
ciates, that this was a three-phase machine, and that power
could be transmitted from it and supplied to another machine
by putting on what were then called slip-rings. I think from an
historical point of view, it would be interesting for Professor
Thomson to bring this out when he closes the discussion.

Elihu Thomson: Reference has been made to the use of a par-
tial load of differential lamps. I remember that this was re-
sorted to as a steadying influence in times when unstable cir-
cuits were found. It was also noticed that with an increase in
line-length on some of the early Thomson-Houston arc machines,
the machine would carry more load. A 50-lamp machine with
a long line would often carry 55 arc lamps. Undoubtedly in
that machine the inductance of the field windings had a good
deal to do with the operation of the machine, and this induct-
ance was added to by a long line. It was a machine which when
first sent abroad evoked the opinion that it ought not to work—
but did work. One must take into account the fact that al-
though at the commutator during regulation there was a defi-
nite short-circuit repeated six times during a revolution, the
inductance of the windings kept the current from too great
fluctuation. A .

Mr. Rice has adduced several interesting matters. I remem-
ber the instance he has told of in which he had to resort to the
use of a supersensitive arc to keep the current stable on the
circuit. I also remember very well the condition he referred
to in which we had too.much of a copper band on the field—
the field magnetism did not vary enough. It is well known
that in the case of machines of the open-coil type, if the field
is maintained and any flashing occurs, such flashing becomes
permanent; they can not be used as separately-excited or even
as shunt-excited machines.

Mr. Stott has asked about the original three-phase machine.
When we first applied for a patent on the three-coil machine,
it was illustrated in the patent specification with a commutator
and also with slip-rings, as alternatives, since the novelty of the
structure was well appreciated; but the Patent Office was un-
willing to recognize our arguments with relation to the winding
with slip-rings, and to save time we finally gave up and took
out the patent with claims for the winding with commutator
segments, and left out the slip-ring combination. As shown
in the specification originally with slip-rings, it was, of course,
an alternating three-phase machine. In 1881, in New Britain,
we were experimenting with a machine which had slip-rings.
We had carried the terminals of the armature to three slip-rings,
in addition to the commutator. The object was to control the
sparking of the machine by putting condensers between the
commutator segments, and to do that we carried slip-ring
connections to condensers outside. We found that the trouble
was that the condensers would not live, but go off in a flash.
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At the same time we noticed high-frequency effects with the
condensers, getting sparks between turns of wire leading to
the condensers instead of the current going round. The de-
sirability of having another such machine with slip-rings was
discussed, as we knew then that we could transmit power with-
out commutation from one machine to the other machine; but as
we were not doing power distribution at that time, and no
transmissions were then contemplated, we put the matter aside.

In regard to Professor Jackson’s statement with relation to
the function of the blower, I quite agree with him that the
blower would not work unless we had a spark to blow upon.
We must have the terminal spark from the brush forward as
the segment leaves the brush so as to be able to knock it out
of the way with the air blast, and insert the cold air layer.
The residual arc was deflected into a new position. The air
blast, acting synchronously with the motion of the segment,
would drive the tapering end of the spark away down under
the segments of the commutator, air insulated as it was, thus
allowing plenty of room to put in the cold air. We may perhaps
account for the old anomalous so-called Ball unipolar machine
by supposing that it was at first made with the four pole-pieces,
and that the stability was not then what it should be. By
taking off two of the four pole-pieces, thereby lessening the
effect of the field, and increasing the armature reaction, stability
was probably secured. It then became necessary to speed up
the machine to obtain a fair output. The average arc dynamo
speed at that time was something like 700 or 800 rev. per
min., but this machine ran up to 1600 rev. per min.

Mr. Green referred to the remarkable effect of rounding the
corners of the pole-pieces in the Brush arc machine, thus adding
evidence to show that it is properly characterized as a pole-
piece machine. The question in regard to the fluctuations of
current in the Thomson-Houston machine I have virtually an-
swered by saying that the field-coil circuit itself acts as a high
inductance and tends to smooth out fluctuations. There would
otherwise be a very ragged current curve. In fact an interrupted
current would exist if it were not for the large inductance of
the field coils. I may mention that when the closed copper
band was put on the field, the current was considerably more
fluctuating than when it was not used, as would naturally be
expected. The current fluctuation was greater with partial
load than with full load, from the fact that during regulation
there was a longer interval of short-circuiting with lighter loads.

Mr. Taylor mentioned stability of illumination. That is a
little outside of the paper, and it would take some time to dis-
cuss it. I do not think we have time to consider the high fre-
quency arc matter now, and its application to wireless telegraphy.

E. A. Sperry (by letter): I wasso fortunate as to have been born
almost under the eaves of Cornell and was a youth when our late
lamented founder, Professor William A. Anthony, was in the
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midst of his early activities at that institution. It will be re-
membered that he was the first one to build a Gramme electrical
generator in this country, the machine exhibited at the Cen-
tennial Exhibition in Philadelphia in 1876. I watched some of
the construction of this machine with eager interest, as well as
many of the experiments that were tried with it, and some of
the overhauling in 1878. I feel that we never have accorded
sufficient credit to Professor Anthony. He was a source of in-
spiration to a great many engineers of the present generation,
combining as he did in a most extraordinary degree keen per-
ception in theory as well as wonderful mechanical ability and
unusual skill as a pure mechanician.

In 1879, I had built my first dynamo and arc lamp in Cort-
land, New York, near Ithaca. Then in Syracuse, I completed
a 15-lamp machine which in 1880 was taken to Chicago, where
we built a plant and started manufacturing a system of arc
lighting, which included a regulator by means of which the
lamps could be turned on and off. It was shown that a 20-lamp
circuit could be cut down to five, and later we found means for
reducing a 30-lamp machine to one lamp.

The early machines were all of the short-arc type. We
started to build the long silent -arc of about 9 amperes in 1884.
As I remember, one of the first 6-ampere machines was sent to
Cornell for testing purposes. After we were established in Chi-
cago, there came upon the horizon a new lamp, about which I
had already quite thoroughly informed myself. The current was
supplied by a Thomson-Houston arc-light machine.  The first
night the lamp started I was present as an observer. I thought
at that time the lamp ought to work; there was a case, it
seemed to me, of a pulsating current, in which the current sup-
plying the lamp was forced along the line in impulses which
were positively divorced from each other, and, through the vig-
orous shaking and vibrating which the regulator of the arc was
constantly undergoing, no wonder the lamp could operate well
and feed continuously. With our finely divided commutator and
smooth flowing current, however, it was not an easy matter to
cause a continuous and uniform feed of the carbons. Before
many years the Thomson-Houston system became formidable,
and we found great difficulty in maintaining our standard in
competition with it.  This system was developed by Professor
Thomson.

The tests at Cornell in 1885 showed us that the armature
reaction and the drooping characteristic of the machine were
the secrets of stability and regulation in our machines. But
in those days it was a matter very largely of cut and try
methods.

About that time I carefully constructed an ammeter and sent
it to Charles F. Brush at Cleveland, asking him kindly to mark
9.6 amperes on the scale. Correct measuring instruments were
difficult to obtain and even more difficult to keep in calibration.
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Chas. P. Steinmetz: The interesting phenomena of instability
of electric circuits, discussed by Professor Thomson, have an im-
portance far beyond the arc circuit. Owing to the work of Profes-
sor Thomson and other investigators, the arc circuit is the first
and therefore the best known type of unstable circuit; but insta-
bility occurs frequently also in other electrical and mechanical
systems, and the study of the conditions leading to instability
thus is one of the most important subjects of electrical engineering.
Thus we find that synchronous and induction motors drop out
of step, or we find such motors starting from rest, but failing to
run up to their proper speed; we meet with surging of synchron-
ous apparatus, and find electrical apparatus misbehaving, ap-
parently without reason, at the end of very long transmission
lines.

In all these phenomena, the same characteristic is the cause
of instability, which was investigated so ably by Professor
Thomson in the early days of the arc circuit. This characteristic
is: if the effect of a cause is in opposition to the cause, the system
is stable; if however the effect assists the cause, it becomes ac-
cumulative, and instability results. When dealing with energy,
as a.corollary to the law of conservation of energy it follows that
the effect always opposes the cause, and thereby limits itself.
When not dealing with the question of energy, however, the
effect may assist the cause and thus give ‘instability. The
typical case is that of an arc in a constant-potential cir-
cuit. The voltage consumed by the arc decreases with increase
of current. The current depends on the resultant e.m.f., that
is, the difference between impressed e.m.f. and the voltage
consumed by the arc. An increase of current causes a de-
crease of the arc voltage and thereby an increase of the re-
sultant e.m.f., hence a further increase of current etc.; that is,
instability: either a short-circuit, or extinguishing of the arc.

The cause of this phenomenon is the volt-ampere charac-
teristic of the arc, shown in Fig. 1, as I, which decreases with in-
crease of current. Assuming now a metallic resistance 7 in-
serted in series with the arc, the voltage consumed by r is
shown by the straight line II in Fig. 1, and the total voltage
consumed by arc and series resistance is curve III. This curve III
has a minimum point for a certain critical value of current i,:
above this value, the conditions are stable; that is, an increase
of current requires an increase of voltage, and thereby limits
itself. Two values of current, 7, and 7, thus exist at the same
supply voltage, of which the upper one, ,, gives stability, while
at the lower one, %,, the arc is unstable, and either goes out, or
the current increases, until the upper value of current 7,, and
thereby stability, is reached.

Similar relations between the arc volts and amperes are
frequently met in electrical engineering, for instance in the rela-
tion between speed and torque of the induction motor. The
speed-torque curve of a polyphase induction motor is shown
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as D in Fig. 2, with the speed as abscissas, the torque as ordinates.
Assuming such an induction motor operating on a load re-
quiring a constant torque, as when driving a reciprocating pump
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working against a constant head of water, then in the range
between synchronism and the maximum torque point m, the
speed of the motor is stable. Thus at the load L, the speed ¢
is 94 per cent of synchronism, and any momentary increase of
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speed decreases the torque, a momentary decrease of speed in-
creases the torque, and thereby limits itself. The same torque
is reached again at a lower speed d, of 559, of synchronism.
This speed, and the entire range from standstill ¢ to the maximum
torque point m, is unstable; that is, at the point d, the motor
either drops down to standstill, or runs up to the stable speed ¢,
but can not continue to revolve at d, on a load requiring con-
stant torque L. ,
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The conditiens of stability or instability of induction-motor
speed, as discussed here, apply only to the case of a load re-
quiring a constant torque, just as the stability consideration of
the electric arc applies only to the case of constant voltage
supply. The question of stability of electric and mechanical
systems therefore involves two conditions: the circuit or system.
and the external conditions under which it is stable or unstable;
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that is, in the present instance, the volt-ampere characteristic
of the electric arc, and the condition of constant voltage supply;
or the speed-torque characteristic of the induction motor, and
the condition of constant torque of the load.

Assume for instance a load requiring a torque proportional
to the square of the speed, as when driving a centrifugal pump,
or a ship propeller. In this case, if the required starting torque
p (Fig. 2) is less than the starting torque ¢ of the motor, the
motor always starts and runs up-to the speed corresponding to
the load: a high speed ¢ for moderate loads C, a lower speed b for
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overloads B, and a low speed a for excessive loads A; but the
speed-torque relation is always stable, that is, with this character
of load the induction-motor-torque curve has no unstable branch.

Still more interesting are the speed-torque relations of the
induction motor on a load requiring a torque proportional to the
speed, as when driving an electric generator at constant field
excitation and loaded by a constant resistance, as shown in
Fig. 3. The motor always starts from rest. At moderate load,
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the speed runs up to near synchronism, on a straight line C. At
excessive overloads, the motor still starts, but runs up to a low
speed a only, and keeps revolving in stable condition at this
low speed; that is, in a range of the motor curve, which or a load
requiring constant torque is unstable. Especially interesting is
the case of an intermediary load, represented by line B in Fig. 3.
B intersects the motor curve D) at three points, b,, b,, b,; that is,
three different speeds exist, at which the motor gives the torque
required by this load, at 24 per cent, 62 per cent and 88 per cent
of synchronism respectively. Of these, the intermediate speed
b, is unstable, and so is the entire range of the motor curve be-
tween the points of contact # and m of the two tangents from p
on curve D, while the low and the high speed are both stable.
That is, if started from rest, on this load, the motor runs up to
speed b, and stays there. If the load is taken off and the motor
is allowed to accelerate near synchronism, and the load then put
on again, the motor slows down to speed b, and stays there.
At speed b, however, the motor can not continue to run, but
either slows down to speed b,, or speeds up to speed b,.

We have here a case where a motor can carry the same load
at two different speeds, a high speed, with moderate current—
the proper running speed—and a low speed, with excessive cur-
rent. In this case, the motor operates satisfactorily at speed, it
always startsgbut it does not run up to its proper speed, and
shows a *‘‘ dead point ", or rather a ‘‘ dead range ” at inter-
mediary speed. Phenomena of this character are frequently
met with in single-phase induction motors, polyphase syn-
chronous motors etc., though more or less complicated by
secondary actions, as the effect of the motor-starting device, the
magnetic locking of stator and rotor teeth, the induction machine
action of the synchronous machine, etc.

Still a different form of instability occasionally occurs in in-
duction motors. On constant voltage supply and at a moderate
drop of speed, frequently far below the maximum torque point,
the motor suddenly drops out of step without previous warning.
This phenomenon depends upon the relative momentum of the
induction motor and its load and of the generating system, and
on the rapidity of voltage regulation of the generating system,
and may become marked with a sluggish system of voltage
regulation.

Of special interest also are different forms of instability
which lead to surging of synchronous machines, as the surging
due to electromechanical resonance, which is frequently elimi-
nated by lowering the motor excitation, that is, running with
lagging current, while the surging due to the limited power
supply of the generating system is intensified by lowering the
motor field excitation, that is, running with lagging currents,
and may disappear with over-excitation of the motor and opera-
tion with leading current. The study of these phenomena is of
the highest importance, as apparently the same phenomena may
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be produced by entirely different conditions, and the remedy
in one case thus may intensify the troubles in another case which
resulted from different conditions. However, the subject is too
vast to be dealt with in a short discussion, but may form a
separate paper.

An interesting feature of the Brush arc machme is the great
constancy of current independent of speed fluctuation: even
speed variation of 50 per cent or over with such machines does
not dppreciably vary the current, but merely reduces the
maximum voltage of the machine and thereby its output in pro-
portion to the speed reduction. It is startling to observe in
such a machine, at light load, when shutting it down, how per-
fectly constant the current remains even down to speeds of a
very small percentage of normal and until the very moment
when the machine stops.

Another type of arc machine, a constant alternating-current
generator, deriving its constancy of current from armature self-
induction, was once introduced into the industry, the Stanley
constant-current alternator. This was afterwards modified
by the addition of a rectifying commutator into a constant
direct-current arc machine, but disappeared after some
years, apparently owing to the unsatisfactory character of the arc
lamps operated from 1t. It would therefore be of interest to
hear something of this development of by-gone days.

Similar to the interesting case of the induction motor, above
discussed, conductors which can carry the same load at three dif-
ferent speeds are occasionally met with. Thus for instance there
are conductors among the so-called *‘ pyro-electrolytes ', which
at the same constant-supply voltage can pass three different
currents. The volt-ampere characteristic of one such con-
ductor, a magnetite chromite alloy, is shown in Fig. 4. As seen
in Fig. 4, at the same voltage, as 20 volts, the current can have
three different values ¢, = 0.45; ¢, = 5.0; ¢, = 36 amperes.; and of
these three values, the low one, 7,, and the high one, %,, are
stable, the middle one, Z,, with the entire range of the curve, be-
tween maximum m and minimum #, is unstable.

However, even the volt-ampere characteristic of the arc is
not always the curve shown in Fig. 1, but may be considerably
modified.

This curve in Fig. 1 is fairly well represented by the equation:

(e — a)? ¢ = const.

but applies only to the arc at constant vapor pressure, as the
arc in air. A different volt-ampere characteristic results, if the
vapor pressure in the space in which the arc is produced varies
with the current, as for instance is the case with a vacuum arc,
as the mercury arc. Thus the volt-ampere characteristic of the
mercury arc in stationary conditions is of the character shown
in Fig. 5, that is, has a range of minimum voltage at inter-
mediate currents, while for smaller currents as well as for larger
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currents the voltage increases. Especially interesting is the
latter range for larger currents, where an increase of current
requires an increase of voltage. From our previous considera-
tions, such a characteristic should give stability on constant-
potential supply; that is, for currents above the minimum
voltage range, the mercury arc should be capable of operating
steadily on constant-potential supply, without any series re-
sistance, by any variation of current limiting itself. This
however is not the case, but the mercury arc in a vacuum is un-
stable on constant potential over the entire range, just as any
other arcis, and for the same reason that an increase of current
causes a momentary decrease of voltage and thereby becomes
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accumulative. Thus, in the mercury arc of Fig. 5, an increase
of current from 5 amperes to 7 amperes raises the voltage con-
sumed by the arc from 33.2 to 36.6. In the first moment,
however, after raising the current from 5 to 7 amperes, the
voltage drops, as indicated in Fig. 5 in dotted lines, to about 30
volts for a short time, a few seconds, but still long enough to
be observed by the voltmeter, and then gradually, during some
minutes, increases to its stationary value of volts. This leads
to the distinction between the volt-ampere characteristic of the
arc, shown in Fig. 5, and the momentary volt-ampere charac-
teristic, and it is the latter which determines stability or in-
stability. The latter is always dropping, and thus the arc is
always unstable on constant potential. .
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In reality, the period of voltage drop with increase of current
is preceded by an extremely short period of voltage rise; that is,
with an increase of current in the mercury arc, the voltage first
rises, then drops, and then gradually rises to the final value,
about as shown in Fig. 6. The first period of high voltage
lasts for a thousandth of a second or less, but may be observed
under favorable conditions by the oscillograph. It is the con-
duction through the vapor stream of previously existing lower
current. With a velocity, possibly of some thousand feet-
seconds, the conducting vapor stream of the arc adjusts itself
to the change of current and hence dropsin resistance. The arc
voltage thus decreases approximately by the above equation
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(¢e—a)*i = constant. The vapor pressure in the space rises
gradually and the resistance of the arc stream thereby in-
creases and thus also the voltage. With an arc in enclosed
space, the second period of low voltage thus lasts a few seconds
only, while with arcs at constant pressure, as in air, it is the
permanent condition, and the third period is never reached.
The initial period of very short duration, where the arc con-
ductor has not yet reached the stationary condition correspond-
ing to the current flow, can be observed indirectly by superim-
posing on a direct-current arc a small high-frequency current
and gradually increasing the frequency of the latter. Ultimately
then a frequency is reached where the power-factor of the super-
imposed alternating current is unity; that is, the arc stream acts
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as ohmic resistance, or in other words, the variations of current
are faster than they can be followed by the vapor stream of the
arc. This transient period of the arc is of very great industrial
importance. Extending back the arc characteristic Fig. 1, it
must intersect the zero line of current at the disruptive voltage;
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that is, the voltage required to jump a spark across the ter-
minals. If then the arc is started by a spark, the volt-ampere
characteristic traverses a curve starting with the disruptive
voltage at the moment of the passage of the spark, and rapidly
decreasing in voltage with increase of current. This transient
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volt-ampere characteristic however is not the curve in Fig. 1—
which is reproduced as I in Fig. 7—but is higher; the more so the
more rapidly the current increases, as shown by II and III in
Fig. 7. In consequence thereof, if the high voltage lasts only a
very short time, that is, decreases very rapidly, the voltage may
fall below that required by the transient arc characteristic, and
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the arc goes out, or in other words, will not be established by the
electrostatic spark, even if the voltage between the terminals is
sufficiently high to maintain an arc when once established.
This is the explanation of the phenomenon that a static spark
between terminals is not always followed by an arc, even if the
voltage at the terminals is sufficiently high to maintain an arc
when once established. Thus, while it requires about 100 volts
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to maintain an arc between terminals one inch apart, with 2000
volts potential difference between these terminals, static sparks
may be jumped across these terminals, without any arc follow-
ing if the duration of the voltage which sends the spark across
the terminals, is less than the time required for the transient arc
characteristic in Fig. 7 to drop to 2000 volts. To start an arc
disruptively, it therefore is not sufficient to have an electrostatic
spark, but the spark voltage must be maintained sufficiently
long to establish the arc; that is, supply the power required to
produce the arc conductor at least so far that the maintained
voltage between the terminals can hold the arc. How much
power this is, depends on the permanent voltage between the
terminals: the lower the permanent voltage, the greater must be
the energy of a spark for starting an arc, and while a very
powerful spark discharge may start an arc between terminals of
moderate voltage, sparks of very high frequency and therefore
very small power are incapable of starting an arc even at high
voltage between the arc terminals. Thus, with sparks of such low
power, insulation does not break down instantly, but numerous
successive sparks are required before an arc follows. This is the
reason why the effects of high voltages are so much more severe,
if considerable power is back of the voltage, than are the power-
less discharges of static machines.

This phenomenon of the time element.required to establish
the arc, is and has been for many years industrially used in the
multigap lightning-arrester. This lightning-arrester consists of
a series of spark-gaps between line and ground, over which high
voltage discharges, but the arc can not be established during the
short duration of the static discharge. It also explains the oc-
casional failure of the earlier types of such lightning arresters,
the number of spark-gaps being such that the machine voltage
could maintain an arc across them, if the arc be once established,
and the operation is based on not allowing the arc to be estab-
lished. If however an exceptionally heavy discharge passes,
the energy of the static discharge may be sufficient to establish
the arc, and then the lightning-arrester burns up; for this reason
this multigap type of lightning-arrester has recently been
modified by adding various shunting resistances of different
dlilscharge capacity, so as to divert and destroy the stability of
the arc.

In testing apparatus with high voltage, this phenomenon of
low power static sparks must be carefully guarded against. Be-
cause of the distributed capacity of the high-potential circuit,
oscillations of very high frequency are produced, which, super-
imposed on the permanent alternating testing voltage, cause
sparks to jump across the testing spark-gap long before the
permanent voltage has reached the required values, and thus
long before the specified insulation strain has been reached. In
using a spark-gap in high-voltage testing, it is therefore necessary
to insert resistances in series or in shunt to eliminate such
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oscillations. A discharge of the spark-gap indicates the ex-
istence of the required test voltage, only if the spark is followed
by an arc, but not otherwise. Thus I have seen sparks jump a
one-inch gap, with the static voltmeter indicating only 10,000 to
12,000 volts, and by raising the voltage of the step-up trans-
former the voltage indicated by the static voltmeter remained
the same, but merely the frequency of the sparks increased,
without however an arc following. As soon as an arc follows,
the static voltmeter instantly drops to zero: short-circuit.

Elihu Thomson. It is gratifying that the paper served to
get Dr. Steinmetz on his feet. We always learn a great deal
from his discussions. May I suggest that it would be a capital
idea for him to present a paper on other forms of instability.
He has given half a promise that he would do this.

I agree with Dr. Steinmetz that it is a large subject and one
can approach it from various sides. I have dealt with the
most decided example of instability, the arc circuit, where all
the conditions tend to instability, and effective provision has
to be made to avoid instability. The other conditions Dr.
Steinmetz has alluded to in the discussion are of course in sim-
ilar lines, very suggestive indeed, and I think should be followed
out. We should have a good exposition, such as I know he
can give us, of the different forms of instability depending not
only on the current, but instability of torque and speed, etc.
There is, in fact, material here for several good papers.

Following Dr. Steinmetz we see the reason why it has been
very difficult to work arcs of very small current value. They
must exist if at all on the very steep part of the characteristic
curve, and require high voltage and potent influences to secure
stablilty.

Dr. Steinmetz has pointed out the fact that there is an instan-
taneous effect before settling down, when a change is made in
the current strength in an arc. He shows that this effect is in
fact in an opposite direction to that which is the final result, and
without doubt has indicated the true reason of the effect, in
the time it takes for the shift in the volume of the arc stream
or hot gases to take place. On an increase of current a slight
excess energy must be absorbed while the arc is expanding, and
this can only occur with a momentary increase of opposition
measured as a resistance.
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THE PURCHASE OF FUEL ON A BRITISHTHERMAL
UNIT BASIS!

BY LAWRENCE P. CRECELIUS

The boiler plant of the traction company which operates the
street-car system of Cleveland, Ohio, is representative of modern
practice in both the nature of the equipment installed and the
means employed in handling and firing coal. Of the total cost
of manufacturing a kilowatt-hour in this plant, exclusive of in-
vestment charges, taxes and insurance, the fuel item amounts
substantially to 70 per cent. The calorific value of the fuel used
is obviously of the utmost importance, and to insure a supply of
coal having a high thermal value is therefore greatly to be de-
Sired. This may be accomplished by making use of one of three
means which are at our command:

First, to locate the power plant at the mine where good coal
lies; second, to bind by contract the supply from certain districts
or mines producing coal of known heat value; and third, to pur-
chase coal on a calorific value basis.

The heat efficiency of the power plant referred to in this paper
is approximately eight per cent; this means that out of every
100 tons of coal burned, the energy of but eight tons is delivered
to the switchboard in the form of electricity. Probably the
greatest factor entering into the cost of coal in the United
States is the cost of transportation, and as this could be en-
tirely eliminated by locating the power plant at the mine this
plan seems attractive. Most unfortunately, however, this is im-
possible as yet, not so much on account of the geographical

1. The author acknowledges ‘with thanks the work of Messrs R. W.
Emerson and E. H. Haynes in calculating and experimenting to ascer-
ain the values contained in this paper.
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limitations as of physical conditions. The second plan, which
probably is in general use, and no doubt will continue for some
time to be employed, was the method by which coal was pur-
chased for this power plant. This plan, however, proved un-
successful, mainly owing to the fact that both goo dand poor coals
exist in the same district or mine, and also because stock coal
could be sent in on this contract.

The method of purchasing coal on the basis of calorific value
has finally been adopted and with very satisfactory results.
Payment is made only according to the B.t.u. contained in the
coal, and suitable restrictions are imposed on the maximum
-amount of ash and sulphur which the coal may contain.

Ohio bituminous slack, of a heat value of 12,500 B.t.u. and
with 15 per cent ash and 3.5 per cent sulphur per pound of dry
coal, has been specified in the contract because of its relatively
low cost, although, at the time when this contract was drawn
up it was necessary to take local conditions into consideration
to such an extent that the table was made flexible enough to
make it possible to supply coal from other districts on the same
table. It may be interesting to note that while the purchasing
of fuel on a calorific value basis has been attended with good
results, it was prompted by a different cause than that which
brought about this practice in New York City. There, the
predominating influence which effected its introduction, as
the writer understands, was to restrict the volatile matter
contained in the coal, on account of the stringent smoke reg-
ulations.

Here, upon the threshold of two great coal-producing dis-
tricts, with a difference in freight rate from them to this city and
with a considerable difference in the price of the coal from the
two districts, it occurred to the writer that some severe re-
strictions must be placed upon the quality of coal sent in. The
city of Cleveland has in effect a heat-value contract under
which is purchased the slack required by the Water Depart-
ment. The heat value of the coal is placed rather high and the
coal is required to be up to or above this standard when the
contract price is paid. But for coal running less in heat value
than that called for by the contract, a deduction in price is made
in proportion to the amount less than the standard. Aside
from this, however, no informatiod was at hand or available,
as far as the writer knows, covering the purchase of slack on a
heat-value basis. The case of the Interborough Rapid Transit
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Company of New York and several others within the writer’s
knowledge covered a very high grade of fuel, and, therefore, a
good many allowances had to be made in the nature of restric-
tions which should be imposed upon the amount of fixed carbon,
volatile matter and moisture contained in the coal. In lieu of
this the company abandoned the idea of placing a premium
upon a certain minimum of ash in the coal.

Early experience with the grade of fuel to be supplied under the
heat-value contract had shown that coal which runs high in
heat value is usually low in ash, sulphur and moisture, so it
became only necessary to limit the coal to the maximum per-
missible amount of ash and sulphur; subsequent experience has
confirmed this hypothesis.

A point worthy of being mentioned here is that the standard
in the contract has been made rather low. This was done in
order to get a low basic contract price, for when it is understood

.that premiums and penalties are of an accelerating rate on
either side of the standard, and based on the contract price, it
may be better understood. As a matter of fact it was expected
to pay slightly more than the prevailing contract price of slack
as a guaranty of good coal, and in the light of the contrast
with the quality of coal received under the old contract in force
prior to the inauguration of the purchase of coal on the heat-
value basis, this policy has been justified.

Another point of interest, and one which has a very marked
influence on the success or failure of this kind of contract, is the
personality of the coal dealer. Only the most responsible
parties should be dealt with.

There are available in the Cleveland market in extensive
quantities two principal grades of bituminous slack, one coming
from the Western section of Pennsylvania, the best of which is
known as Youghiogheny gas slack, and the other from the
Eastern part of Ohio.

For a period of about two months before the contract was
put into effect, the company made a serics of evaporative tests
to determine the relative steam-making qualities of Ohio bi-
tuminous slack and Youghiogheny gas slack. These tests
clearly indicated that in the furnaces as constructed, and with
the draft available, both Youghiogheny slack and Ohio slack
can be burned with equally good results. Average chemical
properties of the two kinds of slack, per pound of dry coal, are
as follows:
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Youghiogheny Ohio

gas bituminous
slack. slack.
D2 P 13,185 12,614
Ash. ..o e e 11.6% 13.8%
Sulphur.......cooiiiiii i e 2.03% 3.53%
Volatile combustible matter.............. 31.95% 36.62%
Fixed carbon........................... 53.529%, 45.55%

The relative evaporation per pound of coal as fired was 7 per
cent in favor of the Youghiogheny gas slack. The inherent
moisture contained in the coal in the first case is 1.52 per cent
and in the second case 2.7 per cent.

Basis upon which payments are to be made. In order to
illustrate the work of sampling shipments of coal received,
and to describe how adjustments of any disputes which
may " arise between the contracting parties are made, the
section of the contract relating to these matters is herewith
reproduced. This general method was devised and put into
effect by the Interborough Rapid Transit Company of New
York, a few years ago, and the essential features, modified to suit
local conditions, have been adopted by the traction company.

Each day’s consignment of coal furnished to each power
plant by the contractor during the continuation of the contract,
is sampled by the superintendent or his authorized agent and
analyzed to determine its heat value, and the price paid by the
company, per ton, for each car of coal is based on a table of heat
values in excess or deficiency of the standard therein contained,
but subject to further deductions for ash and sulphur.

A small quantity of coal is taken from at least five different
places in each car received, by driving into the coal a five-foot
ram (Fig. 1), before the car is unloaded. The quantities thus
received from each car of coal of the day’s consignment are thrown
into a receptacle provided for this purpose, and thoroughly
mixed, and a properly selected sample of this mixture is taken
for chemical analysis. One-half of the sample of the average
mixture is labeled and held at the company’s laboratory for a
period of two weeks after unloading the cars. The other half
of the sample taken from the average mixture is analyzed as soon
as possible after being taken. No other sample is recognized.

Tests of the sample taken from the average mixture are made
by the company’s chemist under the supervision of the super-
intendent. Should the contractor question the results of the
company’s test, a copy of which is mailed to him, the com-
pany will, if requested within three days after the copy of test has
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been mailed, forward the other half of the sample, held for this
purpose, to any laboratory in the city of Cleveland which may be
agreed upon by the superintendent and the contractor, and have
the said sample analyzed by it, and the results obtained from this
second test shall be considered as conclusive and final. In case
the disputed values, as obtained in the company'’s test, shall be
found by the second test to be two per cent or less in error, then
the cost of the second test shall be borne by the contractor;
but if the disputed values shall be found to be more than two
per cent in error then the cost of the second test is to be borne
by the company.

Should there be no question raised by the contractor within
the three days specified as to the accuracy of the company’s
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analysis, the second sample of coal is destroyed at the end of
two weeks from the date of unloading the cars from which it was
taken. Should a second test be made of the sample of the
average mixture, as provided, any penalties to be made
will be based on the results as obtained from the second test.

Penalties for excess ash and sulphur. Coal which is shown
by analysis to contain less than 15 per cent of ash and 3.5
per cent of sulphur is accepted without a deduction on that
account. Where the analysis gives amounts of any neutral
elements in excess of these quantities, deductions are made
from the basic contract price in accordance with a schedule
provided, independent of the corrections made for departures
from the standard B.t.u. value.

It will be noticed that each day’s consignment of coal delivered
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to each power plant is analyzed, instead of each individual car-
load of coal, although a sample is taken from each car.” The
object of this plan is to obtain an average of the whole day’s
supply in order to allow the dealer the benefit of cars of coal
running low in ash and sulphur offsetting those running high.

—

PrEMIUMS AND PENALTIES.
For coal in any ‘car which is found by analysis to contain per pound of
dry coal

13,975 and above 35 cents per ton above standard
13,850 to 13,974, inclusive— 35 « « « “ “
13,725 “ 13,849 “ 30 « « « “ “
13,600 “ 13,724 “ 25 « « o« “ “
13,475 “ 13,599 “ 21 ¢« & o« “ “
13,350 “ 13,474 “ 17« ¢« “ “
13,225 “ 13,349 “ 13 « « « “ “
13,100 “ 13,224 “ 0o “« « “ "
12,975 “ 13,099 “ 7 ¢« « “ “
12,850 “ 12,974 “ 5 « ¢« 4 o« “
12,725 “ 12,849 “ 3 ¢« « & “ “
12,600 “ 12,724 “ 1.5 « « « “
12,475 “ 12,599 “ Standard
12,350 “ 12,474 “ 1.5 « “ “ below “
12,225 “ 12,349 “ 3 « « « “ “
12,100 “ 12,224 “ 5 « « o« “ u
11,975 “ 12,099 “ 7 ¢« w« o« “ “
11,850 “ 11,974 “ 10 « “ “ “ “
11,725 “ 11,849 “ 13 « « « “ “
11,600 “ 11,724 “ 17 o« « o« “ “
11,475 “ 11,599 “ 21 4« o« o« “ “
11,350 “ 11,474 “ 25 « 4 o« “ “
11,225 “ 11,349 “ 30 ¢« 4« « o« “
11,100 “ 11,224 “ 3 ¢« « o« “ “
10,975 “ 11,099 “ 40 ¢« « ¢ “ “
10,874 “ 10,874 “ 45 « « “ “
10,725 “ 10,849 “ 5 « « « “ “
10,600 “ 10,724 “ 55 « « « “ “
10,475 “ 10,599 “ 60 « « “ “ “
10,350 “ 10,474 “ 65 “« “« o« “ “
10,225 “ 10,349 “ 70 « “ “ “ “
10,100 “ 10,224 “ 75 “- ¢ “ “ “
9,975 “ 10,099 “ 8 “ « « “ “

9,975 and below, an additional 10 cents per ton per car will be de-
ducted for each one per cent variation below standard.

The plan also offers the advantage to the company that, on
account of having a fewer number of samples to analyze, the
chemist is not hurried in his work and can therefore devote
more attention to the preparation of samples and to the checking
of his determinations.
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The table of allowances referred to in this section of the con-
tract is so proportioned as to incite the dealer to supply Ohio
bituminous slack of a value ranging from 12,500 B.t.u., the
standard in the contract, to 13,125 B.t.u., 5 per cent above the
standard; this range gives him the best profit obtainable. In
order to guard against the supply of fuel having a high B.t.u.
value, but which, by reason of its chemical composition, is not

DEDUCTIONS ON ASH.

00.0 to 15%, inclusive— Standard
15.1 “ 16 “ 3 cents below standard, per ton
16-1 “ 17 “ 6 “ “ “ “ “
17.1 o 18 “ 9 “« « “ “ “
18.1 “ 19 “ 12« “ “ “«
19.1 “ 20 “ 15.5 ¢ “ “ “
20.1 “ 21 “ 19 ¢ “ “ “« ¢
21,1 “ 22 “ 22 « “ “ “« o«
22.1 “ 23 “ 25 “ “ “ “ o«
23.1 “ 24 “ 28 ¢ “ “ “ «
24.1 ¢ 25 “ 31 “ “ “ “« u
25‘1 “« 26 “ 34 “ “ « “ “
26.1 “ 27 “ 37 « “ “ “ou
27-1 “ 28 “« 40 “ “ “ “« “
28.1 ¢ 29 « 43 « ¢ “ “« o«
29.1 * 30 “ 46.5 4 “ “ “ “
DEDUCTIONS ON SULPHUR-
0.0 to 3.9%, inclusive— Standard
4.0 “ 44 “ 2 cents per ton below standard
4.5 “ 4.9 “ 5 “ “ “ “ “
5.0 “ 5'4 “ 7 “ “ “ “ “
5.5 “ 5.9 “ 9 “ “ “ “ “
6.0 * 6.4 “ 12 4« 4« 4 4 “
6.5 “ 6.9 “ 14 « 4« 4« o« “
70 ¢ 74 “ 16 ¢« « « o« “
7.5 “ 7-9 “ 19 “ “ “ “ “
80 “ 84 “ 21 4« 2« 4 4 “
85 “ 89 “ 23 ¢« ¢« o« “
9.0 “ 9'4 “ 26 “ “ “ “ “
9.5 « 9.9 “ 28 “ “ “« “ “
10.0 “ 10.4 “ 30 “« « o« o« “

well adapted to the stoker equipment, a limit has been set above
which no further premidms are paid.

To guard against a supply of low-grade cheap coal or slack
which has been kept in stock, the B.t.u. value table is so ar-
ranged that the value can fall but 10 per cent below standard,
where by reason of the addition of penalties due to ash and
sulphur on this sort of fuel, the price is cut to such an extent
that only the freight charges are realized.
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Almost immediately after the contract went into effect, a
marked improvement in the cost efficiency of the entire plant
took place, accompanied by an improvement of some eight per
cent in the consumption of coal per kilowatt hour.

In conclusion it may be said that the installation of the
scheme of purchasing fuel on a heat-value basis has been justified.

Taking samples. In the preceding paragraphs reference has
been made to a ram by means of which samples are taken
from the car. The efficiency of the ram when used for this

purpose is indicated by the table below.

Sample taken by
hand at regular
intervals while Sample taken |Sample taken
car was from top by means
being unloaded. of car. of ram.
Wt. of sample...... 600 1bs. 20 Ibs. 20 1bs.
Btu.............. 12,843 12,918 12,777
Ash............... 10.96% 10.4% 11.3%
Sulphur............ 2.51% 2.53% 2.56%

A sample obtained in instalments during unloading, taken
with great care and diligence, may be said to be truly representa-
tive of the entire contents of the car. It was, however, soon
found to be unsatisfactory in practice as the men, when un-
loading cars, unless closely watched, would take enough coal at
once, in order to get through with the job as soon as possible.

The sample obtained by ram is shown to be very satisfactory,
and owing to the fact that the human element involved is cut
to a minimum, fairly accurate samples can be easily and quickly
secured right after the cars are placed by the railroad company.
_ Description of analytic work in laboratory. After the coal
in the cars has been sampled and ground up into coarse
particles, it is brought to the laboratory for analysis. About
2 pounds of the sample from each car are thoroughly mixed
with" a large spatula, in order to obtain a fair average
of the whole day’s shipment. Slack coal and run-of-mine
are not mixed, however, but treated as separate samples.
The mixed coal is now quartered down until about 0.5 pound
of the original amount is left. This part is again mixed, spread
out in a thin layer and about 20 to 25 grams of it removed from
various points with a small spatula, to be used as the sample
for analysis. The remainder is put away in an air-tight sample
can, properly labeled for future reference. The smaller part
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is ground repeatedly with a muller and bucking board until
the whole will pass through a 100-mesh sieve. The pulverizing
and sifting thoroughly mixes the sample, which is put into the
heater for one hour at a temperature of 100 degrees cent. The
heater consists of a copper oven surrounded by a water jacket, in
which the water is kept at a boiling temperature by a bunsen
burner. The coal, now dried out, is ready for analysis. Sul-
phur, ash and British thermal units are the constituents
usually determined—although moisture and volatile combustible
matter are sometimes required for boiler and stoker tests.
Sulphur determination. For the sulphur, 0.5 gram of the dry
sample is weighed. Two determinations are carried on simul-
taneously on each sample, in order to have a check on the results.
The 0.5 gram of coal is put into a 20-gram platinum crucible half-
filled with Eschka mixture, then stirred together, covered with a
little more of the mixture and placed over a bunsen flame turned
very low for fifteen minutes. Eschka mixture consists of two
parts (by weight) of calcined magnesium oxide, (MgO) and one
part (by weight) of dried sodium carbonate, (Na,CO,;). At
the end of 15 minutes the flame is gradually turned up to full
power, and the mixture heated for 45 minutes, meanwhile being
stirred several times. After the whole has been fused and the
coal completely burned out, the contents are turned into a clean
beaker, that part of the fusion adhering to the crucible being
washed out by means of distilled water and a rubber-tipped
stirring rod. 50 c.c. of distilled water are added to the beaker,
the whole allowed to boil for a minute on the hot plate, then
filtered through a single filter (Munktell 9 c.m.), the precipitate
washed with distilled water, 15 c.c. of 1 to 1 hydrochloric acid
(HC1) of specific gram, 1.19 added to the filtrate, the solution
boiled for a minute and stirred, then 10 c.c. of saturated barium
chloride solution (Ba Cl,) added, and the resulting precipitate
of barium sulphate (Ba SO,) allowed to settle for two hours or
longer, while the beaker rests on the hot plate. When settled,
the precipitate is filtered off, (using double filter papers), and
washed three times with hot distilled water. The filters are then
folded around the precipitate, both placed in a clean platinum
crucible, and heated over the bunsen flame until burned out.
This takes about half an hour. From the weight of precipitate
found is subtracted the weight of Ba SO, obtained as the average
of two or three blanks previously run on the Eschka mixture.
The corrected weight of sulphate is doubled, (as but 0.5 gram
of sample was taken), multiplied by 0.1373—the sulphur factor—
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and then by 100 to obtain the percentage of sulphur in the coal
sample. A sulphur table for half-gram weights is then furnished
for reference, thus saving time in figuring results. With six
burners and six crucibles at hand, six determinations on three
samples of coal are carried on at one time. )

Ash determination. When the fused mass in the foregoing sul-
phur determination has been removed from the crucible, the latter
is thoroughly washed out, and in it is placed a gram of the dried
coal, accurately weighed for the ash determination. This consists
in merely allowing the coal to completely burn out over a full
bunsen flame. Sometimes the sample is heated to constant
weight, but if burned for two or three hours with frequent and
careful stirring, the extra weighing is unnecessary. From the
weight of residue found, the percentage of ash in the sample is
calculated in the usual way. A half-gram of sample may be
used instead of the whole gram, though any error is doubled in
this way. Two determinations are made at a time on one
sample, and they should check within 0.2 per cent.

While the samples are being heated in the crucibles for sul-
phur and ash, the B. t. u. determinations are made.

British thermal unit determination. This is accomplished with
a Parr calorimeter, which measures the rise in temperature of 2
liters of distilled water, due to the heat absorbed from the com-
bustion of a fixed amount of coal sample with an oxydizing
agent. This combustion takes place in a metal bomb, which is
immersed in the water, and caused to rotate at about 100 rev. per
min. by a small motor. The coal and oxydizing agent are
made to combine by passing a current from a 40-ampere-hour
storage battery, giving 6 volts, through an electric fuse in the
bomb mixture. The fuse wire is of german silver, No. 36, which
melts on passage of the current and starts combustion of the
coal.. The water used in the calorimeter for the heat absorption
is protected from outside heat influences by two fibre tubs with
air spaces between.

To determine the heat units in a sample of coal, the bomb
is first taken apart, all the parts washed and thoroughly dried,
and the fuse-wire fastened to the inside terminals in the form
of a loop. 0.5 gram of potassium chlorate (K Cl O,) and
0.5 gram of coal sample are weighed and placed in the bomb.
To this is added a measure (10 grams) of dry sodium peroxide
(Na, O,). The bomb is now put together, screwed tight with a
wrench, well shaken, the water veins adjusted, then immersed
in the 2 liters of water, and made to rotate slowly to secure
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uniform temperature by the circulation of the water. After
about three minutes, the temperature of the water is read from
a Fahrenheit scale thermometer inserted through the cover of
the calorimeter. The thermometer is calibrated in twentieths
of degrees, but the readings are estimated, with the aid of a
magnifying glass, to hundredths. After the mercury column
has become stationary, the charge in the bomb is exploded, and
the thermometer carefully watched, as the mercury rises, until the
maximum temperature is reached. The difference between the
first reading of the thermometer and the last reading is the
rise due-to the heat absorbed by the water.

A rise of 0.014 degrees fahr. is due to the heat of the fuse wire
used, and a further rise of 0.171 degrees fahr. is caused by the-
accelerator (K Cl10O,). The sum of these two (0.185) is sub-
tracted from the total rise in degrees, and the remainder is multi-
pled by 3117 to obtain the number of heat units in the sample.

The number of heat units is the number of grams or pounds
of water that 1 gram or 1 1b., respectively, of coal sample during
combustion, will cause to rise 1 degree fahr. in temperature.

The above factor, 3117, is obtained in this way: the 2000 c.c.
of distilled water used in the calorimeter weighs 2000 grams; the
metal bomb and metal containing-cylinder and pivot together
are the equivalent of 135 grams of water on the basis of heat ab-
sorption. 2000 grams plus 135 grams gives 2135 grams. This
number multiplied by the rise in degrees would give the number of
gram calories in fahr. degrees given off when 0.5 gram of coal was
burned. Therefore, twice this amount represents the calories
of heat from 1 gram of coal. It has been experimentally de-
termined that when coal, K Cl O,, and Na, O, are exploded, only
73 per cent of the heat evolved is due to the combustion of the
coal. 2135 X 2 X 0.73 = 3117, which represents the number of
gram calories due to a rise of 1 degree.

After each explosion, the bomb is washed out, dried, and wired
for the next charge. The 2 liters of water used should be about 4
degrees lower than the temperature of the room, and fresh distilled
water is used for each explosion. Two determinations for heat
units are always made on each sample, and should agree closely.
If the rise in temperature in one case varies more than 0.02 of a
degree with the rise on another explosion of the same sample,
(corresponding with 62 heat units) then successive determinations
are made on this coal until a check or a good average is ob-
tained. A calorific table does away with the calculation and
results are obtained directly, :
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Moisture determination. To find the moisture content the coal
in question is first air-dried, a gram of it is weighed, placed in
the heater at 104 degrees cent. for one hour and weighed again.
The loss in weight divided by the weight of air-dried coal gives
the percentage of moisture.

Volatile combustible matter determination. For finding the per-
centage of volatile combustible matter in coal, a 1 gram sample is
placed in a clean weighed platinum crucible, the cover is put
on tightly, and the coal heated over the strongest heat of a
bunsen burner for three and one-half minutes. At the end
of this time the bunsen flame is removed and a blast lamp
put under the crucible, care being taken to have a flame below the
crucible while making the change, so the contents will not cool.
The coal is heated by the blast lamp for three and one-half
minutes more, the crucible is allowed to cool in a desiccator and
weighed. From the loss in weight from heating, the weight of
moisture found is subtracted, and the difference divided by the
weight of the sample taken to find the percentage of volatile com-
bustible matter. This difference also contains one-half the
sulphur, and this value, found in another determination, is sub-
tracted, leaving the per cent of volatile combustible matter.

Fixed carbon determination. Remove the cover and burn off
the remaining carbon over a bunsen burner until nothing re-
mains but the ash—the loss is fixed carbon with the remainder
of the sulphur.

Coke and ashes are analyzed in much the same way that coal
is, except that tests for sulphur and moisture are not required.
In determining the heat units, however, it is difficult to get an
explosion with the ordinary chemical, so the use of benzoic
acid is resorted to. 0.5 gram of K Cl Q,, 0.25 gram of coke
or ash sample, 0.25 gram of benzoic acid (C,H; COOH), and
10 grams of Na,O, are used for each charge. A correction
must be made not only for the wire and accelerator, but also for
the benzoic acid. This correction is found by running two or
three blanks of 0.25 gram K Cl O,, 0.25 gram acid and 10 grams
Na,0, for each lot of chemicals and taking the average. From
the total rise in degrees after the explosion of coke or ash sample,
the blank correction is. first subtracted, and the remainder
multipled by 6234 (2X 3117, as but 0.25 gram of sample instead
of 0.50 gram was used) to obtain the number of heat units.
For the determination of ash in coke or ashes, but 0.50 gram
is taken, as the combustion is slower with these substances.




A paper presemted at the BAth mesting of the
American Institute of Electrical Engincers,
New York, February 19, 1900,

Copyright 1909 By A. 1. E. E.

PRIME MOVERS

BY CHARLES P. STEINMETZ

I.

Electric energy is not a primary energy; that is, it is not
found in nature nor directly producible to any appreciable
extent from the stores of energy available in nature—water
power and the energy of fuel. To become available for con-
version into electric power, the energy found in nature must first
be converted into mechanical rotation by some form of prime
mover. The engineering characteristics of these converting
apparatus may be classed under two main groups, those re-
ferring to economy and reliability, respectively. In both, the
electric machine, whether generator or motor, ranges very high:
its efficiency is virtually unity; its size, first cost, and main-
tenance small; its reliability great. In the cost of electric power
the electric machine plays only a subordinate part; the essential
element in determining the cost and the reliability of electric
power is the prime mover; that is. the intermediary step between
nature’s stores of energy and the dynamo shaft.

The cost of electric power consists of three parts.

A. The fixed cost or permanent cost; that is, the cost depend-
ing on the size of the station, but not on the amount of power
supplied by it.

B. The proportionate cost; that is, cost proportional to the
amount of power delivered.

C. The reliability insurance; that is, the additional cost
required to assure the desired reliability or continuity of service.

A. Fixep Cosrt.

1. Interest on the investment in the plant. This factor varies very
greatly with the form of the available energy. It is frequently
63
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very large with water-power, owing to the hydraulic development
required—dams, pipe-lines, land to be flooded for water storage,
power stations and prime movers, transmission lines, etc.

It also depends on the prevailing rate of interest and on local
conditions: whether a market is waiting for the power and
capital for the development is easily obtained; whether a market
is within reach and can be developed; or whether a market has
first to be created.

2. Depreciation of the plant. This factor is different for dif-
ferent parts of the plant. For instance it is very low for build-
ings and for line copper; it is high for apparatus such as railway
motors, which by the nature of their service operate on a narrow
margin.

In considering depreciation, the ** useful life ”’ of the apparatus
must be recognized. It may often be much shorter than the
total life. The ratio of the useful life to the total life varies
with different apparatus. Electrical machines and prime
movers and other parts of the plant, for instance, may
still be in condition to give many years’ service, but never-
theless their further use is uneconomical, and their useful
life is thus ended. This condition may be due to the advance
of the art, which makes other types of apparatus so much
more economical that the cost of the difference in economy
properly capitalized exceeds the cost of reconstruction of the
plant. It may be due to the fact that with the increase
of the market the size of units initially chosen may have become
too small, or the space-economy too low, or the voltage too low
for economy. Furthermore, the cost of attendance or of main-
tenance may be so much lower with the more modern apparatus
as to make it uneconomical to retain the existing plant.

Just as it was realized many years ago that with the incan-
descent lamp there was a difference between the total life and
the useful life, that after a definite period it did not pay to main-
tain incandescent lamps in service, even if still operative, so
with all engineering apparatus a similar ‘‘smashing point "
exists, a point where economy requires renewal of the plant,
even if still operative. At this point the useful life of the old plant
is ended; it should be thrown out with whatever salvage is
feasible—either by use as reserve plant, or to take care of peak
loads, or to be operated elsewhere when space economy limited
the useful life. In considering depreciation, the useful life of
the apparatus should thus be considered.




1900] STEINMETZ: PRIME MOVERS 65

3. That part of the operating expense which does not depend
on the use of the plant, as superintendence, some supervision,.
etc., such repairs as maintenance of dams and hydraulic de-
velopment, etc.

B. ProPorTIONATE CoST

1. This comprises the cost of emergy and accessories to its
conversion—fuel, condensing water and lubricating oil in thermo-
dynamic engines, water (where a charge is made for the water
power) and oil in hydraulic plants, etc.

2. Labor and attendance, including that part of supervision
which varies with the power utilized.

3. Maintenance, repair and depreciation of the plant, as far
as they depend on the use of the apparatus; for instance, brush
renewals, commutator repairs, railway motor depreciation, etc.

C. RELIABILITY INSURANCE .

1. This comprises the overload capacity of apparatus in power,
voltage etc., provided to take care of emergencies.

2. Duplication of parts of the plant, as reserve units, duplica-
tion of exciter plant, of lines, and feeders, etc.

3. Additional plant, as steam reserve with water-power plants,
storage-battery reserve, tie lines with other systems, etc.

Some of the items of the cost may belong partly in one, partly
in the other class; depending on local conditions, it may properly
be chargeable to either one or another subdivision. For in-
stance, the cost of developing water storage would belong under
A, if the power capacity of the plant depends on it, while it would
be chargeable to reliability insurance C, if provided to guard
against failure of the power in unusually dry seasons.

The relative weights of A and B depend largely on the load-
factor; that is, the ratio of the average to the maximum power.
With a poor load-factor. item A is far more important. It
recedes in importance with the improvement in the load-factor.

Attention is drawn to the recognition of Class C, the relia-
bility insurance, as a distinct and essential part of the cost of
power, separate from A and B. Item C again consists in part
of the character of fixed cost, and in part of the character of
proportionate cost. Nowadays, when the lay public is in-
terested in the cost of electric power, and is comparing plants
which may be very different in regard to reliability of service
(as supply from a water-power over a.single transmission line
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without steam reserve compared with a city steam station with
storage-battery reserve). it appears desirable to recognize the
insurance of continuity of service as a separate part of the cost
of electric power.

The great difficulty met with in discussing reliability of ser-
vice is the absence of an established standard; for what one
engineer may consider as perfectly satisfactory service, may be
considered as entirely unsatisfactory by another engineer.

A classification of electric power supply regarding its relia-
bility may be made by the number of shutdowns per year. Four
classes of shutdowns may be distinguished, by the time of their
duration:

a. Less than one second; that is, less than the time which
would throw synchronous apparatus out of step. A few seconds’
failure of power in the supply of a synchronous motor or con-
verter means re-starting and synchronizing, and thus for the
power users depending on the synchronous machine represents
a very much longer shutdown.

b. Less than 20 minutes; that is, the time in which syn-
chronous apparatus in a well organized plant can be put back
into service. In lighting circuits, while the failure of the lights is
annoying, it is not usually serious, and the loss of time by failure
of the power supply is moderate.

¢ Less than three hours; that is, the time sufficient to start
anew a steam plant, replace or repair damaged apparatus as
transformers, repair lines, etc., and a time which, if the’shutdown
occurs only rarely, in general does not warrant the installation
of a separate system of light and power supply, as gas or a private
steam plant.

d. More than three hours. This represents a complete break-
down of the system. If this is likely to occur, it requires the
provision of private lighting or power-plant service wherever
power is used from the electric supply system.

In estimating the reliability of service the shutdown of a part
of the system would be considered as a part of a shutdown, in
proportion to the connected load. Thus a shutdown of a sec-
tion comprising 1/n of the total connected load of the system
would count as 1/n of a shutdown. This method of counting
gives the average number of shutdowns per customer.

Voltage variation beyond the limits permissible in good ser-
vice —about 2¢; in lighting, and 10¢, in power supply—would
be considered as a partial shutdown, about in the following
manner:
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Avoltage variation of 2 per cent to 10 per cent as one-tenth of
ashutdown in a lighting system, but does not count in a power-
supply system.

A voltage variation of 10 per cent to 50 per cent as one-half
of a shutdown.

A voltage variation of over 50 per cent counts as a complete
shutdown.

It appears reasonable to omit from consideration any shut-
down made for purposes of change, repair, etc., provided the
users have been notified beforehand.

By the yearly number of shutdowns, an electric power supply
would be classified as:

1. First-class service:
a<4 per year; b< 1 per year; ¢ and d absent.

2. Good service: .
a<12 per year; b <4 per year; ¢ <1 per year; d absent.

3. Second-class service:
a<52 per year; b < 12 per year; c <4 per year; d<1 per year.

4. Third-class service:
b<52 per year; ¢ <12 per year; d<4 per year.

5. Unsatisfactory service, suitable only as auxiliary power, etc.

Some such schedule of classes of service appears urgently
needed, to give a meaning to statements and discussions on
character and reliability of service.

The above proposition is probably the best that can be ex-
pected at present, without putting too large a majority of the
electric systems into the second and third classes. It must be
realized, however, that the standard set by it is far lower than
that maintained in most gas or water-supply systems, that what
is here called good electric service would be entirely unsatis-
factory in a gas service. However, this lower standard is per-
missible, owing to the far greater safety of electric power, in
which a temporary interruption of the supply is not liable to
such disastrous results as would be the case with gas service.

II.

In discussing the features of prime movers it is necessary to
distinguish between those which are inherent in the type of
apparatus—as the dependence on meteorological conditions in

. the hydraulic plant, the high temperature in the gas engine—
and those which are incidental. The incidental features are due
to the particular form of design, and therefore defects from this
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cause are usually temporary. While a defect in the prime
mover may be just as serious to the operation of the plant, even
if not inherent in the type of apparatus, in a comparative
discussion such features cannot be given the same weight, as
they are not permanent. They are eliminated with the ad-
vance of the art, or avoided when recognized; as, for instance,
the difficulties found with the convection of superheated steam,
due to the considerable expansion and contraction of piping
caused by the high temperature differences.

Most of the features of prime movers pertain either to economy
or to reliability.

A. EcoNoMmy

1. Power economy or efficiency. With a thermodynamic engine
the total efficiency is the product of mechanical efficiency, thermo-
dynamic efficiency, and producer efficiency. The thermo-
dynamic efficiency is the ratio of the available energy in the
engine to the total heat energy supplied to it. The mechanical
efficiency is the ratio of the mechanical output at the engine
shaft to the available energy in the engine. The producer
efficiency is the ratio of the total energy of combustion of the
fuel to the heat energy supplied to the engine; it thus comprises
furnace efficiency, boiler efficiency, superheater efficiency in a
steam engine, or producer efficiency in a gas-producer plant, etc.

The thermodynamic efficiency depends essentially on the
temperature range utilized by the engine, and to a lesser
extent on the thermodynamic cycle used by it. It increases
with increase of the temperature range.

The mechanical efficiency depends on the cylinder vol-
ume per kilowatt output, on the temperature range, the
pressure and the pressure differences, the momentum of the
moving parts, their velocity and the nature of the velocity,
whether reciprocating or rotating, etc. In general it decreases
with increasing size and mass per kilowatt, with increasing
speed, (especially when reciprocating) and with increasing tem-
perature and pressure differences. It thereby depends largely
on the available energy per unit volume and per unit weight of
the working fluid. ‘

Consideration of the producer efficiency opens such a wide
field as to be beyond the scope of this paper.

As the'cost of the energy is only a part of the proportionate .

cost of power, the importance of the efficiency varies with the
proportion which this part of the cost bears to the total cost.
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Efficiency thus depends upon numerous considerations—the size
of plant, load-factor, etc. In general, high engine efficiency in-
creases in importance with increasing size of plant, and with in-
creasing load-factor, and in such plants becomes the most import-
ant factor. In small plants with a poor load-factor it may drop
into secondary rank, compared with the fixed cost A, and the
cost of maintenance and repair, especially if in the design of the
plant the mistake is made of giving too much attention to high
efficiency, and thereby too little to reliability and low main-
tenance.

2. Space economy. This factor depends essentially on the
engineering skill and judgment in the design of the plant, and
on the type of the prime mover. It affects the fixed cost of
power, and varies greatly in importance; for instance, space
economy in the huge plants of our large cities is of very great
importance, while for smaller country plants, or plants in loca-
tions where unlimited space is available, it becomes of very little
importance. :

3. Investment economy. This depends largely on the available
market, and the desired quality of the power. It affects the
choice of the prime mover. With an assured market, requiring
a high grade of service, the large investment of a first-class mod-
ern plant with the best type of prime movers and ample reserve
is most economical, while in many of the earlier railway plants the
conditions were such that single-cylinder, non-condensing en-
gines of the cheapest type gave the most economical and oc-
casionally the only feasible arrangement. But even in the
large first-class plants, in those parts of the plant that are only
occasionally called upon for service, that is, which have a very
low load-factor, good judgment may suggest a cheaper and
correspondingly less efficient type of apparatus than would be
economical in the engines which are continuously in service.
Such a reserve and emergency plant thus offers a means of
utilizing machinery which in the main plant has finished its use-
ful life. To some extent this applies to the thermodynamic
reserve of a water-power plant, especially where it is only rarely
called into service, and economy in first cost and in space and
simplicity may far outweigh high efficiency. '

" 4. Labor economy, as determined by the amount and character
of attendance required. With a high price and poor quality of
skilled labor, prime movers which require a higher grade of
attendance become less economical than less efficient prime
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movers which can be operated by unskilled labor, or require only
very little skilled labor, and especially in our country, the
reduction of the amount of high-grade skilled labor is economi-
cally necessary. It is this feature which has forced the de-
signers of prime movers and electrical apparatus to devote their
attention chiefly to make the apparatus as ‘‘ fool-proof ' as
possible, even if efficiency and other characteristics have to be
sacrificed to some extent. This fact has to a considerable
extent determined the trend of development of the industry,
so that types of apparatus which have proved entirely satis-
factory in other countries were a failure here, until they had been
re-designed to meet the requirements of being operated by the
available class of labor. A characteristic instance of the effect
of price and character of labor is the general introduction of the
enclosed arc lamp in this country, while abroad the open arc is
universally used and the enclosed arc has never been ac-
cepted, due to its lower efficiency. As a result, the experience
gained abroad with different types of prime movers and other
apparatus is not directly applicable in our country, and con-
versely.

5. Maintenance, repair, and depreciation. This depends largely
upon the type of prime mover, and in thermodynamic engines
on the cycle used in the engine. Higher temperature dif-
ferences, greater cylinder volume and piston pressure, heavier
moving (especially reciprocating) masses, higher speeds
(especially of reciprocating masses)—in short, greater mechanical
and temperature stresses in general, other things being equal,
tend to greater maintenance and repair cost and more rapid
depreciation. Thus this item is to some extent proportional
to the mechanical efficiency, and inversely proportional to the
thermodynamic efficiency of the engine cycle.

The economic item of depreciation depends, however, not
only on the wear of the apparatus, but also on the limitation of
its useful life. In this respect it must be kept in view that
with apparatus which is in a state of rapid development, as the
steam turbine or the gas engine, the useful life should be ex-
pected to be shorter than with apparatus in a field in which no
great development occurs. With a rapid advance in the de-
velopment the time soon arrives where older apparatus is so
far left behind as to make it more economical to replace it.
This has been well illustrated by the history of the electrical
industry. It would be an argument against the use of newer
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types of apparatus, and thus antagonistic to progress, if it were
not for the fact that in the types of apparatus with which the
new development competes, the useful life is shortened in the
same or probably still greater degree, as either an extra rapid
advance in their design must occur to meet the competition, or
they would be replaced by newer types. Thus the useful life
of the steam turbine, due to its rapid advance, must necessarily
be shorter than the life of the steam engine would be if there
were no steam turbine or gas engine; but owing to the existence of
steam turbines and gas engines, the useful life of the steam
engine, as limited by the advance of the art, is corres-
pondingly shortened, as it faces displacement by steam turbine
or gas engine or also has to advance more rapidly.

It will be seen, therefore, that in the economic characteristics
of thermodynamic prime movers in general, efficiency and the
other features are to some extent mutually conflicting. Engi-
neering judgment must therefore decide on the relative weights of
the different economic factors which enter into the choice of the
prime mover in the individual case under consideration.

B. RELIABILITY

Features, which are of importance for the reliability, that is,
continuity of service, are:

1. The absence or presence of external influences beyond the
control of the operating force, as meteorological effects, etc.

2. The design of the plant. This is an engineering problem
outside of the scope of this paper. It is obvious, however,
that an error in the design can rarely be remedied afterwards;
therefore, before the plant is constructed and before the build-
ings are designed, the arrangement of prime movers and elec-
trical apparatus should be designed to afford the greatest safety
of operation. Frequently this has not been done. For instance,
the architect of the buildings has overlooked the fact that the
switchboards and controlling devices of our modern large, high-
voltage electric plants require considerable space, and such appar-
atus—on which the safety of the system depends—has been
crowded together in an altogether insufficient space, to the great
detriment of the reliability of operation of the system. A marked
improvement has taken place in this direction in the last few years.

3. The probable frequency of shutdown of the prime mover,
and the liability of involving other machines by it, and the
number of other units and reserve plant available. To some
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extent this depends on the mechanical and temperature stresses
in the prime mover; it is related to the economic item of main-
tenance, repair, and depreciation.

4. Rapidity of starting of apparatus, and getting them into
service, to cope with such emergencies as a shutdown of the system
or a part of it, as a. breakdown of a transmission line or feeder,
an accident to one or several units, etc., or even an unexpectedly
rapid increase of load. Rapidity of reaction to changes of
load; that is, speed regulation and voltage regulation, etc.
These are important features in their effect on the reliability of
service. They depend to a considerable extent on the type of
prime movers and other apparatus, but to a still greater extent
on the preparedness for such emergencies, and the organization
of the operating force for it.

I11.

The suitability of the different types of prime mover for the
various economic and other requirements of electric service,
as discussed above, are best seen by considering their charac-
teristic features.

The available types of prime mover are:

A. The hydraulic turbine. The impulse type, the reaction
type, and their various combinations.

B. The steam engine. Condensing and non-condensing, with
and without superheat.

The steam turbine. Condensing and non-condensing, with
and without superheat.

The gas engine. Using the available fuel directly, as natural
gas, blast furnace gas or liquid fuel, and

The gas engine. With producer plant converting solid fuel
into gas.

The gas turbine does not yet exist, but as it undoubtedly will
arrive sometime, some consideration is given to it in the follow-
ing.

g A. HypraurLic PRIME MOVERs.

The most prominent characteristic of hydraulic power is its
dependence on meteorological conditions, dry seasons, freshets,
ice in the water supply; and mechanical and electrical inter-
ference with the transmission lines connecting the power with its
market. As a result the reliability of hydraulic power is inherently
far below that of steam power. To give the same class of electric
service, therefore, the reliability charge, in the form of duplica-
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tion of plant, of steam reserve, etc., is far higher than with a
steam plant close to its market. In this respect climatic con-
ditions naturally exert a great effect.

The fixed cost is usually very high, due to the expensive
hydraulic development required. It is especially high if water
storage has to be provided; but this also depends largely on
the local conditions of the water-power.

The proportionate cost, is, however, very low, owing to the
absence of cost of fuel. This is the redeeming feature of the
hydraulic plant, which gives it an advantage over steam power.
Nevertheless, even with an extremely low proportionate cost,
the high fixed cost and the high cost of reliability insurance
greatly reduce the difference in the cost of steam power and of
water-power of the same quality. Under very unfavorable con-
ditions, it may even make the water-power more expensive than
the steam power. .

Owing to the high fixed cost and low proportionate cost,
water-power depends on a good load-factor still more than does
steam power, to such an extent that it may occasionally be
economical to oversell the water-power, thereby keep constant
load on it, and take care of peak loads, etc., by auxiliary steam
plant.

B. THERMODYNAMIC PRIME MOVERS.

The thermodynamic efficiency is essentially a function of the
temperature difference, on which the engine operates. The
mechanical efficiency, maintenance cost, and reliability depend
largely on the mechanical and temperature stresses in the
prime movers, the available energy per unit weight and unit
volume of the working fluid—steam or air—and on the speed
of the engine.

To compare the different types of prime movers in this re-
spect to determine how far certain features, as high mechanical
stresses, low space economy, high thermodynamic efficiency,
.etc., are inherent in the type of prime mover, requires a study of
their thermodynamic cycles.

In Fig. 1 is plotted, with the temperature in degrees centi-
grade as abscissas, the available energy in kilojoules per kilo-
gram of the working medium: steam or air, for the three typical
air cycles, and for steam used non-condensing and condensing, in
the latter case with a condenser pressure p = 0.1 kg. per cm?, or
about 27 in. vacuum; that is, about the average between that
of the steam turbine and that of the reciprocating engine. The




74 STEINMETZ: PRIME MOVERS [Feb. 19

corresponding pressures are shown in dotted lines, and the
thermodynamic efficiencies in the upper part of Fig, 1. Figs. 2
to 6 give some typical cycles, and Tables I and II the constants
of these cycles.*

|
EFFICIENCY ! THERMODYNAMIC CYCLES
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A pressure limit of p = 12 kg. per cm? (about 170 Ib. per

* Obviously, these curves and tables are approximate only, as thermo-
dynamic calculations do not allow of the same exactness as electric engi-
neering calculations, since some of the essential constants, as the specific
heat, the adiabatic constant, etc., are not yet known with the exactness
familiar in electrical determinations.
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sq. in.) is assumed for steam, while for the air cycles a maximum
of twice this pressure has been allowed.

As will be seen in Fig. 1, the isothermic or Carnot cycle—that
is, constant temperature admission, adiabatic expansion, con-
stant temperature exhaust, adiabatic compression—does not
give any appreciable output, nor can it use considerable tem-
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perature differences without going to impracticable pressures.
Thus its existence is limited to the text books of thermodynamics.
With a maximum pressure p = 24, the maximum energy avail-
able for the Carnot cycle is 78 kilojoules per kilogram of air, or
about one-tenth of the available energy of saturated steam at half
this pressure, and occurs at the relatively low upper temperature
of 225° cent. This cycle is shown in Fig. 2, and is the ** fattest ”’
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Carnot cycle which can exist within the pressure limit of 24 kg.
per cm?. At higher temperatures the efficiency of the Carnot
cycle increases, but the output decreases; the output vanishes,
by the cycle collapsing into a line, at about 455° cent., or at a
temperature far below that permissible in gas engines.

The .curve for the isovolumic air cycle—that is, constant
volume admission (constant volume combustion) and constant
volume exhaust is the cycle of the theoretical or ideal
gas engine. The curve for the isobaric cycle—that is, con-
stant pressure admission and constant pressure exhaust
would be the cycle of the gas turbine. These curves are calculated
for the conditions of maximum available energy between the
given temperature limits. Under this condition the thermo-
dynamic efficiency is much lower than the maximum possible
thermodynamic efficiency as represented by the Carnot cycle.

Itistg =1 -—@ for the isovolumic as well as the isobaric

1
cycle of maximum energy, while the efficiency of the isothermic
isp=1—12
cycleis p = 1 T,
where T, is the maximum, T, the minimum absolute tempera-
ture reached during the cycle. The thermodynamic efficiency
of these cycles can be increased by going to higher pressures,
but the output and thus the mechanical efficiency are decreased
thereby.

It is interesting to note that the available energy of the air
cycle per kilogram of air is insignificant until higher tempera-
tures are reached; but even at a temperature of 800° cent. it
is still much lower than that of the non-condensing steam cycle.
It must be considered, however, that the volume of steam per
unit weight is 58 per cent greater than that of air at the same
temperature and pressure. The thermodynamic efficiency of
these cycles is less than that of the steam cycle for lower tem-
perature, but rises far above it at higher temperatures.

The relatively low pressure is interesting. This pressure
gives the maximum output in an isobaric air cycle, and shows that
the development of the gas turbine will take place at relatively
moderate pressures.

In Figs. 3 and 4 are shown the isovolumic and isobaric cycles
for 800° cent. maximum temperature and the same conditions
of maximum available energy as in Fig. 1. Obviously, the
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high-pressure peak at the beginning of the expansion, in Fig. 3,
is cut off by delayed combustion, etc. Even at the highest
temperature the maximum output pressure of the isovotumic
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f:yc.le does not reach that occurring in the Carnot cycle at an
insignificant output.
The steam curves in Fig. 1areinteresting from the very rapid
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rise and very high values of available energy. Thus in the
temperature interval of 141° cent., between boiler and con-
denser temperature, the steam cycle gives per kilogram more
than four times the available energy of the isovolumic air cycle
in the temperature interval of nearly 800° cent. Obviously,
the cause is the partial condensation of the steam, which makes
the enormous latent heat of steam available.

The efficiency of the saturated steam cycle is virtually the
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same as that of the Carnot cycle; that is, the theoretical maxi-
mum possible for the utilized temperature interval. However,
the pressure rises very rapidly, and the temperature interval
which can be used in the saturated steam cycle is limited thereby.
Hence from the temperature of 187° cent., corresponding to
the steam pressure of p-= 12, the further increase of tempera-
ture occurs not at saturation and with rising steam pressure, but
at constant steam pressure, by superheat.
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These curves of superheated steam* show the small increase
of available energy of superheat, until very high superheats,
gas-engine temperatures, are reached. They show especially
the very small increase of thermodynamic efficiency resulting
from superheat. Thus doubling the temperature range (141°
cent.), of condensing saturated steam, by 141° cent. superheat
increases the available energy only by 17.5 per cent, and the
efficiency by 1 per cent. Increase of the temperature range of
steam by superheat, therefore, does not increase the thermo-
dynamic efficiency of the cycle correspondingly, and the steam
cycle, while more efficient than the air cycle at low temperature,
drops below it in thermodynamic efficiency at higher tempera-
ture. While the efficiency of the temperature range beyond
saturation temperature is higher in accordance with the thermo-
dynamic laws, the amount of work done in this range is such a
small part of the total work that it does not appreciably increase
the total efficiency.

The increase of efficiency of the steam cycle by superheat
is not due to an increase of thermodynamic efficiency of the
cycle, but is due to the decrease of losses, mainly those resulting
from the condensation of steam; that is, it is essentially an

increase of what has previously been considered as mechanical
efficiency.

The available energy of superheat becomes considerable only
at very high temperatures, and the thermodynamic efficiency,
therefore, increases. However; for the total range from boiler
temperature of 187° cent. to gas-engine temperature of 800° cent.,
the additional available energy of superheat about equals that
of the steam in the 141° range below saturation, and the thermo-
dynamic efficiency rises by only 9 per cent., thus dropping far
below gas-engine values. This is important as indicating the
losses of thermodynamic efficiency, resulting by limiting the tem-
perature of combustion in gas cycles by injecting water.

Beyond the point marked by a circle on the steam curves,
the steam remains superheated even at exhaust pressure;
that is, the cycle occurs entirely within the gas range. Obuvi-
ously, this point is shifted to lower temperatures in the turbine
engine by the re-evaporation of moisture by mechanical losses.

It is interesting to note the large amount of available energy of
steam below atmospheric pressure, 350 kilojoules per kilogram of
steam, which is used in the low-pressure steam turbine.

* Calculated with the specific heat ¢, = 0.525 at p = 12. and the
adiabatic constant a = 1.286.
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Fig. 5 gives the cycle of non-condensing saturated steam, and
Fig. 6 the turbine cycle of condensing saturated steam.

Comparing Figs. 4 and 5 the greater width of the area of the
steam cycle isillustrated. In Figs. 3, 4, and 5 the cycle is shown
in the upper part of the figure, modified by subtracting the com--
pression curve from the expansion curve, as this gives the area,
and thereby the available energy, in a form more convenient for
comparison.

Characteristic of all thermodynamic cycles, Figs. 4, 5, 6,is
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the very large volume at the end of the expansion; that is, the
area runs out in a long and low triangular shape. To carry
the adiabatic expansion down to exhaust pressure, therefore,
would require abnormally large cylinder volumes in a recipro-
cating engine, and correspondingly larger mechanical losses;
therefore the expansion has to be broken off long before
exhaust pressure is reached, about as indicated in the curves,
or even at still higher pressures. As a result the reciprocating
engine cannot get the full benefit of very low condenser pres-
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sures, while the turbine engine is not limited in this respect.
For instance, between p = 0.07, or 28 in. vacuum, and p = 0.2,
as the pressure at the end of the expansion of a reciprocating
engine, the available energy per kilogram of steam is 153 kilo-
joules, or about 37 per cent of the total energy of the non-con-
densing steam cycle. Of this only 100 kilojoules, or about two-
thirds is used is the steam engine, while the total is used in the
turbine. Hence the steam turbine gains far more by high con-
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denser vacuum than does the reciprocating engine. With a steam
turbine of condenser pressure p = 0.07 (28 in. vacuum) the
available energy of the steam would be higher by 42 kilojoules,
than the steam curve in Fig. 1.

To show the relative magnitude of the quantities, the results
of six typical cycles are calculated in Tables I and II.

As seen from Table II, the available energy E per kilogram
of working medium is highest for steam with condensation,
lowest for the Carnot cycle of air. The weight w of steam or
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air required per 1000 kilojoules of available energy, is given in col-
lumn 6, and varies between 0.68 kilogram for steam superheated
to 800° cent., and 12.8 kg. for the Carnot cycle. Column 7 shows
the maximum volume v,, per 1000 kilojoules, assumed by the work-
ing medium at the end of the expansion. Here 24, 3a, and 4 are
such as to show the impracticability of these cycles for an engine

TABLE 1.
THERMODYNAMIC CYCLES
1. Saturated steam, non-condensing. Fig. 5.
a. Expanding from:p, = 12; v, = 0.166; T, = 187° cent.
to:p, = 1.1, v, = 1.38; T, = 102° cent.
b. Expansion terminated at: p,’ = 2; v,/ = 0.81
¢. Compound engine, low-pressure cylinder: p,’ = 3.5; p, = 1.1
2. Saturated steam, condensing. Fig. 6.
a. Expanding from:p, = 12; v, = 0.166; T, = 187° cent.
to:p, = 0.1 v, = 11.5; T, = 46° cent.
b. Expansion terminated at: p,” = 0.2; v,/ = 6.2
c. Triple-expansion engine. Expansion terminated at: p,’ = 0.2;
v, = 6.2. Low-pressure cylinder: p,’ = 0.8.
3. Superheated stcam of gas-enyine temperature, 800° cent.
a. Expanding from: p, = 12; v, = 0.38; T, = 800° cent.
to:p, =0.1;v, = 17.5; T, = 98° cent.
b. Expansion terminated at; P, = 0.2; 1.',' = 9.4
¢. Triple-expansion engine. Expansion terminated at: p/ = 0.2;
v, = 9.4. Low-pressure cylinder: p,’ = 0.8.
4. Air, isothermic, (Carnot) cycle. Fig. 2.
Expanding from: p, = 24; v, = 0.06; 7', = 225° cent.
to:p, = 1.1;u, = 0.8; T_ = 30° cent.
5. Air, isobaric cycle. Fig. 4.
Expanding from: p, = 10; v, = 0.31; T, = 800° cent.
to:p, = 1.1, v, = L5 T,' = 207° cent.
Compressing from p, = 1.1; v, = 0.8; 7T, = 30° cent.
to:p, = 10; v, = .166; T, = 297° cent.
6. Air, isovolumic cycle. Fig. 3.
Expanding from:p, = 19; v, = 0.166; T, = 800° cent.
to:p,) = 21,9, =08; T, = 297° cent.
Compressing from:p, = 1.1;v, = 0.8: T, = 30° cent.
to:p, = 10; v, = 0.166; T," = 297° cent.

in which the maximum volume is of importance; that is, a cylin-
der engine. Cycles 2a and 3a thus are turbine cycles.

At the same piston speed, that is, the same number of revo-
lutions and same piston stroke, the product of maximum pres-
sure (column 4) and maximum volume (column 7) is proportional
to the piston pressure, and these relative piston pressures:
P = puv,, are given in column 8. This column is an indication




(a32mmes2)
2819¢D simenvrbomiad’
S [§{ ()1 [ & ¥
Izsinsdan PR 02091 0O 18 twqino ad O] e
VoL R, F o w0 @ s, ey EYR | »9!':0fc
mHO I ver O3 ey amgar.ofl ool e [REART 7,419
- FINNY N
e P - Ao d cLroy0) - )L
i Feon wp o I s e e e 0 2. b
et R towy | LS tr
- - - m— - - —— —— - .-
l H ! o
t 2 b Af [ l [ANERN L4 b B
I e SR 123 ol LIRS I G
o0 [ 3 & P 1 B cor
i .
0.9 - 0.8 v [ Ut e?f v.d
R.Q ».8 Tare 8.2 101 .2
s.Q + A auy ) 0 R ]
}
i
£.61 1.2 i el Q.5 [ 3 “.1
1.8 <. e P 3 . 4 + 0
" 1.8 c.» €3 "t [ [y}
'
1) .81 o ' (KW ¢~ Y34 [
a.v1) 8.8 of, | 03 i} IR ]
@ 31)a.ee @ oF! Ts T e 2.8

omweewywol t: 0k ords 10 hie 3tr9 w01 i) omeoare

10 anort1mon smxee arit Yo
T .5 m SuL Ui Swererq SerRuxe L Un {18 08 M DBE .01 o UTE

081 riw boragmos .11 pa @5.0 nauils esel 1@ Xmo 0ih wino sd blvow 200

urslitr 31t e v S

~rete 9t Moo
LTS IR



84 STEINMETZ: PRIME MOVERS [Feb. 19

Characteristic of the gas engine, compared with the steam
engine, are higher piston pressures; thus heavier reciprocating
masses, and thereby heavier construction, larger sizes, and
greater mechanical losses, and lower space economy, especially
when compared with the steam turbine. From the. higher
mechanical stresses inherent to the gas engine must be expected
a lower reliability of service, or a higher class of the required
attendance, or a more difficult and expensive engine design.
Also characteristic of the gas-engine cycle is a very much
higher thermodynamic efficiency which, even when allow-
ing for the lower mechanical efficiency resulting from the higher
mechanical stresses, is still very far above that of the steam
engine, especially when gaseous fuel is directly available, and
no producer plant is required.

In general, however, in discussing gas engines, the two dis-
tinctly different cases miust be separated:

a. Where gaseous or liquid fuel is available, as in the blast-
furnace gas, natural gas, and the automobile engine.

'b. Where gaseous fuel has to be produced from coal by a
separate plant. :

When balancing the advantages of higher efficiency against
the disadvantages resulting from the higher mechanical stresses,
the difference between the two cases may often be the determin-
ing feature in the choice of the prime mover for maximum total
economy.
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DiscussioN oN ‘ PRIME MovERs.”” NEw YORrk, FEBRUARY 19,
1909.

President Ferguson: This is a subject in which we all are vitally
interested. There probably has been more done in the last five
or six years in the development of prime movers than was ac-
complished in the previous 20 years. This serves to emphasize
the importance of considering the question of depreciation in
the broad way in which the author has approached it, and I
wish to call attention to the happy manner in which he has
expressed it. As an illustration of the truth of-what he has
said, I might cite something that may be of interest to you.

It is now six years since the largest steam-turbine power-
house was completed in this country. There were at that time
four turbines installed. Thirty days ago there was begun the
dismantling of the first of these four turbines. That is a very
short period of time in which to have had the turbine installa-
tion in use, but it bears out exactly what Dr. Steinmetz has
said in his paper. The economy of the present turbine, com-
pared with those which were installed six years ago, has so im-
proved that it pays the company to scrap the turbines it put
in at that time and install new ones of a more modern type; in
other words, the saving to be effected, due to the increased
economy of the new turbines, when capitalized, will more than
pay for the cost of the new turbines. Not only has the economy
of prime movers been improved, but their reliability as well,
both contributing to place the producing and marketing of
electricity and electrical apparatus on a more firmly established
basis. This appeals, naturally, to those of us who are engaged
in the operating department of engineering, carrying with it the
great responsibilities not only to investors but to the general
public, whose servants we really are, and we appreciate most
highly the interesting and instructive manner in which the author
has brought out the necessity for considering in all statements
of cost the value of reliability.

Charles E. Lucke: It seems to me the first part of this paper
is mainly a repetition of many elementary facts almost axiomatic,
in which the only idea that strikes me as new is the proposition
concerning reliability insurance. That seems worth while. As
to the rest, I confess I am distinctly disappointed, especially
in relation to the thermodynamic efficiency part. I have studied
things of this sort a good many years, it is my own specialty,
and it may be that I expect too much, but one fact I cannot
overlook 1n this thermodynamic efficiency analysis is that
thermodynamic efficiency, as it is taken up in the paper, re-
ferring only to the cycle, depends primarily on two things (a)
the nature of the cycle, that is to say, the sort of phases and
order of succession of the phases or processes, to use a better
word, and (b) the extent to which each phase is carried.

The order in which the processes are carried out will affect
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the efficiency, in fact it will determine it, with one exception,
and that exception is the equation of condition that fixes the
extent of the phases. If it is desired to adiabatically compress
or heat at constant volume, the nature of the process is defined,
and that is the first step in fixing the possibility of the cycle,
the next step being, how much heat is added or how much the
gas is compressed. What fixes the thermodynamic efficiency
of the cycle, as such, is just these things: the nature of the
processes, the order of the succession, and the extent of the
heating, the expansion, cooling or compression.

The author has assumed certain cycles, which are very well
known, which have been studied repeatedly, and which are
in nearly all the elementary books. The study of these cycles is
proper subject matter for a third year course, such as we have at
Columbia, or, in a not very advanced institution, for a fourth
year course. The author has assumed certain limitations to
the extent of certain phases by fixing pressures and tempera-
tures, purely arbitrarily, and the results and conclusions are
worth no more than the assumptions. Any other assumptions
that any one else considers reasonable will bring other results,
and we might have endless controversy concerning the. con-
clusions. Every man’s conclusions would be as good as the
others so far as one set of assumptions is as reasonable as the
other.

The author has fallen back in two or three places on that old
statement in every text-book, which is generally misunder-
stood: *‘ The thermodynamic efficiency is essentially a function
of the temperature difference, on which the engine operates.’
This is a variation on the statement of the Carnot cycle law,
which is ordinarily set down as follows: the maximum efficiency
obtainable for a given temperature range, is fixed by a cer-
tain expression, usually I2T T'. As a matter of fact the

2

actual efficiency of any cycle has very little to do with this, has
no more to do with it than my income has to do with the wealth
of the nation, although the wealth of the nation certainly limits
my income. It is quite true that Carnot’s cycle yields an effi-
ciency which is the highest possible for the temperature range,
and it is likewise true that no gas cycle comes anywhere near the
Carnot limit.

We are especially concerned with the gas cycle. The effi-
ciency of any gas cycle is not a function of the temperature
range, it is a function of, the nature of, the order of succession of,
and the extent of each phase making up the cycle.

As engineers what do we care about the temperature range
anyway?! Do we approach the gas engine, the question which
Dr. Steinmetz has finally interested himself in, by saying let
us compress this gas to a certain pressure, and then have a
constant volume rise to a temperature of 800 degrees cent. or
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700 degrees cent., or 900 degrees cent.? We do nothing of the
sort. We put into the gas mixture as much heat as we can,
and do not care what the resulting temperature is. We put just
as much heat into the gas as we can, to do as much work as
possible in the cylinder, and the maximum temperature no-
body knows the value of nor cares about. We do know how
much work we can get, how much efficiency we can get, and
also, that it has nothing to do with the temperature range.

It is possible, by taking proper assumptions for all variables,
by setting up mathematical or other criteria by which to judge
these results, for each man to arrive at results in his own par-
ticular way, and all different. If you will go through the
literature on the subject you will find laws enough derived in
this way to prove almost anything. Such cyclic analysis is
almost as valuable as the Bible to prove things. An expression
can be found to prove almost any statement, and another one to
disprove it. Change the assumptions, always keeping them
within the range of what you can induce some one to say is
reasonable, and contradictory results can easily be obtained. I
think as a consequence of this situation that this analysis of
thermodynamic efficiency is not very valuable.

I have been carefully looking through the paper—for a con-
clusion. I have been trying to find out just what Dr. Steinmetz
was trying to show, to throw, if possible, some light on the
assumptions he uses, and I have not been able to find any con-
clusions. If the conclusion is that the gas engine cannot have
as high an efficiency as the steam engine then the conclusion is
absurd.

Henry E. Longwell: The opening sentences of Dr. Stein-
metz’s paper constitute a cheering message to those of us
whose daily bread depends on the continuance of a demand for
prime movers. When one who is not, and who cannot hope to
be, versed in the intricacies of electrical science, hears and sees
evidence of what he imagines to- be mechanical work done by
that phenomenon which we call lightning, he perhaps should
not be too harshly criticized if he should have conceived the
idea that electrical energy does exist in nature. It is not im-
probable that the school-books of our childhood days are largely
responsible for the inculcation of this disquieting idea in the
unsophisticated mind. By their persistence many of us have
been led to unconsciously accept as classic, the crude experi-
ments and deductions of that archaic philosopher and physicist,
Benjamin Franklin.

During a life which is still a little inside the alloted span of
three score and ten, I have seen so many impossible things
happen, that for my own part, I am pretty well content to keep
an open mind on all questions bearing on ultimate possibilities.

One can readily imagine a perfectly flat country, where the
inhabitants could have no conception of hills and waterfalls.
Such a country might be abundantly watered by lakes and
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canals, and yet one could forgive the wise men of this hypothetical
nation if they asserted that water-power was not found in nature;
that water-power could be available only through the kind offices
of a prime mover that would convert the energy of fuel or of air
currents into mechanical rotation or reciprocation, thus pro-
ducing an artificial head or pressure that would enable the water
to do work. :

Considering the marvelous developments in electrical science
during the lifetime of even the youngest member of this In-
stitute, is it safe to set a limit to the possibilities of centuries
yet to come? May it not be that we are now coming ourselves
only with electricity as a medium for the transmission of energy?
We can with certainty and precision produce by mechanical
agencies, a difference of potential which enables this thing we
call electricity to reproduce in a large measure the energy ex-
pended upon it. But does this fact make absolutely unthinkable
the proposition that there may be natural differences of poten-
tial, yet undiscovered? However, with the authoritative as-
surance that we can never hope to eliminate that troublesome
yoke-fellow of the electric generator, the prime mover, who
alone prevents the business of operating an electric power plant
from being a rapturous dream of profit and pleasure, we can,
with all the more satisfaction and determination, apply ourselves
with renewed vigor to the task of reforming him.

As regards the determination of costs of electric power, this
is not essentially different from cost accounting in any other
industrial enterprise. Industrial accounting is the most flexible
and accommodating science known to mankind. Set half-a-
dozen men to working independently on as many different
sets of industrial cost records, and you will get just that number
of different costs, and the correctness of each and every one is
susceptible of proof by the unimpeachable rules of mathematics.

. The total cost of electric power begins with the water on the
hilltop, or the fuel in the earth, and ends only with the light
cmitted from the lamps and the power delivered from the shaft
of the motor. A single individual or corporation rarely deals
with the entire chain of operations, and the cost of the electric
power, and the relative importance of the several items entering
into the cost, depend largely on how many links in the chain
are under consideration. For example, the author in speaking
of the interest on the investment as a factor of the cost, says
‘It is frequently very large with water power, due to the hy-
draulic development required,” etc. It might be added that it
is sometimes very low, in cases where a hydraulic development
company delivers water at the plant.

If we are to accept the author’s inference that the cost of
electric power stops at the terminals of the generator, and that
the prime mover includes everything from the generator back
to ‘“ nature’s stores’’, then we must perforce agree with his
statement that *‘ In the cost of electric power the electric machine

B ]
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plays only a subordinate part; the essential element in de-
termining the cost and the reliability of electric power is the
prime mover.”

There are some electric power enterprises that include ex-
pensive hydraulic development plants, or to speak more accu-
rately, there are some large hydraulic development enterprises
that include electric power plants as convenient transmitting
mediums. I also know of one concern so happily situated as to
be able to dispose of its output to a customer who furnished his
own switchboard, transformers and transmission system. On
the other hand, in how many instances does the owner or opera-
tor of an electric power plant get much nearer to ‘‘ nature’s
stores "’ than the coal car on his railway siding, and in how many
instances can he dispose of his output without delivering it on
his customer’s premises? Surely the instances are not so
numerous as to warrant any such sweeping statement as that
quoted.

I will not venture to intrude any discussion on the classifica-
tion of electric power service into five different grades of quality.
Your association may have under consideration the wisdom of
setting up an official standard scale of badness. It might be
useful to a manager of an electric power station as an instru-
ment for convincing a complaining customer that he had no
business to complain. To the manager whose plant is giving
only mediocre service, it might be a comfort to know that he
was still one or two degrees within the boundary of official
recognition.

That part of the paper devoted to the thermodynamic con-
sideration of heat motors, seems to be simply a brief resumé of
several of the standard propositions that are demonstrated in
most of the elementary text-books dealing with the subject.
Those who have studied the mechanical theory of heat to the
extent required in a modest technical course, will accept the
statements put forth without argument. Those who have not
a reasonable grounding in the subject must accept the state-
ments as dogmatic. ’

We are introduced to a new unit of energy, which is referred
to as the “kj.”” I am glad to be confirmed in my suspicion that
this is a kilojoule, but it is a little difficult to see why it is used
to the exclusion of the more conventional units that are com-
monly found in text-books on thermodynamics. As the value of
a kilojoule differs from that of a British thermal unit by less
than 6 per cent, we may accept it as a sort of ‘' esperanto
term which conveys practically the same idea to those who think
in metric measures and those who think in British measures.
We also meet two old friends of the thermodynamic cycle
family with new names. Isobaric and isovolumic would be
convenient terms, were it not that the text-books recognize
two other air engine cycles, those of the Ericsson and the Stirling
engines, in which the isobaric and isovolumic features are re-
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spectively combined with isothermal expansion and compression,
instead of adiabatic. I wonder if I dare suggest as a solution
of the difficulty, isobarabatic and isovolumbatic—words which
if not more significant, are more sonorous.

Referring to the efficiency curves in Fig. 1, we naturally ex-
pect the curve for the Carnot cycle to stand at the top, as it is
our standard of the highest efficiency attainable. We expect
the cycles which are designated as isobaric and isovolumic to
fall short of the efficiency of the Carnot cycle, because they do
not receive all their heat at the highest temperature, or reject
all of it at the lowest. We expect the isobaric and isovolumic
cycles to be equal in efficiency, for the reason that while they
deal with different total quantities of heat, the amounts re-
ceived and rejected at corresponding temperatures are strictly
proportional. We expect the curve for saturated steam to
coincide with the curve for the Carnot cycle between the same
temperature limits, for the reason that the ideal cycle for satu-
rated steam is a Carnot cycle. The only reason the curves do
not coincide in the figure is, that different minimum temperature
limits have been selected. We expect a decided change in the
steam-cycle curve. at the point where superheat begins, for the
reason that we there depart from the Carnot cycle and begin
to take in heat at varying temperatures.

At higher temperatures we expect this superheated-steam
curve to fall below the isobaric and isovolumic curves, for the
reason that a larger proportion of the total heat dealt with was
received at lower temperatures.

The curves of relative output per unit weight do not uncover
any surprises. It is the heat and not the substance, that does
the work. As steam has a greater heat-carrying capacity than
air, naturally the work done by the heat that can be put into a
unit weight of steam will be proportionately greater than that
done by the smaller quantity of heat that can be put into a unit
weight of air, temperature limits being the same.

The output of the isobaric cycle we expect to be greater than
that of the isovolumic cycle, just in proportion as the specific
heat of air at constant pressure is greater than the specific heat
at constant volume, which corresponds with the ratio of the
figures given in Table II, column 1.

The expression 1 — ’\/ ;2_ for the efficiencies of the isobaric
1
and isovolumic cycles is novel, but applies only to the special
case in which the temperatures at the end of adiabatic expan-
sion and compression are equal, which satisfies the condition for
maximum output per unit weight of air as the working fluid.
In the Carnot cycle for air, it 1s quite reasonable that for a given
lower limit of pressure and temperature there is for each upper
pressure limit a corresponding temperature that gives the
maximum output per unit weight of the working substance. If
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the temperature were increased to such an extent that it would
require the expansion to be adiabatic over the entire pressure
range in order to reach the lower temperature limit, then there
could be no isothermal expansion, no intake of heat and conse-
quently no work.

It will be also noted that it is not alone with air as a working
medium that the use of the Carnot cycle involves high pressures
in order to utilize moderate temperatures. By a curious
coincidence, the temperature given by Dr. Steinmetz as best
for an air cycle with 24 atmospheres maximum pressure, cor-
responds almost exactly with the temperature of saturated steam
of the same pressure. And this is why we use superheated
steam. We cease to attempt to approach the Carnot cycle at
the higher temperatures, and turn to a less efficient one in order
to avoid inconveniently high pressures.

Superheat is not theoretically the most efficient means for
utilizing great temperature differences, with steam as the work-
ing fluid, but for the present it is the most practical means
available, and is much better than nothing at all.

Thermodynamics is a very interesting and almdst limitless
subject, but thermodynamics and practical commercial engi-
neering overlap only to a moderate extent. The cycle of the
heat motor is but a small link in the chain of processes involved
in converting the energy of fuel into mechanical energy; and if
one concentrates too much on this one link, he is apt to contract
his field of vision. .

The proper selection of a prime mover depends more than
anything else on that valuable human faculty that we call
“ horse sense '’,—which, like greatness, one may be born with,
or may acquire, but which, unlike greatness, cannot be thrust
upon him. It may be taken for granted that no manufacturer
who has been prominently in business for ten or twenty years
is putting out a distinctly bad heat motor.

The steam turbine may, for obvious reasons, without attaining
prohibitive dimensions, be made large enough efficiently to
utilize exceedingly low pressures and temperatures, when the
low temperatures are available, but it does not follow that it
must necessarily be so made. Because of the especial adapta-
bility of the turbine for using large volumes of steam, and the
excellent way in which the reciprocating engine handles steam
at the small volumes consequent on high pressures, a high-
pressure reciprocating steam engine compounded with a low-
pressure steam turbine often presents a very attractive com-
bination.

The mechanical difficulties involved in the attempt to utilize
the full range of expansion of high-pressure steam in a single
cylinder of a condensing engine, have long been recognized as
being at least fully as important as the thermodynamic diffi-
culties. We are not confronted alone by high mechanical stresses
but by prohibitive clearances, unendurable leakage losses, and
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the impracticability of a valve gear for the very short
cut-offs that would be necessary.

The pressures in gas engines,—say 25 to 30 atmospheres—
have not been found unduly difficult to cope with. The heavy
reciprocating masses smooth down the peaks of pressure so that
in general the mechanical stresses are well within the limits of
conservative engineering practice. Gas producers are now
obtainable which may be operated with the same degree of
efficiency, reliability and continuity as the best boiler plants.

It can scarcely be claimed that one type of prime mover
demands a higher grade of attendance than another, or that there
is any serious difference in reliability as between the several
types. The skill required to obtain the best results from the
turbine or the gas engine, as compared with that required for
getting equally good results from reciprocating steam engines is
different in kind, but not necessarily in degree. Skilled at-
tendants for steam turbines and gas engines are more uncommon
than for reciprocating steam engines, but that is because we have
been training attendants for reciprocating engines for 150
years, and the school has been a very large one. We have been
training gas-engine and steam-turbine attendants for perhaps
less than 30 years, and our educational facilities have until
recently, been exceedingly limited in extent. There are dozens
of men who can detect symptoms of trouble in reciprocating
engines, and who can correct troubles before they become
serious, to every one man who can do the same for a gas cngine
or a steam turbine. Yet the skilled gas-engine or steam-turbine
attendant might not be able to display much resource in an in-
stallation of reciprocating steam engines. When we see a
particularly fine piece of work, do we compliment the workman,
or his tools? When we hear of an especially good record of
electric power station service, both as regards reliability and
overall economy, shall we compliment the prime mover, or the
manager? The final overall efficiency and reliability of the
plant depends on the human factor as well as the mechanical
factor. The variations possible in the latter—considering, of
course, only reasonably modern and. accepted types of equip-
ment—are so small as to be over-shadowed in the variations of
the former.

Always the two-thousand-year-old parable of the talents is
recalled to us. The talents differed not in goodness, and yet
they produced widely different results, according to the re-
spective efficiencies of the men to whom they were entrusted.
And the parable would have been more realistic, and more in
keeping with what we often see in our daily contact with the
great and growing electric power industry, if he who was en-
trusted with only a single talent had, by his energy and fore-
sight, equalled or surpassed him that was entrusted with ten.

David B. Rushmore: Almost every engineer has to do with
a prime mover in one form or another, and questions arise in
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that connection, whether the engineer is an operating engineer,
or connected with a manufacturing company, or whoever he
may be. One of the questions to be considered is, what shall
be called the output or the rated capacity of these machines?
This question nearly always arises in a comparison between
machines manufactured by different concerns, where the basis
for the rating has not been definitely fixed.

In the steam engine, for example, which is one of the oldest
forms, we have a fairly definite idea when we speak of so many
horse power output for the engine. The turbine, which is not
as old, has a variable overload capacity, or an overload capacity
not always expressed in the normal rating of the machine, and
so there is considerable lack of definiteness which is sometimes
confusing.

The gas engine is peculiar in a certain way, in that the rated
output of the gas engine is one with a very small overload
capacity. In comparing estimates on certain installations,
which I have recently looked over, the engineers did not bear
this fact in mind, and in certain industrial establishments which
are now in process of construction, an active discussion is taking
place as to which is the more desirable form of prime mover
to use, in order to generate electrical energy from the gases of
blast furnaces. This is the particular point I desire to speak on,
not to reach any conclusion, because there is no conclusion which
can be had at present. The factors which are going to form this
conclusion are those not to be reached in a way which is positively
acceptable.

A steam turbine may have a thermodynamic efficiency under
the conditions of operation which will approximate 13 or 14 per
cent. A gas engine under the conditions of operation may
reach 24 or 25 per cent. The output in the case of the gas
engine is approximately 100 per cent more than we will get in
the other case, and naturally, as has been the fact, people have
wished this output, but the lowest cost of electrical energy is
not the real thing that the owners of this establishment are
after. It is the lowest cost of their output, and the factors
which should be introduced into the problem are depreciation,
repairs, and interruptions to service. In making a final com-
parison we must have more or less of that information at hand.
Reliability insurance, which Dr. Steinmetz speaks of, appears
not exactly in the way in which he has presented it, but in the
choice of machinery to be used. If we have engines’ which
must be out of service frequently, if we have engines with very
high charges for repairs, if we have engines on which the de-
preciation is very high, if we have an installation the cost of which
is from 50 to 100 per cent greater in one case than in the other,
a thermodynamic efficiency which is twice in one case what it is
ifn the other, will not make up for the influence of the other

actors. .

Calvert Townley: I understand that our respected President

and some of his advisors have inaugurated a movement at
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Washington intended to preserve the water-powers of the
country for the general public. It is proposed that when water
powers are developed there shall be a payment made to the
government proportionate to the output of such powers. I
take this opportunity, therefore, to say that I believe such a
course in many cases will absolutely prevent the development
of water-powers, and, instead of benefiting the general public
by swelling the government income, will retard the advance of
any industries that might be assisted by cheap power.

I presume that the idea of a charge is born of the thought that
water-powers are enormously profitable to the owner, and that
he should not be allowed to monopolize our country’s natural
resources for private gain. It has been my experience in New
England, gained both from operating some water-powers and in
examining the commercial feasibility of others with a view to
possible development, that in competition with steam, the
majority of power developments are so heavily handicapped by
fixed charges and operating difficulties as to make their com-
mercial development of doubtful interest.

There is a decided similarity in many of the conditions
affecting water-powers in the several New England states; for
example, the rain-fall, the run-off per square mile of drainage
area, and the relations between maximum, minimum and average
flow. We can be fairly sure, for example, that the maximum
flow of any stream will be about two-and-one-half times its
average flow, not considering spring freshets, and that the
minimum flow will sometimes drop to the vanishing point.
Let us examine then the fixed charges of a water-power which
it is proposed to develop for the sale of electric energy in com-
petition with that produced by steam. Assume that this power
can be developed to 80 per cent of the maximum flow of the
stream at a cost of $100 per kilowatt capacity, including hy-
draulic works, electric machinery and transmission line. This
is a low figure for many water-powers, but is purposely so
chosen for purposes of illustration. We cannot safely contract
to deliver a peak load greater than the average flow of the
stream. Therefore, if it costs $100.00 per kw. capacity to
develop 80 per cent of the maximum flow, which flow is
two-and-one-half times the average flow, the development cost
for the average flow will be $200.00 per kw. The load-factor
must next be considered. It is a fortunate company that can
show a load-factor as high as 60 per cent,—that is to say, where
the average 24-hour load is as much as one-half the peak load
or station capacity. This means, then, that for the average
current sold, which is really the unit that has to carry the full
fixed charge, the investment is not $200.00, but $400.00 per kw.

In time of low water, the company must still be prepared to
carry its peak load; that is, a load equal to the average flow of
the stream. Last year the minimum flow was not to exceed
25 per cent of the average, requiring, therefore, a relay of at
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least 75 per cent from some source other than the water-power
itself. If this source be a steam plant, and the cost of such
plant be taken at $100.00 per kw. rated capacity, there must be
added $75.00 per kw. to our investment on which to base fixed
charges, making the total development cost for each annual kw.
sold, $475.00, or at only five per cent interest, not including
depreciation, an annual cost of $23.75 over and above all oper-
ating expenses.

By contrast, a steam plant costing to build $100.00 per kw.,
and having a capacity equal to the peak load and operated with
the same load-factor previously assumed (50 per cent), must pro-
vide for fixed charges on $200.00 only, or $10.00 per year, taking
the same interest as before. This shows at once a handicap of
$13.75 per year which the hydraulic plant must overcome by
lower operating expenses, before the water-power is on all fours
with the steam development. Where the load-factor is lower,
or the cost of the hydraulic development is greater per kw.
capacity, or where depreciation is to be provided for, or a larger
steam relay necessary, any or all of which conditions are fre-
quently met, the hydraulic plant labors under a still greater
disadvantage.

It will readily be seen, I think, without pursuing this com-
parison further, that any arbitrary governmental tax or charge
will lessen the attractiveness of water-power investment, and
will so seriously handicap the development of a great number
of powers as to entirely destroy their commercial availability.

My excuse for speaking of these obvious facts, which are
known to many of you, is that there seems to be an entire lack
of knowledge on this question by a considerable portion of the
general public, resulting in the danger that unfortunate laws
may be enacted tending to injure seriously an industry in which
many of us are interested. Therefore, if you, as engineers, will,
as opportunity offers, take pains to see that the fundamentals
are understood, you can have a material effect on forming proper
and intelligent public opinion.

Emst J. Berg:* In concluding the discussion I shall not
try to defend Dr. Steinmetz’s paper nor the premises used in
his arriving at the thermodynamic efficiencies, especially since
I feel that it will give him great pleasure to do so himself. I
will, however, add that when reading his paper this afternoon
I found it most instructive and valuable. No doubt I have seen
these thermodynamic cycles described in text-books, but it is
S0 many years ago that I have forgotten them, and I am sure
that they were not given in the concrete form that Dr. Steinmetz
has presented. I know that there are other members
in the same situation, and to them as to me the paper has a charm
of novelty and is very interesting.

Dr. Steinmetz says, if I am not mistaken, that the limits of

* In the absence of the author on account of illness, the paper was
presented in abstract by Mr. Berg, who replied as follows:
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pressure and temperature chosen by him in working out the
thermodynamical cycles might be somewhat varied, but he also
states that the conclusions will not be much affected by such
variations as long as they are reasonable, and I believe him. A
temperature limit of 800 degrees cent. seems as high as could
well be used, since I believe this to be the temperature at which
the cylinders begin to be dull red.

As to the pressure, it seems that 24 atmospheres or about 350
Ib. is as high as is good for conservative engineering, therefore,
I find nothing wrong about the assumption. The efficiencies are
finally based upon cycles which give the maximum work for
given cylinder dimensions, which seems also very fair. When
finally the tables showed that the efficiencies, mechanical as
well as thermoydnamic, were consistent with known facts, I
was satisfied there could not be any criticisms on these scores.

Professor Lucke said that there were no conclusions given in
the paper. That is true. I do not think Dr. Steinmetz wanted
to give any, I do not think he wanted to say that any given
cycle or type of prime mover was best. He made a fair com-
parison between the various prime movers. ’

Charles P. Steinmetz (by letter): As far as I can understand,
Professor Lucke’s lengthy but rather unintelligible discussion
is a general denial. In short, he says: the assumptions of the
paper are wrong, the methods of reasoning are wrong, and the
conclusions are wrong; while the second speaker, Mr. Longwell,
explains in great detail, that the assumptions of the paper, the
methods of reasoning, and the conclusions are old and well-
known, and their correctness demonstrated in every elementary
text-book, so much so that they do not need to be stated.
As the statements of these two speakers thus contradict each
other, I do not need to discuss them further, but merely desire
to point out to Professor Lucke that the study of typical
thermodynamic cycles is not useless, because no heat engine
exactly follows any of these cycles. In electrical engineering
also, no existing transformer exactly agrees with the typical
transformer diagram, nor any existing transmission line with
the equations of transmission lines. Even Ohm's law is not
rigidly obeyed by any industrial circuit, as secondary phenomena,
such as temperature changes, always occur. Nevertheless, we use
these laws and methods in design and calculation, and the his-
tory of electrical engineering has amply justified us. Phenomena
of nature are always complex, and thus can never agree
completely with any typical representation; but it is the
province of the engineer to find the closest theoretical repre-
sentation of the actual facts, and then bridge over the gap by
engineering judgment.

While Mr. Longwell desires the thermodynamic cycles omitted
from my paper as obvious, for Professor Lucke I should have
added an extensive discussion on the relations of the theoretical
thermodynamic cycles to the actual cycles in heat engines. I
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have thus chosen the middle ground, illustrated the reasoning
on the typical thermodynamic cycles, and left it to the intelli-
gence of the reader to realize that the actual engine cycles are
intermediate between, and combinations of, the typical cycles,
and hence are covered by the results of the typical cycles.

Professor Lucke’s statement, that the temperature range has
no effect on the efficiency of the thermodynamic cycle, obviously
is wrong. If his idea of gas-engine design is to put as much heat
into the cylinder as possible, and see what power he gets out of
it, and he does not care to know what the temperature is; this
obviously does not prove that the temperature is immaterial.

In general, an efficient designing engineer endeavors to know
not only what is put into, and what comes out of an apparatus,
but still more, what takes place in the apparatus. The rapid
advance of electrical engineering is to a large extent due to the
fact that the designing electrical engineer was not satisfied
merely to put as much mechanical power into the machine as
possible, and measure whatever electrical output he got, but has
carefully studied the internal reactions of the apparatus, and
thereby was enabled intelligently to choose and predetermine
the actions, with the result that the waste of power in electrical
apparatus has been reduced to a negligible quantity.

However, Professor Lucke's method of gas-engine design,
by putting as much heat as possible into the cylinder, is merely
a repetition, in different words, of the assumption which I
made in my paper for the air cycles. These cycles I consider
for the conditions of maximum output, where the greatest
amount of heat is put into the cylinder, which still increases the
output.

The claim made by Professor Lucke and Mr. Longwell, that
the assumptions made in my paper are arbitrary, and by a
different set of equally justified assumptions any other conclu-
sion can be reached, is wrong; the assumptions made in my
paper are not arbitrary, but, as proper in such investigations,
I have chosen the conditions most favorable for each case.
That is, where the efficiency or output increases with the tem-
perature, I have chosen the highest temperature; where the
efficiency or output increases with the pressure, I have chosen
the highest pressire permissible by reasonably conservative
design. The only feasible variations of the assumptions thus
are minor changes: some engineers may consider 24 atmospheres
too high, and prefer 20 atmospheres as a more conservative
limit, while another engineer may be willing to allow pressures
up to 30 atmospheres. As I have stated in my paper, however,
the results and the conclusions, are not appreciably changed
by any reasonable change of my assumptions. .

Incidentally, Mr. Longwell is mistaken in his statement that
equality of the two intermediate temperatures of the air cycle
fulfils the conditions of maximum output.per unit weight of
air. This happens to be the case for the two cycles specifically
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discussed in my paper, but not in general. For instance, for
the air cycle of constant pressure admission and constant
volume exhaust, in the conditions of maximum output—which
is the assumption of my paper—the two intermediate tem-
peratures are not equal. His statement that the efficiency of
the isobaric cycle of saturated steam is that of the Carnot air
cycle between the same temperature limits, is not quite correct
either, but the efficiency of the steam cycle is slightly lower,
though the difference is usually small.

I8 My paper discusses the economy of the production of electric
power from nature’s stores of energy to the switchboard. If
one corporation develops the water-power, another one uses it
by buying the water of the former. This obviously doesnot
change the cost of development etc., and you do not get water-
power without cost of development, as Mr. Longwell seems to
think, if you let somebody else develop the water-power, and pay
him for the cost of development in the price of water bought
of him. The economic considerations from the station switch-
board to the light radiated from the customer's lamps, are
equally important, as Mr. Longwell states, but they are not the
subject of my paper.

I am sorry that Mr. Longwell thinks the kilojoule a new unit:
the kilojoule, or kilowatt-second, is, and has been for some
decades, the international unit of energy, used throughout the
world, not only by the electrical engineers, but also by .other
engineers, such chemists as Ostwald, and others, with the excep-
tion of that rapidly dwindling group of mechanical engineers in
the two English speaking countries, who still prefer to measure
distances by what in the earlier middle ages was considered the
proper length of a king's foot, and to measure temperatures
by a scale using as zero the lowest winter temperature of Northern
Germany, and as 100 degrees an erroneous measurement of
blood heat (Fahrenheit). While the two English speaking na-
tions have not yet reached the courage of completely freeing
themselves of the curse of the ancient ‘‘ English system "’ (so-
called because all the other civilized nations have long ago dis-
carded it), with its seven or more incompatible units of length*
and other curios, I would not impose such a system on the
American Institute of Electrical Engineers which already years
ago has gone on record as endorsing the metric system, by
a ballot vote of over 90 per cent majority.

It is true, that in the English system, when expressing the
energy of fuel in British thermal units, the output of the boilers
in pounds of steam per hour, the indicated energy of the engine
in foot-pounds, and the output at the switchboard in kilojoules,
the numerical values are not so disturbing to the self-satisfac-
tion of the engineer as when throughout the entire transforma-
tion, the energy is expressed by the same units, and the in-
efficiency of the performance thereby shown in all its nakedness.

* Foot, mile, chain, rod, fathom, knot, yard, etc.
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But, whether such a hiding of the inefficiency is to the advantage
of the art, is questionable.

In regard to Mr. Longwell’s objections to my statement
that electric energy is a secondary form of energy, I shall be
glad to withdraw this statement, as soon as Mr. Longwell will
have succeeded in harnessing the thunder cloud, and in lighting
the cities from nature'sstores of electricity, from lightning, or from
the earth currents, or whatever other of nature’s stores of
electricity he has in mind for industrial use.

v
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A paper presented at the 235th meeting of the
American Institute of Electrical Engineers,
New York, March 12, 1909.

Copyright 1909. By A.1. E. E.

THE INDUSTRIAL APPLICATION OF THE ELECTRIC
MOTOR, AS ILLUSTRATED IN THE GARY PLANT
OF THE INDIANA STEEL COMPANY*

BY B. R. SHOVER

-Introduction and historical. Twenty years ago electricity,
except for lighting purposes, was virtually unknown to the iron
and steel industries, while to-day in all the steel works in this
country it is used as a motive power for most of the auxiliary
machinery, from the ore docks to the loading beds. The electric
drive is utilized in ore unloaders, ore bridges, car dumpers,
bin-filling cars, scale larries, blast-furnace skips, hot-metal
mixers, electric cranes of all sizes and descriptions, open-hearth
charging machines, ingot buggies, gas producers, roller tables,
lifting tables, transfers, hot-bed apparatus—in short, a multi-
tude of machines too numerous to mention here. This devel-
opment has been such that it would probably be no exaggera-
tion to say that the steel industry in this country would never
have reached its present proportions without the use of electric
motors. As a further gauge of progress, it is significant that the
larger electric manufacturing companies have been forced to
establish special departments to look after the business of the
steel industries.

Development of the direct-current motor. The first application
of electric power to the steel-mill industry was by means of the

* The magnitude of the work in this plant has been such that without
the hearty codperation of the staffs of all the electrical manufacturing
companies (practically all of whom have contributed to the work) it
would have been impossible to obtain the results herein outlined. The
author is, therefore, glad of this opportunity publicly to acknowledge
the valuable assistance which they have given him and his company in
this work. :
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direct-current motor. In a historical way the following remarks
may be of interest, but the absolute accuracy of the dates given
the author does not wish to be held entirely responsible for,
though all possible care has been taken to verify them.

In 1882 the first electrical installation in any steel plant in
the United States was made at the works of the Edgar Thomson
Steel Co., at Bessemer, Pa. It consisted of a two-light Brush
arc machine.

In 1889 an electric traveling crane was installed at the works
of the Pencoyd Steel Co. near Philadelphia.

In 1891 a 50-h.p., 250-volt, compound-wound generator was
installed in the Edgar Thomson Steel Co. works. This ma-
chine was used to supply current for an experimental crane
over the heating furnaces at the blooming mill.

In February, 1893, the first motor-driven roller table was put
in operation at the Homestead works of the Carnegie Steel Co.

On February 9, 1895, the first mill having all its roller tables
motor-operated was started by the Ohio Steel Co., of Youngs-
town, Obhio.

In the early days belt-type and street-railway motors re-
wound for 250 volts were all that were available, but the severe
service to which this apparatus was subjected led the manufac-
turers to strengthen it and to design new motors to meet the
requirements; so that the steel industries both assisted in and
profited by the general improvement of electrical machinery.
One result of these requirements has been the development of
the so-called mill motor. This motor has a heavy cast-steel
frame, a large armature shaft, which can be replaced without
disturbing the winding, the minimum number of bolts, ample
air-gap, and fire-proof winding throughout. So successful has
this type of motor proved that it is now being used almost
exclusively, even on traveling cranes, regardless of the fact
that the entire crane and runway must be made much heavier
in order to carry the additional weight.

In order to appreciate the importance of such apparatus to
the steel manufacturer it must be understood that the real effi-
ciency of any machinery used in the industry is indicated by
the amount of steel shipped per day or year. A motor of
higher engineering efficiency that causes shutdowns, and con-
sequent decrease of profit, is not nearly so efficient as a motor
that operates 24 hours a day and 365 days a year, if necessary,

. .practically without stopping. This feature is considered so



1909} SHOVER: MOTORS IN STEEL MILLS . 103

important that in one plant the superintendent of the elec-
trical department requires a special report from his mill fore-
men whenever the mill is delayed more than 3 minutes by
changing the armature of a table motor. The steel works elec-
trical engineer has long since recognized that the mills are
built to manufacture steel, and to be successful electrical ap-
paratus must meet the requirements, no matter how severe.
To the credit of the engineers be it said that the number of
absolute failures to operate any of the apparatus has been very
small indeed.

Development of the alternating-current motor. The coming of
the induction motor found the steel mills equipped with direct-
current apparatus, but the induction motor is so well suited
for much of this work that it has been gradually introduced
into the field, until to-day it forms a considerable part of the
aggregate horse power used in the steel industry. The following
historical notes represent the more important steps in this
development.

In 1900 the Joliet works of the Illinois Steel Co. installed a
250-volt direct-current synchronous converter operating from
a 2200-volt, three-phase supply. the power being furnished by
an independent power company. '

In 1902 the Pennsylvania Steel Co., of Harrisburg, Pa., in-
stalled an 11,000-volt transmission system.

In 1903 the first induction motor used in the steel industry
was installed at the Joliet works of the Illinois Steel Co.

In June, 1904, the South works of the Illinois Steel Co. in-
stalled a synchronous converter and step-up transformer to
operate a 2200-volt transmission line. and in September of the
same year a 4000-kw. power plant, generating at this voltage,
was installed. About the same time this voltage was stepped
up to 22,000 volts for transmission to the cement works at
Buffington, 12 miles away.

In December, 1904, the first installation of 6600 volts for
interworks use was installed by the Lorain Steel Co. This
voltage now seems to be the favorite for use in the entire steel
industry, as it has been employed in many of the late installa-
tions.

The application of electric motors to the roll trains. While the
United States has led in the application of electric drive to
auxiliary machinery, Europe has pioneered the way in its use
for driving roll trains. In the different European steel plants
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there are to-day about 230 motors with a normal capacity of
19,000 h.p. and a maximum capacity of 41,000 h.p. used for
electric drive of non-reversing roll trains. In addition, one note-
worthy installation is that of a 10,500-h.p. reversing outfit at
the Hildegardehiitte mine.

The first application of motors for driving roll trains in this
country was made at the Edgar Thomson works of the
Carnegie Steel Co. in October, 1905, where two three-high roll
trains for rolling small rails were operated by 1500-h.p., 220-
volt, direct-current motors. The speed of these motors is varied
by shunt-field resistance from 100 to 125 rev. per min. The
success obtained by this installation has stimulated the in-
stallation of- similar outfits elsewhere.

In June, 1907, the Illinois Steel Co. put in the first and only
reversing-mill drive that has been installed in this country.
The mill, a 30-in. universal plate, is direct-coupled to two
2000-h.p., 150-maximum rev. per min., 575-volt, shunt-wound
motors mounted on one shaft; 2200-volt, three-phase, 25-cycle,
alternating-current power being used to drive a motor-generator
set consisting of a 1300-h.p. motor and a 3000-kw., 600-volt,
direct-current generator. On the same shaft is mounted a
flywheel 100 tons in weight, 13 ft. 2 in. in diameter, the whole
making 375 synchronous rev. per min.

In August, 1907, at the same works, a rail mill for rolling
small rails similar to those rolled at the Edgar Thomson works,
was put in operation. The roll trains here, however, were
driven by 2200-volt concatenated motors. The primary motor
has a capacity of 1200 h.p., and runs at 120 rev. per min.; the
. secondary motor is 600 h.p., and runs at 82 rev. per min. In
ordinary operation the resistance in the secondary motor is so
adjusted that the combined speed of the two varies between
60 and 80 rev. per min. according to the character of material
rolled.

The use of a storage battery. Another electrical device which
has only recently been used in the steel industry is the storage
battery. On March 27, 1904, the first installation of this nature
was made at the Ohio works of the Carnegie Steel Co., Youngs-
town, Ohio. This battery had a capacity of 1600 ampere-hours
and was used for regulating the load on a direct-current station.
On April 29, 1905, the capacity of this battery was increased
50 per cent. The success of this installation was so marked
that batteries of considerable size were installed at the Lukens
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Iron & Steel Co., Coatesville, Pa. Three large batteries were also
installed at the Illinois Steel Co., South Chicago; one at the
Carrie furnaces of the Carnegie Steel Co., Rankin, Pa.; one at
the Duquesne works of the Carnegie Steel Co., and the largest
of all at the Edgar Thomson works of the Carnegie Steel
Co., Bessemer, Pa.

Inception of the Gary plant. For several years the United
States Steel Corporation had recognized the necessity of sup-
plying the increased demand for its product throughout the
West. To give anidea of the rapidity with which the demand
for these products had grown, the total product of steel in the
United States in 1894 was 4,000,000 tons; in 1895 this product

Fic. 1.—The Elbert H. Gary anchored for the first time under the un-
loaders. .

had increased to 6,000,000 tons; in 1900 to 10,000,000, and in
1906 to 23,000,000 tons.

The constantly increasing proportion of this material used
throughout the West necessitated the location of additional
manufacturing facilities closer to the point of consumption.
As none of the existing plants had ground enough on which to
instal the required increase, it was decided to build an entirely
new plant, to be designed so as to embody all the features that
would ensure economical production. The site chosen is at
the extreme south end of Lake Michigan, about 26 miles from
the center of Chicago. It consisted of about 10,000 acres of
sand dunes absolutely uninhabited, and covered by a growth
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of scrub oak, pine, and cactus. The advantages of this location
consist of lake transportation, splendid railroad facilities, and
cheap land. ‘

The governing feature in the design of the plant was economy.
To this end the plant was planned so as to get the best possible
transportation facilities for the material during its various
stages of manufacture throughout the entire works. To add
to the economy the design included the use of blast-furnace gas
in gas engines, driving electric generators to furnish electric
power for use wherever its application was practicable.

In the general design all features were incorporated which
had proved satisfactory elsewhere, it being the intention to
exploit only the new applications and schemes which were ab-
solutely necessary to the construction of such a works and thus
minimize, as far as possible, experimental apparatus.

Layout of the plant. The layout of the plant has been so well
described in several recent publications that detailed descrip-
tion need not be given here.

Present condition. Of the plant as planned, the slip and
docks are complete; one-half of the ore yard and its machinery,
including the ore bins, is finished; also one group of blast fur-
naces—of which three are in blast—with its complement of
blowing engines and gas-washing plant, and the central pump-
ing station. The pig-casting machines have all been in opera-
tion for some time. Four more blast furnaces, with their aux-
iliary buildings, are about 75 per cent completed. The No. 3
electric power station and storage-battery are ready for opera-
tion; the turbines in No. 2 power station have been in operation
since July, 1908, and the remainder of the station is rapidly
being completed. One-half of one open-hearth plant is in opera-
tion, a second plant is practically complete, and foundations are
ready for a third. The entire shop group has been in operation
for more than a year. The rail mill has been tried out. Most
of the machinery has been installed in the billet mills. The
foundations are laid and part of the structural material of the
merchant mills is already erected.

In the part of the works now complete there are 110 electric
traveling cranes with an aggregate lifting capacity of 3812
tons, 22,025 h.p. in direct current, 5312 h.p. in 440-volt alter-
nating current; 27,000 h.p. in 6600-volt alternating-current
motors have already been operated. About an equal aggregate
number of horse power will be required for the operation of
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that part of the plant now under construction, and still more
for parts which are at present being designed.

Of the transmission line 31,000 ft. has been completed, 300
tons of copper wire being strung over the 281 supports. In addition
to this, a total of 500 tons of copper wire and cable of all sizes
is used in the distribution of current to motors, lights, etc.,
19.5 tons of copper bar on the main distribution towers directly
outside of the station and 100 tons of bar and cable inside the
station.

Electric power station. For this part of the plant it is intended
to use the gas available from eight blast furnaces. On account
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F16. 4.—Cross-section of power station.

of the large amount of current, the especially large number of
circuits and units, and also to make the operation more reliable,
this plant is divided into two sections, which are called power
houses No. 2 and No. 3, respectively. :

The eight blast furnaces producing 3600 tons of pig iron per
24 hours will give a total of 22,450,000 cu. ft. of gas per hour.
Thirty per cent, or 6,750,000 cu. ft. of this gas is used for heat-
ing stoves; 7.5 per cent, or 1,700,000 cu. ft. is used under
the boilers to furnish steam for spare steam engines, pumps,
and miscellaneous heating; 2.5 per cent, or 600,000 cu. ft. is
necessary for operating the gas washers; 12.5 per cent, or 2,800,-
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000 cu. ft. is used by the blast-furnace blowing engines; 2.5
per cent, or 600,000 cu. ft. for auxiliary use in connection with
these engines. The remaining 45 per cent, or 10,000,000 cu. ft.
per hour, is available for power purposes.

If estimated at 90 B.t.u. per cubic foot and 10,000 B.t.u. per
brake horse power, this gas is equal to 110.000 brake horse
power in gas engines.

There are installed in No. 2 and No. 3 electric power stations
a total of 17 gas engines each rated at 3000 h.p., but capable
of about 50 per cent overload. It will therefore be seen that
only approximately 50 per cent of the available power as cal-
culated will be used in this station. This allotment will
make allowance for furnaces out of blast, and for shortages of gas
due to troubles that are liable to occur in furnaces during op-:
eration. : :

The electrical equipment of power houses No. 2 and No. 3
comprises fifteen 2000-kw., 6600 volt, three-phase, 25-cycle alter-
nating-current units, two 2000-kw.. 250-volt direct-current
units—all driven by gas engines—and also two 2000-kw. alter-
nating-current turbine units. )

The gas engines. The gas engines are horizontal twin tandem,
double-acting, running at 834 rev. per min. The cylinders are
44 in. in diameter by 54 in. stroke. The floor space occupied
by each engine and generator is 74 ft. by 39 ft., with total ap-
proximate weight of 1,700,000 Ib. The largest piece in the
engine is the bed plate, which weighs from 90 to 95 tons. The
flywheel is 23 ft. in diameter and weighs 200,000 1b.

Turbines. The two turbines are rated at 2000 kw. each, and
were installed primarily for use in the construction of the plant
and to furnish power for starting up. It is also expected that
they will assist materially in the regulation of the station by
taking care, to a certain extent, of the sudden peak loads.

The switching apparatus and station wiring were designed
for simplicity of control, reliability, and ease of repairs. All.
apparatus, including that for storage-battery regulation, is
controlled at the benchboard. A 250-volt excitation current
is used and tie-switches are provided, so that in case of failure
of exciter sets, or for starting up after a shutdown, current
can be supplied direct from the direct-current station bus-bar.

The direct-current switchboards are all of the single-potential
type, with ample space between switchboards of opposite
polarity. Individual generator switchboards are used so as to
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get the protective apparatus as close as possible to the generators.

The alternating-current switchboard is of the double bus-bar
type, each bus-bar being protected by an electrolytic lightning
arrester. In addition to this protection, ‘each feeder has a
multigap arrester. .

The 22,000-volt line to the South Chicago works is protected
by both electrolytic and multigap arresters and has an automatic
oil-switch on both sides of the transformers.

Storage-battery. The installation of the storage-battery was

Fi16. 5—10,000-ampere remote-control switch.

for the purpose of minimizing the fluctuation of load on the
generating station. The storage-battery consists of two sep-
arate batteries of 125 cells, 73 plates per cell, each battery
having a rating of 4320 amperes, with a momentary rating of
from two to three times that amount. They are installed in a
two-story building located directly north of the power station,
the connection between the two buildings being through a tunnel.

The direct-current regulation is accomplished by means of
two 2500-ampere, 35-volt boosters. The motors and generators
of this booster are of the interpole type, controlled by a carbon-
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pile regulator acting through a motor-driven exciter. The
alternating-current regulation is accomplished by means of
special 2000-kw. split-pole converters. The regulating current
for this converter is supplied by a series transformer in the leg
of each generator lead. In turn, these transformers are con-
nected to a totalizing transformer of the compensator type
which supplies current to a synchronous motor-driven special

F1c. 6.—One of the special alternating-current wiring towers.

synchronous converter. From the direct-current side of this
converter is taken the regulating current for the split-pole
converter. A special 10,000-ampere remote-control switch,
shown in Fig. 5, short-circuits the starting resistance.

The generator oil-switches are arranged so that the regulating
transformer of each generator is short-circuited when that gen-
erator is not in service. Connections are also made so that
when stations No. 2 and No. 3 are tied together the battery
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will regulate on both, but should either tie-switch be thrown
out, thus disconnecting the two stations, no regulation is pos-
sible on station No. 2 and the current transformer in the legs
of the. generators in that station are at the same time short-
circuited. In respect to the average load on the station the

Fic. 7.—The standard 75-ft. straight-line towers.

regulation of both direct current and alternating current is
by remote control from the benchboard.
The transmission system is in duplicate, each section having
sufficient capacity to carry the entire load in case of accident
. to the other sections. The lines are supported upon a steel
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tower construction made exceptionally heavy on account of the
great height of the towers dnd heavy complement of feeders.

» No holes are bored in the cross-arms, which are clipped to
the poles, the special malleable pins being clipped to the arms.

Fic. 8.—Dead-end tower between the rail and the billet mill.

The alternating-current insulators, which are designed for
17,000 volts working pressure, are of three colors to distinguish
the phases over the entire works. As will be noted in Fig. 7
and 8, extensions above the pole proper are provided for carry-
ing § in. galvanized steel ground cables. Each pole is also well
grounded.



114 SHOVER: MOTORS IN STEEL MILLS  [March 12

Sub-stations. There are three sub-stations located as shown on
the plan. Sub-station No. 1 is located in the rail mill and con-
sists of four 500-kw., 6600-volt synchronous motors direct
coupled to 250-volt direct-current generators. This sub-station

101 purs

— - - — . . — - .

Fi16. 9.—Chart showing fluctuating load on a 500 kw. sub-station motor-
generator set.—To be read from left to right.

normally supplies current for all the direct-current apparatus
in the shop group, rail mill, and billet mill.

Sub-stations No. 2 and No. 3 each have two units, duplicates
of those in sub-station No. 1, and normally supply current to
the ore unloaders and bridges.
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The direct-current power furnished from the two 2000-kw.
gas-engine-driven units in the power station is used to supply
the direct-current motors for the blast furnaces and open-hearth
plants. When the mills are not in operation and only the
lights and a few cranes are needed, it will be possible to shut
down the sub-station and furnish power direct from the power
station. This method of operating will result in considerable
saving in operating expense.

Fig. 9 shows the character of the load on this sub-station
with one machine in service. A study of this chart shows the
nature of load to be such that a storage-battery installed at the
sub-station would be of great advantage in its operation. This
battery will probably be installed in the near future.

Transformer stations. There are located at various parts of
the plant nine installations of transformers for supplying -440-
volt, three-phase alternating current. In these stations there
are a total of nine 800-kilovolt-ampere, oil-insulated, water-
cooled transformers, and twenty-seven 100-kilovolt-ampere, oil-
insulated, self-cooling transformers.

PLANT POWER

. Central pumping station. All the water for the works is
taken from the lake at one point. There are two 10-ft. tunnels
running directly west from the middle of the slip, feeding a
sump in the pumping station located midway between the gas-
washing plants of blast furnaces 8 and 9.

At present there are installed four centrifugal pumps, each
of 25,000,000 gallons capacity per 24 hours, pumping against
a head of 100 ft. These pumps are driven by three-phase,
440-volt, 500-rev. per min. induction motors.

In order to make this installation as free as possible from
interruptions due to electrical troubles, there are two main
feeders from the station, one coming from power station No. 2,
the other from power station No. 3. Each feeder has its own
oil-switch feeding three 800-kilovolt-ampere transformers, and
two of the motor-driven pumps are operated from each set of
transformers. The bus-bars are provided with disconnecting
switches so that either set or both sets of transformers can be
operated from either or both main feeders. .

Gas-washing plant. In the tabulation of the use of blast-
furnace gas there is an allowance of 2.5 per cent for auxiliary
machinery. This auxiliary machinery is used in the gas-washing
plant. There is one such plant for every group of four blast
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furnaces. Each gas-washing plant consists of eight washers,
driven by 150-h.p., 440-volt, 375 rev. per min. induction motors.
These motors are fed from one of the transformer installations,

but the secondaries of this transformer station can also be tied
in parallel with the transformers in the pumping station, run-
ning both as a unit. In case of the failure of one of the sta-

Fic. 10.—Electrically operated ore unloaders.
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tions, a part of the pumps and the gas washers can be operated
from the other station.

Repatr shops. To the south of the rail mill on both sides of
the main roadway are located the various repair shops, consist-
ing of machine shops, boiler shop, blacksmith shop, foundry,
electric repair shop, carpenter and pattern shop, pattern stor-
age, general store house, brick shed, stable, roll shop, and loco-
motive house. These shops are operated solely for the repairs
necessary to the apparatus throughout the plant, and when in
normal operation very little material is purchased from the
outside in the finished state, practically all the work being
done within the plant. A total motor capacity of 2440 h.p. is
installed for operating these shops.

The following description is given in the same order as that
in which the raw material is carried through the various pro-
cesses, until it comes out as finished steel.
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Fics. 11 and 12.—Charts showing the fluctuating load on the ore unloaders.
To be read from right to left.

Ore unloaders. Located on the edge of the slip are five ore
unloaders, shown in Fig. 10, of 10 tons capacity each. The
total weight of each machine is 890,000 Ib. The motor equip-
ment of these unloaders is given in the following table:

TABLE A—ORE UNLOADER

Horse power " Total horse power Service Type
2 25 50 Bucket rotate Series direct-current
t 50 i 50 Trolley Series direct-current
1 85 85 Bucket close Compound direct-cur-
rent 75 per cent shunt
: 25 per cent series
1 100 i 100 Br. & Car Series direct-current
1 150 ! 150 Hoist Compound direct-cur-
' rent 60 per cent shunt
40 per cent series
i 435 total

Total weight 890,000 Ib.
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The character of the load due to the various motions of these
machines is given in the following. Fig. 11 shows the load on
the trolley motor on which is used a dynamic brake for stop-
ping. Fig. 12 shows that the change from driving to braking
is made so quickly that no record whatever is made of this inter-
ruption by the recording instrument. Fig. 13 shows very clearly
the power required for hoisting and lowering. With the excep-
tion of the car haulage and bridge motion, all motions of the
unloader are controlled through remote-control automatic
magnetic torque-limit controllers. The master controllers for
operating these motors are located in the leg of the unloader,
so that the operator who rides with the bucket not only has a
clear view of everything he is doing, but has absolute control
of all motions of the machine.

Ore bridges. The ore taken out of the boats is deposited in
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Fic. 13.—Chart showing the fluctuating load on the ore unloaders-
To be read from right to left.

a huge concrete trough directly in the rear of the unloaders.
From this point it is picked up by the ore bridges, of which
there are five. These bridges are of the cantilever type, having
a total over-all length of 459 ft. The lifting capacity of this
bridge is 13 tons of ore, in addition to the weight of the bucket.
The total weight of the bridge is 238,000 1b. The rear end of
the bridge is considerably longer than is necessary to take ore
out of the trough; the bridge was made this way so as to be
used as a traveling crane for repairing the unloaders.

The motor equipment of the bridges is given in the following
table. The trolley and hoist motions are controlled by auto-
matic magnetic control. The secondary motions, which are
seldom used, are controlled by hand. Fig. 14 and 15 represent
clearly the character of load on the hoist and trolley motor of
the bridge.



*133] 03 Y311 wouy pral oq 0J,
*sadpuq a10 ayj uo peo| Juifiea ayl Suimoys syrey)—+1 ‘914

|f, . :| ,ﬂ‘ S .
e . - R . P P P P . - {0380l
J R L. ' ‘ LTS

oL L . . ‘MCOZFOS_ ONISO1D .
—— - . oo . PR . ey B ,.\ . . P [,

- e U —— e — — ——— — - -

o - V0AD 3137dNQ
R A

” t “va._Tsv

! oy d N

DT e
| sauaawy OB

'

1 Loa B L
*9°Q 110A 082 ‘11N0HID INIT NI HILINNY DNIGHODIY

8343 )
Lt
\

*0°0 VATUA DNC A1HIJEIV “MUY NI BILIRNY UNIvevvaa



L

‘7. '339] 03 3y311 wolj peas aq oJ,
*sa3puq 210 Y3 uo peo] Buikiva 3yj Jumoys PBYY—'GI 'Ol

*0 817104 083 “LINOHID 3NN NI ¥ILINNY DNIGHODIY
SYOLOW A3TI0HL ANV 1SIOH-380T10

INOYIO 3NN NI UILIWN
SYOLONW 1SIOH



1909) SHOVER: MOTORS IN STEEL MILLS 121

TABLE B.—ORE BRIDGE

Horse power | Total horse power Service Type
4 30 120 Bridge Series direct-current
4 40 160 Trolley Series direct-current
4 80 320 Hoist Series direct-current
1 10 10 Ore pocket Shunt direct-current
1 8.5 8.5 Air compressor Series direct-current
Total h.p. 818.5

Weight of bridge. ......coiiiiieerreernnienacnienans 238,000 Ib

Gty o Boag 60,000 Ib

- 298,000 b

Bins with transfer car. Between the order yard and the line
of blast furnaces there is located a long steel trestle-like structure
which contains the ore, coke, and limestone bins. The ore picked
from stock by the bridge is deposited in a transfer car of 100,000
Ib. capacity, the electrical equipment of which consists of two
50-h.p. motors operated by means of an ordinary street-car
controller, and an air compresser supplying air for opening and
closing the doors and for air brakes. This car is used for trans-
ferring the ore from the bridge to the appropriate bin.

Scale larries. Underneath the bins are the scale larries, driven
by one 21-h.p. direct-current series motor, and carrying a sim-
ilar motor for opening and closing the door of the bin. This
larry is used for transferring ore, coke, and limestone from the
various bins in the appropriate quantities and depositing it in
the blast-furnace skip.

Skip cars. The material is carried from this stock house and
dumped into the top of the furnace by means of a double skip,
driven by a 150-h.p. compound-wound motor. The control of
this skip is absolutely automatic; the operator simply starts it,
after which the accelerating, running, retarding, and stopping
are entirely automatic.

The total travel of this skip is 163 ft. up an incline at 60 de-
grees to the horizontal. The time of making one trip is 60 sec-
onds. The loads carried are approximately as follows:

O, o 7000 1b.
Coke.....ooo v 3600 «
Limestone......................... 6000

In spite of the variable weights carried this skip stops auto-
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matically within about 4 in. of the same place under all con-
ditions. In the cast-house of each furnace is located a 15-ton
crane for handling runners, scrap, etc.

Pig-casting machine. For taking care of the material from
the blast furnaces on Sundays, when the open-hearth plant is
not in operation, a pig-casting machine is provided. There
is a main building in which are located two double-trolley ladle
cranes; the main hoist is 75 tons, and the auxiliary hoist 15 tons.
Six strings of moulds and conveyors are provided for disposing of
the cast material. The ladle is handled by a 5-ton electrically
operated jib-crane. The moulds are driven by 40-h.p., 750-

Fi6. 16.—Low type open-hearth charging machine.

rev. per min. induction motors and conveyed by 30-h.p., 750-
rev. per min. induction motors.

Open hearths. Each open-hearth plant consists of fourteen
60-ton furnaces. The molten metal from the blast furnaces is
poured into a 300-ton mixer by a 75-ton electric ladle crane of
the same design as that in the pig-machine building.

The metal is carried from the mixer to a point in front of the
various furnaces by an electrically operated hot-metal car
whose equipment consists of two 25-h.p., 250-volt, 290-rev. per
min. series motors, operated by a standard series-parallel con-
troller. The ladle from this car is handled and the contents
poured directly into the open-hearth furnaces by another 75-
ton ladle crane.
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The cold scrap for charging the furnace is stored and handled
in the stock-yard, which is entirely covered by two 5-ton eleetric
traveling cranes. The stock is handled by means of electro-
magnets, each one capable of handling from 1000 1b. to 2000 Ib.
of scrap, according to the character of the material, or of lifting
10,000 1b. in large pieces. After this scrap is loaded, the charg-
ing boxes are shifted in front of the open-hearth furnaces and
the contents put in by means of a low-type charging machine,
as shown in Fig. 16. The equipment consists of: a main hoist,
with a 30-h.p. series motor; bridge travel, two 30-h.p. series
motors; trolley, 20-h.p. series motor; tilting, 11-h.p. series motor;
rotate, 3.25-h.p. series motor.

The steel is handled in 60-ton ladles by three 125-ton ladle
cranes. The electric equipment is as follows: main hoist, 110
h.p.; first auxiliary hoist, 50 h.p.; second auxiliary hoist, 30 h.p.;
main trolley, 30 h.p.; auxiliary trolley, 11 h.p.; bridge travel,
two 50-h.p. motors. The controllers for this apparatus, except
that for the main hoist on all ladle cranes, (which is automatic
magnetic control) are of the ordinary hand-operated lever type.

The electrical equipment of cranes, etc., in these open hearth
plants is practically the same as that in common use at other
plants.

The electric equipment of the coal-handling apparatus in
connection with the gas producers for these furnaces consists
of a coal crusher driven by a 25-h.p. direct-current motor; a
double-skip coal elevator driven by a motor similar to that on
the coal crusher; and four hopper cranes, each driven by 7.5-h.p.
series motors. The hopper cranes are used for distributing
crushed coal in overhead bins directly into the producers.

The control of the skip is entirely automatic in its action. As
the descending car approaches the bottom point of its travel,
it opens the door of the coal bin; in stopping it rests on a counter-
weighted lever. When the skip is nearly filled with coal the
counterweight on this lever is overbalanced, the skip dropping
down about 3 in. more. This actuates the switch which starts
the skip on its upward travel, its first action being to close the
door of the coal bin. The operation is repeated by the second
skip and continues, unless stopped, until the coal bin is entirely
empty.

In connection with the open-hearth plant are two stripper
buildings, one of which contains one, and the other, two, 200-ton
electrically operated stripper cranes. These cranes are equipped
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with 100-h.p., 375-rev. per min. series motors on the main hoist;
a duplicate to the above on the stripping hoist; 30-h.p., 500
rev. per min. trolley motors, and one 50-h.p. 480-rev. per min.
motor on the bridge.

In the soaking pits are three 7.5-ton soaking-pit or ingot
cranes. Each of these cranes has a 5-ton, high-speed auxiliary
hoist on the trolley for repairing the pits. The electrical equip-
ment is as follows: main hoist, 50 h.p.; auxiliary hoist, 30 h.p.;
trolley, 7.5 h.p.; bridge, two 50 h.p.; tongs, turning and opening,
5 h.p. ’

Fic. 17.—Control pulpits for rail mill.

For delivering the ingots from the pit to the first table in the
rolling mill two ingot buggies are used, for which a special
control has been designed. Each buggy is intended to take
care of six rows of four pits which are located respectively
north and south of the table. To prevent the two buggies
colliding, should both happen to be coming toward the table
at the same time, the trolley bars, through which the current is
transmitted to the motors on the buggies, are in three sections,
one section in front of the table and one long section on each end
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of the first section. Each controller has six points corresponding
to the six rows of pits, one point corresponding to the table and
one to the off position. The operator can throw his controller to
the point representing the row of pits to which he desires to run,
and when the buggy reaches this point it is automatically stopped.
Return motion with the controller on the table position will bring
the buggy up to the table, where, however, on account of the
great accuracy required, the buggy is not stopped automati-
cally but at the will of the operator. When one buggy is at
the table it is impossible for the other one to reach that point,

Frc. 19 —Lifting table for the 40-inch blooming mill.

as the two controllers are so interlocked as to prevent this
occurrence.

Table and transfer motors. In the rolling mill proper there
are 21 tables and two transfers, all of which are controlled by
automatic magnetic torque-limiting control.

The eight operators stand on elevated platforms or pulpits,
shown in Fig. 17. Some of the controllers are mounted on the
operating pulpits and others on special platforms located near

the motors which they control.
These tables and transfer motors are all of the so-called mill

type. Tables running constantly are equipped with series-shunt
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motors. Those doing a considerable amount of reversing or
frequent starting and stopping have series-wound motors.
Fig. 18 gives the ampere chart of one of these tables.

The transfers have a simple chain drive, having two sets of dogs
for moving the rail sidewise, and the control is entirely auto-
matic. When the operator throws his controller to the forward
position, the transfer chain makes one-half revolution, depositing
the rail in the proper place. Then the motor stops automatically.
The next motion, for transferring the following rail, is made

F1c. 20.—Lifting table for the 40-inch blooming mill.

by the operator putting his controller to the
and again throwing it to the ““ on '’ position.
An interesting feature of the auxiliary drive i§ that of the
lifting table at the three-high 40-in. blooming mill, Fig. 19, 20 and
21. This table has a total weight of 256,000 1b., partly counter-
balanced by means of a cylinder containing air at 500 Ib. per
square inch pressure, and is lifted or lowered 40 in. in 3 sec.
The operating motor is 250-h.p. 250-volt direct-current, 100-
rev. per min. compound wound. The control, like that of the
table motors, is entirely automatic and is manipulated by the

‘off ” position

— -
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operator simply throwing his master controller to the up or
down position, the accelerating, running, retarding. and stopping
being taken care of automatically.

There is also a tilting table at the three-high roughing rolls
similar to the lifting table, but of considerably less weight.
This table gives one complete stroke of 26 in. either up or
down in 1.5 sec. It is driven by a 150-h.p., 250-volt, 100-rev.
per min., compound-wound motor and is controlled like the
lifting table.

Fic. 21.—Lifting table for the-40-inch blooming mill.

The hot saws, Fig. 23, five in number, are driven individually
by 40-h.p., 750-rev. per min. induction motors. The saws are
10 in. in diameter and make 1440 rev. per min. All five are
raised and lowered at one time by a crank shaft, operated by
a 25-h.p. series shunt-wound mill-type motor. The control is
similar to that of the lifting table, except that if the operator
throws his control to the first point the saws lower and stop in
that position. It is then necessary for him to bring his control
to the first point on the reverse in order to raise the saws; then
the latter come up to the top and again stop automatically. In



1909] SHOVER: MOTORS IN STEEL MILLS 129

regular operation, however, the operator throws to the second
point; upon which the saws lower, cut the rail and again rise,
stopping automatically in the upper position.

The cambering machine is driven bv a 40-h.p., 750-rev. per min.
induction motor. On the hot beds, four in number, there is a
push-up for shoving the rails off the delivery table onto the
beds, and a pull-up for dragging the rails from the beds onto
the receiving table in the finishing mill. These ‘ push-ups "
and “ pull-ups” are driven by 75-h.p. series mill-type motors,
the controllers of which are also automatic.

From the receiving table the rails are delivered in both direc-
tions to the finishing department by feed tables similar to those
in the rail mill. Because of the continuous running of these
feed tables the controllers are the ordinary hand-operated type.

For delivering the rails from this table to the straightening

Fic. 22.—Chart showing load on lifting table.—To be read from
right to left.

beds * kick-offs *’ are used. These are simply bars lying normally
below the surface of the table but raised at an angle so that
rails are lifted and then slid off by means of a cam on a motor-
operated shaft. The straightening presses 18 in number, are
driven by 10-h.p., 750-rev. per min. high-resistance-rotor
induction motors. Opposite the ends of the straightening
beds for each straightening press is located a 24-in. headlight
in which is used an ordinary 16-c.p. lamp to enable the straight-
ener to see his rail clearly.

The drill presses, 18 in number, are driven by 10-h.p., 750-rev.
per min. induction motors with ordinary squirrel-cage rotors.

All the induction motors in the finishing department are
standard and are controlled by means of a triple-pole, double-
throw switch which is connected to a five-wire system. The
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two extra wires are taps taken off the main transformers,
thus furnishing low voltage for starting. This system does
away entirely with the complication and trouble accompanying
individual starting compensators.

The loading beds outside are covered by two special electric
cranes which transfer the rails from one part to the other or
load them in cars, the rails being handled by means of large
special magnets.

On the south side of the runway of these cranes is also a small
monorail crane, whose sole purpose is to deliver rails to the
cold-saw bed.

F16. 23.—The hot saws.

The cold saw, a tooth saw 42 in. in diameter making 1800
rev. per min., is driven by a 100-h.p., 750-rev. per min. induction
motor. This saw is capable of cutting an 85-lb. rail in 22
seconds, the load varying between 50 and 100 h.p. according
to the part of the rail that is being cut.

Motors for driving the rolls. As outlined earlier in the paper,
although electric motors have been used for some time to drive
rolls, the motors used in this plant are several times larger than
any motors of their type previously built. Their use for this
purpose marks a new era in the industrial application of elec-
tric power, and a short description of some of the principal
eatures in the design of these motors is not out of place.



1809} SHOVER: MOTORS IN STEEL MILLS 131
Horse power:
Normal continuous rating 40°cent rise 2000 2000 6000 6000 68000
25% overload continuous 50° cent.
FISE. ..vvienvnreennnnnnronoanns 2500 2500 7500 7500 7500
50% overload for 1 hr. 60° cent. rise 3000 3000 98000 9000 9000
Speed:
Synchronous...... R e 214 68 83.3 88 75
Fullload.........cooiiiviiinnnnen .
Maximum slip, %...........
Performance specification number...
Outline drawing number...........
Bearings:
FLYWHERL SIDE. . .
Diameter 24 26 30 30 30
80 (1) 70 70 70
24 26 30 30 30
60 65 70 70 70
576 910 1370 1370 1370
8 ft. 8in.|21 ft. 0 in.[21 ft. O in.[21 ft. O in.|21 ft. O in.
Flywhee! effect, Ib. at 1 ft. radius....| 354,000 8,950.000]11,600,000(11,600,000|14,100,000
Stationary part of motor:
Outside diam. of frame............. 13 ft. 4 in.|28 ft. 0 in.|28 ft. 0 in.[28 ft. 0 in. |28 ft. O in.
Width of frame 3ft. 10in.|3ft. 8in.|4ft. 11in.|4ft. 11 in.[4 ft. 11in.
Airgap, total....................... 0.28 0.40 0.40 0.40 0.40
Induction motor:
Poles......ooviiiiiiiiniinnenanns 14 36 44 34 40
Horse power.........covveveernnns 2000 2000 6000 6000 8000
Rev.permin.........ocoeieiennns 214 68 83 88 76
Volts. .. ociiiiiiieeeinnaninnnen . 6600 6600 6600 6600 6600
Etficiency at full load...... 96% 93% 95.56% | 95.6% | 95.5%
Power factor at full load... 89% 80% 87% 88% 88%
Break-down torque................ 6.800h.p.| 5,100h.p.[18,500h.p.|20,600h.p.|16,400h.p.
Flywheel:
Material...........ccovivieniinnns Laminate|d steel — —_ —_
Number of sections................
Diameter......cocecveeiniinanenns 17 ft. —_ — — —
Outline dimensions:
Height of machine above bottom of
base........cciiiiiiiiiie 12 ft. 2in.[21 ft. 0 in.|21 ft. O in |21 ft. O in.|21 ft. O in.
Width of bed plate................ 20 ft. 4in.|32 ft. 8in.[32 ft. 8 in.|32 ft. 8 in.|32 ft. 8 in.
Length of bed plate............... 20 ft. 2 in.|18ft 114in |21 ft. 9 in.|21 ft. 9 in.|21 ft. 9 in.
Total length of shaft............... 22 ft.43in.|21 t.33in.|24 ft.6%in.|24 ft.6%in.|24 ft.63in.
Center line of shaft to bottom of base.| 5ft. 6in.| 7ft. Oin.| 7ft. Oin.| 7ft. 0in.| 7 ft. O in.
Weights:
Stationary part of motor........... 42,500 | 126,000 | 175,000 | 175,000 | 175,000
Rotating part of motor without shaft 30,800 | 148,000 | 176,000 | 176,000 | 209,000
Shaft (hollow)...........o0vuunnn. 33,400 34,300 50,000 50,000 50,000
Pillow-blocks with bearings......... 72,300 | 105,500 | 138,000 | 138,000 | 138,000
Bedplate........ covviiininninnns 100,000 | 150,000 | 185,500 | 185,500 | 185.500
Flywheel.........c.oooviiiiinn.. 100,000 —_ —_ —_ —_
ToraL.
Without flywheel................. 296,000 —-— _— — —_
Complete.........ocovvvnnennnann, 396,000 | 578,000 | 749,000 | 749,000 | 783,000

Fic. 24
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The main rolls of the mill are driven by six induction motors
having a combined capacity of 24,000 h.p. made up of the
following units:

Two 2000 h.p. at 214 rev. per min.
One 2000 h.p. at 68 “
One 6000 h.p. at 88 - “
One 6000 h.p. at 83 “
One 6000 h.p.at 75 “

In the construction of these motors the parts were made
extremely heavy and rigid, following out as far as possible the
practice which has proved successful in the construction of
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Fig. 25.—Characteristic curves of the 6000-h.p., 88 rev. per min. induction
motor.

steam engines for similar duty. The stator frame is of the
box-type construction, and is split into four sections for ease
in handling and transportation. The rotor spider is of cast
steel and is made up of four sections with two arms per section.
The sections are bolted to disc hubs which are pressed on the
shaft.

As the flywheel effect of the rotors necessary to overcome the
excessive loads in rolling can only be determined accurately by
actual trial, it was deemed advisable where possible to construct
the motors so that the flywheel effect could be altered after the
motors had been put in operation This was accomplished
in the 6000-h.p. and the 2000-h.p. motors at 68 rev. per min.
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by attaching to the rotor spiders heavy cast-steel rims which
could easily be removed and exchanged for rims of different
weights.

On account of their high speed the two 2000-h.p., 214-rev.
per min. motors have separate flywheels weigliing 100.000 Ib.
each. These flywheels are built up of riveted boiler plates,
which do not permit of alteration. A

The end-thrust which may result from a diagonal fracture of
a spindle or roll is frequently sufficient to wreck either the mill
or the motor unless special precautions are taken. This problem,
which is extremely difficult to solve when an engine is used for

N 77/
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torse Aower dulput
Pic. 26.—Characteristic curves of the 2000-h.p. 214-rev. per min. induc-
: tion motor,

driving the rolls. is very easily solved when electric motors are
used. A device termed a mechanical fuse is attached to the
pedestal by two breakable rods These rods are so proportional
that they will break only when the end-thrust exceeds 150 tons.
When the rods give way under this pressure, the rotor is free
to move longitudinally away from the rolls, thereby relieving
the thrust. To prevent injury to the brush rigging, it is so
arranged as to move freely with the brushes, always main-
taining their proper position on the collector rings.

The bearings are self-aligning, with oil-ring lubrication.
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They can also be lubricated from an independent oiling system.
Provision is made for water cooling in case of emergency.

The coils, which are assembled in open slots, are very rigid.
In order, however, to prevent any possible vibration due to
excessive fluctuations of the current, the coils are also firmly
laced to a rigid supporting ring.
~ The electrical characteristics of the motors are shown by Fig.
25 and 26, which represent the results of tests of the 2000-h.p.
motor at 214 rev. per min. and the 6000-h.p. motor at 88 rev.
per min.

Reference to these curves shows that the power-factor and
efficiency are near their maximum at the rated output of the
motors, and that high values are maintained throughout the
complete operating range.

The two 2000-h.p. 214-rev. per min. motors were received at
the Gary works complete, except the flywheels which were
built up and turned after the installation of the motors. The
three 6000-h.p. and one 2000-h.p., 68-rev. per min. motors were
assembled and wound in position. The 2000-h.p., 214-rev. per
min. motor and its controllers were tested before shipment, but
the controllers for the remaining four motors were first assembled
at the works.

Only two minor troubles have developed so far in the entire
installation. On starting up one of the 6000-h.p. motors, one
section of the rotor resistance overheated, but investigation
proved this trouble to be due to a stray piece of arc-lamp carbon.
In starting up another of these motors trouble developed due
to a broken grid in the rotor resistance.

Control for roll-train motors. In designing the equipment for
these 2000-h.p., and 6000-h.p., 6600-volt induction motors, not
only were the sizes of the motors to be controlled beyond anything
previously attempted, but the specifications presented many
novel features.

For most of the motors the service required a very large
flywheel effect. Because of the well-known characteristics of
the induction motor, it was clearly recognized that there would
necessarily be large fluctuations in current, even though the
flywheels were very large, unless some means were employed
for automatically introducing resistance into the motor circuit
whenever the load was sufficient to cause even as small a change
of speed as two or three per cent. It was desirable that the auto-
matic features be adjusted so as to operate continuously, regu-
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lating the current taken by the motors so that the demands on
the source of supply for any one motor would be uniform—the
motor and its flywheel, meanwhile, accelerating and decelerating
at a point just below synchronism to meet the power demands
of the rail mill which it was driving.

The large current in the secondary circuits of the motors
necessitated separate contactors. Rheostats were arranged in
multiple delta, and the successive value of the resistance was
made such that as each contactor closed, the rush of current
through it would be approximately one-fourth of the intake of
the motor. This arrangement prevents the rheostats or con-
tactors being called upon to carry anywhere near their full
rated current, and gives the whole control system a conservative
continuous rating. A

The control apparatus for each motor consists of:

A. Preliminary control apparatus, which includes the oil
switches, reversing switches, series transformers, primary refays,
etc.

B. Secondary control, comprising the rheostats, contactors,
regulating panel, etc.

C. Master controller.

Reference to the plan of the plant shows that the motors and
the controlling apparatus are placed in a room separated
from the rolling mill proper by a partition. The master
controller, however, is in the rolling mill. TUnder these
conditions, therefore, the operator must depend chiefly on the
‘automatic features of the control, which are so far away that he
must judge of their correct working by the behavior of the rolls
while the steel is passing through them. In case of emergency
provision is made for the motor attendant to shut down the
motors independently of the master controller.

The 6600-volt circuit enters through the triple-pole main oil-
switch; thence it passes through a number of oil-switches
which determine the direction of rotation. These switches are
interlocked, making it impossible for them to be operated unless
the main switch is open. Additional interlocks prevent them
from being closed simultaneously.

This group of preliminary-control apparatus also includes the
necessary relays to open the circuit in case of overload and to
prevent the secondary control from being operated in an in-
jurious manner.

The arrangement of the secondary-control rheostats in multiple
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delta is shown in Fig. 3. Direct current at 250 volts was
adopted for the controi of this secondary apparatus, and the
voltages were so arranged that each contactor coil is subjected to
a pressure of only about 15 voits. This pressure is so small that
the arcing is insignificant. To compensate for the different number
of contactors in circuit at different speeds, a balancing resistance
equaling the resistance of the contactor is cut in or out of cir-
cuit inversely as the contactor. This keeps the current in the
contactor circuit approximately constant at about 5 amperes,
and results in a simple arrangement of contacts on the regu-

Pic. 27.—The 2000-h.p., 214-rev. per min. induction motor, which drives
passes 1, 2. 3, and 4.

lating device. The regulating device consists of two concentric
groups of buttons, one connected to the contactor coils and the
other group to the contactor resistances, the two groups being
cross-connected, step by step, by a simple arm controlled
automatically. Should the 250-volt supply fail, a weight
attached to the grooved pulley on this arm serves to return
the mechanism to the off position. The master controller which
operates both the preliminary-control and secondary-control ap-
paratus has two handles; one is a reversing handle, and the
other is for applying and shutting off the power.
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The rail mill. The rail mill has a capacity of 4000 tons of
finished rails per 24 hours. It is not only the largest, but also
the only motor-driven mill in the world rolling rails directly
from the ingot without reheating.

There are nine passes in the blooming mill. The first two
passes are two-high rolls of 42 in. pitch diameter running at 6
rev. per min., and are connected to one of the 2000-h.p., 214-rev.
per min. motors through gear reductions. The next two passes

Pic. 28.—The 6000-h.p., 75-rev. per min. induction motor, which drives
passes, 5. 6, 7, 8, and 9.

are identical with passes one and two, except that the rolls are
40 in. in diameter and make 10 rev. per min. and are driven in
the same manner. The next five passes are made in a 40-in.
three-high train direct-connected to a 6000-h.p., 75-rev. per min.
motor. The lifting table for this train has already been de-
scribed. ‘

The bloom as delivered from pass 9 is then cut in two by
means of the bloom shears, operated by a 75-h.p. induction
motor.
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The next train of rolls, which comprises a three-high roughing
mill with passes 10, 11 and 12, is operated by means of the
tilting table, the second edger or pass 16 and leader or pass 17.
This train is 28-in., pitch diameter and direct-connected to a
6000-h.p. motor running at 834 rev. per min.

The next pass is the 28-in. two-high former, direct-connected
to a 2000-h.p., 68-rev. per min. motor.

The third roll train consists of the dummy, or pass 14; the first
edger, or pass 15 and the finisher, or pass 18. These rolls also are
of 28-in. pitch diameter and the train is direct-connected to a
" 6000-h.p. 88-rev. per min. motor.

F16. 29.—Secondary control for the 6000 h.p., 75-rev. per min. motor.-

A diagram of these passes, together with the approximate
shapes of the pieces leaving them, is shown in Fig. 31 and 32,
the former also showing the table giving the size of the pieces leav-
ing the various passes, the area in square inches, the weight per
linear foot. percentage of reduction, length of piece. and horse
power per pass—all as observed in the rolling of the first rail,
which was an 80-1b., 33-ft. rail.

To supply power to the train motors of this mill there are two
circuits, each of 10,000-kw. normal capacity at 6600 volts.
One circuit feeds the three blooming-mill motors; that is. two
2000-h.p. and one 6000-h.p. The other circuit feeds the other
three motors; that is, two 6000-h.p. and one 2000-h.p.
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The estimated combined load with the mill working at full
capacity, with voltage and amperage of each of the circuits, is
shown in Fig. 33.

In originally designing the mill careful calculations were made
of the time and horse power required to operate each pass.
These data, with the calculated interval between passes, are
shown clearly in Fig. 35. It will be noted on the right-hand
side of this curve that there are both solid and dotted areas.
The dotted area represents the second piece of the ingot after
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F16. 30.—Diagram of secondary control of the rail-mill motors.

it had been cut at the bloom shears between -passes 9 and 10,
and the load estimated with the second piece in pass 10, while
the first piece is yet in pass 12. Though it is improbable that
such conditions will exist except in cases of the most rapid
rolling, it was thought advisable to use them in the calculations
of the mill. These calculations determined not only the total
time consumed by the ingot from start to finish, but also the
shortest possible time between ingots, the limiting time being
in the three-high roughing mill.
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These curves were then superimposed on each other at this
interval, which was 31.89 sec., until the number of ingots was
increased to the maximum load on the mill. Adding the ordi-
nates under this condition Fig. 34 was produced, showing the
integrated load carried by the motors.. The shaded portion
indicates motor and line losses. and the upper line of the curve
+hows the character of the load on the power station.

This cycle, which is 31.89 sec. indicates an exceedingly variable
load, the total variations being from a minimum of 4300 h.p.
to a maximum of 19,010 h.p. with an average of 12,025 h.p.,
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F1i. 33
To be read from left to right.

which makes the load-factor on the six-train motors almost
exactly 50 per cent. The curve was developed to provide a
basis for estimating the size of the storage-battery necessary to
take care of the fluctuations and keep a constant load on the
gene ating station.

Conclusions. One of the most satisfactory conclusions, so
far as the Indiana Steel Co. is concerned, that can be drawn at
the present date is that so far all the apparatus described in
this paper, which has been tried out, has been practically a
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perfect success. Nothing has occurred to indicate that there

- is any necessity of changing anything to a radical extent. As

an example of this, the ore-handling machinery was started on
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Fic 34.—Chart showing estimated combined load on the mill.
To be read from left to right.

July 23, 1908, and by Nov. 1, three-quarters of a million tons
of ore were stored in the yard, with virtually no more trouble
from the machinery than would have been experienced at a
works which had been in operation for several years.
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In the original design of the plant considerable attention was
given to the question of underground versus overhead trans-
mission. In view of some later developments although it might
have been possible to put in underground service, which would
not have greatly exceeded the cost of overhead construction,
yet the latter has given no trouble. On the night of Jan. 29,
during one of the severest wind storms ever experienced in this
section, the velocity of the wind being estimated at over 70
miles per hour, not a single case of trouble occurred on the lines
within the plant.

As stated in the description, all the 6600-volt feeders were
protected by multigap lightning-arresters, while the 22,000-volt

Fi16. 36.—Mill type induction motor.

line has both multigap and electrolytic lightning-arresters. The
latter were not installed until after the former had been operated
for some time, and since the installation of the electrolytic

lightning-arresters there has been no discharge over the multi-.

gap, nor have there been any bad effects from lightning either in
the plant of the Indiana Steel Co. or at other points on the line,
which are protected in like manner.

In open-hearth plants No. 1 and No. 2 one feature not adopted
in No. 3 and No. 4 will be the use of a large number of electric
motors for operating the gas and air valves and furnace doors
which had previously been worked by hydraulic pressure.

A comparison between the estimated horse power and the
observed horse power required for the various passes in the rail
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mill shows some discrepancy; but because the steel rolled was
colder than it would have been in actual practice, since all of
the machinery is new and is not operating so quickly as it
should, and because also of the lack of adjustment of rolls, it is
believed that the power required will be very little, if any, in excess
of the original calculations. After the roll-train motors had been
started it was discovered that the stopping of them was an im-
portant feature. The 2000-h.p., 214-rev. per min. motor when
disconnected from the rolls required 2 hr. to come to rest, while

I

Fi1c. 37.—Disassembled view of mill-type induction motor.

the 6000-h.p., 834 rev. per min. motor required 1 hr. and 37 min.
to stop. This time consumed would mean corresponding delays
in case of breaking of the main spindle, which, of course could
not be countenanced. In order to stop these motors within a
reasonable length of time, direct current at 250 volts was intro-
duced into one phase of the winding through an external resist-
ance after the motor had been disconnected from the 6600-volt
line. By this devic ' the 2000-h.p., 214-rev. per min. motor was
stopped in 2 min. and 55 sec., and the 6000-h.p. motor in 1 min.
and 42 sec. During this time the first section only of the resist-
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ance of the rotor was closed. This device is being put in per-
manently, and a 6600-volt switch connected to one phase, the
other side of which will be connected to the 250-volt line through
a permanent resistance. and this switch interlocked with the
main 6600-volt oil-switch so that both cannot be thrown in at
the same time.

Probably no industrial application of electricity has been the
result of more careful study on the part of the engineers in
charge, or has marked a more general adoption of electric power
than the one just described. Although many of the motor
applications are not new, this plant is unique in respect to the
number and variety of the applications and the size of many
of its units. The rail mill now in operation, driven by induction
motors with a combined capacity of 24,000 h.p.. and having a
normal output of 4000 tons of steel rails per 24-hr. day, is with-
out arival. The operation of the plant will therefore be watched
with more than usual interest, both by steel-mill engineers and
electrical engineers. Its success will greatly accelerate the
application of the electric motor in this industrial field.

Results thus far obtained indicate that not only have the
greatest expectations of the engineers been realized, but another
stronghold of the steam engine has been carried, and that in the
near future the rolling-mill engine is destined to give way to its
successor—the electric motor.
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DiscussioN ON ‘‘ THE INDUSTRIAL APPLICATION OF THE ELEc-
TRIC MOTOR, AS ILLUSTRATED IN THE GARY PLANT OF THE IN-
pIANA STEEL CoMPANY.” NEw YORK, MarcH 12, 1909.

B. A. Behrend: The subject of Mr. Shover’s paper is not alto-
gether confined to its title. Not only has he referred to the
application of the electric motor in steel mills, but he has also
described the usefulness of the storage battery in connection
with steel mill problems. The application of blast-furnace
gas in the power plant at Gary has also been mentioned. It 1s
carried out there on the most gigantic scale. As the paper
itself does not rigidly conform to its title, I wish to make a few
remarks concerning the gas-engine generating plant which is
illustrated in Fig. 3 and 4.

As the designer of the 17 generators constituting the 40,000-kw.
* gas-engine power plant at Gary, I have been particularly
interested in the paper, and I wish to take this opportunity to add
a few words regarding some special problems which arose in
connection with the generating plant, which will contribute to a
better understanding of the fundamental conditions which must
be met in power plants utilizing alternating-current generators
for direct connection to gas engines, a problem of the greatest
importance in steel mills. The choice of the right flywheel effect
is intimately bound up with this question, as the necessary
moment of inertia of the flywheel can be determined intelligently
only by the designer of the alternating-current generators.

The gas-engine power plant at Gary consists of 17 four-cycle,
double-acting, cross-tandem gas-engine units of 2500-kw. capacity
each. Two of these engines, No. 1 and 2, are direct-con-
nected to two 2000-kw., 250-volt, direct-current generators, while
the remaining 15 engines are direct-connected to alternating-
current generators of 3000 kilovolt-amperes each at 6600 volts
and 25 cycles. The engine speed is 83} rev. per min.

As the load on this power plant is composed chiefly of induc-
tion motors of large capacity and slow speed, the amount of
lagging current under average operating conditions is likely to
be equal to, or even greater than, the amount of watt current
required by the motors. The power-factor in this plant is not
likely to exceed 70 per cent, and the generators, therefore, were
designed for a large ampere rating at low power-factor.

Electric gas-engine-driven units must operate successfully in
parallel if the gas engine is to be an important factor in steel
mills. This problem resolves itself into an investigation of the
periedic disturbing forces, produced by the engine, and the
natural frequency of the generating unit. The periods of the
former depend upon the type of engine used, if we neglect the
period of the governor. Asthe gasengines at Gary are four-cycle
double-acting, cross-tandem engines, there are introduced two
periodic disturbing forces, due to inequalities in the force of explo-
sions, adjustment of valve gear, leakages, etc., the frequencies of
these forces being one per revolution, and one-half per revolution,
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of the engine. It is the latter frequency which is absent in steam
engines, and which introduces a complex factor of the greatest
importance into the problem of parallel operation of gas engines.

Following the terminology used in dynamics, we call the
results of these periodic disturbing forces, ‘* forced oscillations.”
For the Gary units the frequencies of the forced oscillations,
which are likely to be dangerous, are 1.39 and 0.695 cycles per
second.

It was shown by André Blondel and Boucherot in 1893, that
synchronous generators and motors, when displaced from a con-
dition of equilibrium, perform a series of swings which con-
stitute the ‘‘ natural frequency ’ of the oscillation of the gen-
erator or motor, and which can be dampened out just like other
natural oscillations. The damping circuits in and between the
pole faces, which were suggested at the time by Maurice Leblanc,
perform this function.

The determination of the natural frequency by calculation,
as carried out by Blondel, Boucherot, and Kapp, ten years ago,
was based on a knowledge of the angular displacement of the
revolving field per unit torque. The short-circuit current was
used for this determination, but experimental investigations
which I carried out with my former assistant, Mr. A. B. Field,
have demonstrated that other methods must be resorted to if
serious error is to be avoided.

Supposing that we know the natural frequency of the gen-
erating units when operating on bus-bars of constant frequency,
then we can readily obtain, by the methods of dynamics, the
increase in the mechanical displacement between the forced and
the natural frequencies produced by resonance, or the *‘ mag-
nifying factor ”’, as it has been called by Messrs. Goerges and
Rosenberg who have done such excellent work in the theory of
parallel operation. This magnifying factor is infinite when
the natural frequency equals the forced frequency, provided there
is no damping. Under this condition, even with damping,
however powerful, it is not possible in practice to obtain satis-
factory parallel operation.

Turning now our attention to the Gary units, it was evident
that if any measure of success was to accompany the con-
struction of this plant, great forethought had to be exercised lest
the successful parallel operation should be dependent upon a
lucky guess on the part of the gas-engine builders.  There-
fore, before calculating the moment of inertia of the units, or the
flywheel effect, extensive experiments were carried on to de-
termine the natural frequency of oscillation of generators of
similar design. The gencrators were run in multiple when the
circuit-breaker was opened and closed again immediately. The
number of complete oscillations per second could be counted and
the natural frequency was thus actually measured.

These investigations, carried on with a number of different
machines, over the entire range of the saturation, made it possible
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to determine beforehand the natural frequencies at all excita-
tions of the Gary generators, and, therefore, under all conditions
of load and power-factor. The curve in Fig. 1, marked ‘‘ natural
frequency "', shows the average result. The straight lines show
the two forced frequencies of the gas engines. The points of
intersection, C and D, mark conditions of instability, the range
between them marking the range of stability. The operating
range of the generators on the saturation and regulation curves,
lies between A and B; and, therefore, is well within the range of
stability.

4000 VOLTS

FORCED

F
CIES

VOLTS

AMPERES EXCITATION
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Very light wheels had to be used to comply with the condition
described. With light wheels, dampers are efficient and they
have been provided on the Gary generators.

A fiywheel effect of four times the flywheel effect used would
have reduced the natural frequency below that of the lowest
forced frequency, and the conditions would thus have been similar
to those obtaining in steam engines. Such large flywheel effects
on gas engines require the use of steel wheels of large diameter,
which are not at all impracticable. In point of fact, the question
was carefully considered whether large wheels, reducing the
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natural frequency, should not be installed. It was, however,
finally decided to bear up with the greater fluctuations, and to
install light wheels working between the two forced frequencies.

These brief remarks may suffice to indicate that the problem
of multiple operation of gas engines has been reduced to an ac-
curate scientific method based on careful experimental and
practical data. While the details of the method, and the ex-
perimental data obtained, are beyond the scope of my present
remarks, it should be mentioned that these methods have been
applied to the plants of the Carnegie Steel Company at Rankin,
Pa., where three 2000-kw. units are operating in multiple, to the
plant of the Illinois Steel Company at South Chicago, where
four 2000-kw. units are operating in multiple, and to the plant of
the American Steel and Wire Company at Cleveland, Ohio,
where four 1200-kw. generators are operating in multiple, and
in all cases reasonably satisfactory parallel operation has been
obtained. These plants are using blast-furnace gas and the
generators are of my design. In another plant, generators of
my design direct-connected to gas engines are operating on
producer gas, using flywheel effects large enough to reduce
the natural frequency below the lowest forced frequency.

Gano Dunn: My admiration for the work done at Gary is
not second to that of anyone here. I feel without the slightest
exaggeration that we are really considering one of the wonders of
the world. I am reminded that the whole character of the Gary
design is determined by the choice of prime movers, and that
when we put our finger upon the quarter of a mile of gas engines
we have placed it upon the heart of the plant. I also feel that,
as Mr. Edison once expressed it, we are playing with blue chips,
or as Mr. Carnegie once said, we have put all our eggs into one
basket and are watching that basket. I believe so much atten-
tion has been put upon the gas-engine feature of the Gary plant
that it simply cannot fail, and that the same intelligent engi-
neering judgment whichitis evident has been applied to other
features of the plant, will be found to have been applied to the gas-
engine equipment; and in the end,although possibly after some
trouble, we shall have a wonderfully successful plant which will
set a pace to be followed all over the country, and that gas will
be used for the fundamental equipment of steel mills.

In the early days when direct-current motors were applied
to steel mills, their duty was regarded as intermittent. Their
continuous capacity then was low, but their intermittent capacity
was extremely high. So great has been the progress in the
evolution of steel mills, that this type of motor, originally de-
signed for very intermittent service, has come to be the modern
mill motor, subjected to a service that is more severe than con-
tinuous service, a service in which through rapid reversal and
the encountering of enormous inertias, the duty on the motor
is even greater than that corresponding to constant continuous
load. Of course the adoption of very large units for roll driving
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meant alternating-current motors. Had direct-current motors
been desirable for the great rolls they could not have been used,
because the sizes are beyond the limits of direct-current design.
The general judgment of everyone is, that the adoption of
alternating current in the Gary plant for the major part of the
distribution, has been a success. The battle may wage a little
about the choice of current for auxiliaries and small distribu-
tions, and in this connection I am particularly interested in
what Mr. Shover said of the desirability of an induction mill
motor. He wanted an induction mill motor that would be as
much better than the ordinary induction motor as the direct-
current mill motor was better than the ordinary direct-current
motor. ‘

If he wants this earnestly enough I have no doubt he will get
it. The same intelligent codperation between the manufacturing
companies and the consumer, shown at Gary in the production
of the great induction motors for driving the rolls, undoubtedly
will be shown again in the production of a good induction mill
motor, but I question if in the long run Mr. Shover will want such
a motor earnestly enough. An induction mill motor that is as
much better than the ordinary induction motor as the direct-
current mill motor is better than the ordinary direct-current
motor, is still not as good as the direct-current motor. I am
reminded of the remark made by Dr. Steinmetz on this
platform not so very long ago, that if the frequency of a
single-phase alternating-current motor were reduced, the charac-
teristics of the motor were improved, and were best when the
frequency was reduced to zero; that is, when direct current
was used.

It is the advantages of generation and distribution that have
brought the induction mill motor to the front, not good qualities
in the motor itself. The low power-factors, the necessarily
small air-gaps, the complexity attending the use of three phases
with at least two sets of controlling apparatus, the great reduc-
tion in capacity for a given weight of motor; all in the end
are bound to indicate that the problems of distribution ought not
to be controlling to too great an extent, and ought not to cause
the locating at every point around the mill where power is
used, of the complications that attend an induction motor.
They should rather lead to the collecting of such complications
into a substation or power house where a motor-generator taking
power from the main alternating distributing system will trans-
form it into simple and powerful direct current to be sent out
for local service.

It is my opinion that in the end our steel mills will not be
supplied throughout with alternating current but will find them-
selves equipped with mixed systems of distribution—alternating
current for the great powers and big motors, and direct current for
the cranes, reversing motors, and other motors of similar service.

When the mill men first started electrical equipment, they
were not in touch with the electrical men, and many mistakes
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were made. They were accustomed to steam engines and the
measurement of power by indicators. On account of the diffi-
culty of doing it, no one thought of measuring the power ab-
sorbed in accelerating. When motors were first used, accelera-
tion was not yet a vital item, and many of the mistakes and
failures of electric motors in steel mills have been due to the
neglecting of the vast amount of power absorbed by the inertia
of moving masses. The railroad men went through all this
and developed speed-time curves. It was what Mr. Sprague,
whom we heard last night at the annual dinner so correctly
referred to as the ‘‘ hero of Richmond ”, did not know when he
put two 7.5 h.p. motors on a trolley car to do the work of two
horses. Some of the most beautiful features of the Gary equip-
ment are due to the appreciation on the part of the engineers
of the characteristics of acceleration loads.

When I see how completely the steel industry has capitulated
to the electrical engineer in the Gary plant I am filled with joy,
remembering the attitude of the steel men toward electric
motors not long ago, even on such innocent things as roll tables.
Successfully to drive a roll table by motors was impossible.
As for motors on the rolls themselves, you could not get a power
station big enough to supply the current even if you could make
the proper motor, which was doubtful. From such an attitude
there has been victory after victory, until to-day we see one
of the wonders of the earth completely electrically equipped. If
the steel industry has capitulated to the electrical engineer, it
is also true that the electrical industry has been developed by
the requirements of the steel men, and has received the biggest
kind of dividends from this development. It used to be said
that electric railroad duty was the severest known to electric
motors. It does not begin to approach in severity steel mill
duty, and the modern mill motor, together with the great in-
duction motors driving the rolls at Gary, indicates how the elec-
trical engineer has responded to the steel mill demands.

It is a great night, gentlemen. It means much for the future,
and we shall look back to this time, signalized by Mr. Shover’s
paper, as commemorating the solution of one of the greatest
problems that electrical engineers have solved.

William T. Dean: Mr. Shover spoke very briefly on some of
the problems which have been met; that is, whether the mill
shall be two high or three high. A three-high mill is one having
three rolls, each of which rotates constantly in one direction,
that is, the upper and lower roll rotate in the same direction;
while the middle roll rotates in the opposite direction, as in-
dicated in Fig. 1.

A piece of steel, for instance, passes through the lower set of
rolls at A to the right, the table is then raised and it passes
through the upper set at B to the left. On the two-high mill
where the steel must pass back and forth through the rolls, as
indicated in Fig. 2, 1t is obviously necessary to reverse the
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direction of the rolls, and therein comes the difficult problem in
electrical drive, especially when large motors are used. The
mill must reverse quickly to prevent delay, and in this, very seri-
ous problems are encountered.

Mr. Dunn mentioned the use of direct-current motors on the
rolls which, in some instances, may be as large as 6000 h.p.
Such a motor would be extremely difficult to design, but if it
could be designed it would be a very expensive machine. A
plan worked out in Europe, where direct-current motors of large
size are used on reversing rolls, is to put three armatures on a
common shaft, thus reducing the inertia, on account of the

®
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TWO HIGH ROLL
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diameters being smaller than if only one armature of large
diameter were used.

Fig. 3 represents three direct-current motors, the armatures
of which are mounted on a common shaft. As the mill re-
verses, it is impossible to take advantage of the mechanical
value of flywheels; the enormous peak loads on reversal, there-
fore, are reflected back in the direct-current system, and to
overcome this difficulty the three direct-current motors are
electrically connected with two or three generators which are
driven by an induction motor with a heavy flywheel, the gen-
erator armatures, motor armature and flywheel being on a
common shaft, as shown in Fig. 4.
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If now it were possible to use a three-high mill instead of the
two-high mill, the system becomes considerably simplified, inas-
much as the direct-current motors and generators can be omitted,
and the induction motor can be directly connected to the rolls,
as indicated in Fig. 5. The induction motor with its flywheel
will do the work on any equipment, and the difference in first
cost is just about one to three.

This is one of the problems which I think has been solved,
in connection with the study of the Gary plant, it being first
proposed to install a two-high mill, but after careful study it
was found that the three-high mill could be used at about one-
third the cost of the two-high equipment and with a large
elimination of troublesome features. .

It may not be apparent why a mill should have ever been
made two-high. The steel business has been a gradual growth,

TO
GENERATOR

A.C.MOTOR ‘ THREE HIGH ROLL

FLY WHEEL
Fi16. 5

the first steel being run through rolls driven by steam engines.
The very first plan was to use small engines which were reversed
at each pass, this practice having gradually grown to the larger
work. Some of the older steel men do not believe, for instance,
that universal plates can be made in any other than a two-high
reversing mill, but some plants have demonstrated that they
can be made in three-high mills, and by so doing, have greatly
reduced the problems of electrical drive.
On the subject of small, alternating-current motors versus
t-current motors for driving auxiliary machinery in steel
plants, I will refer to Fig. 6 which represents a small direct-
current motor driving a roll table. In a system such as is used
at Gary, this direct-current motor receives its power through a
motor-generator set, the generator being driven by an alternating-
current motor, which in turn receives its power from the alter-



156 MOTORS IN STEEL MILLS [March 12

nating-current generators in the power station. If now an
alternating-current motor were used on the roll table instead
of the direct-current motor, the motor-generator set could be

omitted by connecting the alternating-current motor direct to

the power station through transformers, if such are necessary.
After all, simplicity of general construction, as well as a general
cheapening in the cost of the construction, isa highly important

feature.
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Brent Wiley: Regarding the question of surplus gas power
over and above that required by the furnace auxiliaries, a review
of data obtained from several of the principal blasr-furnace-
plants abroad shows that the capacity installed per 100 tons of
pig iron produced in 24 hours does not exceed 1500 h.p. The
average pressure is approximately 8 lIb. and the amount of coke
burned per ton of iron produced is approximately 2400 Ib.
The author gives a surplus of 3000 h.p. per 100 tons of pig iron
produced per day. I would like to have his opinion of a prac-
tical figure to use in this relation for comparatively small plants
of more than two, and less than six, furnaces of modern type and
capacity. My idea would be an average of the two values given
above, that is, 2000 h.p.

Referring to the subjects of ore unloader and ore bridge, I
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wish to submit data on power requirements of machines which
are similar to those described, and which are located at the
Lorain works of the National Tube Company. Two of the un-
loaders have a total of 475 h.p., two machines a total of 525 h.p.
and a capacity of 10 tons; the bridge has a total of 560 h.p., its
capacity being 12 tons.

1 Unloader, maximum current 1200 amperes. Average current 500 amperes.
2 Unloaders and 1 ore bridge, maximum current 3300amperes. Average
current 1520 amperes.
4 Unloaders and 1 ore bridge, maximum current 6000 amperes. Average
current 3500 amperes.
The voltage is 220.

With the older methods of unloading ore, where hand labor
is employed to fill the conveying buckets, the unloading price per
ton ranges from 12 to 18 cents, and for the boats of modern
design ranging from 8000 to 1200 tons burden it would require
several days’ docking. Machines of the above-mentioned
type have reduced both the handling price and the holding
time of the ore boats at the dock fully 75 per cent. This is a
good illustration of the advance that has been made with the
development of the auxiliary steel mill machinery; and motor
application has been one of the prime features.

The principal point of the universal application of electric
power in the steel industry is the commercial value, and this is
made up of a number of items, some of which relate to the sub-
ject only indirectly. A summation of the advantages of the
electric drive will bring out the questions that should be con-
sidered.

Advantages of electric drive.

1. More reliable, less breakage of couplings, pinions, etc., with a cor

respondingly less maintenance cost. .

Low power cost, with the following advantages:

Centralizing of power equipment, low fuel cost, use of gas engines
of medium size in power stations, uniform load conditions in
power station engines by equalizing methods.

Less space on account of absence of boilers, pipes, etc.

Easy adaptation to mill machinery.

Easy distribution by means of cables, instead of steam or gas pipes.
Easy and simpte handling with reliable protective features of control.
Less labor.

Less oil and other stores.

Ease of obtaining power indications and records.

. Constant and regular torque.

. Increased output due to higher and more uniform speeds.
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As to item No. 9, economical conditions can be worked
out and modifications made with a knowledge of results based
on exact information, having available power indications and
records which do not exist with the use of steam engines. Again,
power indications are of valuable assistance in locating faults of
machinery, a timely discovery of which prevents loss of time and
material, and probably damage to the mill. The disadvantages
mentioned by some engineers are high capital outlay, and loss of
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efficiency due to two intermediate machines between source of
power and point of application.-

Taking all the above items into consideration, however,
the results are decidedly favorable to the electric drive, especially
for new plants; and it will be found that there are comparatively
few cases of existing plants, where the conversion from steam to
electric drive is not worthy of the fullest investigation. This
point is emphasized by the very active interest taken in the
exhaust-steam-turbine proposition by a majority of the large
steel companies. The exhaust steam from the existing mill
steam engines is used to drive a low-pressure turbine connected
to a generator which in turn furnishes electric power for the
mill motors. Within the past two years the steel companies of
the United States have installed more than 200,000 h.p. of gas
engines and turbine electric station equipments, to drive ap-
proximately fifteen motor units aggregating 20,000 h.p., exclusive
of thirteen units of the Indiana Steel Company now operating
and on order and aggregating 51,700 h.p.

*Within a year or so the data obtained from the above installa-
tions should give a conclusive analysis of the electric drive from
both an actual and comparative cost standpoint, and while it is
scarcely probable that this information will be available in de-
tailed form, the electric companies are certainly justified in re-
questing that a review of the summary of the compiled data be
made. It is to be hoped that attention will be given to the vari-
ous phases of the question, bearing on such items as are men-
tioned under the heading ‘ Advantages of the electric drive,”
in order that the full significance of the subject may be recog-
nized.

The universal application of electric power at the Indiana
steel plant, makes this subject of electricity versus steam a par-
ticularly fascinating one. In no other case has work of such
magnitude or of such completeness been considered. Each mill
proposition has been analyzed with great care and skill by the
steel companies’ engineers and they have outlined their con-
ditions and requirements in a very definite and conclusive
manner. The electric companies have appreciated this ex-
cellent work and as a valuable adjunct to his paper I would
suggest that Mr. Shover add a copy of the specification, load
diagram and data sheet items as furnished to the various electric
companies for the rail mill proposition. This may appear to
be an unusual suggestion, but a clear conception of this method
of presenting a rolling mill proposition would further the de-
velopment of the art to a greater degree of perfection, and this
particular point is one of mutual interest and benefit to the
steel and electric interests.

Robert Hull: The gas engine will have more and more to do
in the manufacture of steel. An important question in the case
of gas engines operating alternators is that of hunting, and I
. would like to have Mr. Shover give us his experience on any
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trouble with hunting he has had, and also some information as
to the power-factor.

David B. Rushmore: It is my pleasure to-night to call atten-
tion to the fact that this is the beginning of a new era in the
work of the Institute, and one which will be very closely asso-
ciated with the administration of President Ferguson. It is
interesting to note that for an illustration of the industrial
application of the electric motor, it was necessary to go quite
near to his own home. We have for years been familiar with
the application of electricity in the telegraph, in the telephone,
in lighting, in electric railway service, etc., but it has been
only in machines of small size, and only in installations of
comparatively small total capacity, that we have heard of the
industrial use of the electric motor.

But we have in this installation the beginning of a new era
in electrical work, where the application of electricity to in-
dustrial power more than takes an equal footing with the
earlier application in other fields. In mill work, especially in
this plant, we have very unusual conditions.

Owing to the limited time, it is desirable to confine my re-
marks to one phase of the subject. In this plant, with its many
varied applications of electricity, two features stand out distinctly
considering the scale on which they are practised in the manu-
facture of steel in this country. I refer, first, to the gas-engine
power station. While such stations have been installed in
other places on a smaller scale, it is the first time in this country
that the complcte power plant of a steel mill has been electrically
operated. Secondly, I wish to refer to the drive of the rolling
mill by electric motors. Smaller installations have been put
in before, but nothing of this size, and nothing in the world has
ever been attempted with machines of this capacity.

In rolling mills we have a number of varied problems, and it
is very pertinent to repeat the remarks of the previous speaker
to the extent that under no other conditions of service are the
requirements of the electric motor as severe as they are in this
work. The load curves we saw this evening on the auxiliary as
well as on the main roll drive, indicate a load condition not met
with elsewhere. This necessitates in the motor a very unusually
strong mechanical construction and an interesting mechanical
device mentioned by the author; it necessitates a comparatively
large air-gap in the large machines, and also in smaller ma-
chines, making the design of the machinery, electrically and
otherwise, with the idea of reliability first.

The author has very interestingly brought out the point that
what a steel mill desires is.nothing but the maximum output of
steel, and the incidental features of the plant must all be designed
with this in view. That means that the electric motors have a
considerably larger air-gap than was necessary from any
other consideration; that the factor of safety, electrical and
mechanical, very much exceeds the figures that would be used
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for any other class of service, and as the author saw, in regard to
the overload capacity of these motors, that no variation in tem-
perature of ingots should be able at any time to stall them. Thisis
illustrated in the new type, where all the mills operate continu-
ously in the same operation, and all the motors are equipped
with flywheels.

The design of a flywheel and the motor, with the automatic
control, in order to have the motor properly function with
its variation in speed, to draw the proper amount of energy from
the flywheel and throw back on the power station the desired
load, has been one of the very interesting problems of this work.
Other engineers connected with the Steel Corporation have
been studying, and have worked out with a very considerable
degree of refinement the load thrown on the rolling mill by the
reduction of the steel passing through it. This has been done
to a large extent by the indicating steam engine, and now with
the beautiful accuracy possible with the electric motor, a much
more refined study of this problem will be possible.

The question of the alternating-current motors is a very vital
one, and I wish to speak of it in connection with another engi-
neer who has done a large amount of pioneer work for the Illinois
Steel Company. Thisengineeris going to be the pioneer in intro-
ducing through the system which he is operating, high-speed ro-
tary condensers, which entirely take care of the power-factor
and the effect of the peak on the generating station. In this
plant and inthe other plants in which they will be used, these
rotary condensers will give all the advantages of the electric
motor, with the power-factor obtainable with zero frequency,
as we have just heard.

President Ferguson: Before I call on Mr. Shover to close the
discussion, 1 want to say a word which I thought of mentioning
before, but as the hour was so late I omitted it. This subject
of industrial power, not only as applied to steel mills, but to all
practice, is really very important. It is not quite so pyrotechnic
as some of the other things we have discussed, like the electrifica-
tion of railways, for instance, but there is a great deal of work
which is being done very quietly in the application of electricity
for power purposes, but not nearly as much as should be done.
It was with the idea of bringing out the possibilities of the use
of electricity for power purposes generally that this year I ap-
pointed a commitee on industrial power, of which Mr. Rush-
more is the chairman. It was hoped at this meeting that we would
be able to have a discussion of more than one feature of the
subject, but when we looked into the matter we found the
application of electricity to power purposes in steel mills was so
important, and involved such large quantities with such a great
variety of applications, that we felt it was worthy of a whole
evening, and I think we all feel that opinion is justified by the
results of listening to Mr. Shover’s interesting paper and the dis-
cussion which has followed.
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We have arranged that the annual convention, if possible,
should devote a session to the general subject of industrial power.
We will then have a symposium on the subject, and discuss
industrial power in all its phases, and we hope you will all be
very much interested. I desire to let you know that this is
onlyk the beginning of what we think is a new and important
work.

B. R. Shover: Mr. Hull's references to hunting and power-
factor are important enough to require some comment. We
have had some slight difficulty in paralleling the gas engines, but
only at times of light load. The operation of the alternators
in parallel under three-quarter load or more, is in the main as
steady as that of any reciprocating steam-engine-driven alter-
nators. On lighter loads there is always a tendency to hunt,
due to inherent characteristics of the gas engine; for one cylinder
is always a little stronger than the others, and one cylinder is a
little weaker than the others. Therefore at light load there may
be a point where the weak cylinder misses fire; this will be in-
dicated by the needle on the ammeter, and the strokes of the
engine can be counted at that time. If the weak cylinder and
the strong cylinder act exactly opposite to each other there will
be more or less trouble with the engine. I have never seen
the engines thrown out of step, even under the very worst con-
ditions, but sometimes I have thought that they would be. I
do not think it is necessary to take up here the reason why it
seems almost impossible to overcome this inherent characteristic
of the gas engine.

The matter of power-factor was held up to us as a bugbear for
a long time, so long in fact that we ceased to bother about it.
We did not know what our power-factor was going to be; we
had no way of finding out nor did we care what it was: there
was nothing for us to do but to put in the plant, operate it, deter-
mine the power-factor, and then ascertain if changes were neces-
sary. We have not yet reached the point where we can say
what we are going to do, because the heavier the load on our
plant the better the power conditions. When we get the mill
full of steel we will know what the power-factor is going to be: at
present it varies, according to the conditions in the mill, from
35 to 85 per cent.
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ELECTRICITY AND THE CONSERVATION OF
ENERGY

BY LEWIS B. STILLWELL

In any problem, accurate and, so far as practicable, concise
statement is essential to proper consideration and correct solu-
tion. The economic problems which present themselves when
the complex and far-reaching subject, Conservation of Natural
Resources, is considered, can be approached best by first stating
and defining them with reference solely to physical and economic
facts and relations without reference to political boundaries or
limitations. To approach the subject by first considering real
or supposed difficulties imposed by the respective rights and
duties of states and of the nation, is to discuss method of treat-
ment before diagnosis. We should first consider the problem
as if there were no such thing as states within the Union, assum-
ing, for the time being, the existence of one central and absolute
authority within the federal boundaries. The question what
is economically desirable upon this assumption, is that which
the engineering profession should first agree upon and, if
possible, state in a manner which will be understood by the
general public.

Conservation as applied to our natural energy resources
means utilization without unnecessary waste. In a broader
sense it means also development along lines which will not only
utilize but increase those resources; for example, as regards water-
powers it has relation to the maintenance and renewal of forests
affecting variation in stream-flow, and the construction of
storage reservoirs which, properly used, are capable of adding
greatly to that part of the run-off which can be used for industrial
purposes and navigation.

163
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Much has been uttered recently with reference to these rela-
tions which can not be expected to hold good in the light of that
clearer knowledge which will result from further study and ex-
perience—much that is erroneous and misleading even when
examined critically in the light of facts now ascertained and
determined. General statements from sources commanding
the attention and arousing the interest of the public are neces-
sary first steps in turning a nation from reckless waste and al-
most unrestricted appropriation of natural resources by in-
dividuals, to a policy of wise conservation, having due regard to
the common interest now and in the future. Those first steps
have been taken, on the whole, in an admirable manner. Public
attention has been arrested. Public interest has been aroused.
Public and legislative opinions are forming. Obviously, it is of
the utmost importance that our engineering societies should take
an immediate and active part in working out the complex prob-
lems of conservation and, if possible, in directing the formation
of public opinion along lines that will result in the enactment
of just and wise laws.

The economic utilization of our natural resources is the funda-
mental problem of all engineering. If the President of the United
States were to summon a conference of governors at the White
House for the purpose of considering and promoting reforms in
current medical practice, the medical profession undoubtedly
would be greatly interested, and would manifest its interest by
assuming proper and unchallenged prominence in discussing the
questions raised. If such a conference were to assemble for the
avowed purpose of initiating reforms in the machinery and
methods for the administration of justice, it is not to be doubted
that the lawyers would manifest their vital interest not only
by exposition and discussion, but also by actual leadership.

The conference of governors in May, 1908, called by President
Roosevelt to consider and advise regarding conservation of the
natural resources of the United States, raised questions in re-
spect of which the engineer occupies a position closely analogous
to that which the medical doctor holds in respect of medical
practice and the lawyer in respect of legal procedure and ad-
ministration.

The analogy is not perfect, nor does responsibility for final
decision rest exclusively upon the engineer, but it is peculiarly
the patriotic duty of the engineering profession to enlighten the
public by unbiased consideration and accurate exposition of
essential pertinent facts, physical and economic.
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I propose in this paper: 1. To illustrate the function of elec-
tricity in the conservation of natural resources. 2. To sum-
marize statistically the present power requirements of the
United States and present certain data (necessarily far from
complete) relative to water power available. 3. To point out
certain economic bearings of the plan which proposes the im-
position of a tax on water powers, and the use of the proceeds for
improvement and construction of inland waterways.

THe FuNcTioN oF ELECTRICITY IN CONSERVATION

The part which electricity is destined to play in the conserva-
tion of our energy resources is demonstrated clearly by what it
already has accomplished. Three typical illustrations will
suffice: 1. The saving of coal by the utilization of water power, as
illustrated by the plants of the Niagara Falls Power Company.
2. The saving of coal by the substitution of large and highly
efficient steam plants for smaller and less efficient plants, as in
the case of the Newcastle-upon-Tyne Electric Supply Company.
3. The saving of coal used for transportation purposes by the
substitution of large and highly efficient engine units for com-
paratively small and inefficient locomotive units, as accom-
plished, for example, by the Interborough Rapid Transit
Company of New York.

In each case the economy is due primarily to the fact that we
can now use for transmitting and distributing power, the
electricity produced in dynamos. distributed by conductors, and
utilized by motors—all of remarkably high efficiency.

The Niagara Falls Power Company. During the year 1908,
the plants of the Niagara Falls Power Company delivered an
output of 560,000,000 kw-hr. Had this output been generated
by large modern central stations using steam power, their con-
sumption of coal would have approximated 2000 tons per day.
Were the users of Niagara power dependent to-day upon their
own individual steam plants, they would use in the aggregate
not less than 3000 tons of coal per day; in other words, more than
1,000,000 tons per annum. If this power were replacing steam,
as used under average conditions in our manufacturing cities,
instead of being used for the most part in supplying power to
a comparatively small number of customers using large blocks
of power, it would replace and save nearly 2,000,000 tons of coal
per annum.

Important as is the saving of coal from the standpoint
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of conservation of our natural resources, perhaps the most
striking feature of the Niagara power enterprise is the
demonstration which it affords of the great industrial value of
cheap power, the greater part of the output of the plants being
utilized to-day by electrochemical industries of great value to
the community, all of which have been stimulated and some
of which owe their very existence to their ability to secure power
at very low cost.

The North-East Coast Power System. The North-East Coast
Power System, supplying electric power to the great industrial
district in and about Newcastle-upon-Tyne, effects a very im-
portant economy in coal consumption. In a paper presented
at the Middlesbrough meeting of the British Iron and Steel In-
stitute in 1908, Charles H. Merz, the engineer under whose
able direction this large enterprise has been carried out, shows
that the economies resulting from centralization of power de-
velopment and electric distribution have led to the construction
of plants now in operation, aggregating 102,000 h.p. installed;
that additional plant aggregating 34,600 h.p. is under con-
struction; that during the last 4 years the demand has increased
at a rate averaging 20,000 h.p. per annum; that to-day every
shipyard on the north bank of the Tyne is purchasing practically
all of its power supply in the form of electricity; that the system
is now
responsible for the supply of current to eighty (80) miles of electrified
railway, four tramway systems, the lighting in towns having popula-
tions aggregating over 700,000, motive power to the extent of 85,000
horse power and electrochemical works of over 12,000 horse power.

Not only has Mr. Merz established highly successful steam-
driven power plants in a district where the cost of coal ranges
from 7s. to 9s. per ton, but he has demonstrated that important
economy of coal consumption results from the supply of elec-
tric power to the collieries for their mining operations.

Referring to this very interesting feature of the development,
Mr. Merz says:

The output of coal from Northumberland and Durham in 1906 was over
52,000,000 tons and, according to the Report of the Royal Commission
on Coal Supplies, between six and eight per cent of the total coal brought
to bank is used by the collieries for the purpose of power generation.
From the make of coke * * * it appears that about one-fifth
of the coal mined on the northeast coast is converted into coke. Making
a liberal allowance, therefore, for the power at present used from the
surplus heat resulting from the coking process, the collieries of Northum-
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berland and Durham must burn for their power requirements some
2,500,000 tons of coal per annum. As the almost invariable rule is to
work non-condensing, as the steam piping is usually long, and as a large
portion of the load is intermittent, it is certain, and is proved by experi-
ence in this district, that the same power can be provided electrically in
a large central power station by the consumption of less than a quarter of
this coal. Apart, therefore, from the efficient utilization of waste heat,
apart from the saving of coal in ship-building and engineering works, and
apart from the saving resulting from the electrification of railways, the
application of electricity to coal-mines in this district, when as complete
as that to the Tyne shipyards, will render available for outside sale over
14 millions of tons of coal, equivalent to, say, over half a million sterling
per annum.

The power plants of the Interborough Rapid Transit Company
of New York. The output of the power houses of the Inter-
borough Rapid Transit Company, New York, for the year 1908,
was 409,000,000 kw-hr. The consumption of coal was 494,000
tons. Ina paper presented at the 214th meeting of the American
Institute of Electrical Engineers, by the writer and H. St.
Clair Putnam,* comparison was made from the company’s
operating records of the fuel consumption upon the Manhattan
elevated lines during the year ending June 30, 1901, when
steam locomotives were employed, and during the year ending
June 30, 1904, when electricity was used. I quote from this
paper: g

Referring to the period first mentioned, one pound of coal produced
2.23 ton-miles, if the weight of the locomotive be included, and 1.5 ton-
miles, if the weight of the cars only be considered.

During the latter period (electric traction), one pound of coal burned .
at the power house produced 3.85 ton-miles; excluding weight of loco-
motives, therefore, the ratio of ton-mileage per pound of coal in favor of

electric operation was 2.57 to 1. Including weight of locomotive it was
1.72 to 1.

The average speed under electric operation was approximately 2 miles
an hour greater than that attained by steam, and if correction be made
for this difference, the ratio of ton-mileage per pound of coal, excluding
weight of locomotives, is approximately 3 to 1, and, including locomotives,
2 to 1in favor of electric traction.

If, therefore, we can conceive the possibility of operating to-
day, by locomotives, the entire service of the elevated and sub-
way lines of the Interborough Company, it appears that the
saving in coal consumption effected amounts to not less than
988,000 tons of coal per annum.

In each of the three typical cases cited. it will be noted that

* Transacrions A. 1. E. E,, 1907. Vol. xxvi, p. 31.
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electricity results in a radical economy of coal. That it also
results in a material saving of household and other property
which, in industrial communities using large numbers of small
steam plants, suffer rapid deterioration by the effects of smoke
and dust; that it tends strongly to improve the appearance of
our cities and conditions which affect comfort and health, are
facts not all of which are strictly pertinent to a consideration of
the subject before us, but may nevertheless be mentioned in this
connection.

Where steam is used to generate power in large plants from
which electricity conveys it to users, economy results not only
from the employment of comparatively large power generating
units, but also from the introduction of plant economies and a
degree of skill not attainable in smaller plants.

_InpusTrRIAL Use or POWER.

From the latest available census returns, the following tabu-
lation of aggregate capacity of prime movers used in the United
States at the dates and in the respective industries mentioned,
is compiled:

Installed

horse power

Manufactures, census 1905........................ 12,765,594

Mines and quarries, census 1902......... e 2,753,555

Street railways, census 1902............... .00 1,359,289

Electric light and power stations, census 1902........ 1,845,048
Custom flour, grist- and saw-mills, census 1900, (omitted

fromecensus 1905) ............ it 883,685

Telephones, telegraph and fire-alarm systems, census 1902.3,148

The United States census reports since 1870 afford data
from which interesting conclusions in regard to the respective
rates of increase of power used for various industrial pur-
poses, the relative proportions of steam and water power
now in service and the enormous growth of electric motor appli-
cations may be investigated. Such a study has been made by
H. St. Clair Putnam, of New York, and the results set forth
in an interesting paper on ‘‘ Conservation of Power Resources,”*
presented by him at the conference on the Conservation of
Natural Resources, held at the White House, May 13-15, 1908.
Mr. Putnam employed the method of constructing curves based
upon census statistics beginning with the year 1870, and pro-
jecting the resulting respective curves from the dates of the

* ProceepINGs A. I. E. E. Vol. xxvii, p. 1397.
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latest census figures to the year 1910. Making due allowance
for the check to our industrial progress, which began in 1907, it
issafe to say that at the present time the aggregate horse power
of prime movers installed for industrial use in the United States,
exclusive of steam railways, approximates 25,000,000.

In round numbers, 50,000 steam locomotives are owned
by our railway systems. Based upon maximum drawbar -
pull, these locomotives would be capable of developing about

. 30,000,000 h.p., but the average power actually developed on a
24-hr. basis, when averaged over the entire year, approximates
only about 2,000,000 h.p.

Were all the railways of the United States operated by elec-
tricity generated in large and properly located power plants,
the aggregate installed capacity of these plants would approxi-
mate 4,000,000 h.p.

Of the grand total of 25,000,000 h.p. installed for industrial
purposes, exclusive of steam railway operation, water motors
represent, in round numbers, 5,000,000 h.p., and gas engines
and oil engines about 800,000 h.p.

I quote from' Mr. Putnam’s paper:

Prior to 1870, the use of water power in manufactures exceeded that
of steam power. Water power expressed in percentage of the total
power employed has since steadily declined, falling from 48.3% in 1870
to 11.2% in 1905. During the corresponding period, steam power in-
creased from 51.8% in 1870, to 78.2% in 1900. The census of 1900 showed
a marked falling off in the rate of increase in the percentage of steam
power used as compared with the rate prior to 1890, and this was ac-
centuated in the census of 1905, when- the percentage of steam power
fell to 73.6% of the total. This check to the ascendency of directly ap-
plied steam power was due to the introduction of electric power. In
1890 electric power was negligible. In 1900 it constituted 4.8% of the
total. In 1905 this had increased to 11.8%—a marvelously rapid
growth when the aggregate increase of over 1,000,000 h.p. in five years
is considered. If the present rate of increase prevails until 1910, electric

power will have reached 18 per cent of the total and steam power will
have dropped to 68%.

The facts to which I have called attention point unquestionably
to further and rapid progress in the work of substituting electric
motors for small steam engines. While this development has
made a highly significant beginning in the field of transporta-
tion, in the replacement of steam locomotives for elevated and
subway service and for terminal operation, it has already covered
a substantial portion of the entire field of stationary operation.
Its economies and their advantages are fast becoming matters
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of common knowledge. The cost of electric apparatus in
general has decreased materially in the last decade, and the
day appears not far distant when the isolated steam-engine plant
as used for general industrial purposes will be practically banished
from our cities.

Our ability to utilize in the near future a large proportion of
our water-powers depends primarily upon the distance across
which power can be electrically transmitted at practicable
costs. This in turn depends upon the limits of potential against
which transmission lines can be insulated in a manner which
secures reasonable continuity of service. No precise limit of
practicable distance can be fixed, nor is it necessary here to
enter into a detailed discussion of the subject. It is sufficient
to point out that power to-day is being transmitted from Niagara
Falls to Syracuse, a distance of 160 miles. In California, it
has been transmitted successfully a distance exceeding 200
miles. While 200-mile transmission does not bring every
water-power of the country within reach of an adequate market,
it does obviously suffice as regards a large proportion of
our hydraulic resources not as yet utilized.

AVAILABLE WATER POWER

From a purely physical standpoint, an estimate of horse
power available in the case of a given stream requires accurate
topographical survey and careful measurement of flow extending
over a considerable period of years. Much work of very great
value has been accomplished in these directions by the United
States Geological Survey,but much still remains to be done.
Systematic prosecution of this work is essential to the ultimate
solution of our problems of power conservation, and the influence
of the engineering profession should be strongly exerted to in-
sure the effective extension and continuance of these surveys
and measurements.

The majority of estimates of ‘‘ water power available in the
United States’’ which have been made, do not and cannot pre-
‘tend to be exact. Obviously, there is a vast difference between
the aggregate horse power which may be considered available,
if the problem be looked at from a purely physical standpoint
without reference to cost of development, and the amount which
is available if cost of development and transmission to an
adequate market is considered.

From the economic standpoint, determination of the aggregate,
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the horse power which a stream is capable of developing, involves
8 step-by-step examination of its profile from its source to its
mouth, the approximate location of sites where the gradient and
other topographical features indicate the practicability of de-
velopment within the limit of practicable cost as fixed. by cost
of competing steam power, and the summation of the powers
thus located. Following this general method, M. O. Leigh-
ton, chief hydrographer, United States Geological Survey,
estimates the available water power of the upper Mississippi
river and tributaries at 2,000,000 h.p. and that of the southern
Appalachian region at approximately 3,000,000 h.p. The
aggregate available water power in the state of Washington has
been estimated at 3,000,000 h.p. and that of northern California
at 5,000,000 h.p.; but these figures are merely approximations
and cannot be regarded as authoritative.

The report of the Inland Waterways Commission acting as
the Section of Waters of the ‘‘ National Conservation Commis-
sion,” before the recent Joint Conservation Conference in
Washington, states:

The theoretical power of the streams is over 230,000,000 horse power;
the amount now in use is 5,250,000 horse power. The amount available
at a cost comparable with that of steam installation is estimated at
37,000,000 horse power, and the amount available at reasonable cost
at 75,000,000 to 150,000,000 horse power.

The assumptions and facts upon which these estimates are
based are not set forth in the report referred to with that pre-
cision which is essential to correct judgment of their value.
The amount named as ‘‘ available at a cost comparable with
that of steam installation,’’ namely, 37,000,000 h.p., exceeds the
aggregate mechanical power now in use within the borders of the
United States, and suggests the enormous saving in coal which
would result from anything like a general development and
utilization of our water-powers.

But whatever may be the aggregate amount which ultimately
can be utilized, certain guiding facts are obvious and cannot be
controverted. Among these are: 1. Under average conditions
every hydraulic horse power utilized for industrial purposes in
10-hr. service saves at least 7.5 net tons of coal per annum.
2. Present knowledge does not permit us to obtajn from coal
burned for power purposes, even under conditions of best eom-
mercial practice, more than 10 per cent of the energy which it
contains; under average conditions less than 5 per cent is utilized.
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3. Electricity enables us to substitute a few and comparatively
efficient steam plants for large numbers of small and relatively
wasteful installations, thus effecting important economies not
only in fuel consumption but also in other directions. It
also enables us to transmit and utilize in available markets a
very large proportion of the aggregate water power of our
streams.

In view of these facts, it will be admitted that from the stand-
point of conservation of our power resources, the attitude of the
federal and state governments should be such as will hasten and
not retard the development of our water-powers. Any policy
which operates to retard this utilization is a danger to the
community, not only because it tends to increase the average
cost of power and, therefore, of transportation and the manifold
products of our manufacturing industries, but also because it
tends to prolong and even increase the, at present, necessarily
wasteful utilization of coal supplies which can never be re-
placed. Such a policy, therefore, is on its face in direct con-
travention of the true principles of conservation.

Water-powers not hitherto appropriated under existing laws
belong to the state and unquestionably should be utilized in a
manner which will secure the utmost practicable advantage to
the community. There is every reason why they should not be
appropriated in perpetuity either by individuals or corporations.
In permitting their appropriation and use for a limited period,
the state undoubtedly should obtain the best terms possible,
but the fact that prompt utilization means not only a saving of
coal resources but a reduction in cost of manufacture and
transportation is a consideration of the utmost weight. As
compared with the direct revenue which can be expected to result
from levying a direct tax upon water-powers, this considera-
tion, from a broad economic standpoint, is in all probability
controlling. Doubtless the state can tax water-powers and can
devote the proceeds of such tax to any special purpose which it
may elect,; for example, the construction of inland waterways, as
has been proposed; but correct determination of the wisdom or
folly of such an arrangement requires careful consideration and
at least approximate knowledge of the quantitative values of
the economic results to be expected.

In a short speech before the Conference of Governors at the
White House in May, 1908, referring to water-powers, President
Roosevelt said:
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My position has been simply that where a privilege, which may be of
untold value in the future to the private individuals granted it, is asked
from the Federal Government, that the Federal Government shall put
onthe grant a condition that it shall not be a grant in perpetuity. Make
the term long enough so that the corporation shall have an ample material
reward. The corporation deserves it. Give an ample reward to the
captain of industry but not an indeterminate reward. Put in a pro-
vision that will enable our children at the end of a certain specified period
to say what in their judgment should be done with that great natural
value which is of use to the grantee only because the people as a whole
allow himn to use it. It is eminently right that he should be allowed to
make ample profit from his development of it but make him pay some-
thing for the privilege, and make the grant for a fixed period, so that
when the conditions change, as in all probability they will change, our
chiliren—the Nation of the future—shall have the right to determine
the conditions under which that privilege shall then be enjoyed.

With the ideas thus vigorously expressed, every good American
citizen must be in sympathy. To the admirable exposition of
principles included in the preliminary report of the Inland
Waterways Commission, dated February 26, 1908, few engineers
will take exception. But the attitude of some of the speakers
at the recent Conservation Conference in Washington, upon the
occasion of the second gathering of the governors of the states,
clearly evidenced a disposition to beg one of the fundamental
questions which arises at the very threshold of consideration
of the utilization of our streams; namely, the question of the
real economic value of inland waterways. The minds of some
who are taking an active part in the discussion of this great
economic question apparently start with two assumptions:
1. That the economic value of a vast system of inland waterways
is admittedly so great as to justify practically any expenditure
inits development. 2. That the water-powers upon our streams
are inexhaustible mines of wealth capable of yielding, under a
general system of taxation, large revenues. From these premises,
the conclusion that water-powers should be taxed to pay for
waterways is easily deduced.

To the engineer it is evident at once that before any conclu-
sion, involving expenditure of large amounts either of public
money or private capital, is agreed to, both premises upon which
that conclusion is based should be critically examined.

I do not propose in this paper to attempt anything purporting
to be an exhaustive discussion of this complex subject. Per-
Sonally | am frank to admit I have found it impossible from
Wy present knowledge to form definite and final opinions in
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respect of some of its phases. If our national engineering
societies, during the coming year, will secure from their mem-
bers best qualified by special knowledge to supply pertinent facts
and suggestions, carefully considered papers discussing the
comparative economics of transportation by rail and by inland
waterways, much light will be thrown upon this very important
and far-reaching question. At present data apparently es-
sential to well-grounded judgment have not been collected and
compared in a manner to justify formation of definite and final
opinions which can be expressed in precise terms. opinions
which may be expected to stand the test of time.

In calling attention to certain considerations which apparently
tend to controvert the present popular impression that a radical
improvement and extension of our inland waterways is the
natural and proper solution of the great problem of freight
transportation, I trust it will be understood that I am not
approaching the subject from the standpoint of one whose
interests are identified with railways. Such is not the case.
The electrical engineer has everything to gain and probably
nothing to lose from a policy which during the next 10 years
may result in the appropriation of from $50,000,000 to
$100,000,000 per annum for the improvement of our waterways
and development of our water-powers. An engineer’s first
duty in a case of this kind is to bring any special knowledge
which he possesses to bear upon the economic problem presented,
to form and to state his opinions absolutely without bias. In
our offices and in the field we may be retained properly to
represent this or that special interest, but on the floors of our
engineering societies our proper attitude is that of the man of
science interested solely in the facts, their causes, relations, and
consequences.

In considering the proposition to impose a tax upon water-
powers and to devote the proceeds of this tax to the con-
struction of a system of inland waterways, it is clear that the
first effect of such a tax would be to retard the development of
water-powers unless some compensating advantage were offered.
It is also evident that such a tax would operate indirectly to stim-
ulate the consumption of coal, and that if it be decided that we
can afford to tax manufacturers indirectly in order to improve
transportation facilities it would be wiser, from the standpoint of
conservation of our power resources, to impose a tax upon coal
used for power purposes. A tax of $3.00 per horse power
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($4.00 per kilowatt) per annum is equivalent to a tax of 40c. a
ton (2000 1b.) on coal used for power purposes in manufacturing,
if weassume that 5 1b. of coal per h.p.-hr. are used. A proposal to
impose any such tax on coal used for power purposes and use
the proceeds for the construction of inland waterways probably
would command little influential support, and yet a similar
proposal, as applied to water powers, has received weighty
endorsement and apparently is highly approved by those who
are especially interested in the development and extension of
inland waterways.

In the report of  The Inland Waterways Commission, acting
as the Section of Waters of the National Conservation Com-
mittee before the last Joint Conservation Conference,” I find
the following referring to the uses of water power in our streams:

The paramount use should be that of water supply; next should follow
navigation in humid regions and irrigation in arid regions. The develop-
ment of power on the navigable and source streams should be kept
subordinate to the primary and secondary uses of the waters; though
other things equal, the development of power should be encouraged,
Dot only to reduce the drain on other resources, but because properly
designed reservoirs and power plants retard the run-off and so aid in the
control of the streams for navigation and other uses.

It would be interesting to know how the conclusion has been
reached that in humid regions the development of power on our
streams is less important than the improvement of navigation.
To one familiar, for example, with power developments in the
cotton-mill district of the Carolinas, and with the character of
the streams there utilized so extensively and with such vast
advantage to the community for power purposes, the idea that
any conceivable use of these streams for purposes of navigation
can be comparable to their value as producers of power is, to say
the least, highly improbable.

Obviously, before any such general policy as that recommended
is adopted, we should have assurance that the imposition of such
3 tax will not cost the community more than the resulting im-
Provement of transportation facilities is worth. Cheap power
s & factor of great importance, both in manufacturing and
transportation. According to the census of manufactures taken
in 1905, the gross output of our factories and mills had a value
of $16,866,706,985. This product represented $1,152.00 per
borse power installed. The wages paid amounted to $248.00
Per horse power installed.

In the same year, the aggregate gross receipts of our rail-
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ways were $2,325,765,167, or about 14 per cent of the value of
manufactured products. .

The object sought in constructing inland waterways is re-
duction in cost of transportation. The proposal to impose a
tax which will operate to increase costs, in a business amounting
to nearly $17,000,000,000 per annum, in order to attain an un-
defined advantagé in reduction of cost in a business of less
than one-seventh that amount calls for something further in
the way of analysis than has yet come under my observation in
this connection. The fact that manufacturing costs in America
are in general much higher than in Europe, while our cost of
transportation per ton-mile is now materially lower than can
be found elsewhere, emphasizes the impression which results
from a moment’s consideration of the respective gross volumes
of business in these allied fields of industry.

It would be impossible to suggest a more fruitful subject for
unprejudiced analysis and illuminating exposition by competent
members of our national engineering societies, in the immediate
future, than the comparative economic advantages of railways
and inland waterways. Facts in this field are urgently needed
and should be supplied before public sentiment, unenlightened
by unbiased competent advice, and influenced, perhaps, by
prejudice and the clamor of local interests, shall crystallize in
legislative enactment or executive rulings. Within the last
two years, my firm, in considering problems presented by the
substitution of electricity for steam in railway operation, has
carefully studied the cost of operation of steam railways in the
United States, using as the basis of this investigation not only
the valuable reports of the Interstate Commerce Commission
but also detailed operating cost-sheets confidentially furnished
for the purpose by a number of the most important railways in
the country. It also happens that within the same period we
have had occasion to determine with great care the actual cost
of operation of one important canal system, and in this connec-
tion we have secured considerable information bearing upon the
general question of the economics of canal transportation.
The conclusions which we have reached as a result of these
comparative investigations do not support broadly and without
material qualifications the popular impression that transporta-
tion of freight by inland waterways, in general, is less expensive
than transportation by railways.

In engineering matters, general statements almost invariably
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are subject to exceptions and I am not prepared to assert broadly
that the construction of canals for transportation purposes is a
mistake. I do assert, however, that in the majority of specific
instances that have come under my observation the facts are
far from justifying, from an economic standpoint, a propaganda
aiming at the development of a general system of inland water-
ways beyond what may be attained by reasonable improvement
of the channels of navigable streams with such comparatively
short inter-connecting canals as may beyond reasonable doubt
be justified by the results attained.

As regards the proposed ‘‘ concurrent development of the
streams and their sources for every useful purpose to which they
may be put ', as it is stated in the ** declaration of principles "
of the recent North American Conservation Conference, all
engineers will agree that each stream should be studied with
reference to its possibilities * for domestic and municipal supply,
irrigation, navigation and power as inter-related public uses.”
But the development of a plan economically sound calls for
unbiased consideration and fairly accurate knowledge of the
economic value to the community of the resulting improvement
of the stream regarded as a waterway for transportation. Ob-
viously if we begin by assuming that because freight is carried
across the Atlantic or through the Great Lakes at less cost per
ton mile than it is carried by our railways, an increase in ‘the
depth of channel or improved regularity of flow of any given in-
land stream will secure corresponding results, we shall be misled
and expenditures based upon any such assumption will be wholly
or largely wasted. Each case should be studied, and competently
studied, on its own merits. To tax water powers for the purpose
of providing free waterways, from a broad economic standpoint,
is a policy which, before adoption, should be compared care-
fully with the plan of imposing tolls upon all users of inland
waterways and using the proceeds to develop water powers and
secure cheaper power for our manufacturing industries.

The declaration of principles agreed upon by the recent North
American Conservation Conference makes the following state-
ment:

We recognize the waters as a primary resource, and we regard their
use for domestic and municipal supply, irrigation, navigation, and
power, as interrelated public uses, and properly subject to public control.

We, therefore, favor the complete and concurrent development of the

streams and their sources for every useful purpose to which they may
be put,
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In the preliminary report of the Inland Waterways Commis-
sion, dated February 26, 1908, I find the following:

While navigation of the inland waterways declined with the increase
in rail transportation during the later decades of the past century, it has
become clear that the time is at hand for restoring and developing such
inland navigation and water transportation as upon expert examination
may appear to confer a benefit commensurate with the cost, to be utilized
both independently and as a necessary adjunct to rail transportation.
[The italics are mine.]

The fundamental facts here set forth will receive the unanimous
and enthusiastic endorsement of the entire engineering pro-
fession. In determining, however, how the admirable and vastly
important objects in view are to be attained, every engineer
should use his best endeavors to prevent fundamental and far-
reaching mistakes which easily may result from action based
upon insufficient or inaccurate knowledge.
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DiscussioN oN ‘ ELECTRICITY AND THE CONSERVATION OF
ENERrRGY.” NEw YoORK, MARCH 24, 1909

John Coffee Hays (by letter): In arousing public interest in
the conservation of our natural resources the impression has been
generally given in discussions and newspapers and magazine
articles, that there was a very much larger waste going on than
actually exists. It would seem, therefore, that the time is
now at hand for engineers to discuss the different points of the
question more in detail, and to show what work has already been
done in the direction of conservation, and what in their opinion
should be done in the future toward the use of our resources in
the most economical manner. From the very nature of the work,
engineering is more closely connected with the conservation of
resources than is any other profession, and the engineer should
lend every effort in his power to the general education of the
public in this respect, and should discuss the various points of
the subject practically and forcibly in line with his convictions
and experience.

In the papers presented before the joint meeting of the four
national engineering societies on the evening of March 24, it
was clearly shown that very great work had been done in the
past generation in respect to the economical use of our natural
resources. The paper presented by Mr. Lewis B. Stillwell clearly
pointed out the large part that electricity was accomplishing in
this direction, and it is in line with this paper that I wish to
discuss briefly the position of the water-power developments in
the far West.

The writer in the capacity of consulting engineer to several
of the largest hydroelectric projects of California has had the
opportunity to make a close study of the subject on all sides,
and particularly as to the policy of the federal government in
connection with power projects in the forest reserves and
national parks of California, and the effect that the present policy
of the Department of the Interior has.on the development of
these projects which comprise practically all of the present
available undeveloped water-powers in the state.

The water-powers have probably attracted more public atten-
tion in the last two years than any of the other natural re-
sources, as they are the only ones which will not be exhausted
by use. This fact makes it natural for the layman to assume
that “the great water-power monopoly ’ which the press
and the magazines frequently refer to, is a grave calamity
facing the public, especially when the high officials of our
government express similar opinions. The writer, of course,
agrees that if in the distant future a monopoly were formed
comprising all of the water-power in California—provided
such a monopoly could be formed over which the federal
government and the local authorities had no control—that it
would be detrimental to the public interests when the natural
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supply of fuel was exhausted. But even under the present laws
of the state it does not seem possible that any extortion could
be practised even were the water-power business controlled by
one company; for the governing body of every community, be
they supervisors or city trustees, has the power to regulate
the rates of any water-power or any other public service corpora-
tion.

It is not my object to discuss whether or not a water-power
monopoly threatens the people of California; what I wish to
discuss 1s whether the present policy of the government is
beneficial in checking a monopoly, or detrimental, by preventing
the development of one inexhaustible natural resource and
therefore necessitating a greater use of our exhaustible re-
sources, such as oil and coal.

It should be clearly understood that the state and not the
federal government owns the water in all of the streams avail-
able for power developments in California, and that the state
has enacted laws which clearly set forth the manner in which this
water is to be diverted and used. In the case of the forest
reserves and the national parks, the government owns the
land through which the streams flow, and therefore the only
way that the government can control this development, is due
to its ownership of the lands on which the conduits and power
stations must be constructed. Where land along a stream is
held by an individual, it may be condemned by a power com-
pany, the owner receiving compensation only to the amount
of the actual damage done his property. As the land along
these streams is useful only for grazing purposes, the damage is
very slight, not greater than a few dollars per acre for a right-
of-way 50 or 100 ft. wide, the entire length of the conduit;
in fact, a private owner often grants this right-of-way to the
power company free of charge. The riparian right, which en-
titles the land owner to the amount of water necessary for the
irrigation of his lands, is his only other right; but in the moun-
tain districts, owing to the character of the land, there are very
few cases where the land is fit for agricultural purposes and
therefore irrigation is not required.

The primary object of the forest reserves was to protect
the timber thereon, and therefore should include only timber
lands. This being the case, the majority of available power
sites, which are at present embraced in the forest reserves,
should not be affected, as the land on which these sites
are located is in most cases below the timber line, and would
consequently be outside of the reserves. However, the present
forest reserves take in complete watersheds from the highest
peaks several thousand feet above the timber line, to the edge
of the valleys several thousand feet below the line of the market-
able timber, as in these lower altitudes only the small trees and
brush are native. It would appear therefore that the boundaries
of the forest reserves were set with the idea of controlling the
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water-powers. The forest department makes a point that
owing to the protection of the forest they maintain the stream-
flow and therefore should be entitled to regulate the use of the
water in the streams so far as the streams lie within the reserva-
tion. It is generally accepted that the forests act as natural
reservoirs in the regulation of streams; no doubt this is
correct in respect to the eastern states where the mountains
are comparatively low and heavily timbered, but in the far
West we have a rather different condition as far as the water-
power developments are concerned. I wish to venture the
opinion that the forests on certain watersheds .in parts of the
Sierra Nevada mountains are of comparatively little advantage
to the power company; for in these cases the timber line is far
below the crest of the range. It is the melting snow on
these barren rocky slopes above the timber line which
gives the water during the lowest water period of the year,
there being very little run-off from the forest portion during
this time.

It is the aim of the federal government, the state, and all
conservative men connected with water-power development
to discourage the practice of irresponsible parties filing an
appropriation notice on a stream, and then holding the right for
speculative purposes. Under the state law, after posting a
notice on a stream and filing a copy of the notice, the appropriator
must within 60 days of the time of filing his notice begin work
and continuously prosecute it to completion with due diligence.
Where the stream lies within a forest reserve the state law has
been amended to the effect that within 60 days after the filing of
the notice, work must be started in the form of a survey for the
preparation of an application to the Department of the Interior,
and after receiving a permit from the Department of the In-
terior, work must be started within 60 days, as above, and
pushed to completion within the time specified in the permit.
The Department of the Interior allows one year for the making
of the survey and the filing of the application, and as a con-
siderable amount of time is necessary for investigating the
project before an application is granted, it can mean from 18
months to two years before actual construction work is neces-
sary. If it is a case of speculation, the speculator has really
more time and is in a more comfortable position when his
appropriation lies within the reserve than when it lies without.
In the investigation by the Department of the Interior before
granting a permit, it is the aim to ascertain the feasibility of the
scheme as well as the financial responsibility of the appropriator,
and were this investigation pursued thoroughly and with a view
of developing a watershed of the highest efficiency, it would no
doubt be of great advantage. At present the department is
not in a position to do this, and the question of feasibility
and financial responsibility is left largely to the judgment
of the local forest ranger who is incompetent to judge of
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these matters, owing to the fact that the majority of these
rangers have been born and reared in the mountain sections;
while they are usually admirably fitted for their position as far as
the guarding and protecting of the forests are concerned, they
have neither the education nor experience which would enable
them to pass intelligently on a power project or anything re-
lating thereto.

While in the case of the state’s requirements the diligent
prosecution of the work until completion is often interpreted
to mean a very small amount of work by the speculator,
it does not seem that the government requirements have
bettered the matter to any extent. It would seem that the
state at least had the advantage of simplicity, for should the
appropriator not prosecute work with diligence, and not be ina
position to prove that he had lived up to the requirements, he
is in constant danger of having some one else make an identical
filing, and push the construction of a plant to completion, thereby
leaving him without anything; for no rights of any kind are
obtained under the state law until the water is actually diverted
and used, when the right is then acquired and dates back to the
time of filing the notice of appropriation. While it is held by
most of the water-power companies and many authorities that
the government has no right to control the water-powers within
the reserves simply because it has acquired land, it is my opinion
that were the regulations and requirements of the forest de-
partment at all reasonable, they would meet with very little
opposition from the power companies. It is further my
opinion that practically all the opposition is caused by the
revokable form of permit, and the so-called conservation charge
made for it.

As to financing property and affording any protection to
the stockholders of the power company, a form of permit
which is revokable at the discretion of the Secretary of the
Interior is worthless, especially when some of the absurd con-
ditions which are imposed in the present form of permit are
taken into consideration. The permits as now granted, mean
that if at any time a company has not, in the opinion of the
Secretary of the Interior, lived up to the conditions imposed
and the rules and regulations of the department, the permit
may be forfeited, and a plant representing the .investment of
millions of dollars be confiscated by the government. One
of the absurd clauses in the permit is to the effect that the
company shall not break any of the game laws, which means
that should an employee catch a fish, or shoot a deer out of
season, the company would be liable, and its permit could conse-
quently be revoked. It is of course impossible for a company
to be responsible for its men to this extent, and it is further
absurd when it is considered that the breaking of a game lawis a
state and not a federal government offense, whether it be
within a forest reserve or without.
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While the conservation charge or the tax on thé permit, is
comparatively small at present, it is also subject to change at
the discretion of the Secretary of the Interior within specified
but broad limits. Aside from this it is open to considerable
question as to whether or not the government has any right
legally—it is manifest that it has no right morally—to collect
this tax; for by so doing it forces the power company to charge
a higher rate for power, thereby placing it in the position
of tax collector for the government to collect from the
people of a comparatively small community, thereby throwing
an additional tax on the citizens served. There has been con-
siderable discussion as to .what use this money could be put,
and it is generally considered that it might be used for the im-
provement of inland waterways or applied toward the expenses
of maintaining the forest reserves. Mr. Stillwell in his paper
discussed the matter of taxing water-powers for the improve-
ment of the inland waterways, and I will therefore pass over
this point. However, as regards the application of this money
toward the maintenance of the forest reserves,it would appear
manifestly unjust from the simple fact that the forest reserves
are created and controlled by the federal government and any
expenses in the maintenance of them should be borne by all
the people of the United States, and not by the people of a
comparatively small community who derive little if any benefit
from them. It is also impossible to state any fair rate of taxa-
tion which would be applicable to all water-powers, as each power
is peculiar to itself, and the cost of construction varies within
wide limits, whereas the market value for power is practically
the same, so that a tax which would not be felt by one company
might be ruinous to another.

This discussion is not intended in any way as an attack on
the principle of government regulation of water-powers, and
were this an entirely new industry in a new country having no
laws governing the streams, or should the title to the waters of
the streams pass to the government with the lands, it would be
an entirely different proposition, and might be handled by the
government to advantage. The fact is, however, that this is
not a new industry, and that well-defined state laws have been
enacted and in force for years. When it is taken further into
consideration that the government lays absolutely no claim
to the waters of the streams, it would seem impracticable and
extremely unjust for the government in the form of a land-
owner to stifle the development of one of our most important
industries, and the present policies of the Department of the
Interior can have no other effect.

There is of course, a popular feeling and a natural one, that
perpetual water rights should not be held by any individual or
corporation for power purposes, still the state laws provide that
this may be done, and it would seem that if a time and limit were
to be put on a water-power, the only way to accomplish it would
be by the changing of the state law and not by revokable
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permit. A water-power is of necessity a monopoly to a certain
extent; that is, to the extent that a street railroad franchiseisa
monopoly on the street during the life of its franchise. The
power company’s monopoly is confined simply to its positior
on the river and its right to use a certain amount, or all, of the
water for power purposes at this point, but these rights do not
give it a monopoly of the market, for should it charge its con-
sumers a high rate for power it wculd immediately court com-
petition, and a power company on an entirely different river
could extend transmission lines into the territory served, for it
must be remembered that electric power is being commercially
transmitted hundreds of miles with an extremely small loss of
energy.

The present condition could be relieved to a great extent,
however, by a very simple means; that is by the granting of an
irrevokable permit by the Department of the Interior to the
water-power company for a certain definite period, and making
a definite provision for the disposal of the property at the
expiration of this grant. All the absurd conditions of the present
form of permit should be omitted, and if there must be a con-
servation charge, a definite sum should be set for the entire
period. In this way the power company would know exactly
the position it was in, and the conditions which it would be
necessary to meet. As to the disposition of the property at the
expiration of the permit, it should be decided whether or not the
power company should simply give up all its property at this
time, whether it would be taken in by the government at a pre-
determined cost, or whether it would be sold at public auction.
If the power company were to release all rights at the end of the
period, it would of course necessitate laying aside a sinking
fund to pay for the installation, which would throw a burden on
the consumer, in that it would necessarily increase the cost of
the power production.

As to the government control, during the term of the grant,
to prevent extortion by the company, I am of the opinion that
very few people aside from the government officials and maga-
zine writers consider this seriously, as the state has laws which
amply protect citizens from any extortion by power companies,
and the government should therefore let the power company en-
tirely alone during the term of its grant. At the expiration of
the grant, the property would come again under the control of
the government for its disposal, when it might make any changes
which in the meantime had proved would be of advantage. In
making any regulations, the fact cannot be overlooked that some
incentive must be held out to capital in order that this power
be developed, and these absurd difficulties which have been
placed in the way of power companies by the Department of
the Interior must be removed, before a hydro-electric project
is considered in any other way than a most undesirable invest-
ment, as is the case to-day.
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While it is the general impression that a monopoly of any
kind is not beneficial to a community, it has also been proved
that a large producer may operate more economically than a
small one. This point is particularly noticeable in the de-
velopment of the water-power in the far West, owing to the great
distance of markets and the advantage of combining the output
of several hydroelectric power stations and distributing current
along the same transmission lines and so placing the power sta-
tions that the available water may be used several times, and
in a more economical manner. It does not follow that all the
water-powers in the state should be combined, but the writer
believes it is absolutely necessary for an economical develop-
ment of any stream, that all power installations in the water-
shed be under one management, so that the entire watershed
may be treated as a unit and worked to its best advantage. In
a case that I have in mind, approximately 50 per cent more
power could be developed from the watershed were it held by
one company than could be developed by two rival companies.

This is the case where the storage reservoir capacity would be
on the small tributaries of the main river. With a generating
station situated on the main river, the water from these tribu-
taries could be stored during the high water season, when there
will be plenty of water in the main river to operate the plant,
and during the low water season the flow of the main river could
be reinforced with the stored water in the reservoir, thereby
keeping the plant up to full capacity. Now assume that one
company owns a generating station on the main river and a rival
company holds the reservoir sites on a tributary, and that no reser-
voir sitesare available on the main river; the plant being supplied
on the main river would of necessity be installed for a capacity
equal to the minimum flow of the river during the low water
season, while the plant on the tributary would be installed for the
average yearly flow of that stream, as both stations must be
operated at full capacity for 365 days a year. When it is taken
into consideration that the minimum flow of the rivers of central
California is not over 5 to 10 per cent of the average yearly flow,
it will be clearly seen that without storage reservoirs there
would be an enormous amount of water going to waste during
the high water season.

The condition above assumed is the rule rather than the
exception, in that it is a difficult matter to find storage reser-
voir sites on the large streams, and when available they
are usually very expensive to develop, whereas on the smaller
tributaries there are often mountain meadows, lakes, etc.,
which may be more practically converted into reservoirs
by the construction of comparatively cheap dams, where al-
most the entire run-off of the tributary may be stored during
each year, to be used later in reinforcing the main stream.
The construction of reservoirs for water-power purposes is also
a great advantage to the country in the valleys, as it reduces
the water in flood periods and conserves it 