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HIGH-SPEED TURBO-ALTERNATORS—DESIGNS AND
LIMITATIONS

BY B. G. LAMME

The real problems in the design of turbo-alternators did not
really develop until the high-speed, large capacity units came into
demand. In the earlier work, the difficulties in design were
mostly those due to lack of experience and to insufficient knowl-
edge of the possibilities of materials, etc. As more data were
obtained, the speeds and capacities were gradually increased, .
until with the present large capacities and high speeds a number
of conditions are encountered which may be considered as true
physical limitations.

The principal difficulties in the design of the earlier machines
were found in the permissible weight which could be carried by
bearings, undue noise due to the open construction of the
machines, and the troubles incident to the through-shaft con-
struction of the rotor.

The bearing problem was eliminated by securing more complete
data, which showed that the possibilities in this feature had
hardly been touched upon.

The solution of the noise problem was largely one of enclosing
the machine without interfering with the ventilation. In doing
this, the noise problem was practically eliminated, but the
greater problem of ventilation then developed.

In overcoming the difficulties of the through-shaft construc-
tion, the first great advance was made in the direction of larger
outputs at higher speeds. In very high-speed machines, the
diameter of the shaft in the rotor core is necessarily small. As
the over-all diameter of the core is comparatively small, it fol-
lows that, after allowing for.the slot depth, and the metal in the

1
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core necessary to withstand the high rotative stresses, there is
left but little available space for the shaft. About 600 kv-a.
capacity at 3600 rev. per min. was the limit with this construction.

The first great advance in this problem was made by the intro-
duction of rotors without the through-shaft. By this means,
the parts of the shaft adjacent to the rotor core proper could
be very much heavier than with the through-shaft type,
and this, combined with the solid rotor core, gave great stiffness
or rigidity compared with the former through-shaft type. This
allowed much larger cores, with correspondingly increased out-
puts. The two-pole parallel slot type of rotor with bolted-on
shaft construction, as described later, was apparently a leader
in this respect, due to mechanical, rather than electrical, char-
acteristics. When this type had proved to be a successful one,
the possible capacities of two-pole, 3600-revolution, 60-cycle
machines at once jumped from 600 to 1000 kv-a., and this was

Fi1G. 1

quickly followed by -1500, 2000 and 3000-kv-a. units at 3600
revolutions. Since then, the increase in capacity at this speed
has been more gradual, but has been carried up to 5000 kv-a.
at present, with possibilities of a 6250-kv-a. unit.

The radial slot type of rotor, also described later, when con-
structed with its core and shaft in one piece, quickly followed the
parallel-slot type in the above growth, and may eventually catch
up with its only rival in the two-pole, 60-cycle field of construc-
tion.

About the same time that the through-shaft type was super-
seded in the two-pole, 60-cycle machine, a corresponding change
was made in the two-pole, 25-cycle, and in four-pole rotors for
both frequencies, so that, at the present time, practically no
designs for the highest-speed machines use the through-shaft
type of construction. This latter, however, has been retained
in some of the more moderate speed large-capacity units,
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On account of the high rotative and peripheral speeds, the
general design of large capacity turbo-generators turns upon the
type and construction of the rotor, rather than the stator.
Various designs and types of rotors have been developed, but,
with rare exceptions, only two general types are now built in
this country. These may be designated as the radial-slot and
the parallel-slot types. Each has a number of advantages over
its rival and each has given good results in practise.

RaAbpiAL SLot TYPE OF ROTOR

In the radial slot type, as usually constructed for high-speed
machines, the core and shaft are forged in one piece in the smaller
and more moderate sizes, but may be built up of a number of
separate plates or disks bolted rigidly together in the larger sizes.
In this type, the core is cylindrical in all cases, and in the outside
surfaces are radial slots, usually arranged in groups, in which the

exciting windings are placed. While all radial slot types of
rotors bear a general resemblance to each other, yet there are
marked differences in the method of forming the slots and teeth
which constitute the outer surface. In some types the solid
rotor core has radial slots milled or slotted in the main body of
the core. In other cases the slots are formed outside the main
core by inserted teeth, usually with overhanging tips, between
which the exciting coils lie. These two general constructions
are illustrated in Fig. 3. Examples of the inserted-tooth con-
struction are found in the large moderate-speed rotors of one
American company, and in somewhat higher speed machines of
a German company. However, with the advent of the high-
speed, high capacity machines, the milled-in construction of
the radial slots appears to be taking the lead, due to certain
mechanical limitations in the inserted-tooth types.

On account of the radial slots and the usual concentric arrange-

FiG. 2




4 LAMME: TURBO-ALTERNATORS [Jan. 10

ment of the exciting coils, the field or exciting turns cannot be
assembled and insulated before placing on the core, except in
the inserted-tooth type of construction. With the milled-in slot
type, the field conductors, usually of flat strap, are dropped into
the slot one at a time, with insulation between individual turns.
For ease of winding, the ends are usually allowed to overhang
the core, and require a very ample outside support in the very
high-speed machines. This is illustrated in Fig. 4. The com-
pleted coils are usually held in place by strong non-magnetic
wedges in the tops of the slots. These wedges are usually carried
by overhanging pole tips, in the inserted-tooth type, or by grooves
in the sides of the slots in the milled-slot type. The design of
the supports for the overhanging end windings has furnished one
of the difficult problems in this type of construction. Examples

FiGc. 3 FiG. 4

of radial-slot end windings, and of the rotor complete, are shown
in Figs. 5 and 6.

This general construction of the radial slot type of rotor is
obviously applicable to machines of any number of poles. With
a two-pole machine there will be only two groups of coil slots and
two groups of concentric coils, while with four poles or six poles
there will be four or six groups respectively. It is evident that,
with this construction, a cylindrical rotor is obtained, regardless
of the number of poles. It is also evident that the problem of
supporting the end windings becomes an increasingly difficult
one, as the number of poles is decreased and the span of the
end windings is correspondingly increased.

The support over the end windings usually consists of a heavy
ring which, in very high-speed machines, must consist of material
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having extra good physical characteristics, for this ring must
not only be able to carry itself, but must also carry the weight
of the underlying end windings which it supports. In the German
inserted-tooth rotor, the end windings are supported by steel
bands of many layers, instead of the solid steel ring. In some of
the lower speed radial slot machines, such as one American type
with inserted teeth, the end supports are of ring form, usually
made in a number of sections, which are bolted to an inner shelf
by numerous bolts extending from the outer ring between the
coils of the end windings to the inner shelf. While this construc-
tion is satisfactory for the more moderate peripheral speeds, yet
with the much higher speeds in some of the later practise, this
construction has been superseded by a solid ring type of support.

PARALLEL-SLOT TYPE OF ROTOR

In the parallel-slot type of rotor, the slots for the exciting coils,
for any number of field poles, lie in planes parallel to one another
and to the rotor axis. The arrangement is illustrated by Fig. 7.
As usually constructed, the slots are cut across the ends of the
poles, as well as in the sides, so that the exciting coils are em-
bedded in metal throughout their length. The object of this
general arrangement of parallel slots is to facilitate the winding
of the exciting coils. The rotor can be placed upon a turn-table,
or similar device, and rotated, to wind the coils in place under
tension. Two or more coils can be wound at the same time, as
is actually done in practise. As the coils can be wound under
tension, and as the conductors usually consist of thin flat strap,
which can be wound in very tightly, the resultant winding is a
very substantial piece of work. The finished winding is sup-
ported by metal wedges over the coils.

It is obvious that, with this construction, no external support
is required for the end windings, as the field core proper furnishes
the necessary support. It waslargely on account of this feature
of well supported end windings that the parallel-slot type took
a leading position during the growth of the larger two-pole,
60-cycle alternators. With the radial-slot type, the support
of the end windings presented a more difficult problem
in the large capacity, high-speed, two-pole machines, which,
however, is being gradually solved.

In the two-pole, parallel-slot construction, in order to utilize
the available winding space to advantage, it is necessary for the

windings to cover the central portion of the core end where the
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shaft is usually attached, as shown before in Figs. 7 and 8. There-
fore, with this construction, a separate *‘ head " or driving flange
must be bolted to the core at each end, this head carrying the
shaft, as shown in Fig. 8. To avoid magnetic shunting of the
field flux, this driving head must be made of non-magnetic
material, usually of some high grade bronze, to which the shaft
is attached in such a way as to keep the magnetic leakage as
low as possible. This makes a good strong construction, but is
necessarily rather expensive, due to the bronze driving heads.
As these cost but little more for a long rotor than for a short one,
the construction therefore tends toward relatively long, small-
diameter cores in order to lessen the relative dimensions of the
bronze heads.

In two-pole, single-phase machines of this construction, the
copper cage damper for suppressing the armature pulsating re-
action on the field is comprised partly of these bronze heads,
which form the “ end rings " for the copper bars embedded in
the slots in the rotor face.

In the four-pole, parallel-slot machine, no bolted-on driving
heads are necessary, for the core proper and the shaft may be
cast, or forged, in one piece, or in two or more pieces, which are
bolted or “ linked "’ together to form a solid core. The principal
difference between the two-pole and the four-pole parallel slot
constructions, is that the latter must have salient or projecting
poles, in order to utilize the parallel construction for the slots,
while the two-pole machine is preferably made cylindrical. Fig.
9 illustrates this feature.

It is evident that there is considerable available space lost by
the openings between the projecting poles, while the sections of
the poles themselves are cut down very materially by the slots
for the exciting winding. The limitations, therefore, in such a
rotor are in the magnetic section of the field poles and in the
available copper space, and in these features the four-pole parallel
slot rotor is inferior to the radial slot type. In the two-pole
machine, however, the difference between the radial slot and the
parallel slot is not nearly so pronounced, as is indicated in Fig. 10
where the two arrangements are shown on one core for compari-
son. It may be seen from this that, in the two-pole form, the
two constructions approach each other, to a certain extent,
some of the slots in the parallel construction being radial, while
others depart but little from the radial. One disadvantage in the
two-pole, parallel-slot type, however, lies in the smaller amount of
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copper space which is obtained, for the slot space must necessarily
cover a less proportion of the total circumnference than is permis-
sible with the radial slot type. This winding space is limited by
the physical requirements as regards bending and breaking

a strains in the overhanging tip a
in Fig. 10. In the radial slot
type, the slot space has no such
limitation. Also, on account of
the grouping of the field copper
into a narrower zone in the
parallel slot type, the heat con-
duction from the copper presents
a more difficult problem than in
the radial type.

At first glance, it would appear
that the effective length of the
field core in the parallel slot type
is very considerably diminished by the slots across the ends
of the core. However, this is only an apparent effect, for the
true length of the core should be taken as that inside of the
winding slots, and it should be considered that the additional
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length of the core at the pole face is in the nature of a coil
support which takes the place of the separate support in the
radial slot type. Therefore, if over-all lengths, including
rotor coil supports, are compared in the two types, there
is but little difference, as indicated by Fig. 11. However,
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if the armature core is made of the same width as the pole face,
in both types of rotors, then in the parallel-slot type it will be
materially greater than in the radial, for the overhanging pole
tips of the parallel-slot machine are also effective magnetically
in furnishing flux to the armature. Therefore, as regards the
stator, this tends toward a wider core in the axial direction, and
a shallower depth of iron back of the armature slots, as indicated
in Fig. 12. Also, on account of the relatively larger polar sur-
face, in the parallel slot type of rotor, the magnetic flux density
in the air gap is usually relatively smaller than in the radial slot
type, which conduces towards a larger depth of air gap. Also,
on account of the larger polar surface, the available space for
armature slots and teeth is correspondingly increased. There-
fore, this type of construction is better adapted for the straight
air gap method of ventilation, as will be described later. The
greater section available for slots and teeth at the stator pole
face permits a large number of ventilating ducts. The relatively
large depth of gap allows a large amount of air to be fed through
the air gap to the ducts. Therefore, the * radial ’ type of stator
core ventilation has been used very largely with this type of
rotor construction. In the parallel-slot type of rotor, it is obvious
that, due to the large polar surface compared with the minimum
section of the field core, a limit in design is found in the magnetic
saturation in the field core itself.

In the four-pole parallel-slot rotor, the field section is more
limited than in the two-pole machine, due to the fact that con-
siderable magnetic space is lost by the notches between the pro-
jecting poles. However, in this type of construction, the air
gap method of ventilation is relatively easy, due to the fact that
these interpolar spaces furnish easy access of the ventilating air
to the stator ventilating ducts. In consequence, the problem
of ventilation is usually not a serious one in this type of rotor.
Due to the polar projections, however, the tendency to noise is
obviously greater than in either the radial-slot type or the two-
pole parallel type, which are always cylindrical.

Nothing has yet been said as to the peripheral speeds obtained
in some of the actual designs of the higher speed generators.
These, in themselves, indicate some of the limitations which now
confront the designer. '

In the 5000-kv-a., two-pole, 3600-rev. per min., 60-cycle
generator already referred to, which is of the parallel-slot rotor
construction, the rotor diameter is 26 in. (66 cm.). This gives.a
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peripheral speed of 408 ft. (124.3 m.) per second, or approximately
24.500 ft. (7468 m.) per minute. The core.is designed for a
very considerable margin of safety, and is actually tested at
overspeeds which give practically 30,000 ft. (9144 m.) peripheral
speed at the surface of the core.

In certain 19,000-kv-a., 624-cycle, four-pole, 1875-rev. per min.
machines now being built, which are of the radial-slot rotor
construction, the rotor diameter is 49 in. (124.4 cm.). This gives
a peripheral speed of 24,000 ft. (7315 m.) per minute. This-
compares with a speed of 21,600 ft. (6583 m.) in a 21,000-kv-a.
two-pole, 1500-rev. per min., 25-cycle, radial-slot machine also
being built, the rotor core of which is shown in Fig. 12. Obviously
the mechanical limitations are being more closely approached in
the 60-cycle machines, up to the present capacities.

If a comparison is made between the above 5000 and 19,-
000-kv-a. rotors, with their parallel and radial type construc-
tions, it is found that their limitations lie in quite different
features. In the radial-slot type, the core stresses are much
lower than in the other, but the supporting end ring is an im-
portant problem, requiring for its solution a very high grade of
steel for the material of the ring. In the parallel-slot rotor, the
maximum stresses are in the core itself, principally in the parts
which overhang the slots at the sides and ends of the core. In
the radial slot core, there are no such overhanging masses. In
both constructions, the core material is purposely made of re-
latively soft steel, having a high percentage elongation, the ob-
ject being to obtain a material which can yield sufficiently to
transfer the strains from local higher points, to adjacent lower
parts, and thus equalize them, to a great extent.

The smaller diameter rotor cores are made of steel forgings,
in one piece. The larger cores are made up of thick steel plates
assembled and bolted together to form a solid mass comprising
the core and shaft extensions. By this disk construction, com-
mercial material is used which is of uniform quality clear to the
center of the disks. The fiber of the material is in a direction
best suited to the directions of stress. With corresponding size
cores made in one piece, the outside, to a certain depth, can be
given fair physical characteristics, but the center is liable to be
glass-hard, as found by experience. However, this may not
be a prohibitive condition in machines of more moderate per-
ipheral speeds. Herein lies one great difference between American
and European limitations. In American practise, 60 cycles,
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calling for 3600 and 1800-rev. per min. machines, is the standard
frequency, while in Europe, 50 cycles is standard, giving 3000
and 1500-rev. per min. machines. These lower speeds make
an enormous difference in the possibilities of design and construc-
tion.

PRESENT LIMITATIONS IN DESIGN

On account of the very great capacities, at high speeds, now
being obtained in turbo-generator practise, a number of problems
are being encountered, the solutions of which are producing
more or less radical changes, both in design and in practise.
Some of the limitations now encountered are in the relatively
high temperatures in certain parts, high losses in a relatively
small space, the difficulty of ventilation, due to the requirement
of enormous volumes of cooling air through limited openings
or passages, the type of insulation, fire risks, regulation and
short-circuit conditions, etc.

A number of these limiting conditions, such as the temperature,
ventilation, losses, and insulation, are so closely related to each
other that it is difficult to describe any one of them in detail,
without including the others to a considerable extent.

THE PROBLEM OF VENTILATION

In the general problem of ventilation, four conditions must
be considered, namely, the total loss, or heat, developed, the
surface exposed for dissipating this heat to the air, the quantity
of air required to carry away the heat, and the temperature
of the cooling air.

In the conduction of heat from the surface of a body into the
air, the quantity of heat per unit area which can be dissipated
depends upon the difference in temperature maintained between
the surface of the body and the body of air to which the heat is
conducted. The heat dissipated raises the temperature of
the adjacent air a certain amount, and thus tends to reduce
the temperature difference, unless the air is renewed with suffi-
cient rapidity. On the other hand, if the quantity of air is so
great, in proportion to the heat dissipated, that there is but
little rise in the air temperature, then any increased amount
of air over the surface will represent practically no gain in
ventilation. In other words, when the amount of air passed
over a surface is sufficient to take up the heat dissipated from
the surface without an undue rise, then a further quantity of
air is wasteful, and it may even be considered as indirectly
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harmful, in those cases where the total quantity of air is limited.
This has a direct bearing on the size of ventilating ducts or
passages in a machine. If the air path through a duct is relatively
long, then a considerable width of duct may be required in order
to get the necessary quantity of air through it. On the other
hand, if the air path is very short, then a very narrow duct
may be most effective, for a wider duct may allow more air to
pass through than can be utilized in taking up the heat.

No matter how thoroughly the ventilating air is distributed
through the heat-generating body, or however effective the
heat-dissipating surfaces may be, the total air supplied must be
ample in quantity, or its temperature will be raised an undue
amount. As the surfaces to be cooled must always have a
higher temperature than the cooling air, any considerable rise
in the latter will have a direct influence on the ultimate tempera-
ture which may be attained by the body to be cooled. Con-
versely, if an ample quantity of cooling air is supplied, but the
heat-dissipating surfaces are insufficient, the ultimate tempera-
ture of the body will also be affected.

In large capacity, high-speed turbo-generators, the problem
of ventilation is one of the most difficult ones encountered. The
trouble lies principally in the large total loss expended in a very
limited space. The difficulties of the problem may be illustrated
by the following example:

Assume, in a 1500-rev. per min., 25-cycle, 15,000-kv-a.
machine, a total efficiency of 96.5 per cent, including air friction
loss inside of the machine. This means a total loss in the machine
of 545 kw., which is not excessive for this capacity, but is very
large for the limited space in which it is developed. A very
large volume of cooling air is required for carrying away the
heat due to this-loss. A simple approximate rule for determining

the quantity of air required is that an expenditure of one kw.
in one minute will raise the temperature of 100 cu. ft. (2.8 cu.
m.) of air 18 deg. cent. Therefore, 545 kw. loss would require a
supply of ventilating air of approximately 50,000 cu. ft. (1416
cu. m.) per minute for a rise of the outgoing air of 20 deg. above
that of the incoming air. Assuming a velocity of 3000 ft. (914 m.)
per minute, this would mean, with a cylindrical ventilating
channel, a diameter of 56 in. (142.2 cm.), which is greater than
the rotor diameter itself. However, as the cooling air ordinarily
would be supplied to both sides of the machine, the ventilating
passage need only be half the above section for each side.
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Obviously, such passages are prohibitively large, and much
greater air velocities through the machine proper are necessary.
Velocities as high as 5000 to 6000 ft. (1524 to 1828 m.) per
minute are common, while, in some cases, more than 10,000
ft. (3048 m.) per minute has been required in certain constricted
sections of the air path inside the machines. Therefore, no
matter how the problem is considered, it may be seen that
the above condition of the enormous volume of air required,
makes the problem of ventilation a difficult one.

There are several methods of ventilating large turbo-generators,
depending upon the system of applying the air. There is, first,
the radial system, in which practically all the cooling air passes
out radially through ventilating ducts in the stator core. This
radial system of ventilating can be subdivided into two alterna-
tive methods, depending upon whether the air is partly or
wholly supplied through passages in the rotor, or through the
air gap alone. These two methods are illustrated in Fig. 13.
-The straight air gap arrangement may require a relatively large
air gap, combined with very high velocity of the air along the
gap, while the other method permits a considerably shorter gap.
The straight air gap method of ventilation is used, to a
considerable extent, in all 60-cycle machines of two-pole con-
struction, while it is practically the only one that has been used
with the parallel-slot type of machine with either two or four
poles. In this parallel-slot type of rotor, however, the air gap can
be relatively larger than the radial-slot type of rotor, as explained
before, which compensates, to some extent, for the necessity of
depending upon this method entirely. In the four-pole parallel-
slot rotors, the interpolar spaces are also effective. Moreover,
with parallel-slot rotors in general, the openings from the air
gap into the stator ventilating ducts can usually be somewhat
larger in total section than with the radial type of rotor, as also
described before. However, the relatively greater axial length
of the core of the parallel-slot type of rotor increases the length
of the constricted air passages along the air gap in the two-pole
machines, which is a material disadvantage.

The straight air gap type of ventilation has proved astonish-
ingly effective in cooling the rotor in both the radial and parallel-
slot types of rotors, and with either type there is usually no
great difficulty in forcing through enough air to cool the rotor
core in a fairly effective manner. It must be considered, however,
that the total rotor loss in large turbo-generators is possibly
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only 10 per cent of the total loss which must be taken care of, and
a relatively small proportion of the total ventilating air may
suffice to cool it. According to actual measurements, corrobo-
rated by general experience, the cylindrical surface of the rotor
core can give off four or five watts per square inch (6.45 sq.
cm.) to the cooling air, with a temperature rise of the rotor
surface of about 35 to 40 deg. cent. above the cooling air. To
those who have had experience with dissipating heat from electric
apparatus, this result will appear to be extremely good.

The real difficulty with the air gap method of ventilation
is not so much in getting enough air through for cooling the
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rotor itself, but it is in the much larger quantity required for
the stator. For instance, a one-inch (2.54-cm.) depth of gap
(from iron to iron) with a 50-in. (127-cm.) diameter of rotor,
means a total section of air path into the gap (counting both
ends of rotor) of 314 sq.in. or 2.18 sq. ft. (0.19 sq. m.). Ata
velocity of 10,000 ft. (3048 m.) per minute, this allows a flow
of only 21,800 cu. ft. (617 cu. m.) per minute, which will not
take care of a large machine, from the present standpoint of
possible capacmes with the above diameter of rotor. By
additional openings in the rotor core, this might be increased to
30000 cu. ft. (849 cu. m.) per minute, but even this is still
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much less than a machine with a 50-in. (127-cm.) diameter of
rotor would require if built for capacities otherwise possible.
Therefore, on account of this limitation in the amount of cooling
air, other means of ventilation have received much considera-
tion. Two other general systems of ventilation, in addition to
the gap method, have been used, namely, the circumferential
method, and the axial. The former has been developed and
applied more extensively in the past, but the latter contains
possibilities which are bringing it rapidly to the front.

In the circumferential method of ventilation, air is supplied
to one or more points on the outside circumference of the stator,
and is forced circumferentially around through the air ducts to
suitable outlets, also on the outside surface. Air gap ventilation
is usually combined with this circumferential method, partly to
cool the rotor. The general arrangement is indicated diagram-
matically in Fig. 14, in its simplest form, namely, with one inlet
and one outlet diametrically opposite. A serious objection to
this method of ventilation is found in the limited section of the
ventilating path. Assuming, for example, a depth of stator
core of 20 in. (50.8 cm.) outside the armature slots and a total
of 40 }-in. (9.5-mm.) ventilating ducts, or a total effective duct
space of 15 in. (37.1 cm.) width, then this gives a total section
of ventilating path of 20 X 15 X 2 = 600 sq. in., or 4.16 sq. ft.
(0.386 sq. m.). On account of the relatively great length of the
ventilating path, air velocities of more than 6000 to 7000 ft.
(1828 to 2133 m.) are not desirable or economical, but even
with 10,000 ft. (3048 m.) velocity, the total quantity of air
would be only 41,600 cu. ft. (1166 cu. m.) per minute. Further-
more, this method is handicapped in machines with very high-
speed rotors, by interference between the radial and the cir-
cumferential systems of ventilation, so that the full benefit of
either is not obtained. Below a certain rotor velocity, apparently
the circumferential action can predominate, and the method is
fairly effective up to the permissible air capacity of the stator
ducts; but at very high speeds the radial ventilation may very
seriously interfere with the other, so much so, that the radial
ventilation alone, even with its very restricted gap section, may
give as good results as the two methods acting together.

To avoid this interference, various methods have been devised,
such as closing part, or all, of the radial ventilating ducts at the
air gap to keep the radial effect from interfering with the other.
One arrangement which has been used in Europe to a considerable
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extent is indicated in Pig. 15. In this, the alternate radial air
ducts are closed at the outside surface, while all are closed at
the air gap. The air enters by the ducts open at the back of
the machine, flows both circumferentially and toward the gap,
and crosses over to the intermediate ducts by axial openings back
of the armature teeth, and then along these ducts to the outlet.
This scheme 1is effective in principle, but is uneconomical in the
sense that less than the total section of stator ducts is useful,
as regards the quantity of air which can be carried. There is
usually one large central duct to allow an outlet for the rotor
ventilating air. This particular arrangement of the stator also
uses axial ventilation in crossing over from one set of ducts to
the other, which is an effective arrangement.

A modification of the simple circumferential method of
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ventilation is to admit air to the back of the stator at two oppo-
site sides of the machine, and deliver it at two outlets at inter-
mediate points on the surface, as shown diagrammatically in
Fig. 16. By this means, the cross-section of the ventilating
path is doubled and the length is halved. Also, the interference
of the radial ventilation with the circumferential will be less
harmful. A serious disadvantage in the circumferential venti-
lation in general is that the ventilating path is relatively long,
especially where there is but one inlet and outlet, and therefore
the cooling air at the outlet of the channel may be considerably
hotter than at the inlet, with consequently less effective cooling
action. This means points of local higher temperature in the
core, due to the method of ventilation. In the radial type of
ventilation, the coolest air is applied near the seat of the highest
losses, namely, at the armature teeth, and immediately,back of
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them, and the air, as it becomes heated, passes over the outer
part of the iron which has a diminished loss, and therefore
normally less heat to dissipate. Therefore, the effect of the in-
creased temperature of the cooling medium is offset by the lower,
loss, and consequent less necessity for ventilation, in the part
where the air is hottest. The radial system of cooling is therefore
theoretically the most effective, but practically, the difficulty
is in applying it, due to the limited air passages available.
Both the circumferential and the radial methods of cooling
are subject to one serious defect, namely, most of the generated
heat in the stator iron must be conducted across the lamina-
tions to the air ducts. The rate of conduction across the lamina-

tions is only from 1 per cent to 10 per cent as great as along the
laminations themselves, according to various authorities.
Therefore, if the heat could all be conducted along the lamina-
tions to the ventilating surfaces, apparently much more effective
heat dissipation could be obtained, provided sufficient surface
is exposed to the air, and an ample quantity of air supplied.
This has led to the development of the axial system of ventila-
tion, as distinguished from the radial and circumferential.
In this method, numerous axial holes are provided in the
stator core which may extend uninterruptedly from one side
of the core to the other, or they may extend from each side
to one or more large central radial channels which form the outlet.
The usual numerous radial ducts are omitted, or may be con-
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- sidered as combined in one central channel. This general
arrangement is illustrated in Fig. 17. The rotor cooling is
accomplished by air along the air gap, and through the rotor
core to the large central duct. In this method of ventilation,
therefore, there is a combination of two types, namely, the axial
and the air gap, but there is not the interference between the
two that is sometimes found where the circumferential method is
used.

From the preceding, it may be seen that the problem of
putting a sufficient quantity of air through the machine is an
extremely difficult one. In addition, in very large machines,
the problem of supplying the required quantity of air from a
suitable blower forms another serious problem. In smaller
capacities, and in slower speed machines, it has been the usual
practise to attach blowing fans to the rotor shaft or core, as
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part of the outfit. There is no particular difficulty in this
arrangernent, except, possibly, in the high-speed construction
of the fans required for 60-cycle, two-pole machines. Such
fans can supply an amount of air which is limited by the diameter
and other dimensions of the fan itself.

Assume, for example, that by lengthening the rotor core, or
by other modifications in the construction, the capacity of the
machine can be doubled, and therefore double the quantity of
air is required for cooling. If the limit of the fan design or
operation was reached before, then obviously some radical
change is required with the new capacity of the machine. This
condition apparently has been reached in some of the later
practise in large, high-speed turbo-alternators. One obvious
solution of this difficulty lies in the use of separate lower-speed,
large diameter, fans or blowers. This may appear to be a step
backward, but when the above conditions and limitations are

I—
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taken into account, it is not so. The *‘ tail”’ must not be
allowed to ‘ wag the dog;’ the blower, which is an adjunct,
must not be allowed to dominate the construction of the machine
itself. Moreover, there are a number of meritorious features in
the use of a separate blower. In the first place, it can be made
somewhat more efficient than the high-speed, rotor-driven fans.
Again, with a suitable means to drive, variable speeds, and
therefore different air pressures, can be obtained. This feature
may prove to be very desirable or advantageous under peak,
or overload, or emergency conditions.

One further condition keeps cropping out in the general
problem of ventilation, namely, that of filtering or washing, or
otherwise cleaning the ventilating air. With 50,000 to 75,000
cu. ft. (1415 to 2122 cu. m.) of air per minute passing through
a large machine, obviously in a year's time an enormous quan-
tity of foreign matter is carried through the machine with the
ventilating air. A deposit of a very small per cent of this in the
machine will probably be disastrous. In fact, however, the
high velocity of the air through the machine serves to keep the
air passages clear if no oil or moisture is allowed to enter. That
a large amount of foreign matter does go through the machine
is very soon shown in case a little oil is allowed to get into the
ventilating passages. This oil catches the dirt and in a short
time the ventilating passages may be very materially obstructed.

On account of the deposit of dust, etc., in the ventilating
passages, it is necessary to clean certain types of machines at
more or less frequent intervals, and it is advisable to clean all
types occasionally. With some systems of ventilation, where
such cleaning is difficult, or almost impossible, such as that
shown in Fig. 16, provision must be made for cleaning the air
before it enters the machine. With the particular construction
shown in Fig. 16, air filters are almost always supplied. In the
American types of construction, however, such filters have not
yet been used, except in a more or less experimental manner,
due probably to the greater accessibility of these machines as
regards cleaning. But such filtering processes possess consider-
able merit in general. One modification which is being agitated
at present is that of washing, instead of filtering, the air. This
serves the double purpose of cleaning and cooling the air, and
in very hot weather, when the available capacity of the machine
is at its minimum, this cooling effect may mean a reduction of
6 to 10 deg. in the temperature of the machine.
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THE TEMPERATURE PROBLEM

In the general problem of temperatures in electrical apparatus,
it is not the rises, but rather the ultimate or limiting temperatures
which are of first importance. Furthermore, the real limitation
in ultimate temperature does not lie in the copper and iron,
but in insulating materials used; and only insofar as the tem-
peratures of the former affect the latter do they concern the
general problem. However, as insulating materials in themselves
are not usually sources of heat, but as they receive most of their
heat from adjacent media, such as iron or copper which may be
generating loss, the real temperature problem, as regards insula-
tion, resolves itself into the consideration of that of the adjacent
materials. Therefore, it is one which, for its full analysis,
requires a knowledge of the sources and amounts of heat gener-
ated, and its conduction and distribution to other parts.

Broadly speaking, there is always a flow of heat from points
of higher to those of lower heat potential and the amount of
flow is also a function of the quantity of heat generated, the
section and length of the paths through which it can flow, and
the specific heat resistance of the various materials which con-
duct the heat. In an electric generator, for example, heat is
generated in large quantities in the armature teeth and in the
armature core. It is also generated in the armature coils when
the machine is carrying load. Part of the armature copper is
buried in the armature slots where it is almost surrounded by
iron, which, in itself, develops a loss, while another part, such
as the end windings, may be surrounded by, and thoroughly
exposed to, the ventilating or cooling air. In such end portions,
the flow of heat will usually be from the inside copper, directly
through the insulation to the cooling air. The amount of heat
which will flow from the copper through the insulation, depends
upon the temperature differences between the copper and the
outside surface of the insulation, upon the cross-section of the
path of flow, upon the thickness and ‘‘ make-up " of the material,
and upon the heat-conducting properties of the insulation itself.
There is also a considerable temperature gradient from the
outside surface to the air. If the surrounding air is not renewed
with sufficient rapidity, the flow of heat from the insulation to
the air may raise the temperature of the adjacent air, so that
the total temperature drop is decreased, and the amount of heat
dissipated is correspondingly reduced.

In the armature core, the problem is much more complex.
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In the copper buried in the armature slots, there are usually
three paths along which the heat can flow: First, it may flow
from the copper directly through the insulation to the iron,
provided the adjacent iron temperature is lower than that of
the copper. Second, it may flow lengthwise of the copper to
the end windings to be dissipated directly into the air from that
portion of the winding, as described above. Third, in the case
of open-slot machines, one edge of the coil may be exposed to
the air in the air gap, and there may thus be a direct conduction
of the heat through the insulation to the air in the air gap. This
latter case, however, only holds for the upper coil, or that next
to the gap, in the case of two coils per slot, which is the most
common construction. In the bottom coil, the only means of
conduction in the buried portion of the coil, are to the adjacent
iron or lengthwise to the end windings, or to the adjacent upper
coil, which, however, would normally have at least as high
temperature as the lower coil. Therefore, the two effective
paths should be considered as through to the iron and thence
to the air, and lengthwise of the copper to the end windings and
to the air. It is the relation of the various factors of these two
paths that control the actual temperatures.

It has usually been considered that, in the buried copper, the
greater portion of the heat is conducted directly into the sur-
rounding iron. This, however, is only partially true, depending
upon many features in the construction and type of apparatus.
The heat conductivity of copper is, roughly, about six times that
ofl aminated iron lengthwise of the sheet, which is possibly ten to
twenty times as great as across the laminations. Inanarmature
which is comparatively narrow and which has very open, well
ventilated end windings, a relatively small difference in tempera-
ture between the copper at the center of the core and that in the
end windings, may cause a relatively large flow of heat from the
buried copper to the end copper. Therefore, in certain designs,
a great part of the armature copper heat may be dissipated
through the end windings, and not through the armature core,
especially in those cases where the armature core in itself has a
considerable tempcrature rise. There might even be no con-
duction of heat from the copper to the iron, or there may be
conduction from the iron to the copper; for if the copper is at
the same temperature as the iron at the center of the core, for
instance, then at each side of the center, or as the edges of the
core are approached, the copper temperatures will be relatively
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lower than at the center, and therefore lower than the adjacent
iron, on the assumption that the iron temperatures would be
practically constant over the full width of the core. The con-
ditions would therefore be as represented in Fig. 18. The solid
line @ in this figure represents the iron temperature at uniformly
40 deg. cent. rise, and the dotted line b represents the copper
temperatures from the center of the core to the edges. Th: tem-
peratures at the center being assumed the same for copper and
iron, obviously there will be a flow of heat from the iron to the
copper near the edges of the core. The effect of this additional
heat carried out by the copper would be such as to tend to increase
the tempeta.ture of ‘the copper at the center of the core by * bank-
ingup ' the copper heat.

Again, if the temperature of the copper at the center is materi-
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ally higher than that of the surrounding core, the conditions
may be as represented in Fig. 19. In this case, assuming the
core at constant temperature, there will be heat flow from the
copper to the iron at the center of the core, and from the iron to
the copper at the edges.

This study of the problem leads to certain very curious con-
ditions which are sometimes found in large machines. At no-
load, for instance, with practically no copper loss present, and
with high iron loss, there may be a very considerable flow of
heat from the armaturz teeth through the insulation into the
copper, and thence to the end windings and to the air. In this
way the temperature of the armature teeth at no-load, and with
normal voltage generated, may be considerably reduced by con-
duction of the iron heat into the copper, while the copper itself
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may show a very considerable temperature rise. When load is
placed upon such a machine, sufficient to raise the temperature
of the copper up to that of the iron in the armature teeth, the
latter is actually increased in temperature, due to the prevention
of the heat conduction into the copper. In this way, therefore,
the copper may apparently heat the iron, although there is no
direct flow of heat from the copper to the iron, but the reverse
flow is prevented.

In high-voltage windings requiring thick insulation, the tem-
perature drop from the copper to the outside may be relatively
large; that is, with a given difference of temperature between
the coppeg and the surrounding air, a relatively small amount
of heat may be conducted through the insulation. Experience
shows that the amount which can be conducted is a function of
the quality of the material, the way it is built up, its thickness,
and also the pressure upon it. It is almost impossible, in a
machine in service, to calculate exactly the flow of heat, even if
all the temperature conditions are known, for the insulating
material itself is one of the variables in the problem. The ability
of the insulation to conduct heat will change with operating
conditions, to some extent, as, for instance, it may tend to ex-
pand somewhat under heat, and thus change its heat conducting
qualities.

In the armature iron, the problem of heat conduction is just
as complicated as in the armature conductor. The principal
sources of heat lie in the armature teeth and in the armature
core back of the teeth. As a rule, the loss in the portion of the
core immediately back of the teeth is relatively greater than at
a greater depth, for the magnetic fluxes, which cause the tempera-
ture rise, generally crowd close to the teeth, so that the density
is higher at such parts.

The heat from the armature teeth can be dissipated along
several paths. It can flow lengthwise of the laminations to the
end of the tooth and into the air gap, where the ventilation is
usually fairly good, but the tooth surface exposed is relatively
small. In the second place, it can flow back along the lamina-
tions to the armature core where it can spread out through a path
of much greater cross-section and be conducted partly to the back
part of the laminations, and partly transversely to the ventilating
ducts. A third path from the armature teeth is across the
laminations of the teeth, to the neighboring ventilating ducts.
This latter path, however, must necessarily be relatively poor
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in conductivity per unit section of path, compared with the
others, but offsetting this, it is frequently of much greater cross-
section and of relatively small length. In passing from plate
to plate, the heat must pass through the insulating varnish,
or other material used, which is of relatively high heat resistance
compared with the iron itself. Nevertheless, in machines with
radial ventilation, a very considerable portion of the heat due
to the tooth loss is carried transversely through the plates to
the air in the ventilating ducts, simply because that is the path
of lowest total heat resistance, everything considered. In many
cases, the temperature in the core back of the teeth may be as
high as that of the teeth themselves, so that the only flow
possible is across the laminations to the air ducts, or lengthwise
to the tip of the teeth in the air gap. Therefore, the question
whether the armature teeth may be hotter than the armature
core, or whether the flow of heat is from the teeth to the core,
or from the core to the teeth, is a very involved one; and yet
upon this question depends, to a great extent, the temperature
rise in the buried armature copper. If the armature core is
normally hotter than the teeth, and a considerable amount of
heat in the teeth is carried away by the buried copper at no
load, then it may happen that when carrying heavy load, the
heat in the teeth will rise very considerably above the no-load
condition, and it may actually so ““ bank up ”’ that there is still
more or less flow from the iron to the copper, even with load.
With such a condition, therefore, the outside of the insulation
may reach a higher temperature than the inside, while in those
cases where the temperature of the copper rises above that of
the iron of the armature teeth, the inside of the insulation
will be hotter. Therefore, the temperature to which the insula-
tion is liable to be subjected appears to be largely a problem
for the designer to determine from his calculations, based upon
accumulated data and experience. This is especially the case
with very wide armature cores and large, heavily insulated
armature coils, such as found in large capacity, high-speed
turbo-generators. In such machines, experience has shown
that various temperature conditions may be found, depending
upon the location and relative values of the losses in the different
parts and the means for conducting away the heat. Tests
have shown that, in some cases, the armature iron at the center
of the core is considerably warmer than the armature copper,
while in other cases the opposite is found to be true.

I ——
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In such apparatus, the temperatures actually obtained are
liable to be materially higher than the usual methods of measure-
ment will indicate. These temperatures are inherent in the
conditions of design and cannot be avoided economically, in
certain types of apparatus, such as turbo-generators. In such
machines, the limitations in speed, strength of material, etc.,
force the designer to certain proportions which preclude larger
dimensions, or lower inductions in the iron, or lower densities
in the copper, or increased ventilation. In such apparatus,
therefore, the development apparently lies in the direction of
insulations which will stand the higher temperatures which may
be obtained.

These conditions of higher temperatures in some parts of
the machine than indicated by the usual tests, have been
recognized for years by designers and manufacturers of large
electric machinery. A rough indication of these temperatures
can be obtained by exploring coils or thermocouples suitably
located. However, it is evident that such coils, if located next
to the copper, will not give the correct temperature measurement
if the flow of heat is from the iron to the copper, while a coil
next to the iron will not give the correct result with the flow-
from the copper to the iron. Experience has shown that the
temperatures, in corresponding positions around the core, may
not be uniform, due to local conditions. In consequence, it is
not practicable to actually determine the true temperatures of
all parts of the insulation on commercial machines, except by
measurements of a laboratory nature, which would involve such
a number of separate readings as to be commercially prohibitive.

On account of the higher temperatures which may be found
in such apparatus, and the difficulty of making exact. measure-
ments, except by laboratory methods, manufacturers very
generally have adopted the use of mica as an insulating material
on the buried part of the coils. Experience has shown that such
material, when properly applied, can safely stand temperatures
of at least 125 deg. cent. How much more has not yet been
determined.

Of such machines it may be said that the manufacturer, with
his guarantee of 40 deg. cent. by thermometer, actually builds
for possible temperatures of 70 to 90 deg. cent. in some parts of
the machine, for he expects to find fairly high temperatures in
some cases with exploring devices. The usual guarantee of 40
deg. cent. therefore should be considered as only a relative indi-
cation of a safe temperature in such apparatus.
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If, for instance, the exploring coils should show 70 deg. cent.
maximum rise under running conditions, and the permissible
ultimate temperature of fibrous or tape insulation is assumed
as 90 deg. cent. for continuous operation, then obviously, with
air at 40 deg. cent. the insulation would be considered as insuffi-
cient from point of durability, except for intermittent service,
such as overloads, and such limited conditions. Plainly, the
insulation, for such temperatures, should be of mica, or equiva-
lent material, for which 125 deg. cent. has been found to be safe.

Furthermore, it may be stated that with such mica insulation,
a turbo-generator which shows 75 deg. cent. rise by exploring
coils, or thermocouples, has, in fact, more margin of safety
than the ordinary varnished-tape-insulated low-voltage machines
of any type, which show 40 deg. cent. rise by thermometer or
30 deg. cent. rise by resistance.

The foregoing aims to bring out clearly that the temperature
problem is a most complex one, in all electrical apparatus, and
especially so in turbo-generators. It indicates that no simple
temperature test can show all the facts, and that all commercial
methods must be considered as approximations. It also shows
the absurdity of classifying a piece of apparatus as good or bad,
respectively, according to whether it tests possibly one or two
degrees below or above a specified thermometer guarantee.
Also, following out the above principles on heat flow, various
fallacies in temperature measurements might be noted. For
example, it is usually assumed that, after shut-down, if a grad-
ually rising temperature is shown, this is a more accurate indica-
tion of the true temperature. But this may be entirely wrong as
regards windings. If, for instance, the core back of the armature
slots is materially hotter than the armature teeth while carrying
load, then, upon shut-down, with the air circulation stopped,
the teeth will rise to approximately the same temperature as the
core back of the teeth, and there may be a flow of heat into the
coils, which condition may not have existed while carrying load.
A thermocouple on the coil or in the teeth would thus indicate
a false temperature rise after shut-down. This is cited simply
as one of many instances, to show the possibilities of entirely
wrong conclusions which may be reached in the problem of
temperature.

THE INSULATION PROBLEM

The one fundamental condition which must be considered in
the insulation problem is the durability of the material itself, and
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this must be viewed from two standpoints—the mechanical, and
the electrical. From the mechanical standpoint, the material
may have its insulating qualities impaired by the action of
mechanical forces which tend to crack, or crush, or disrupt the
material itself, or it may be affected by being permeated by
foreign materials or substances, or it may be injured by such
overheating as will partially or wholly carbonize it, or render it
brittle or otherwise unsuitable for the desired purpose.

From the electrical standpoint, it may be weakened by deter-
ioration of the quality of the insulating material itself or some
of its component parts, which may be due to heating, or oxida-
tion, or many other causes.

The effect of mechanical injury, such as cracking, crushing
or overheating, on the insulating qualities, will depend upon
many conditions. In some cases, with relatively low voltage,
any effective mechanical separation of the parts is sufficient for
electrical purposes. For higher voltages, continuity of the sepa-
rating insulating medium is necessary.

Experience has shown that, for moderate voltages, tempera-
tures which may injure, or even ruin, the insulating material,
from a mechanical standpoint, may not seriously affect its
insulating qualities. Many insulating materials of a cellulose
nature will still retain good insulating qualities if maintained
at temperatures as high as 150 deg. cent. for such long periods
that the material itself semi-carbonizes. Under such high
temperature conditions, however, it becomes structurally bad—
that is, it may become so brittle that it tends to crumble, or
powder, or flake off, and thus its value as an insulation is im-
paired by displacement of the material itself. In low voltages,
therefore, it is not a deterioration in the insulating qualities,
but rather a mechanical breakdown of the material itself, which
is liable to cause trouble. With high voltages, however, the
conditions may be quite different. With some insulating mater-
ials, the dielectric strength may be so affected by long continued
high temperatures that the insulating quality becomes insuffi-
cient. This has a direct bearing on large capacity, high-voltage
tubo-generators.

In the problem of insulation, certain difficulties have been
encountered in large turbo-generators, which, while they would
have developed eventually in other large machines, yet became
apparent more quickly and prominently in the turbo type, due
to the abnormal conditions in its design. The two most promi-
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nent difficulties were, first, that of relatively high temperature
in the buried copper, already described, and second, the destruc-
tion of the insulation by reason of static discharges between the
coils and the armature iron.

Due to the fact that the ultimate temperature reached in such
machines not infrequently exceeds the safe limits for insulation
of the fibrous or cellulose type, such insulations will show
deterioration eventually in their insulating qualities and their
durability. In consequence, with the advent of the larger
machines, it became necessary to return to the use of mica for
insulating purposes on the buried part of the coil. This type
of insulation, in the form of mica wrappers, had been used
extensively on some of the earlier large capacity, low-speed
generators, but it had not been adopted on large turbo-generators,
due principally to the difficulty in applying the very long
wrappers for the straight part ot the coil. However, when the
gradual deterioration of the fibrous type of insulation was noted
in large turbo-generators, the mica wrapper type of insulation
was again taken up and, after considerable experiment, was
applied successfully for the outside insulation on the straight
parts of the coils. This use of mica overcame the deterioration
in the insulating qualities of the outside insulation; but for
a while it was considered that a fibrous type of insulation was
still effective between turns in those coils where there were
two or more turns in series per coil. As stated before, the
insulating qualities of many fibrous materials will stand up
astonishingly well under low voltages, when the material is
apparently so greatly heated that it is practically carbonized.
Therefore, temperatures which did not carbonize, but simply
browned, or darkened, the material, had not been considered
dangerous, and undoubtedly many thousands of electrical
machines of all kinds are today in operation, in which the
insulation is in this condition, and in which no trouble need be
expected. For this reason, little or.no trouble was expected
between turns on the turbo-generators. However, a new con-
dition was encountered in large capacity machines, namely, the
insulation between turns, when it became dry and brittle at the
higher temperatures, was liable to be injured by the terrific
shocks to which the coils were subjected in such machines, in
case of a short circuit across the terminals. The insulation would
be cracked, or so disturbed that short circuits would occur later,
without apparent cause. These short circuits on large machines
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most often appeared as breakdowns to ground, even with the
mica wrapper insulation on the outside of the coil. Incidentally,
several cases were discovered where arcs had occurred inside
the coils between adjacent turns, and where they had not yet
broken through the outer insulation to ground. For many
months the writer, with his associates, followed up this matter,
examining all available coils and windings. Eventually the
conclusion was reached that many of the breakdowns to ground
had actually started between turns on the inside of the coil.
Moreover, as a corroboration, it was noted that in machines
with one conductor per coil the breakdowns were practically
negligible. This investigation led to the practise of insulating
the individual turns, in each coil, from end to end, with mica
tape. After the adoption of this practise, it is noteworthy that
the breakdowns to ground practically disappeared, although
the outside insulation to ground had not been changed in type
or thickness.

Many improvements have been made in recent times in the
application of this mica insulation. One of these is the Haefely
process, developed in Europe, but now being used extensively
in this country. By this process, the mica wrappers are so
tightly rolled on the coil that practically a solid mass of insula-
tion, of minimum thickness and greatest heat conductivity, is
obtained.

By means of the mica insulation, the temperature difficulties
in general have been entirely overcome, and a durable and non-
deteriorating construction, from an insulation standpoint, has
been obtained with the temperatures which appear to be more
or less inherent in the large, high-speed turbo-generators.

The second trouble, namely, that due to static discharges
between the armature copper and the iron, was also encountered
to a certain extent on some of the earlier machines. It was found
that these discharges were apparently ‘‘ eating '’ holes, or even
grooves, through the outside insulation of the armature coils.
This effect was most pronounced at the edges of the air ducts
and at the ends of the armature core, where edges were presented
by the iron. After a long period, the holes or grooves would
become so deep that the insulation was weakened or ruined.

This was a very disturbing condition, when it was once fully
recognized and appreciated. Again, a comprehensive investi-
gation was made to discover a cure for this difficulty. Various
types of machines and windings were examined. It was noted
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that the action was a function of the voltage of the machine,
but was noticeable, in some cases, at relatively low voltages.
During the course of the investigations, it was noted that where
mica wrappers were used with an outside layer of tape, the ‘* eat-
ing away "' extended only through the outside wrapping in as
far as the mica, and that no apparent effect at the mica was
visible. Even when examined with a very powerful microscope,
no evidence of any puncture ¢f the mica was found, in any case.
These investigations naturally led to the conclusion that the
most suitable remedy for the trouble was the use of mica insula-
tion, which was also a remedy for the temperature conditions.
This is one of the rare cases in large turbo-generators where two
desirable conditions do not conflict with each other. The mica
insulation on the buried part of the coil has now been very
generally adopted in this country on high-voltage machines,
whether of the turbine-driven, or any other type.

This static trouble was considered so serious at one time that
low-voltage practise with step-up transformers was adopted
by some manufacturers as the safest course, until something
positive in the way of a remedy was proved out. This trouble
promised to be one of the most serious encountered in high-
voltage generator work, and even threatened to revolutionize
practise in winding generators for the higher voltages. However,
as consistently advocated by the writer, the use of mica, suit-
ably applied, appears to have entirely overcome this trouble, as
evidenced by several years' experience, and all indications now
are that there need be no fear of static discharges on windings
of 11,000 and 13,000 volts. Even in the 11,000-volt New Haven
generators with one terminal grounded, which gives the equiva-
lent of a 19,000-volt, three-phase winding with the neutral
grounded, the mica insulation appears to be successful and dur-
able.

RoTor INSULATION

In most of the early turbo-generators, the rotor winding
in the slots was insulated with fibrous material, * fish paper ”
and “ horn "’ fiber having the preference. One of the difficulties
in the rotor is that the insulation between the winding and the
slot is liable to be crushed or cracked by the high centrifugal
forces. In the earlier insulations, before fish paper was used, it
was found that even at very moderate temperatures the insula-
tion got dry and brittle, and cracked readily. Fish paper, or
hom fiber, was then adopted pretty generally. Such material
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apparently stood much higher temperatures than the ordinary
fibrous insulations. However, experience also showed that
eventually this also became brittle, and was liable to be cracked,
and then displaced, due to the centrifugal forces. There is
always the possibility of a small amount of movement in the
field coils when a machine is being brought up to speed, and this
movement, in itself, may eventually damage the insulation if
it is at all brittle.

As the capacities and speeds of turbo-generators were increased
and the space limitations for the rotor windings became more
pronounced, the resulting higher normal temperatures led to
the adoption of mica for the insulating material in the slots with
either mica or asbestos for the insulation between turns. As
the voltage between adjacent turns is always extremely low,
what is needed is really a durable separating medium, rather
than an insulation, this medium being one which will not become
crisp or brittle at fairly high temperatures. Asbestos has
served for this purpose very effectively, and even has some
advantages over mica, as the latter must be applied in relatively
small pieces in the form of strap or tape, and the individual
pieces are more readily displaced or shifted than is the case
with asbestos. Some very severe tests have been made in
order to determine the possibilities of such rotor insulation.
In one case, a turbo rotor thus insulated was run at full speed for
over 40 hours, with such a current that the rise by resistance
in the rotor copper was about 250 deg. cent. It was the in-
tention to continue this test very much longer, but the conduc-
tion of heat from the winding to the core, and thence through
the shaft to the bearings, was such that finally the bearings
became overheated and gave out. After this test, the winding was
carefully dismantled, and no evidence of any injury to the
insulation could be discovered. Of course, such temperatures
are not recommended in turbo rotor practise, but this was
simply an attempt to find a temperature limitation. If a
designer wants to find the facts in any apparatus, he will obtain
the most valuable information if he operates the apparatus
up to the point of destruction. He thus fixes a limit which
he must keep below.

The use of mica, or mica and ashestos, on turbo rotors has
been very generally adopted in this country at the present time,
and it may be said that, within the writer's experience, no case
of destruction of one of these windings through heating has
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come to his notice, although a great number of them have
been in service for a relatively long time. In many of the older
machines with fish paper insulation in the rotors, the conditions
of ventilation and the normal ratings of the machines were
such that the maximum temperatures in the rotor windings
were relatively much less than in present practise. It may there-
fore be said that the use of mica in the rotor has been largely
due to the introduction of the larger capacities and higher speeds.

LosseEs IN TURBO-ALTERNATORS

The total iron and copper losses in a large, high-speed turbo-
alternator are in general no higher than in a corresponding
capacity low-speed machine. .

As far as the iron losses are concerned, no further comment
need be made than that the magnetic flux densities in general
are somewhat lower than in lower speed machines of the same
frequency, and therefore the losses per unit volume of material
are no larger.

The total armature copper losses in turbo-alternators, as a
rule, are considerably smaller than in corresponding capacity
machines of the moderate or low-speed types. This is due partly
to the use of a smaller total number of conductors, and partly
to a lower current density in the armature conductors. As
brought out before, in a narrow core machine, a considerable
portion of the buried copper heat may be conducted lengthwise
of the conductor into the end winding, and there dissipated
into the air. In the turbo-generator, with its much wider
core and greater distance from the buried copper to the end
windings, a smaller percentage of the buried copper heat will
be conducted into the end windings. To partly compensate
for this, it is usual to work the armature copper in the turbo-
generators at a lower current density, and therefore at a relatively
lower total copper loss. This is somewhat of a handicap in the
economical design of the generator, as extra space is thus required
for the armature winding. In some of the earlier machines, the
armature conductors were made of solid copper bars of relatively
large section, partly for stiffening or bracing the end windings,
as will be referred to later. With these solid conductors there
was a very considerable loss in the buried copper due to eddy
currents. To compensate for this, the armature conductors

were made very large in section, so that the current density,
due to the work current alone, was very low compared with
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practise in other types of machines. On account of the com-
paratively large section of armature conductors, the conduction
of heat from the buried copper to the end windings was relatively
large. In some of these earlier, large capacity machines,
the nominal current density in the armature conductors was
so low, and the section of conductors so great, that the total
buried copper loss, due to the work current, could be carried
from the buried part of the coils into the end windings with a
comparatively small drop in temperature, so that, if there had
been no eddy currents present, the buried copper would have
shown less rise than the iron. Any considerable rise which
occurred was thus chargeable to eddy currents in the buried
conductors, rather than to the work current. While such con-
struction was fairly effective for the purpose, yet it was decid-
edly uneconomical in design, as indicated before. In fact,
with later proportions and methods of design, the safe outputs
of some of the earlier machines could easily be 50 to 75 per cent
greater, largely on account of elimination of eddy currents and
improvement in methods of dissipating heat from the end wind-
ings. In many of the older machines, the ventilation of the
end windings was not nearly as effective as in modern types,
due principally to the form and arrangement of the end con-
nectors. Usually air spaces were allowed between adjacent
coils, although, in some instances, these were so small as to
give but little benefit. Moreover, in many cases, the type of
end winding employed rendered these air spaces between coils
rather ineffective, unless special means were taken to deflect
the air between the coils. With later constructions, the end
windings lie more or less across the path of the ventilating air,
and there are ample openings between the coils, so that a very
considerable part of the ventilating air will actually pass between
the coils of the end windings in such a way as to give the maxi-
mum possible ventilation. When it is considered that the total
armature copper loss may be only 20 per cent of the total stator
loss it will be seen that an excessive amount of air is not re-
quired when the end windings are properly arranged for most
effective ventilation.

Much effort has been expended in eliminating or reducing
the eddy current losses in the buried copper of large turbo-
generators, as well as in other types of large capacity alternators.
These eddy currents are due to two sources, namely, the alter-
nating magnetic flux across the slots due to the armature ampere




1913] LAMME: TURBO-ALTERNATORS 33

turns per slot, and secondly, the magnetic fringing from the
rotor pole face into the open armature slots. In some instances,
tests have indicated that the local e.m.fs. set up in the armature
conductors by the flux through the slot opening are very consider-
ably greater than those due to the flux across the slot. Obviously,
with partially closed slots, this fringing into the top of the slot
should be practically absent.

The simplest remedy for the eddy currents set up by these
local e.m.fs. is to subdivide the conductors into a number of
wires or conductors in paraliel, so arranged or connected that
the local e.m.fs. oppose and to a great extent balance each
other. This opposition may be obtained by special arrangement
of the conductors in each individual slot, or parallel conductors
in the two halves of a complete coil may be connected in oppo-
sition to each other. Some of these arrangements do not com-
pletely balance the opposing e.m.fs., but they include the resist-
ance of the complete coil in the eddy current circuit, so that the
eddy losses are not only very materially reduced, but they are
distributed over the entire coil, including the end windings, which
condition, in itself, represents a very material improvement.

PROTECTION AGAINST FIRE

An important problem connected with the insulation of
large turbo-generators is found in the fire risk, or danger of
destruction of the end windings due to starting an arc at some
point. On account of the tremendous ventilation in such
machines, a fire, if once started, may quickly ruin the entire end
winding. An extended investigation was made, with a view
to providing an insulation which would not burn rapidly.
Among other tests, the end windings were finished on the out-
side with an asbestos covering or tape. However, such tape
requires some sort of sealing varnish, or material to fill its pores,
to keep it from absorbing moisture or oil. The tests showed that
if a fire was once started, combustion would be maintained by
the gases liberated by the ‘ gasification "’ of the varnishes and
other material in the end windings, whether the coil was covered
with asbestos or not. No covering which was tested appeared
to be very effective. Although some outside covering might be
found which would be slightly effective in preventing fire from
starting so readily, yet, if once started, it appears that a fire
can very easily maintain itself in such machines. Eventually,
the conclusion was reached that the safest course would be to
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provide suitable closing doors or valves in the air inlets to com-
pletely shut off the incoming air to the machine. In addition,
suitable doors on the air outlets, where they can be applied,
should also be helpful, by retaining the smoke and burnt gases
inside the machine, which thus assist in smothering the flames.
The use of fire extinguishers of the gaseous type will usually
be rather ineffective, unless the incoming air and ventilation is
practically cut off. For instance, with 60,000 cu. ft. (1698 cu.
m.) of air per minute passing through a large machine, the
addition of a little gas for extinguishing the fire would hardly
make any impression. In one instance, in attempting to extin-
guish a fire, an effort was made to feed the gas in against the
ventilating pressure of the fans. Obviously, this would not
work, and then a hose was used in order to get enough pressure
to counteract the fan action. Although the fire was extinguished,
the resultant effect of fire and the high pressure water was that
new insulation was required.

REGULATION AND SHORT-CIRCUIT CHARACTERISTICS

It has been known for many years to designers, that alterna-
ting-current generators can give, at the instant of short circuit,
a much greater current than that which they will give on con-
tinued short circuit. The first emphatic evidence of this, in the
writer’s experience, was in connection with the first Niagara
generators in 1894. Upon short-circuiting one of these machines
at full speed and normal voltage, the results indicated a current
rush so great that it was apparent that it was limited only by
the armature self-induction, and not by the so-called synchronous
reactance. Later, after being put into actual commercial
service, it was found necessary to brace the end windings on these
machines. However, at that time, no suitable instrument,
such as the oscillograph, was available for determining the
conditions on short circuit, and the phenomena did not permit
of much experimental investigation.

Similar evidence was found from time to time, as in the first
Manhattan Elevated engine type generators, which bent their
end windings out of shape on a dead short circuit. But the real
possibilities for trouble in this matter did not develop until
the large capacity turbo-generators came into use. In these
machines, the armature ampere-turns per pole are so high,
compared with moderate speed alternators, that the stresses
due to the stray magnetic fields on short circuit are much greater
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than the natural rigidity of the end windings will withstand.
The manufacturer of such apparatus, without data of any
quantitative value at hand, did not fully recognize the real
weakness in the end windings until disaster overtook them. Even
then it was a long and difficult undertaking to overcome the
trouble. All kinds of designs of end supports and various ar-
rangements of end windings were tried, with more or less success.
But each new step in the increase in capacity opened up the
problem again. It was soon noted that those armature windings
which were made up of cable or small wires, suffered most on_
short circuit, and for a while there was a tendency on the part
of some manufacturers to use heavy, solid conductors to give
rigidity in the end windings. This was effective within certain
limits, but was very expensive from the design standpoint, as,
on account of eddy currents in the buried copper, it was neces-
sary to work at a very low current density, which was not
economical in winding space.

A\
I

FiG. 20

In this country, the types of armature windings finally
narrowed down to the open-slot construction, usually with an
upper and lower coil per slot, with the end winding arranged
in two layers, similar to d-c. armature windings, or the common
induction motor primary windings. This turbo end winding
was extended at various angles to the axis of the machine from
almost parallel up to 90 deg., as shown in Fig. 20. The principal
survivor of these types is one which extends at some angle
between 30 and 60 deg. to the axis. There are several reasons for
this—first, it allows a very substantial bracing to be applied to
the end windings. Second, the stray fields around the end
windings do not, to any extent, cut the adjacent solid parts,
such as the end housings, stator and end-plates, etc. An angular
position of approximately 45 deg. seems to be a good compromise
on these points. Ample supports, as shown in Fig. 21, can be
applied for bracing the windings against movement in any

I
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direction. Such end windings are usually braced against metal
supports attached to the stator end-plates. The coils are so
clamped to the racks, and are so braced against each other that
the windings will sustain a dead short circuit across the terminals,
even in the largest capacity machines, without injury.

On some recent large turbo-generators, the end windings have
been further strengthened by double metal racks between the
two layers of windings, so arranged as to key these two layers se-
curely to one another at certain points. Moulded mica troughs
are placed around the coils as an extra insulation from the metal
racks. By this keying of the two layers to one another, the
winding as a whole is stiffened, quite irrespective of any other
clamping arrangement. In fact, this is practically equivalent to
putting the end windings in rigidly held slots, thus approaching
the conditions which obtain in the buried part of the coil.

In order to limit the momentary short-circuit current, the
armature reactance is now usually made as large as the condition
of the design will permit. This naturally means high ampere-
turns per pole, which in turn means high synchronous reactance,
and consequently poor inherent regulation of the machine,
especially on inductive loads. This can be illustrated by the
following example: Assume a 5000-kw. unit of an earlier design,
which can give 25 times full load current on momentary short
circuit. By certain improvements in the design of the armature
coils, such as the use of deeper slots, better subdivision of the
copper to eliminate eddy currents, improved ventilation and
conduction of heat, etc., the capacity of the machine is assumed
to be increased to 10,000 kv-a., the number of armature turns
remaining the same as before. It is evident that when short-
circuited, the revised machine will give the same total current
as on the former rating, which, however, is only 12% times
the rated current on the new capacity basis. Obviously, the
end winding stresses are no greater than before, although the
nominal capacity has been doubled, and if it were possible to
brace the end windings satisfactorily with the former rating,
the same bracing should be effective on the new rating. This
illustrates, roughly, what is taking place in later designs, although
the steps in the change may not be just those mentioned. Again,
in the above example, it is obvious that, with the new rating,
the inherent regulation at full load is the same as at 100 per
cent overload on the old rating, which means that it is relatively
poor. Another way to express this is, that the old rating might
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give 2} times full load current on steady short circuit, while the
new rating gives 1} times.

This condition of poorer regulation is inherent in the newer
practise, but is apparently acceptable to the users of such
apparatus, for a variety of reasons which do not come within
the province of this paper.

CONCLUSION

The foregoing covers, in a general way, many of the problems
encountered in large turbo-generators, and defines the situation
as it stands at present.

It may be suggested, in connection with the temperature
problem, that the high temperatures obtained are due to forcing
the construction too far; but, in answer, it may be stated that
it is forced no further in this feature than in many others. The
whole design has been carried far beyond the most economical
construction, from the generator standpoint alone. In fact, the
whole machine is more or less a compromise between desirable
conditions as a generator, and most economical conditions as
part of a combined turbine and generator unit. It may be
added that the ultimate limits in construction and capacity will
be obtained only when the steam turbine conditions are satis-
fied, and there are indications that possibly this result is being
approached now with the present high speeds.

There is one small consolation in all the confusion of develop-
ment which has attended the turbo-generator work, in the few
years it has been with us, namely, the question of choice of
speed has been practically eliminated. For 25 cycles, there
remains only one speed, namely 1500 revolutions, with two
poles, from the smallest unit up to 25,000 kv-a. as a possible
upper limit. For 60 cycles, up to 5000 kv-a., two-pole machines
at 3600 revolutions are being furnished, while from this
capacity up to 20,000 kv-a. four poles may be used.

It will be evident to any reader of this paper that the designers
of large turbo-alternators have had a strenuous time during the
past few years—very much more so than is indicated herein, for
their successes rather than their failures have been discussed.
In fact, much of the time they have been working ahead of their
data and experience. In presenting this situation from the
design point of view, it is hoped that a better and clearer under-

standing of the turbo-generator problem will be obtained by all
who are interested in such apparatus.
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DiscussioN oN “ HiGH-SPEED TURBO-ALTERNATORS—DESIGNS
AND LimitatioNs ” (LAMME), NEw YoORrk, JaNvUary 10,
1913.

Henry G. Reist: The author has treated this subject so
fully that it leaves even those of us who have spent a good part
of our lives on this work very little to add. He has weighed
the different methods of construction so carefully, accurately
and fairly that there is very little room for controversy, so what
I have to say will be very brief and a part of it, at any rate, will
be in the way of a slight further explanation of some of the
methods of construction. The author limits the size of a two-
pole machine of 3600 rev. per min. with a through shaft to
about 600 kv-a. That is probably near the limit, if a solid shaft
is used; but by the use of a flexible shaft, that is, a shaft which al-
lows the rotor to run above the critical speed, the limits of output
may be very materially increased. This is similar to the oper-
ation of the de Laval turbine, which in starting runs through a
preliminary stage where it is not quite as steady as afterward,
and then gets down to a perfectly quiet state. This construction
does not require so large a shaft as if the machine were operated
below the critical speed, and it is possible considerably to
increase the limit of size. There are today a great many ma-
chines running, constructed on this plan, of from 1000 to 2000
kw. in capacity, at 3600 rev. per min.

The virtue of radial slots in rotors is well brought out in the
paper. As the author points out, the stresses in the steel
part of the rotor are all in tension, because the parts are radial,
and there is no bending stress in the teeth; the radial slot design
also allows the copper to be placed with the broad side against
the next turn, so that no stresses come on the edges or corners
of the copper. This is particularly advantageous where the ends
of the coils are carried by a steel end ring. By having the
ends of the coils radial, there is no side strain and comparatively
little blocking is required to hold the coils securely in place.

Another point I might mention is that while a high grade of
steel is used for making the weldless rings for supporting the
windings, there does not yet seem to be any opportunity of
making use of the higher grades of steel available, for the reason
that the modulus of elasticity of the various grades of steel is
about the same, and with a given stress in the ring the elongation
will be approximately the same, whatever grade of steel is used.
In order to avoid the ring loosening at high speed due to elonga-
ting, it should be placed on the rotor with a stress equal to,
or greater than, that to which it will be subject while it is running.
This is usually accomplished by heating the ring and shrinking it
on. To enlarge it to the diameter it will have while in oper-
ation, requires heating to a temperature likely to injure the in-
sulation while placing it into position. For this reason it is not
desirable to go to the extreme in the stress which might be carried
on these parts with the materials at hand.
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As the author points out, one of the big problems in connection
with the construction of turbo-generators is ventilation, and this
is generally accomplished by subdividing the parts, and getting
the air to move as rapidly over as large a surface of as many of
the parts as possible. I agree with the author that it is really
surprising what good results are obtained in this way.

The static discharge on coils is a trouble that is more
prevalent than we generally appreciate—this corona appears
at much lower potentials than we ordinarily suppose, with thick
as well as with thin insulation. But, fortunately, it usually does
not do much damage, for the process of oxidation is so slow
that it extends over a very long time. As far as my experi-
ence goes, I do not recall any machine that was badly
affected, that gave serious trouble, in a period of, say,
less than six to ten years—and this with high-potential coils,
12,000 and 13,000 volts, and in some cases with fabric and
varnish insulation. Probably if the coils were hot, the injury from
this source would be very rapidly increased, since the corona pro-
duces an active form of oxygen which attacks the insulation
chemically, and we know that chemical action is much more
active when parts are heated than when they are cool.

Mica insulation, as it is made up for use for electrical
purposes, is a composite material. It is built up of paper,
usually, and a varnish, generally shellac, and mica. A
good part of the thickness of the insulation consists of other
material than mica, in many cases as much as 50 per cent.
These other materials, as we use them at present, are similar
in behavior to cotton cloth or varnish. That is, they do not
resist high temperature and they will char. So that even a
mica insulation, as built up, will have parts of it, that is, the inter-
stices between the pieces of mica, char in subjecting it to high
temperature, and we may expect that the corona will, even with
mica coils (since they have the other combined materials in them)
attack the mica insulation very much more rapidly if it is hot
than if cool, because the other insulations will char. I think that
some time we shall overcome this, because we shall probably
obtain a varnish, perhaps a synthetic varnish, or wax, or
gum, that will not be affected by the temperature at which
our ordinary organic materials char. Then probably it will
be advisable to go to higher temperatures, but until that time
arrives I believe it is well to confine our heating, so far as possible,
to points below 100 deg. cent.

In conclusion, I want to say just one word in regard to regula-
tion, and that is, there does not seem to be any great advantage in
good inherent regulation. I think I may say that this applies to
almost all classes of alternating-current generators, because the
best regulation that we can produce in any machine will not be
good enough for commercial use in lighting, so that it is desirable
to maintain constant potential either by hand or automatic regu-
lation; the latter, of course, being ordinarily much better.
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Now, if we have to regulate, we might just as well have poor
inherent regulation of the generator, to obtain the various ad-
vantages, such as lower cost, higher efficiency, and particularly
on the machines that we are discussing, much better protection
against injury from short-circuit, so that we should practically
eliminate the idea that we care about any special degree of
regulation in this class of machine.

R. B. Williamson: As Mr. Lamme has pointed out, the design
of a turbo-alternator is essentially an abnormal one from the
electrical point of view, and the high speed combined with large
output is a necessity imposed by the steam end of the unit.
It is generally recognized that for a given output there is a
certain speed at or near which the most economical designis
obtained. Such conditions are frequently approached in water-
wheel generators of large output. In turbo-generators the speeds
are far beyond the point best suited to economical design and
these excessive speeds are indirectly responsible for the difficulties
encountered in the way of heating, ventilation, etc.

The coils in the radial slot type of rotor do not interfere with
the shaft in either the two-pole or four-pole machines. So far
as the coils are concerned, there is nothing to prevent the use
of a through shaft, whereas in the two-pole parallel slot type a
through shaft cannot be used unless some of the copper space on
each side of the rotor is sacrificed (see Fig. 10 of the paper).
Bolted-on stub-shafts therefore have a special advantage in
this type of rotor. However, the possibilities of the radial slot
rotor with a through shaft lie much beyond the limits stated on
the second page of the paper. In the case of 3600-rev. per min.,
two-pole machines, generators of 1250 kv-a. output with through
shaft have been built and successfully operated.

In large 25-cycle two-pole machines, a generator of 12,000
kv-a. output having a through shaft has recently been built
and tested. A number of 60-cycle 1800-rev. per min. gen-
erators ranging from 5000 to 10,000 kv-a. have been built with
through shafts and are in successful operation. Of course these
machines operate above their critical speed, and it has been found
that such rotors are easier to balance and, if anything, run
more smoothly than rotors of similar design that operate below
their critical speed.

As_regards peripheral speeds, these are abnormally high at
best, and the lower they can be kept without interfering with the
design in other respects, the better will be the result. In the
past, peripheral speeds have been pushed higher than necessary
in some machines, and better results have been obtained by im-
proving the ventilation and dropping back to smaller diameters
and greater axial length. A marked reduction in windage loss
with corresponding increased efficiency has thus been obtained.

As Mr. Lamme has clearly pointed out, the problem of ven-
tilation is by no means an easy one, since the volume of air to
be handled is so large and the space in which the heat is liberated
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is so limited. So far as the rotor is concerned, the statement on
page 13 regarding heat dissipation from the rotor surface is
fully borne out by numerous tests. If the rotor winding is
designed so that the heat can readily pass from the copper to the
iron and thence to the outer surface, it can be removed by the
scrubbing action of the air, which is very effective at these
high peripheral speeds. Air ducts in the rotor, particularly
radial ducts, are of doubtful advantage. They are usually much
restricted at the roots of the rotor teeth and as some oil vapor
always gets into a machine sooner or later, the dirt sticks in
these small openings and shuts them off. The duct thus be-
comes a dead air space, which is worse than the solid metal so
far as getting rid of heat is concerned, although when the machine
is new it may be fairly effective. The loss in the rotor is not
large, and if an ample supply of air is provided at the surface
the scrubbing action will remove the heat, and the ducts are
not necessary so far as the rotor itself is concerned.

The disadvantages of the circumferential method of ventila-
tion mentioned near the bottom of page 10 have been entirely
overcome by providing a sufficient number of multiple paths
for the air currents in the stator. This shortens the paths and
decreases the amount of air to be passed through any one sec-
tion back of the teeth, thus reducing the velocities in the ducts.
The plan shown in Fig. 14, which may be termed a two-path
scheme, was satisfactory for machines of moderate output,
and by carrying Fig. 16 still further and making say a 6-, 8-
or even 12-path arrangement, very even and effective cooling
is obtained, which enables long machines to be built which will
be well ventilated at the central part. In this plan there is
practically no interference of air currents, particularly when the
rotor is made without ducts, and as the air blows radially inwards
at several points against the surface of the rotor, the latter is
well cooled.

In some cases the use of a separate blower may be desirable
for large units, but by careful design a fairly good efficicncy can
be obtained in turbo fans, and it is a question if much is to be
gained on the score of efficiency, especially when it is considered
that separate blowers would have to be driven by a separate
motor or engine, whereas the turbo fan derives its power directly
from the turbine spindle. Moreover, the large air ducts and
piping system required for separate blowers might prove ob-
jectionable in some cases. '

It is pleasing to see the importance of air filters or air washers
emphasized. Cloth air filters have been installed to some ex-
tent in the past, but they have often been worse than useless, as
they have had insufficient area of cloth and the filters have soon
become very dirty and clogged up and shut out the supply of

air from the machine. A filter of this kind must have a very
large arca and consequently low air velocity. By arranging the
cloth in zigzag fashion on suitable frames, an efficient filter can
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be put into small space and built up in connection with the tur-
bine foundation so as to form a very compact arrangement. A
large filter made in this way has been in operation for a year and
a half, and has such large area that it has not required cleaning
during this time. In this installation there are two filters,
each handling between 30,000 and 40,000 cu. ft. per min.

The matter of insulation is closely connected with the internal
temperatures attained in the coils. Unquestionably most of
the breakdowns,in the stators of turbo-alternators have been
between turns rather than to ground, and mica insulation be-
tween turns is desirable. Mica should also be used liberally
in the slot portion of the coil, but, unless the machine is operated
at temperatures in excess of 90 deg. cent., there is no objection
to using varnished fabric in combination with the mica to give
the necessary insulation in case the mica wrapper should become
accidentally cracked.

The trouble due to static discharge perforating the outer
layers of insulation next the iron is not peculiar to turbo-genera-
tors. The same effect has been noted on coils from a 6600-volt
engine-type generator. In this case the outer wrapper or trough
of fishpaper put on the coil for mechanical protection was lit-
erally riddled with pin-holes, while the varnished cloth insula-
tion immediately underneath was in perfect condition, as
was also the mica wrapper next to the copper. In a paper
read in 1911 before the British Institution of Electrical Engineers
by Mr. F. P. Fleming and Mr. R. Johnson, this effect is described
and shown to be due to the fact that in a composite insulation
of materials having different specific inductive capacities, it is
possible to have a condition where the potential gradient across
part of the insulation may exceed its disruptive strength, there-
fore perforating this part without affecting the rest of the in-
sulation. ' It was also shown that this perforation might be
caused by the double-voltage puncture test usually applied to
machines.

So far as losses in turbo-generators are concerned, they are,
with the exception of the windage loss, no higher than in other
generators, and in some cases they areless. With a well-distrib-
uted rotor winding and with moderate peripheral speed, the
core loss, assuming equal working densities, will be a lower per-
centage than in salient pole alternators. The stator and rotor
copper losses will also be smaller, while the stray loss will be
higher, the latter being due partly to the enclosed construction
which allows stray flux to get into parts that are unlaminated.

Philip Torchio: I am asked to make some remarks from the
standpoint of the user, and I may state that this is a point of
view that sometimes escapes the designer. For instance, on
page 6 Mr. Lamme says: ‘ To avoid magnetic shunting of
the field flux, this driving head must be made of non-magnetic
material, usually of some high grade bronze...this makes a
good strong construction, but is necessarily rather expensive,
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due to the bronze driving heads. As these cost but little more
for a long rotor than for a short one, the construction therefore
tends toward relatively long, small diameter cores in order to
lessen the relative dimensions of the bronze heads.” That makes
the machine longer, it may be one foot or three feet longer, and
consequently the engine room one foot or three feet longer. It
saves a few dollars on the bronze heads and necessitates our
spending a few thousand in having a larger station. In many
cases, space requirements are very important to us, and often-
times it means that we have to sacrifice many thousand kilo-
watts simply for the reason that a larger machine cannot be
put in a certain space because it is four or five feet too long.

As to the question of having outside blowers for ventilation,
one of our allied companies is about to install some of these
machines that Mr. Lamme has mentioned, and we were satisfied,
because of the reasons given by Mr. Lamme and his associates,
that outside blowers would be satisfactory; to facilitate their
operation we have provided means through which, when the
machine field switch is closed, the blower will be started automa-
tically by a motor fed from some proper supply. I do not think
that the cost or the efficiency of the system will be materially
different; if anything,it will be a little better than having the
blowers and the ventilating apparatus in the rotor itself, as Mr.
Lamme states. If by adopting outside blowers you can reduce
the size of the machine, I would emphasize to the manufacturers
the desirability of doing that for large units.

At the bottom of page 24, Mr. Lamme states: “ Of such
machines it may be said that the manufacturer, with his guaran-
tee of 40 deg. cent. by thermometer, actually builds for tempera-
tures of from 70 to 90 deg. cent. in some parts of the machine,
for he expects to find fairly high temperatures in some cases
with exploring devices.” I do not like that statement. We
have been trying and failed to get the manufacturer to put ex-
ploring coils in the windings of the machine so that we could
read them while we are operating the machine and see where the
temperature goes. Now, if the safety of the insulation is limited
within ranges below 100 deg. cent., and the room temperature
may be 40 deg. or more, one cannot exceed 50 deg. maximum at
any one point; it would not be safe at the present time to do it.
In fact, if we do not have more troubles it must be that we do
not carry the overloads or obtain the output that we should get
from the machines, but which we may require at any moment.

The author says on page 25: ‘It also shows the absurdity
of classifying a piece of apparatus as good or bad, respectively,
according to whether it tests possibly one or two degrees below
or above a specified thermometer guarantee.”” If I have a
contract to pay $1,000, and give $900, the $900 may be perfectly
good, but I will be short $100 of the amount which I-must pay.
The user has been buying in accordance with the thermometer
readings, incorporated in the printed specifications of manu-
facturers. The standard should evidently be changed.
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I am very much interested in the subject of the mica insulation,
and I was a little disturbed by the previous speakers and Mr.
Reist, particularly, who suggested that there may come another
type of insulation to try upon us, as a better substitute for mica.
My experience with mica insulation is too limited now to have
any definite report to make, though the reason given by Mr.
Lamme, that mica, being an inorganic substance, is not attacked
by the oxygen, seems plausible. It is of general importance to
know how to screen or to avoid ozonizing. I have had some ex-
perience in this matter, having had rather serious troubles on
braided cable laid on imperfect ground. We found, for instance,
that rubber insulation, which is more easily affected by chemical
action, would stand the least, and we substituted paper or fabric,
although I think it is undesirable—I do not speak of the interior
of the machine, but the outside— to use a braided cable without
a definite ground around it, like a lead sheath, because ozonizing
is likely to take place at any time and under uncertain conditions
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over which one has no control, and by so doing one jeopardizes
the protection of the apparatus. If the mica acts as a perfect
screen, it might help in the cable manufacture and possibly in
taping cable ends and splices.

I present seven illustrations giving a photographic reproduc-
tion of the very rapid deterioration of rubber produced by ozon-
ization at moderately high voltage stresses upon the dielectric,
having air insulation in series.

The experiment was made upon a sample of three-conductor
cable with 5/32-in. (3.97-mm.) rubber insulation around each
conductor. Ends were opened out about four inches between
centers, leaving an air space between each conductor varying
from zero at the apex to about 4 in. (102 mm.) at the ends.
Voltage was applied between two conductors only. Fig. 1
shows conditions before voltage was applied, and Figs. 2 to 7
show successive stages after voltage was applied 40, 50, 60 and 70
minutes. Smaller cracks appeared after 20 and 30 minutes,
but could not be photographed. Breakdown occurred after
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70 min. 30 sec. It was shown that the rubber deteriorated at
a point where there was about 0.4 in. (10.16 mm.) of air between
the rubber surfaces, extending in each direction to points in-
cluding 0.25 in. (6.35 mm.) and 0.5 in. (12.7 mm.) of air.

Similar results occur at considerably lower voltages, as low
as 4000 volts, at correspondingly longer periods of electrification,
when braided cables are not properly supported by insulators,
but are laid on imperfect or intermittently imperfect insulators,
like ducts, concrete, etc. Under the latter circumstances, which
one should always try to avoid, the usual remedy, whenever the
induced sheath currents are not too great, is to cover the cables
with lead sheath, in which case the metallic sheath completely
protects against ozonization.

I would like to ask Mr. Lamme if a similar solution might not
be possible for high-voltage armature windings, making them
metal-covered, so as to use fabric insulation while positively
eliminating the trouble of ozonization affecting it, and at the
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same time improving dissipation of heat from the windings
through the metallic sheath.

As to regulation of machines, designers might like to have
definite information of what the results of radial slots and parallel
slots would be. Figs. 8 and 9 refer to two 25-cycle, 8000-kw.,
750-rev. per min. turbo-generators. Fig. 8 shows a radial slot
machine with a distance between the armature and the field
copper of 2 13/16 in. (71.4 mm.), and its corresponding oscillo-
gram under short-circuit, indicating a maximum current 38
times the full-load current of the machine. With the parallel
slot machine, of the same size, same frequency, same speed, but
the distance between the copper of the armature and field 104
in. (273 mm.), the maximum current is about 14 times the full-
load current of the machine. The short circuit took place at a
voltage a little higher than zero; if it had been zero the current -
might have been a little higher, 15 or 16 times. These results
show a great difference in the reactance of the two machines, due
to the difference in the construction of the field.
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C. J. Fechheimer: With few exceptions the limitations im-
posed by the rotor of the turbo prevent our reducing the size
of the machine. In designing a turbo-alternator we first pro-
portion the rotor and then place (on paper) the stator around
it; whereas in designing low-speed alternators, we usually
design the stator and then place a suitable rotor within it. It
is of course essential to choose between the possible types of
construction.

The limitations appearing in the rotor are:

(1) Stresses. (2) Temperature. (3) Cost. (4) Regulation.
(5) Ability to maintain voltage.

A good design is necessarily a good compromise between these
five factors.

Modifying any one of these factors will usually affect the
remaining four. For example, we can, by increasing the stresses,
reduce the cost of machine, lower the temperatures and possibly
cause the machine to give better regulation and enable it better
to hold up its voltage. Just how far any one of these factors
should be carried at the sacrifice of the others is what the designer
must decide.

From the standpoint of safety, stresses should be treated most
conservatively.

Second in importance is the matter of temperature, for if the
critical charring temperatures of fibrous insulation are exceeded,
the machine will burn out. Even though, as Mr. Lamme points
out, we were to adopt mica and asbestos in preference to fibrous
material, there is still a question as to how much the life of the
machine would be impaired by excessive heating. For example,
we all know that iron will age if allowed to heat and cool alter-
nately (this operation being repeated numerous times), the effect
being that the efficiency would be reduced and the machine would
heat still more. Furthermore, as stated by Mr. Lamme, it is
advisable to fill the pores of asbestos material with inflammable
varnish which, if subjected to excessive temperatures, will
deteriorate with most undesirable effects. -

We cannot afford, in commercial designs, to ignore the cost of
the machine; and while for certain ratings we are so limited as to
have very little choice, for the majority of conditions we have
a larger selection, and therefore can materially affect the cost
by wise or unwise proportions. In this connection it is essential
for the designer to use as much foresight as is possible, for he
must usually so proportion alternators that the principal parts
can be used frequently in future machines without great modi-
fications in patterns or dies.

Whereas regulation was considered to be of considerable im-
portance about eight years ago, when machines were of smaller
capacity than at present, we are feeling more and more that
regulation, especially in large generators, can easily be sacri-
ficed to gain in other respects. However, we must always bear
in mind that even though we employ good regulators to main
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tain constant voltage on one of the phases, there is a probability
of having the voltages badly unbalanced if the load be different
in magnitude or power factor on the various phases. This will
be more especially the case if the inherent regulation of the
alternator be coarse.

Mr. Lamme implies on page 36 that in some cases the rating
of the alternator can be doubled, provided we can keep the stator
cool enough, and have 1} instead of 2} times normal short-
circuit current.  'We must remember that if we keep the number
of turns in the stator the same, and increase the rating, the effec-
tive drop in the stator increases in proportion to the current,
so that if the generator just maintains voltage for a given ex-
citation at a certain power factor at the low rating, it would not
be able to maintain its voltage at the higher rating, other con-
ditions being the same. Hence, it may be essential to use more
turns in the stator for the higher rating, and this will increase
the drop still more. We can go so far that an increase in capacity
for a given number of rotor ampere-turns will be impossible
if the machine is to maintain its voltage at a certain load and
power factor. The service to which many alternators are sub-
jected is such as to require them to maintain their voltage at
80 per cent power factor, and since we have been accustomed to
rate machines for normal and for 25 per cent overload, the full
field conditions should be such that the alternator may maintain
its voltage at 25 per cent overload, 80 per cent power factor.
This is nearly equivalent to the maintenance of its voltage at
normal kilovolt-ampere load, zero power factor. We may then
calculate what will be the maximum capacity for which an
alternator can be rated, if the full field corresponds to zero
power factor, and normal kilovolt-amperes.

We shall endeavor to show what the maximum output is,
using the following symbols to indicate the various quantities:

AT = full field ampere-turns.
number of active conductors per slot.
internal voltage.
external voltage.
current.
number of phases.
kilovolt-ampere output.
number of poles.
reluctance of magnetic circuit.
number of slots per pole, per phase.
equivalent of stator leakage paths.
magnetic flux per pole.

X = stator leakage reactance per phase.
~ = frequency.

The internal voltage, if a sine wave be assumed, neglecting
the pitch and distribution factors, is
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The flux per pole is

where the second term in the numerator is the armature re-
action per pole. R mcludesé——- (3.19 for inch system).

At zero power factor the armature resistance drop is negligible,
and we may therefore write

E,=E-1X
And for simplicity,
X=2r~a'Sp(Z\) X 10
The kilovolt-ampere output is
P=nEI

Combining the above equations, we obtain

P= - ]~Sap><10—’
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Assume constant magnetic reluctance (true with straight-line
saturation curve) and that output is increased by augmenting
number of conductors (equivalent to increasing electromotive
force; same results arc obtained by considering number of con-
ductors constant and current variable). To determine maximum
output obtainable with given number of field ampere-turns,
we differentiate the above equation with respect to a, and
equate to zero, and obtain after simplifying:

V2(4 T
T nIS+8RIZ\

*

The first term in the denominator in this expression is depend-
ent upon armature reaction; the second term upon armature
leakage fields (reactance).

*The form of the equation, before solving for a, was of first degree;
hence only one solution was possible. The physical interpretation of this
is that if the number of conductors is indefinitely decreased, an output
of zero is approached; whereas, if the number of conductors is increased
without limit, the reactance, being proportional to square of conductors,
causes a greater drop in the armature than the value of terminal voltage.




1913] DISCUSSION AT NEW YORK 49

In most turbo-alternators the number of field ampere-turns
required to compensate for the drop in voltage due to armature
leakage fields is small compared with the ampere-turns needed
to compensate for armature reaction (counter magnetomotive
force' at zero power factor). To assist toward obtaining a simple
physical interpretation of the above equation, we shall disregard
for the moment the second term in the denominator, and then find

aSnl

AT =
V2

That is, the full field ampere-turns are just double the armature
aSnl
2 V2

sistance and reactance are negligible: that reluctance of magnetic
circuit is constant, and that generator just requires A T ampere-
turns on the field to ‘maintain normal voltage, with normal
kilovolt-ampere output at zero power factor.

To further interpret our results, we see that with the straight-
line saturation curve assumed, we shall have 100 per cent regu-
lation at zero power factor, and that normal current will flow if
the alternator be gradually short-circuited with the excitation
required for no-load normal voltage. In this latter case the
ampere-turns in the field are just one-half the full ficld ampere-
turns.

If we take into consideration the saturation of the magnetic
circuit (variable reluctance), and the effect of local armature
impedance, we see at once that, due to the former, the regula-
tion at zero factor will be somewhat finer than 100 per cent; and
the ampere-turns in the stator, for maximum kilovolt-amperes,
will be somewhat less than one-half of the full field ampere-turns.
In other words, somewhat more than normal current will flow
when short-circuited with no-load field. The result which Mr.
Lamme speaks of (‘“ 1§ times short-circuit current ”’) is about
the condition for maximum output.

The question arises: would it not be possible to employ a
smaller air gap and secure a larger output? This undoubtedly
could be done if the steel in the magnetic circuit did not become
prohibitively saturated. If the air gap and parts of the magnetic
circuit were reduced to have zero reluctance, we should only re-
quire sufficient ampere-turns to overcome armature reaction and
impedance, and the regulation would be infinite. To secure
maximum kilovolt-amperes with diminished air gap, we should
most advantageously use a larger value of flux, provided the iron
did not saturate too highly, and we would still have the relation
that full field ampere-turns would be twice the armature ampere-
turns, and normal current would flow on short-circuit with no-
load excitation were the reactance and resistance of negligible

reaction ) This condition obtains if armature re-
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value. The rating would then be increased in proportion to the
increase in flux.

Mr. Lamme speaks of air velocities as high as 10,000 ft.
(3048 m.) per minute. When we remember that losses in air
are proportional to the cube of the velocity, we shall readily
appreciate that the losses with such velocity may be excessive.
I ask Mr. Lamme how such velocitics are measured in the
machine; whether he attempted to measure air velocities directly
in any parts not easily accessible.

William LeRoy Emmet: I am glad this paper has been
written, because it gives everyone who reads it a comprehensive
idea of all the work which has had to be done in the design of
these high-speed alternators and the limitations of these designs.
We know from experience that the difficultics of designing are
too often overlooked by engineers who desire to purchase or
install alternators, but all these limitations should be very care-
fully studied and considered, and the manufacturer should not
be forced into conditions which are undesirable or entail diffi-
culty. There is one thing which I think should be considered
in connection with the design of large alternators, and that is,
that the value of the product which they handle is enormous,
in proportion to the cost of the machinery, and consequently we
can afford to use only the best, and even if the machine costs a
great deal more, if it is better or simpler or more reliable, it
ought to be used. We should not, in other words, incur risk or
inefficiency or difficulty of any kind on the score of cost in appara-
tus of this type. A very simple glance at the figures involved
in the fuel consumption of such machines in a year’s service
will show that to be true.

As in other things, purchasers should not limit manufacturers
unless that limitation is in the direction of value, and I am very
sympathetic with Mr. Lamme in what he has said about tempera-
ture, that it would be highly desirable if we could build apparatus
for higher temperatures, and if we could do so we could make it
more cfficient and make many improvements, provided the
temperature could be run higher. The question has been in
my mind as to what temperatures we should use in large appara-
tus. I have worked with a view to recommending to our
customers what I believed to be the very best engineering solu-
tion of the problem, whether we get the job or not, in these
cases, and I think that in so doing it is a nice question as to what
type of insulation we should use. Insulation of all types which
we have is very imperfect, and if we could find some better means
of insulating high-voltage machines we would be very much
better off, but I am a little disposed to differ with Mr. Lamme’s
implications that we could use temperatures, safely, as high as
125 deg. cent. Mica, of course, is indestructible at such tem-
peratures, but as Mr. Reist has said, a great deal of other mate-
rial is used with mica, and this is not only subject to destruction
by heat, but. subject to a sort of destructive distillation which
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causes fumes and other constituent parts of these substances
to percolate through the insulation and seek out paths of dis-
charge, and this destructive distillation of insulacing materials
is a very important cause, I think, of trouble. I haveseen
cases of burn-outs in mica-insulated machines of the most ap-
proved designs which rather clearly showed the danger in this
direction, and with our best work in heat-proof insulation, I
believe that we do not quite reach the state of safety that we
do with cool machines. In some of these large machines the
question of getting coolness means making the machine larger.
That, of course, increases its cost, and also increases the mechan-
ical difficulties—difficulties of shipment, difficulties of getting
the forgings, difficulties incident to windage, which are very
great at high velocities. However, with the best methods of
cooling, it is astonishing what an amount of heat can be removed
by virtue of the fact that rapidly moving air scours away the
heat from the surfaces. We have worked very cautiously in
the use of high temperatures. We are trying hard to build
machines to run hot, but have not yet reached the point where
we dare to do so.

Paul M. Lincoln: Perhaps the most significant feature
about Mr. Lamme’s paper is that about two-thirds of it is dis-
cussion of the closely related subjects of ventilation, temperature
and insulation, and such things as inspection and cleaning of
air and discussion of the mechanical details, make up the other
third. That is a good indication of just how serious a problem
the ventilating and cooling of a turbo-generator has become.

Another thing which this paper brings out plainly is that turbo-
generators must be very efficient machines. All of the losses
in the generators, of course, turn into heat, and the problem of
carrying away that heat is the greatest one to be solved, and
consequently it is almost essential to build turbine generators
of comparatively high efficiencies.

There is one additional matter which has not been touched
on, except slightly by Mr. Fechheimer, and that is the fact that
the high velocities of the air which are necessary in order to carry
off the heat from the restricted surface of the turbo-generators,
may of themselves, if carried too far, generate undue heat.
In fact, the windage losses in our turbo-generators are quite a
large proportion of the total losses, and these windage losses
come on account of the inherent difficulties in the problem so
plainly set forth in Mr. Lamme’s paper; that is, they come on
account of the comparatively large amount of heat to be carried
away from a restricted surface. If the air velocities are carried
100 high the method defeats its own object, because of the
amount of heat that is put into stirring up the air.

I notice the expression which was used by Mr. Reist—* good
inherent regulation,” which he named as a bad ‘thing. Now
that is a nomenclature which is certainly unforiunate, because
when we say ‘‘good inherent regulation ” we mean one which is
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objectionable. It seems to me we might find a little better term
to describe the kind of regulation which we would say is not
objectionable. :

Referring to Mr. Williamson’s discussion, he described, as
I understood him, an air filter which ran for over a year and did
not get dirty. I must say that I am unable to conceive of an
air filter which takes the dirt out of the air without itself becom-
ing dirty. If it does not become dirty, it seems to me self-evident
that it is not a good air filter. )

Mr. Williamson also stated one thing which deserves some fur-
ther discussion, when he mentioned the fact that if we had an
insulation which would carry the heat readily from iron to copper,
or copper to iron, our difficulties would be largely overcome.
Now, that is an impossibility. We cannot design an insulation
which has a good heat conductivity. The heat resistance of
the insulations which we have in turbo-generators is about 1000
to 3000 times that of copper, and it is not possible by any means
we know of to get a heat conductivity very much better in any
known insulations. We must put up with those thermal drops
in the insulation. There is no way to avoid them.

Peter Junkersfeld: The most suitable voltage for a given
generator is, of course, largely a question of the insulation mate-
rial and other limitations of design that exist at that particular
time.. In Chicago we have installed two 20,000-kw. 25-cycle
units in a new station within the last year in which the voltage
was half the busbar voltage, stepping up through auto transfor-
mers, and in so doing securing the necessary reactance at the
same time. On the other hand, more recently we have, with
better insulating material available, ordered a unit of the same
total maximum kw. output in which the generator voltage will
be the same as the busbar voltage. That happened to be a
60-cycle machine in which the problem of securing sufficient
reactance was not difficult.

I feel, however, on this whole matter of generator design, that
there is one point that perhaps has not been given as much at-
tention as it should have been given, and that is the arrangement
and smoothness of the air passages. Mr. Lamme, in Figs. 15
and 17, gives diagrams showing how air passes through certain
designs of machine, but air has a habit of not turning right-
angle corners, and not always behaving the way you want it
to; moreover, air, notwithstanding what Mr. Lincoln hassaid
about the filtering of air, is always dirty to a greater or less
extent, and I do not believe that is confined solely to Chicago
air, either. Air filters are not only very expensive, but, so far
as I know, they have never come quite up to expectations, and,
further, they are difficult to build in any fireproof form, or
even semi-fireproof form. The requirement should be to get
along without air filters if it is possible to do so. Some installa-
tions are becoming so large that it will probably pay, in large
installations, to put in air filters and make the best job we can,
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but in small and moderate size stations I doubt if it will pay.
The arrangement and smoothness of air passages should, there-
fore, be an important factor in selecting a generator design.
I do not mean it should be the controlling feature, but when you
have taken into account all the other limitations you should make
a special effort to get a machine which is least likely to clog up
with dirt.

That brings up another point. As soon as a machine begins
to clog up with dirt, whether it occurs in one month, or six
months, or twelve months, windings in the slots will necessarily
become hotter, and for that reason temperature coils are very
desirable in the machine, because they give an indication as
to when the machine has reached, or is approaching, the absolute
temperature for which it was designed. Notwithstanding the
fact that temperature coils do not give absolutely accurate data,
as pointed out by Mr. Lamme in his paper, they give the best
and most positive indication you can have-‘that it is time to go
to the expense of taking down that machine and cleaning it
thoroughly.

I am glad to hear both Mr. Lamme and Mr. Emmet speak of
higher temperatures, and sincerely hope that their expectation
may be realized, but before purchasers will agree to very much
higher temperatures they naturally must feel reasonably certain
that the machines will be at least as reliable as they are now.

The experience of the past ten years, as most of you have
known, and as the author of the paper points out, has been
a strenuous one and not at all times satisfactory. With the fib-
rous insulation 85 deg. cent. seems to be about the safe ultimate
temperature. With the mica insulation it, of course, should
be and probably will be very much higher. A slight difference
in cost is not a serious thing with a very large machine, and while
higher temperatures are very desirable we should not go to them
if we are going to have a lesser factor of safety than we have at
the present time with fiber insulation and only 85 deg. cent.;
in other words there is still need for considerably more reliable
generators, than there are in existence today.

H. M. Hobart: There is one method of filtering, or, at any
rate, cleaning air, which certainly would not involve any fire
risk. The method to which I allude consists in washing it by
passing it through sprays of water. It has the additional ad-
vantage of imparting to the air a certain amount of humidity
and this is associated with a decrease in the initial temperature,
which goes part way toward modifying the limitations imposed
by the maximum temperature that the machine can endure.
Five degrees decrease of temperature at the inlet is certainly well
worth while. I am glad that the present trend of engineering
opinion is in the direction of employing a central plant for the pro-
vision of the air. It permits not only of conditioning the air
in the way I have mentioned but it also frees the designer from

one set of considerations with which there is no need that he

I—
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should be embarrassed. Any one who has read Mr.Lamme’s
paper will have considerable respect for the task of designing an
extra-high-speed turbo-alternator, and will be disposed to agree
that, other things being equal, if you can relieve the machine of
all other duties than that of turning out electricity, it is in the
interests of obtaining the best result. Large modern stations
often require a total amount of air of some 200,000 cu. ft. per min.,
or even more, and the provision of this large amount of air is in
itself a fairly elaborate undertaking. It can be worked out
much better by putting in a separate plant with motor-driven
. blowers. Mr. Lamme has reasoned out very clearly that if
we are determined to have these high-speed machines we must
put up with higher temperatures than would be associated with
machines of less speed.

Mr. Lamme goes on to develop the point that with these extra-
high temperatures, the point of weakness is not in the copper;
there will not be any trouble there because of any heating of the
copper itself; nor in the iron, but in the insulation. In these extra-
high-speed machines it is necessary to have a considerable pres-
sure between adjacent turns. The higher the speed the less
the turns and the higher the pressure per turn, and thus the
question is not simply that of the copper and iron, but also
of the insulation between the turns, as well as of the main
insulation between the copper and iron, which bound this
hot copper and this hot iron. We must admit that insulation
appropriate for use in the slots has not the heat-resisting character
possessed by metallic materials. Nevertheless, very great pro-
gress has been made in the matter of developing insulation in
recent years. For a long time questions relating to insulation
were apt to be ignored. Designers would deal carefully with the
copper part and with the iron part of the structure, but the in-
sulation has usually been sadly neglected.

Now, however, a very great advance has been made, and we
have arrived either, as Mr. Lamme is inclined to believe, at a
stage where we can safely use these high temperatures (and
personally I will say frankly I agree with him) or, even.if he and
I are a little too sanguine, we are at any rate just on the point
of arriving there. Every few months records further progress
in these directions, and personally I feel that we should consider
the temperatures named in the paper as those which can safely
be used, with ample regard for the customer’s side of the case.

What does the customer want? He does not necessarily want
a machine that will last twenty years. None of us have seen even
ten years go by, without the machinery which was produced at
the beginning of the ten years having become so inferior to ma-
chines which could be produced in accordance with up-to-date
knowledge that it would pay to scrap that machinery. The
factor of obsolescence is thus one of great importance. Is it
really good engineering in figuring on depreciation in the case
of electrical machinery of this kind to spread it over so long a
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term as twenty years? My own opinion is that ten years will
be a liberal provision. As has been stated by one or two of the
speakers, these large high-speed machines are enormously expen-
sive. The initial outlay for a 10,000-kw. turbo-generator may
run into a matter of $100,000, and if that is spread over
ten years, adding the capital charges, interest, allowance
for insurance, taxes, etc., the total capital investment
would probably average $200,000, or something like $20,000
ayear. That is merely the line of argument; the precise values
I have assigned have no special significance, though their order
of magnitude is correct. $20,000 per:annum scems a large
figure, but it is small compared with the cost of the fuel for which
that generating set is responsible per annum. I have not figured
it out closely, but I believe that fuel consumption runs to some-
thing like $50,000 or $60,000 a year, as against $20,000, represent-
ing these cap1tal costs of the turbo- -generator. Then there is
aso the outlay for labor and attendance, etc. Therefore,
anything that will conduce to decreasing the large fuel cost
can quite properly be associated with a shorter life. It is for
the purpose of decreasing the fuel cost that we resort to the very
uttermost speed. You may say that having got that fuel cost
away down, we want the machine to last a long time, but let me
remind you that when ten years have elapsed that fuel cost
will not represent the limits of economy to which we have at-
tained. We will then be able to build machines for considerably
lower fuel costs. But the point is that we want a good, sound
machine, useful throughout its ten years’ life. It should be a
fine engineering product, on the basis that ten years is approx-
imately the estimated life of the insulation. It is not undergoing
deterioration throughout every hour of the ten years. It
would be rare in central station practise for a 10,000-kw. machine
to be in service more than 2500 hours out of the 8750 hours
that make up the year. Let us take 25,000 hours as the aggre-
gate time in service in ten years, and the problem is to provide
insulation for a life of something like 25,000 hours’ ecxposure to
well on towards 125 deg. cent.

That is the problem engineers must consider in designing such
machines, and they are rapidly getting where they can tackle
it on that basis and provide the appropriate insulating material.
This seems to me to be the correct proposition for cases where
the insulation is the limiting feature. The fact is brought out
in the paper that since the question of insulation is the one point
which constitutes the limitation, we should devote our encrgies
to that purpose and get the right stuff for it. The resources
of modern engineering have never before failed us and are not
going to fail us at this juncture, and if we determine upon this high
temperature limit we shall learn to meet the new conditions im-
posed and meet them with safety. We should also follow up
the related problem of getting a maximum amount of air through
the machine. The more air we get through the machine the
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lower the temperature, or, for constant temperature, the more
air we get through, the larger output we can go to, and we may
not be limited to a 6000-kv-a. turbo-generator for a speed of
3608 rev. per min., or to a 25,000-kv-a. generator for a speed
of 1500 rev. per min. We may be able to go to higher outputs
for these speeds. It is in these directions, the methods of cooling
and the methods of designing insulations which will stand higher
temperatures, that our efforts should be put forth, so far as the
kind of machinery we are discussing is concerned, namely, extra-
high-speed machinery for large outputs.

W. L. Waters: Mr. Lamme’s paper is especially interesting
at the present time when the design of the modern turbo-alter-
nator appears to be settling within the well-defined limits which
have been decided by the materials commercially available.
As pointed out, the design centers around the field magnet—
the limitations being more serious on this than on any other part
of the unit. The parallel slot type of magnet as developed by
Mr. B. G. Lamme, and the radial slot as developed by Mr.
C. E. L. Brown, are the only two commercial possibilities at
the present time for high-speed generators. The former is a
much simpler manufacturing proposition and the insulation is
subject to less severe operating conditions, but it suffers from
the difficulty of obtaining suitable commercial material in the
required form and of determining the actual distribution of
stresses. These limitations have recently brought the radial slot
type into prominence for large high-speed units; the question of
reliable and commercial high-grade materials being solved by
the adoption either of a solid rotor built up of rolled plates, or
of a rotor in which loose teeth of laminated steel are dovetailed
into a hollow forged cylindrical drum.

The design of the stationary armature is comparatively simple,
except for the question of ventilation, which, as stated, fre-
quently becomes quite a serious problem in the case of high-
speed units of large capacity. The system of ventilation first
worked out in Germany, which consists of axial ventilation of
the armature, combined with a ventilated rotor, seems to offer
the greatest possibilities for such units. But, as pointed out,
complicated systems of ventilation are rarely successful, as
the various currents of air always interfere with oneanother.
The problem of ventilation is not only to force a certain quantity
of air through the machine, but also to do it with as little ex-
penditure of energy as possible. Most of the energy required
to force the air is wasted in eddies and churning, and this wasted
energy raises the temperature of the air, thus decreasing its
cooling effect. I remember one case in which a generator pro-
vided with an inefficient blower absorbing 100 h.p. actually
operated with a lower temperature rise when the fan was re-
moved; and there are a number of turbo-generators on the market
in which, when rotating without load or excitation, thetem-
perature of the air is increased 15 deg., due to eddies and churning
while passing through the machine.
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The cooling system of most turbo-generators is undoubtedly
inefficient, but personally, I doubt the accuracy of the very high
local temperatures sometimes obtained from resistance coi} or
thermocouple measurements. It required ten years’ experience
of the manufacturers and a considerable amount of work by the
Standards Committee before any reliability was obtainable in
wmperature measurements by thermometer, and I think it

will be necessary to duplicate this work before any reliance can

be placed on the usual resistance coil or thermocouple tests. Such
measurements must at the present.time be considered as labora-
tory tests requiring an observer experienced in the use of such
methods, and are worse than useless in the hands of the average
tester. The most reliable deductions are those drawn from ex-
amination of the condition of machines that have been in op-
eration, and as Mr. Lamme has pointed out, these results
emghasize the advisability of employing some high-temperature
insulation such as mica in both the field magnets and armature
of any generator subject to the severe operating conditions of
the modern large high-speed turbo-alternator. Mica as an
insulating material for electrical power machinery has been in
disrepute for the past fifteen years on account of its poor mechani-
cal properties, and it is only during the last few years that
methods have been devised for using this material under
conditions which do not allow it to be subjected to mechanical
abuse either during the manufacturing processes or in practical
operation. These developments in regard to the use of mica
as an insulator have had an important influence on the develop-
ment of the modern high-speed turbo-alternator of large capacity.

The point in Mr. Lamme’s paper which probably affects
operating engineers most is that it is .clearly shown that the
carefully worded specifications and elaborate detailed guaran-
tees usually required, are not only of little value, but inadvisable,
as tending to give a false idea of security. The selection of
satisfactory materials, the limiting of stresses to safe values,
the choice of insulating materials and the adoption of an ade-
quate system of ventilation which will avoid the presence of
dangerous temperatures in inaccessible parts of a machine, are
all questions which can be passed upon only by an engineer
who has had wide experience in the design, manufacture and op-
eration of these umits; and on such questions, the detailed
guarantees usually specified have practically no application.
Large high-speed units are coming into increasing use every year
and it will be well for prospective purchasers to realize that they
must necessarily depend on the ability and standing of the manu-
facturer when buying such units, rather than on some specifi-
cation containing a number of more or less unimportant guar-
antees.

Comfort A. Adams: Mr. Lamme has made such a thorough
job of the subject in hand that I will confine my discussion to
amore quantitative treatment or explanation of a few of the points
made in the paper.

—
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First, consider the reclation of armature copper and core
losses as between engine-driven and turbine-driven alternators.
For a given gap density and coil pitch, the volts per foot of active
conductor will be proportional to the peripheral velocity, or
the total length of active conductor inversely as the peripheral
velocity. Thus if the current density in the copper is unchanged,
the armature copper loss i$ inversely as the peripheral velocity.
A change in the ratio of idle to active wire or in the coil pitch
may modify this proportionality somewhat when applied to the
total armature copper loss, but not seriously. Thus a jump
from a peripheral velocity of 100 ft. per second in an engine-
driven alternator to 400 ft. per second in a turbo-alternator
;neanﬁ a reduction of armature copper loss to approximately one-
ourth,

With the core loss it is quite different. For a given frequency
and magnetic density, the pole pitch and therefore the depth
of core back of slots is proportional to the peripheral velocity;
thus any reduction of cylindrical core section is neutralized by
the increased core depth; moreover, the ratio of outer core
diameter to gap diameter is so much larger in the two-pole
and four-pole machines that the core volume and thus the core
losses are considerably greater for the same magnetic densities.
The actual ratios are as follows: a two-pole machine has about
80 per cent more core volume and core loss than a 60-pole ma-
chine, other things being equal, a four-pole machine 40 per cent
more, an eight-pole machine 20 per cent more, and so on. This
increase of core loss back of the slots is, however, slightly
neutralized by less tooth volume and tooth loss. Thus the
ratio of core to copper loss is several times as great as in the
engine-driven machine. This has an important bearing on the
method of ventilation, as indicated in Mr. Lamme’s paper.

A similar change in distribution takes place between the
various elements of leakage reactance, the slot leakage de-
creasing as the length of active conductor decreases and the
peripheral velocity increases, while the coil end reactance in-
creases materially.

Coming now to the question of heating, it may be interesting
to apply a simple calculation to a condition which is sufficiently
near the facts in some cases to make the results significant and
instructive. Consider a copper conductor completely heat-
insulated laterally so that the heat generated therein must
flow to the ends—to find the difference of temperaturec between
the center and the ends.

Let I= embedded length of conductor in core (cm.).

a = current density in amperes per sq. cm.
p = resistivity of conductor in ohms per cm. per sq. cm.
p’ = a? p = watts per cubic cm. of conductor.
0 = thermal resistivity of conductor in deg. cent. per watt
per cm. per sq. cm.
x = distance of any point from center of conductor.
9’ x = watts flow of heat through the conductor at x.

[4




1913] DISCUSSION AT NEW YORK 59
Then the difference in temperature between the ends of the
element dx is
dT =a*p O xdx

and the difference of temperature between the center and end is

ﬂlv-n

2
T=a’p0f xdx=—°—8"—0—z= @)
0 »
Taking p = 2.20X10~* (at 90 deg. cent.) and 8 = 0.29,
2

r-5(s%) (1)

Table I gives values of T for various values of a and !

TasLe I
| ]
Amperes Amperes ' Cir. mils

per per per 20 in, 40 in. 60 in. 80 in.
| sq. cm, sq. in. ampere 50.8 cm. [ 101.6 cm. l 152.4 cm. | 203.2cm.
l 150 970 1310 4.65 deg. | 18.6 deg. | 42 deg. | 74.5 deg.
' 200 1290 985 8.3 deg.| 33.2deg.| 75 deg. | 133 deg.

250 1610 790 13.0 deg.| 52 deg.| 117 deg. | 208 deg
l 300 1940 655 18.6 deg.| 74.4 deg. | 168 deg. | 207 deg.

400 2580 493 33.2 deg.! 133 deg. ! 300 deg. ! 530 deg.

There is thus a pretty definite limit to the safe length of em-
bedded conductor unless considerable heat escapes through
the slot insulation, or, for a very long core it is pretty certain
that most of the heat generated near the center of the em-
bedded conductor must flow through the slot insulation.

In such a case the temperature difference between slot copper
and core may be approximately determined as follows:

Let S = area of section of coil (or double coil in a two-layer
winding) inside of coil- and slot-insulation. The perimeter of
this section, or the cross-section (per unit of slot length) of the
path through which the heat must flow, will be, for an average
slot shape, 4.5 V/S.

Let f, = copper space factor within the coil insulation.

Then the copper watts per cm. length of slot will be

P = (Sfiarp-g =pShia
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Let @ = the thermal resistivity in deg. cent. per watt per cm.
per sq. cm., and ¢ = (cm.) thickness of insulation, iron to copper.
Then the temperature difference between copper and iron will be

= (p X 109 ( i5) (5 ) (100) V3 §, @)

Take p X 10* = 2.2 (90 deg. cent.),—loﬁ; =0.7,and f, = 0.8

(large machine, bar-wound).
This value of 8 is an average for the ordinary slot insulations.
Then

T= 22><07X08( 2 )(101)\/—

- 123( ) (10) V3 @)

or the temperature gradient in deg. cent. per mm. is

2
=123 ) Vs [
Values of T are given in Table II for various values of @ and S.
TABLE II
Deg. cent. per mm. thickness of insulation.
s
A p '
| pereqcm 0.25 | 0.50 | 0.75 | 1.00 ' 1.50 | 2.00 | 2.5 '
deg. deg. deg. deg. | deg. deg. deg.
150 1.30 | 1.95 | 2.4 2.77 | 3.4 3.92 | 4.38
i 200 2.46 | 3.48 | 426 | 492 | 6.03 | 6.95 | 7.8
250 3.8 | 5.45 | 6.67 | 7.7 9.43 | 10.9 |[12.2
300 565 | 7.85 | 9.6 |11.1 .13
400 9.84 |13.9 |17

For wire-wound maghines f, will be less, but there may be a
considerable temperature gradient between the center of the
coil section and the inside of the coil insulation, so that equation
(B6) will give too small values if used to determine the maximum
internal temperature of wire-wound machines, particularly where
there are many turns of fine wire.

When considering the flow of heat from copper to iron, it is
obviously desirable to know what happens in the iron itself.
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Consider a large mass of laminations in which heat is being gene-
rated by core loss at the rate of p’ watts per cu. cm.

Assume first that the heat flows only parallel to the lamina-
tions, and let ! be the total depth of laminations. Then, from
equation (1),

, '
) 7=2% p (8)
8
Take 6 = 2.4. ThenT = 0.3 p’ I )]
Table III gives values of T for various values of ¢’ and I.
TasLe II1
|
. Watts | Watts o
L 4 per
| cu.in. | Ib. |
‘ 4 in, 8 in. 12 in. | 16in. 20in, | 80in,
10.2 cm.|20.3 cm. | 30.5 cm. | 40.6 cm. | 50.8cm. | 76 cm.
i
l deg. deg. deg. deg. deg. | (_!ec.
| o001 |o.164 | 0.58 | 0.31 | 1.25 2.8 5 7.7 | 11.2
0.02 |0.328 [ 1.16 | 0.62 | 2.50 5.6 | 10 15.5 | 22.3
| 0.03 |0.402 | 1.74 | 0.94 | 3.75 8.4 | 15 23.2 | 34.0
004 [0.656 | 2.33 | 1.24 | 5.00 | 11.3 | 20 31 4.7
i 006 |0.83 292 | 1.55 | 6.26 | 14.00| 25 37.7 .« 56

This assumes that the two exposed edges are at the same
temperature. If this is not the case, the temperature differ-
ence will be slightly less with respect to the hotter edge and
greater with respect to the cooler edge or surface.

Next assume that the flow of heat in the core is entirely across
the laminations. From Table III it is obvious that in the case
of deep cores without transverse or axial ducts, the above as-
sumption will approximately represent the facts, at least so far
as the radially central part of the core is concerned.

For this case take § = 30. This varies considerably with
the tightness of the laminations, and is frequently larger than
the value here assumed.

Equation (6) thus becomes

T=375p"DR ™
Table IV gives values of T for various values of p’ and /.

Tame IV
| . |
Watts per ]
cu. em.
¥ ‘ 2.01n. 2.5 in, ' 3.0 in. 3.8in.
5.08 cm. ‘ 6.34 cm, 7.62 cm, 8.9 cm.

0.01 | 0.97 deg. 1.5deg. ! 2.17 deg. 3 deg.
0.02 1.94 deg. 3.0deg. 4.35deg. 6 deg. '
0.03 2.9 deg. 4.5deg. | 6.52deg. 9deg. |
0.04 3.88deg. 6.0deg. ' 8.7 deg. 12 deg. i
0.06 i 4.85deg. 7.5deg. 10.9 deg. 15 deg. '




62 TURBO-ALTERNATORS [Jan. 10

These are merely suggestions of what may be done with
simple calculations, the results of which, though somewhat
crude, are very significant.

Mr. Lamme’s paper illustrates what the writer has so often
urged, the importance of careful analysis of each problem from
the groundwork of fundamental principles, the habit of thinking
rather than simply remembering, and particularly the habit of
thinking first before being forced to do so by the failure of some
plan or design. ‘

Allan B. Field: Mr. Lamme’s description of the general
turbo situation carries us so easily through the history that
we are apt to overlook the great difficulties that were encountered
in connection with the early big machines, five or six years ago,
the difficulties, for instance, in obtaining suitable large steel
forgings and castings. Mr. Lamme and his associates, in con-
junction with the steel foundries and mills, carried out a lengthy
investigation, to determine the best means of producing this
material, the compositions to be used for the steels, and the
method of casting and heat-treating. Large castings and for-
gings were cut up and test pieces taken out in many directions
and positions, to determine the effects of various factors.

These difficulties in obtaining large masses of steel having the
desired physical properties, increase rapidly as the sizes go up.
If the steel mills are asked whether they can provide a rotor
forging, say, 55 or 60 in. in diamieter, and weighing some 60,000
or 80,000 Ib., they will assent at once. If we begin to inquire
about tests, they are quite willing to accept fairly rigid specifi-
cations, but will want to locate the test bars at the ends of the
forging, where there has been a considerable amount of forging
work done; when we insist on locating these test bars in the
large diameter of the rotor, the steel mills require an easier mate-
rial specification. If we go further, and wish to take the test
bars out in the direction in which they tell us most, viz., in the
radial direction, the steel mill will refuse, or give such specifi-
cations as are of very little value. It is such considerations as
. these that have forced the rotor construction along new lines in

recent years. The use of heavy steel plates for turbo rotors is
comparatively old, having been adopted for a number. of years
both in Europe and in this country, in cases where a through-
shaft can be employed. In the largest machines under discus-
sion, where rotor ventilation becomes a necessity, where the
slots are deep, and where ventilation slots below the winding
slots are required, the stresses in the center of the disk, with a
hole through for a shaft, run up to figures which render the use
of special steel advisable. Such material is somewhat hard to
obtain, particularly when the mills are busy. By using a plate
without a hole in the center, the stresses in this region are kept
down comparatively low, and a commercial material can be used.

This construction, which is illustrated in Figs. 5, 6 and 12 of
of the paper and which was first proposed by Mr. B. A. Behrend,
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appears a very bold one at first sight. The solid plates are
- rabetted together, assembled between two flanged shaft ends,

and the whole clamped together by means of large bolts located

in the poles. There is no through-shaft, and the resistance to
twisting of the rotor is entirely one of friction, aided by the shear
resistance of the bolts. However, a little investigation showed
that this was quite a feasible form of construction, a conclusion
entirely born out by subsequent results. Plate steel is a com-
mercial form in which this material can be most relied upon, and
the flanges on the two stub shaft ends are thin enough to be
formed by upsetting, instead of forging down, thus obtaining
excellent properties in a radial direction. For the smaller radial-
slot rotors, solid forgings can be satisfactorily used, and where
ventilation is required this is generally obtained by grooving
down the rotor in a lathe in several places, the grooves extending
all the way around and communicating with axial air passages. In
the solid plate constructions, these grooves are formed by milling
theflat face of the plate in the region of the slots only, leaving
the full thickness of the plate in the polar region. In this way
the rigidity of the rotor is not impaired by the means for ven-
tilation and an exceedingly stiff construction can be obtained.
There have been several references in the discussion to the
critical speed. I am of the opinion that there are many more
machines running above their critical speed than is generally
believed. Machines can be made to run satisfactorily above the
critical speed, but there is a considerable advantage in running
below, where this is commercially feasible. This is particularly
so in the case of the four-pole machine, as distinguished from
the two-pole machine. In the case of the four-pole machine a
short-circuited turn on one pole, for instance, will considerably
unbalance a machine that is mechanically balanced, if it is
running above its critical speed; on the other hand, a large per-
centage of the winding on one pole can be short-circuited without
causing vibration, if the machine is running below its critical
speed. There are also advantages in a stiff rotor for the two-
- pole case.

The constructions discussed here provide some very large
machines running below their critical speed, and this feature is
believed to be of considerable importance, and one for which it
would be worth while to sacrifice to some extent electrical con-
siderations, when necessary.

Mr. Junkersfeld has referred to the question of the collection
of dirt in generators, and has drawn attention to the fact that
exploring coils might be put in and the temperature rise used as
a criterion for the periodical cleaning. With the more common
methods of stator ventilation, the vent entrances, being limited
by tooth size and duct width, are small and rather easily clogged,
and the air passages are intricate; further, to clean them out
the rotor must be removed and even then a thorough cleaning
is difficult. In the case of the axial arrangement of ventilation
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described in Mr. Lamme’s paper, the vents are straight and
large, and of uniform section throughout their length, and it
is generally possible to clean them out without removing the
rotor, by merely passing through them a wire scratch brush
similar to a rifle cleaning brush.

W. J. Foster (by letter): Limitations in design are less op-
pressive with the selection of proper voltage. For three-phase
generators of over 20,000 kv-d., that have only two poles, poten-
tial of 10,000 or 11,000 volts is probably preferable to 6600,

- since the problems of insulating are not so serious as the difficul-
ties involved in a design with too small a number of slots and with
conductors carrying excessive current.

The limitations in design can undoubtedly be reduced in the
case of the largest two-pole generators by increasing the number
of phases to six or twelve. It would probably be found in con-
nection with a 40,000-kv-a., 1500-rev. per min., 25-cycle generator
that decided advantages would result from the use of twelve
phases and about 4000 volts.

The fields of the largest generators should never be wound for
less than 250-volt excitation.

Mr. Lamme rightly dwells upon the desirability of an insula-
tion that will stand temperatures as high as 125 deg. cent. It
is to be hoped that the particular type of mica insulation de-
scribed has raised the safe limit to that figure, and that further
improvement in the use of mica or the development of some other
type of insulation will raise it to a much higher figure with safe
internal temperatures.

In the matter of the limitation due to the ventilation problem,
the designer often has it in his power, in connection with very
large (possibly not the largest) machines, to exaggerate certain
features, such as the use of an extremely large air gap and stator
slots left open at the gap. This can be done by deliberately in-
creasing the axial length of the machine, thus reducing the pole
face density and not increasing at all the magnetic reluctance
in the air gap. Of course, such a design involves a decided in-
crease in the amount of material used.

K. E. Czeija (by letter): Mr. Lamme has considered all points
of interest in regard to modern turbo-alternator design, and after
this logical separation and analysis of the different problems, a
discussion of the details seems unnecessary. Nevertheless, I
would like to mention a few points that seem to be worth while
considering in regard to the axial ventilation problem.

Evidently, the most effective ventilating scheme will be ob-
tained when for a minimum amount of energy required for cir-
culating the air through the machine, a maximum amount of
heat will be absorbed by this air. We will come nearest to this
ideal condition when the path of the air through the machine
has the least possible number of changes in the direction in which
it is flowing, and moreover, when it comes in contact with those
surfaces to which the heat from the inner part is conducted with
the smallest possible resistance.
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If the cooling air enters the machine at one side in order to be
blown in an axial direction through the stator, the air gap, and
the rotor, the only important question will be the length of the
paths along which the air may be moved without the temperature
difference between the air and the surrounding metal parts be-
coming too small to be effective. For the case in which the limit
set by this principle will be exceeded, it will be necessary to divide
the cooling air paths in two or more parts.

It has been proved that the introduction of radial ventilating
ducts wider than the usual % to # in. (12.7 to 19 mm.) will pro-
duce local losses due to unequal flux distribution in axial direc-
tion along the stator core, unequal dielectric stresses in the insula-
tion material, whirling of the air, and cause noise, in addition
to which dirt may collect at some places.
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In order not to subdivide the stator iron more than absolutely
necessary, and in order to get the smallest distance between bear-
ings, where it is advisable to adhere to the axial ventilation prin-
ciple, the number of radial air ducts should be kept as small as
possible.

The sketch herewith (Fig. 10) represents a very interesting
example of the straight axial ventilation principle applied on a
7500-kv-a. three-phase turbo-alternator* for 2200 volts, 70 per
cent power factor, 50 cycles and 1500 rev. per min. In addition
to the values shown in the sketch, the following data will be of
interest on account of the length of this machine, representing
probably the maximum obtainable length of undivided axial
air paths.

*Built in Germany.
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Running without armature current and a field current corres-
ponding to full load zero power factor, the following losses and
temperatures were tested:

Iron loss 190 kw.

2 R field 30 kw.

Windage 42 kw.

At the total air quantity of approximately 19,000 cu. ft. (5638 cu. m.)
per minute, the incoming air is 20 deg. cent., the outgoing air 50 deg. cent.

Stator u'on at the inlet side 27 deg. cent.

& & gutlet * 83 deg. cent.
F Alexander Gray (by letter): A clear conception of the subject
of ventilation is of the utmost importance to the designer of
electrical machinery and particularly to the designer of turbo-
alternators, and for that reason I have considered it advisable to
enlarge on the subject of axial ventilation.

The statement is often made that, since the conductivity of
iron along the laminations is much greater than that across the
laminations and layers of varnish, it is advisable to cool an iron
core by means of axial ducts, so that the cool-
ing air can be blown across the ends of the
laminations. This statement is misleading.
That of Mr. Lamme is more guarded; he
states that ‘ if all the heat could be con-
ducted along the laminations to the ventila-
ting surfaces, apparently much more effective
heat dissipation could be obtained, provided
sufficient surface be exposed to the air.”

The turbo-alternator is a large and expen-
sive machine. There is therefore little chance
of such machines being specially built for
experimental purposes, and the designer has
to depend largely on the intuition gained
from a wide experience with other types of electrical machinery.

The following investigation in which the conductivity of the
iron core is compared with that of the surface between the iron
and the adjoining air is of considerable interest. Fig. 11 showsan
iron core built up of laminations which are separated from one
another by layers of varnish; the loss in this core is supposed to
be uniform throughout its volume. The heat generated in the
cox('ie Cl}::ls to be conducted to and dissipated by the surfaces B
and C.

If all the heat passes in the direction ¥ then the watts crossing
each square inch of the core at y = (watts per cu. in.) ¥ and the
difference in temperature between two surfaces a distance dy
apart

- (watts per cu. in.) y dy
1.5

where 1.5 is the thermal conductivity of iron in watts per inch
cube per deg. cent. difference in temperature. The difference in

deg. cent.,




1913} DISCUSSION AT NEW YORK a7

temperature between surfaces 4 and B for the assumed condi-
tions is therefore

- (watts per3cu. in.) ¥? deg. cent.

=Ta

When air is blown across the surface of an iron core with a
velocity of V ft. per min., the watts dissipated per square inch of
the surface for 1 deg. cent. rise of the surface temperature =
0.0245 (1 + 0.00127 V)*. If then the heat is all dissipated by
the surfaces B, the difference in temperature between surface B
and the air = T;

_ _ (watts per cu. in.) ¥
0.0245 (1 + 0.00127 V) 98- cent.

In the same way, if it is assumed that all the heat generated
in the iron core passes in the direction X, then, since the conduc-
tivity across the laminations may be taken as 1/50 of that along
the laminations for an iron core built up with varnish and paper
between the laminations,

3
To. = (watts per cu. in.) 503X deg. cent.

T = (watts per cu. in.) X
¢ 0.0245 (1 + 0.00127 V)

deg. cent.

For a 60-cycle turbo-alternator assume the following figures:
pole pitch = 40in. (1016 mm.)
core depth behind teeth = 14in. (355.6 mm.) =2 Y
_ space between vent ducts = 2in. (50.8 mm.) = 2X
air velocity across the surfaces = 6000 ft. (1829 m.) per min.
Then Tp = 17 deg. cent.
To = 17 deg. cent.
Ty = 33 deg. cent.
T, = 4.7 deg. cent.
To + Ty = 50 deg. cent.
T.+ T. = 22 deg. cent.
That is to say, for the assumed conditions the thermal conduc-
tivity along the laminations and across the surface is only 43
per cent of that across the laminations and surface; there is
evidently still a strong case for radial vent ducts.
. Inthe actual case there is of course a larger loss per unit volume
in the teeth than in the core behind the teeth, and in some other
respects the case discussed does not correspond exactly with that
of the turbo-alternator core, but the argument has been worked

*0tt; Electriciam, March 7, 1907.
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up to show that, compared with the surface resistance between
the iron and the air, the thermal resistance across the laminations
is relatively not very large.

Since it is necessary to keep the insulation cool, it would seem
that axial ventilation along the air gap is desirable, but such venti-
lation should be combined with circumferential ventilation in
order to keep the bulk of the core cool. Fig. 12 shows a
method of ventilation which has advantages for machines that
are not too large; for long machines the air for circumferential
ventilation should be sent in from both ends of the machine;
that for axial ventilation along the air gap should also be sent in
from the ends and then led out through a wide duct in the center
of the core. In the diagram shown there are ten short paths
through the core, and with ducts spaced so that the blocks of iron
are 2 in. (50.8 mm.) thick and with a core density of, 60,000 lines
per sq. in (9300 lines per sq. cm.) at 60 cycles, it is possible to get
100 cu. ft. (2.83 cu. m.) of air per min. through the machine per

Fic. 12

kilowatt loss without the velocity in the ducts exceeding 4000 ft.
(1219 m.) per min.

The statement in Mr. Lamme’s paper that the temperature of
the iron does not limit the machine, but rather that of the insula-
tion, requires some modification. The above investigation shows
that at certain points in the body of the core the temperature
may be 20 deg. cent. higher than that of the surfaces of the vent
ducts, and we are asked to approve of surface temperatures of
the order of 100 deg. cent. Such temperatures are not safe unless
non-aging iron is used for the core, and the writer would like to
know if time tests are made on the iron used for turbo-alterna-
tors at the temperatures which may be expected in the body of
the core when the machine is in operation, in order to determine
whether or not the iron loss increases with time.

It has been evident for some time that the measurement of
temperature rise by thermometer, and a guarantee of 40 deg. cent.
rise, have become obsolete, and yet a temperature rise of 80 or
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100 deg. cent., the temperature to be measured by resistance or
by a resistance thermometer, is unsafe unless mica insulation is
used. It would therefore seem that the purchaser of a turbo-
alternator has to depend largely on the reputation of the manu-
facturing company, rather than on a written specification, to
ensure satisfaction, and also that ordinary witness tests are of
little value compared with tests run over a long period of time.
That being the case, the writer would like to have an opinion as
to what kind of clause should be inserted in specifications in
order to protect both the purchaser and the manufacturer and
also what tests should be considered as satisfactory for acceptance
of the machine. The purchaser should be protected against
deterioration of the insulation and increase of the core loss due to
high operating temperatures and yet the manufacturer should
not be required to wait indefinitely for his money.

b( \a
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Bradley T. McCormick (by letter): Under the subject of
temperature rise, Mr. Lamme refers to machines in which the
stator teeth are hotter than the copper. Such a condition might
exist at low loads, but I am inclined to believe that on turbos of
usual design, the hottest spot in the stator at full load is the point
a (see Pig. 13), the copper in the top of the slotin the center of
the machine; and that the most difficult problem in stator design
is to keep this point at a temperature low enough to prevent
injury to the insulation. On machines of the turbo type it is
hardly probable that the teeth can ever be hotter than the copper
in the center of the machine, unless the iron is so poorly ventilated
that the teeth and core are much hotter than they should be,
in which case the machine will not meet the guaranteed tempera-
ture rise.
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Suppose, for the sake of argument, that the teeth are hotter
than the copper. Then no heat flows from the windings into the
iron, but all the heat generated in the coils must flow along the
copper to the coil ends, and there be carried away by the air.
It can be shown that in order to force the heat to travel along
this path, the difference in temperature between the copper at
the center of the machine and the outside surface of the coil
ends, will be so great that the resulting temperature of the copper
at the center of the machine, and the teeth, (which we have as-
sumed to be hotter still,) will be quite beyond the limit of safety.

Take an example from a machine which is operating success-
fully. We have a total embedded length of stator copper of 35} in.
(901.7 mm.) working at a density of 820 cir. mils per ampere.
We will first assume that there are no eddy currents. If all the
heat flows along the copper and out at the ends, we have, as the
difference in temperature between the copper in the center of the
machine at a, and at the point b, where the coil leaves the slot,

0.0625 X 10° 2

(cxr mils per ampere)?

~0.0625 X 10° X (1734)*
= 820

= 29 deg. cent.

where 0.0625 is a constant involving the heat conductivity of
copper.

Practically no heat can find its way out from the coil to the air
gap through the wooden or fiber wedge, on account of its poor
heat conductivity. Some of the heat will be dissipated at that
part of the coil ends near the core, while the remainder will low
along the coil ends and be dissipated near the clips or U bends.
A further difference in temperature is therefore necessary to pass
the heat from the point b to points further along on the ends of
the coils, where it can be carried away by the blast of air. This
temperature difference it is extremely difficult to calculate, but
it can be roughly cstimated. If we assume for simplicity that
the end connection temperature drops uniformly from the iron to
the clips, then the temperature of the point ¢ will be the mean
temperature of the coil ends, and we can consider the problem
as if all the heat generated inside the slots were conducted to the
point ¢ midway between the iron and the clips, and dissipated at
this point. We shall then have

27y _
173 22.3 deg. cent.

where T, is the difference in temperature between the points &
and c.

T. =
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A still further temperature difference is necessary to pass the
entire stator copper loss through the insulation on the ends of the
coils. From the thickness and quality of insulation, and the
surface exposed to the air, the temperature drop across the coil
endlinsulation is estimated at 13 deg. cent. for this machine.

Assume now that the air blowing on the coil ends is at 25 deg.
cent. and that the blast is sufficient to limit the running tempera-
ture of the surface of the coils at ¢, to 40 deg. cent. This assump-
tion of only 15 deg. cent. rise of coil surface exposed to air is cer-
tainly as low as could be expected.

We can now calculate the temperature of the copper at the
center of the machine, which will be as follows:

29 deg. temperature drop between a4 and b
® [ 1

2 - . band ¢
13 ¢ . ® across coil end insulation
0 « of surface of coil ends while running

104 deg. cent., temperature of copper in center of machine.

This temperature of 104 deg. cent. is quite up to the limit of
safety for cotton insulation, and allows of no overload. Further-
- more, this figure is based upon the assumption that eddy currents
are absent, a condition never fully realized in practise. A great
many machines are operating successfully with a total stator
copper loss, including eddy current losses, of two or three times
the normal I?R, or even higher. Assuming that in our example
we have a total stator copper loss of only 14 times the normal
PR, and that the running temperature of the coil ends is still
40 deg. cent. as before, then the first three items in the sum will
be increased 50 per cent, and a resulting temperature of 136 deg.
cent. will be obtained for the point @ in the copper at the end of
the machine.

If, as Mr. Lamme claims, the teeth are hotter than the copper,
then the teeth of this machine must be at a temperature greater
than 136 deg. cent. Such could only be the case if the machine
were insufficiently ventilated, and the excessive iron temperature
would show up on test, and the machine would be rejected.

The turbo chosen in this example is quite typical, and the
results obtained from these calculations are so extreme that one
may infer that any other turbo treated in a similar manner will
also show a temperature unreasonably high.

It would therefore appear hardly possible that the teeth of a
turbo-generator can run hotter than the copper in the center of
the machine, and the machine still be at all acceptable, although
it is of course possible that those portions of the winding near the
ends of the core may be cooler than the teeth. With sufficient
ventilation to limit the tooth temperature to 40 or 50 deg. cent.
rise by thermometer, the extremely high copper temperatures,
which have been calculated above, are prevented by the flow of
heat from the copper through the insulation into the iron, so
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that although the hottest point @ may still be over 40 deg. cent.
above the air, it will, however, be at a safe temperature that will
not injure the insulation.

The above discussion has a very important bearing on the ques-
tion of insulation, for if most of the heat from the windings is
conducted to the coil ends, and there carried away by the air,
the designer is justified in resorting to very thick slot insulation;
but if the cooling of the winding is largely dependent upon the
ability of the heat to pass through the slot insulation into the iron,
as seems to be the case, then an increase in slot insulation involves
‘higher temperatures in the stator copper, which may induce the
designer to reduce the factor of safety of his insulation, with
invariably disastrous results. These conditions are especially
true in connection with machines of high voltage, and form one of
the limitations to the continued increase in size and voltage of
turbo-generators.

These difficulties naturally lead to the discussion of the advan-
tages of mica insulation. Mica, on account of its ability to resist
heat, is largely employed in turbo-generators, but as a conductor
of heat it is only from 50 per cent to 70 per cent as good as
varnished cambric, depending upon the way in which the mica
is built up. Due to this fact, and also to the fact that mica is
very expensive, the designer may be tempted to use a thin mica
insulation, and feel that he is justified in so doing by the high
dielectric strength of mica. Such a practise only invites the in-
sulation difficulty to which Mr. Lamme refers, static discharges
between the coils and the iron.

It is extremely difficult to apply mica insulation in such a way
as to exclude air pockets. The pressure gradient at which air
breaks down is quite variable, depending upon whether a large
or small quantity of air is under stress, but for small air pockets
in the insulation and dense air films lying in contact with sur-
faces, corona will form at a pressure gradient somewhere in the
neighborhood of 200 volts per mil. With a specific inductive
capacity of about 6 for mica, it therefore requires an insulation
distance between copper and slot sufficient to give a mean pres-
sure gradient, in round numbers, of 35 volts per mil, based upon

the Y voltage, that is, the line voltage divided by V3.

Any attempt to decrease the insulation beyond this point will
result in the formation of static in the enclosed air pockets, as
well as at the points where the coils emerge from the slots, both
inside the ducts and at the ends of the machine. In machines
which have not been properly insulated the presence of static
can sometimes be detected, when running on full voltage, by a
distinct odor of ozone near the terminals where the voltage to
ground is highest. This of course only applies to engine
type machines or waterwheel machines whose speed is low
enough to prevent the windage from blowing away the ozone as
fast as it is formed, and thus making it impossible to detect its
presence.
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Jens Bache-Wiig by letter): Mr. Lamme’s paper shows, I
think, that a large high-speed turbo-alternator can now be built
sufficiently safe electrically to put it on a par with, say, a low-
speed alternating-current generator with mica-insulated ar mature
coils and asbestos-insulated field coils. As stated in the paper,
this is due principally to the improved method of ventilation, to
the insulating material adopted and to the electrical design as a
whole, especially as regards short-circuits.

Concluding, Mr. Lamme asks if the temperature problem
inherent with these machines may be considered due to the design
being too much forced.

It seems to me that this problem is solved very satisfactorily
by the adoption of mica insulation. I would like to add as my
opinion that the development of low-speed electrical machinery
will not be completed until the same kind of insulating material
has been adopted for these machines as well. ’

In one point, however, I do think the construction is stretched
too far, and that is with regard to the mechanical design.

As an example is given a 5000-kv-a. two-pole 3600-rev. per
min. 60-cycle generator with a rotor diameter of 66 cm. This
gives a peripheral speed of 124.3 m. per sec. It is stated that the
core is designed for a very considerable margin of safety, and is
actually tested at overspeeds which give about 152.3 m. per sec.
peripheral speed. This means that the rotating part has been
tested at about 22.5 per cent overspeed.

Compared with general practise in turbo-alternator design
this may be called ‘“ a very considerable margin of safety,” but
why is it that such machines are designed so very close to the
bursting point, as compared with other electrical machinery?
The answer that it can not be done any other way does not seem
satisfactory.

Take for instance a waterwheel-driven alternating-current
generator. The design of such a machine is not considered safe,
unless it will withstand successfully the runaway speed of the
turbine. Now, if this is of such importance with regard to one
type of turbine-driven alternators, why does it not hold true for
the other type?

If anything, the case seems to be slightly worse for the steam-
driven turbine than for the water-driven turbine, as the inertia
of the rotating element is usually smaller for the former and it
will therefore more quickly attain a high speed.

The reliability of the regulating devices cannot be any greater
for the steam turbine than for the water turbine.

PFurthermore, a waterwheel-driven generator is often specified
to withstand this runaway speed of the turbine, starting with
maximum excitation, at no load.

As compared with this, many a steam turbine-driven generator
has been designed which at normal speed and no load would not
safely withstand the voltage obtained at maximum excitation.

It seems to me that there ought not to be any such great dis-

I
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crepancy between the designs of two such closely related types
of machines. Either the steam turbine-driven generator is not
designed with enough margin of safety, or the design of the water-
turbine-generator is being unnecessarily handicapped. Experi-
ence has shown that the latter is not the case. What about the
safety of the other?

F. H. Clough (by letter): Mr. Lamme has given a very able
and comprehensive review of the design of large turbo-generators,
and I should like to add my appreciation of the way in which he
has discussed the difficulties that have been encountered, and
described the methods that have been adopted to overcome these
difficulties. In most points I can thoroughly endorse his con-
clusions.

In discussing the paper I should like to suggest that the author
has not given sufficient prominence to the possibility of running
generators above the critical speeds of their shafts, as in the first
portion of his paper several forms of rotor construction are dis-
cussed and all these lead up to the solid forged rotor with slots
cut out in the periphery.

The company with which I am associated has for some years
past been building high-speed machinery (mostly for 3000 rev-
olutions) in which the critical speed is about half the running
speed, and this practise has proved itself to be entirely satis-
factory.

It was necessary in the first case to design a bearing which
would give a slight amount of freedom at one end of the shaft to
avoid danger when passing through the critical speed, and, with
this precaution, no trouble has been experienced, and I am in-
clined to think that the running of a machine with a low critical
speed is better than a stiff shaft machine, provided the same
amount of care be taken in balancing in both cases. When
machines are designed for the highest possible outputs and speeds,
the critical speed of even a solid rotor tends to become uncom-
fortably close to the normal running speed—and in some extreme
cases may be even below it.

It has been suggested that the shock caused by an accidental
short-circuit might cause trouble to a machine with a low
critical speed, but no such effect has been noticed in practise.

The use of a small diameter shaft with a low critical speed makes
a much more consistent design of the rotor, as on account of the
comparatively small torsional forces and the high rubbing speeds
of the bearings the diameter of the shaft is usually small in the
journals. Further than this, the use of a small shaft gives
opportunities for ventilation of the rotor which cannot be obtained
with a solid forging, and also allows a suitable depth of rotor
punching to withstand the centrifugal forces which occur.

B. G. Lamme: There seems to be an impression among some
of those who have discussed the paper that I am advocating
new and higher temperature limits than we have at present. I
had no intention of giving such an impression, but simply meant
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to bring out that we have, in some cases, temperatures of 125
deg. cent. at present and that we must therefore consider such
temperature limits from the commercial standpoint. We have
had relatively high temperatures in practise for a good deal
longer than many people think. Numerous machines which
have been running for years attain temperatures of 100deg.
cent. or over at the hottest parts, although insulated with fibrous
materials, and in many cases these machines have had a compara-
tively long life. However, where the actual temperatures have
been materially higher than 100 deg. cent. we have had to
protect them by the use of the mica class of insulating materials.

There has been great misunderstanding regarding the actual
highest temperature obtained in commercial machines. When
we say that 90 deg. is the limiting temperature for fibrous insula-
tion, we should really say that it is the limiting temperature, by
certain specified methods of measurement. In addition to this
measured temperature, we must consider the internal drop which
brings the actual temperature of the hottest part to 100 deg. or
even higher.

I have had very considerable experience with mica msulatlons,
both in high-voltage armatures and in field coils, in generators
and in other kinds of apparatus; and, based on my experience,
I am willing to state that mica insulation, well put on, is as safe
at 125 deg. cent. as ordinary fibrous insulations at 90 deg. cent.,
on the basis of the same methods of measurements that we ordi-
narily use, such as thermometer, resistance, and exploring coil
or thermocouple methods.

Turbo-generator fields furnish one fairly accurate means for
determining permissible limiting temperatures. In the parallel
type of slot rotor described in the paper, the field windings are
completely embedded in iron and, in some cases, all parts of the
winding have about equal temperature rise. In such cases,
therefore, the resistance measurement of the field gives a fairly
reliable measure of the true temperature obtained. In such
fields I have seen fibrous insulations worked at 125 deg. cent
for several months before being mechanically ruined. This
gives an idea of what some fibrous insulations will stand. In
other cases, a temperature of 100 deg. cent. or slightly higher
has been found in machines which have stood up for many years.
In the case just mentioned, where 125 deg. with fibrous insulation
was attained, the field was eventually rewound, with mica in
the slots and asbestos between turns, and has stood up without
m]ury, as far as has been determined, up to the present time. In

fact, it has run considerably above the 125 deg. cent. temperature
at times, as the load conditions were increased after the field was
rewound, A number of cases are known where, with mica
insulation, 150 deg. cent. has been attained for long periods with-
out any apparent injury.

Available data thus indicate that, where reasonably accurate
measurements of the hottest part of the winding have been made,




76 TURBO-ALTERNATORS {Jan. 10

we have actually encountered much higher temperatures than
usually supposed. Our general ideas of 80 to 90 deg. cent. limits
are therefore based upon relatively crude methods of measure-
ment. It has long been known by designers that, in designing
certain windings, we must actually insulate for considerably
higher temperatures than the ordinary methods of measurement
will indicate.

Referring briefly to some of the features brought out in the
discussion, Mr. Torchio mentioned the use of a metallic sheath
over the armature winding. I will say that this has been con-
sidered at various times, but one difficulty lies in the fact that
e.m.fs. will be generated in this sheath, necessitating that it be
carefully insulated. Moreover, in general, it is necessary to
laminate the conductors in the coil to eliminate eddy currents.
A continuous sheath would be subject to such eddy currents, and,
as this sheath would be considerably wider than the conductors
in the coil, in many cases it would be subject to excessive losses
due to such eddies.

In reference to the short-circuit tests referred to by Mr. Tor-
chio, I do not think that all the difference shown is accounted
for by the difference between the parallel and radial slot rotors.
The arrangement of the end windings in the machines was quite
different in the two cases. The number of conductors per slot
in one case was only two-thirds that of the other, while the
number of conductors in series was also considerably smaller.
All these differences, combined, should account for a considerable
difference between the two machines, but not nearly as much
as Mr. Torchio has shown. However, I am not prepared to
account for all the difference, as I do not know all of the
conditions.

Mr. Fechheimer evidently did not understand my remarks
in regard to making the regulation poorer by doubling the rating.
I do not believe that I really implied that we could double the
rating on a given machine. I simply assumed a double rating
to indicate, in a general way, how the regulation and the short-
circuit current would be affected. This was simply an illustra-
tion, not a statement of general practise.

Mr. Fechheimer raised the question as to how I measured an
air velocity of 10,000 ft. (3048 m.) per minute in some parts of
the air paths of turbo-generators. I will say that this was not
measured directly, but was determined by measurement of the
total quantity of air per minute fed into the machine, and the
cross-section of the smallest openings through which this air had
to flow. This, in some instances, indicated an air velocity in
certain restricted parts of the path which exceeded 10,000
ft. per minute.

Mr. Junkersfeld suggests that 85 deg. should be the limit for
fibrous insulations. This temperature is probably based upon
his experience with measurements at the hottest part which
could be found, by exploring coil or otherwise, on the outside




1913} DISCUSSION AT NEW YORK 77

of the insulation of high-voltage coils. If this is the case, I
agree with him in general, except that possibly his figure is too
high for very high voltage machines, in which there is possibly
an internal drop of 20 deg. cent. from the outside surface of the
insulation to the hottest part inside. This would bring the
temperature up to 105 deg. cent. on my assumptions, which
would be right on the ragged edge.

Mr. McCormick criticises my statement that the stator teeth
can be hotter than the copper. In the general discussion of flow
of heat and temperature rise in my paper, I was dealing largely
with the general problem. What I wished to bring out was that,
in the turbo-generator, the temperature was likely to be much
higher at the center of the machine than in ordinary machines.

"In some cases, with ordinary machines, it was found that, even
at full load, the temperature of the armature teeth was higher
than that of the inside copper. However, this has rarely been
found true in turbo-generators, although a few instances of this
sort have been noted. In the example cited by Mr. McCormick,
where the temperature of 104 deg. would beattained in the copper
at the hottest part, he then adds a very considerable amount,
in addition, for rise due to eddy currents. However, if the
winding were so completely laminated, or so arranged that eddy
currents were practically absent, then the result indicated in
his example could be a possible one, although mica insulation
would be required. Such cases, however, are unusual, and
were brought into my paper simply as one extreme condition.
I did not intend to give the impression that tooth tem-
peratures higher than copper temperatures were common at
heavy loads.

Mr. McCormick states that mica is a much poorer conductor
of heat than varnished cambric. I will take some exception to
this point. ‘I will admit that mica insulation, as usually built
up, is liable to be poorer than varnished cambric and such
materials, as the mica laminae may not be in contact with each
other. But when mica insulation is built up by some of the
new processes, as referred to in my paper, where it is made
almost bone hard, it is practically as good a heat conductor as
varnished cambric, or other materials.

Mr. Bache-Wiig brings out the question that the overspeeds
allowed in turbo-generators are very small compared with those
mn waterwheel practise, and thinks that we have not placed
the limit high enough.

In answer to this, I will say that in the waterwheel-driven gen-
erator, the overspeed is placed at the runaway speed which
could be attained by the waterwheel if the load were thrown
off suddenly. In the case of the turbo-generator units, the
overspeed attainable by the engine, in many cases, is so high
that it is impracticable to build either a turbine or a generator
which can stand such speed. This being the case, and as auto-

matic cut-offs therefore must be relied upon, it then becomes a
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question as to what overspeed should be allowed before the cut-
off can act positively. It is generally conceded by turbo manu-
facturers that the automatic cut-off must work under 15 per
cent overspeed, and on this basis, 224 per cent overspeed, as
referred to by Mr. Bache-Wiig, is ample margin. In general, if
it will not work at this speed, it will not work at all.
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TEMPERATURE AND ELECTRICAL INSULATION

BY C. P. STEINMETZ AND B. G. LAMME

The problem of permissible temperature limits in electric
apparatus is largely that of the durability of the insulation
used. As this may consist of materials of widely varying heat-
resisting qualities, the problem resolves itself into one of con-
sideration of the properties of the materials themselves.

The durability of insulation may be considered from two stand-
points, the mechanical and the electrical. Tests and experience
have shown that temperatures which may ruin the insulation,
from a mechanical standpoint, may not radically affect its di-
electric strength. This is particularly true with moderate volt-
ages, where the insulation serves largely as a separating medium.
The purpose of the insulation usually is two-fold: PRirst, it
must serve to separate, mechanically, the electric conductors
from each other, and from other conducting structures, and
second, it must withstand the voltage between the electric con-
ductors, and between the electric circuits and other con-
ducting parts. In lower voltage apparatus, usually only the
former function applies, as the mechanical separation is more
than sufficient to withstand the voltage used. The dielectric
strength of the material is, however, of first importance in high-
voltage apparatus.

A great majority of the electrical “ breakdowns” on low-
voltage apparatus is due to mechanical weaknesses, as far as the
temperature problem is concerned; that is, high temperatures
may make the insulation brittle, or crisp, so that it may flake off,
or powder, or crack, or be crushed by mechanical action, thus
allowing the conductors to make contact with each other or with
adjacent conducting material.
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The “ life of insulation ”’ is an indefinite term and must be de-
fined in time, mechanical strength, absence of foreign materials
of a conducting nature, etc. Almost all insulating materials
will be somewhat affected in time, and many of them tend to be-
come dry and brittle. The rate at which deterioration occurs
with any given material, is some complex function of the tem-
perature and of other conditions.

CLASSES OF INSULATIONS

Insulations may be classified under three headings, depend-
ing upon their heat-resisting properties. However, all such
classifications must be relative, for no absolute limit can be fixed,
as there is no definite point at which injury or destruction can be
said to take place.

The usual insulating materials can be considered as included
in three general classes:

Class A. This includes most of the fibrous materials, as
paper, cotton, etc., most of the natural oil resins and gums, etc.
As a rule, such materials become dry and brittle, or lose their
fibrous strength, under long continued moderately high tempera-
ture, or under very high temperature for a short time.

Class B. This includes what may be designated as heat-re-
sisting materials, which consist of mica, asbestos, or equivalent
refractory materials, frequently used in combination with other
supporting or binding materials, the deterioration of which, by
heat, will not interfere with the insulating properties of the final
product. However, where such supporting or binding materials
are in such quantity, or of such nature, that their deterioration
by heat will greatly impair the final product, the material should
be considered as belonging to class A.

Class C. This is represented by fireproof, or heat-proof
materials, such as mica, so assembled that very high tempera-
tures do not produce rapid deterioration. Such materials are
used in rheostats and in the heating elements of heating
appliances, etc.

All the above are relative terms. The first class, for instance,
represents materials which are really more or less heat-resist-
ing, but which deteriorate at lower temperatures than those in
the second class, which are defined as heat-resisting. Also, the
fireproof materials of the third class are not strictly heat-proof
or fireproof, but will simply withstand very high temperatures
for relatively long periods without undue deterioration.
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In class A, the materials appear to have a very long life (or an
almost indefinitely long life, aside from mechanical conditions)
if subjected to ultimate temperatures which never exceed 90
deg. cent. Also, they appear to have a comparatively long life
even at ultimate temperatures as high as 100 deg. cent. At
materially higher temperatures than 100 deg. cent., the life is
very greatly shortened, and temperatures of 125 deg. cent. will
apparently ruin the insulation, from a mechanical standpoint, in
possibly a few weeks, if such temperature is maintained steadily.
However, for low voltages, the insulating qualities may still be
very satisfactory, even at this temperature, and therefore the de-
struction of the insulation is purely one of injury or breakdown
from the mechanical standpoint, as stated before. Tempera-
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tures as high as 160 deg. cent. on such insulations for a con-
siderable period may not entirely destroy their insulating qual-
ities, although, mechanically, such temperatures appear to be
impracticable, except for very short periods.

In order to illustrate the relation between the possible life
and temperature of class A insulation, Fig. 1 is shown. This
must not be taken as representing actual results, but is simply in-
tended toillustrate, in a mercly approximate manner, the very
great shortening of the life of insulation by increase in tem-
perature.

It may be assumed that at very high temperatures, the insu-
lation will have practically the same life, in actual hours of high
temperature operation, whether the temperature is applied con-
tinuously or intermittently. For example, if an insulation-has
10,000 hours life with a certain high temperature continuously
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applied, it is assumed that it will also stand the same tempera-
ture for 10,000 hours in short periods, provided the intermediate
temperatures are low enough to represent an indefinitely long
life. It is probable that under the intermittent condition, the
life will really be slightly greater, due to the fact that depre-
ciation will be largely mechanical, and the insulation may * re-
cover,” in some of its mechanical characteristics, after each period
of high heating.

If, therefore, high temperatures are reached intermittently,
with intermediate periods of lower value but still high enough
to shorten the life of the insulation, it may be assumed that the
total life of the insulation is the resultant of the life under the
two temperature conditions.
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In heat-resisting materials, such as those of class B, tempera-
tures of 125 deg.cent. are comparable with 85 deg. cent. or 90
deg. cent.in class A, and 150 deg. cent. in the formeris comparable
with 100 deg. cent. in the latter. Fig.2 illustrates mercly approxi-
mately the life-temperature curve of such insulations. As in
Fig. 1, this should not be taken as an exact representation of the
actual life. Due to the greater heat-resisting qualities of such
materials, it appears that relatively higher temperatures are not
as quickly harmful asin the first class.

In class C materials, it is difficult to give any reasonable indi-
cation as to the limits of temperature, except that very high
temperatures (practically up to the point of incandescence) are
found in some heating appliances.
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TEMPERATURES AND Frow orF HEAT

As the insulation, in itself, is not usually the seat of generation
of loss or heat, it is the temperature of adjacent materials which
must be considered in defining the conditions in the insulation.
The temperatures of the adjacent materials should therefore be
considered only in so far as they affect the insulation itself, and
where such temperatures do not affect the insulation, or the life
of the apparatus, or its normal perfomance, they are immaterial.

Considering the influence of the temperatures of the adjacent
media, the direction and amount of heat flow must be taken into
account, as the maximum temperature in the insulation is de-
pendent upon these. In the case of armature windings, for
instance, the heat flow may be from the buried portion of the
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coils toward the end windings. It also may be from the buried
copper through the insulation to the armature teeth, or there may
be a reverse heat flow from the iron to the copper, depending
upon the various factors of construction, heat conductivity of
the materials, amount of heat generated in the various parts,
ventilation, heat dissipation, etc.

Depending upon conditions of heat flow and distribution,
various methods of temperature determination may be used.
No method is accurate, unless all the conditions of heat flow are
accurately known, which is never the case in commercial ma-
chines.

The difficulties in the problem of commercial temperature
determination are illustrated by Fig. 3.
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In the figure, a represents the temperature inside an armature
coil, b the temperature between the insulation and the iron of an
armature tooth, ¢ that in the body of the tooth, and d that in the
body of the core at some point back of the coils and teeth. Let.
the temperatures at no load be represented on the ordinate 4.
Then, at some load, represented by ordinate B, the relations
of the various temperatures have changed. At C, D and E,
there are still greater changes, depending upon the heat genera-
tion and distribution. If the rated capacity of the machine is
at E, for instance, then the armature copper is hotter than the
iron, while if rated at B, the reverse would be true. Obviously,
no rule can be formulated to cover these various conditions in
different machines, nor even in a given machine, unless all the
heat generation, distribution, and dissipation characteristics are
known. Obviously, as far as the insulation is concerned, the
temperatures of ¢ and b are the only ones which need be consid-
ered.

All temperature determinations of a commercial nature are
necessarily approximations, or relative indications, upon which
proper margins must be allowed for the ultimate temperature
possibly attained. Therefore, in apparatus where there are
liable to be discrepancies of 10 deg. between the measurable and
the actual ultimate temperatures, a limit of 90 deg. cent. should
be allowed by conventional temperature measurement on insu-
lations in which 100 deg. is set as the maximum temperature with
a reasonable length of life.

The conventional methods of temperature measurement, as
by resistance, and by thermometer, do not usually give the maxi-
mum temperature, but give either the average, or the outside sur-
face, values, and, when measuring the temperature by these
methods, which are the only ones generally applicable, an allow-
ance must be made in windings for possible local higher
temperatures. These methods apply especially to those ma-
chines of moderate or low voltages in which the insulation is
relatively thin, so that the heat gradient from the inside copper
to the outside surface is small. Also, they apply particularly to
those machinesin which the conditions of ventilation are not nor-
mally difficult, and in which a fairly thorough distribution and
dissipation of heat occurs among the various parts, such as in
ordinary direct-current armatures, induction motor primaries,
stators and rotors of moderate speed alternators in which the
width is relatively small compared with the diameter, etc.
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As the ultimate temperatures obtained by the apparatus de-
pend upon its rise above the room temperature, or that of the
cooling medium, and as such temperatures may vary over a wide
range, it is not practicable to specify or guarantee ultimate tem-
perature of apparatus without also specifying the elements upon
which it depends. This, therefore, results in specifying the
temperature rise in relation to that of the cooling medium.

While most apparatus operates at materially lower cooling
temperature than 35 deg. cent. to 40 deg. cent., yet such tem-
peratures are sometimes reached for considerable periods of time
in steam stations, and it appears therefore as justifiable to choose
the permissible temperature rise, such that, at room temperature
of 35 deg. cent. to 40 deg. cent., an ultimate temperature of 85

deg. cent. to 90 deg. cent. by conventional methods of measure-
ment is not exceeded. This means, therefore, a temperature
rise of 50 deg. cent. with conventional methods of testing, such
as by increase of resistance, or by thermometer, in those insula-
tions which can stand a continuous ultimate temperature of
100 deg. cent. with a comparatively long life. This allows an
excess of 10 deg. cent. to 15 deg. cent. for local spots, or for the
temperature gradient through the insulation. A less allowance
should be made for this difference when methods of temperature
measurement other than the conventional are used, and which
approach more closely to the highest temperature actually at-
tained.

When the above temperatures are liable to be materially
exceeded for long periods, heat-resisting insulation of class B is
recommended. With such materials, a temperature of 125 deg.
cent. is comparable with 85 deg. cent. to 90 deg. cent. in the
materials of class A. Therefore, on this basis of a room tem-
perature at 40 deg. cent. or 45 deg. cent., rises of 85 deg. cent or 80
deg. cent. should not be considered harmful. However, in
those special cases where the conventional methods may not
sufficiently approximate local high temperatures, as may be
the case in large turbo-generators, or in wide core alterna-
tors of large capacity, the rises of 80 deg. cent. or 85 deg.
cent. should not be specified by resistance or thermometer,
but preferably some lower temperature such as 50 deg. cent.,
thus allowing a very considerable margin for local higher tem-
peratures. In such apparatus with the higher temperatures,
which require class B insulation, there is liable to be less uniform-
ity of heat distribution.
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If special methods of temperature measurement, such as ex-
ploring coils or thermocouples, are used in such apparatus, the
temperature limit of 125 deg. cent. should be considered, and not
the conventional 50 deg. cent. rise. In those machines of this
class which have relatively thick insulation, and consequently
may have a high heat gradient between the copper and the iron
(depending upon how much heat is flowing from the copper to
the iron), an ultimate temperature of the inside insulation of
150 deg. cent. is considered as the limit, this being comparable
with 100 deg. cent. with insulations of class A.

In certain classes of apparatus which are artificially cooled by
air from outside the room, the cooling is accomplished partly by
dissipating heat to the artificial air supply, and partly by dissi-
pation into the surrounding room. If the temperatures of the
cooling air and of the room are widely different, the resultant of
the two temperatures should really be taken as that of the cool-
ing medium.

The variation of the temperature rise has heretofore been
considered as having a definite relation to the temperature of the
cooling medium. However, it appears that it does not follow
any definite simple law, but it is sometimes positive and some-
times negative, so that no satisfactory correction for room tem-
perature is possible at present. It is therefore desirable to make
the temperature tests at a room temperature as near as pos-
sible to some specified reference temperature, so as to make any
temperature correction negligible. The reference temperature
in the guarantees should therefore be such as can easily be secured;
that is, it should be the average temperature of the places at
which the apparatus may be operated. This is from 20 deg.
cent. to 25 deg. cent., and as it is easier to raise than to lower the
room temperature, the upper figure is advisable as a reference
value. This reference temperature therefore should be chosen
as 25 deg. cent., which is in accordance with the previous A.I.E.E.
standard.

MEASUREMENT OF TEMPERATURE

In the conventional methods of temperature measurement,
by thermometer, and by resistance, many eonditions should be
taken into account, and good judgment is required, in all cases,
or fallacious conclusions may be obtained.

There are many conditions which affect the accuracy of both
the resistance and the thermometer methods of measuring tem-
perature. The resistance method measures only the average

— ———————
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temperature rise, and not that of local hot spots. However, it
measures the internal temperature of windings, and therefore no
correction is required for the temperature gradient through the
outside insulation. The proposed margin between the result
by the conventional method, and the actual temperature, can
therefore be allowed, in the resistance measurement, as the dif-
ference between the warmer and the average temperatures in
the windings. In the resistance method of measurement, the
rate of transfer of heat from one part of the winding to another.
will not greatly affect the result, as the measurement indicates
an average temperature, which would be obtained if the heat were
equalized throughout the winding. However, the rate of flow

of heat from the windings through the outer insulation to other
parts will affect the temperature measurement by resistance, and

preferably the measurements by this method should be taken

during operation, in those parts where this is practicable, as in

field coils, and some other instances. In those parts where the

resistance cannot be measured during operation, this should be

done as quickly as possible after shut-down, and the time taken

to shut down the apparatus should not be unduly long. Prefer-

ably, during shut-down of rotating apparatus the normal current

should be maintained on the apparatus until at least a relatively

low speed is obtained. This would represent only an average

condition, as the ventilation at lower speed is very greatly de-

creased, while the losses in the windings will remain normal,

thus tending to give an increased temperature in the windings.

It would be difficult to fix any definite rule which would give the

exact temperature conditions during shut-down.

In the measurement of temperature by thermometer, con-
siderable judgment is required. Wherever possible, the tem-
perature should be taken during operation, but the thermometer
with its pad should be so placed that it does not interfere with
the normal air circulation. In thermometer readings, as usually
obtained on windings, the heat gradient through the insulation
must usually be allowed for, this being 10 deg. to 15 deg. as
previously defined. However, depending upon the method of
taking the temperatures, this allowance should vary over a con-
siderable range, depending upon whether or not the method of
measurement approximates the actual internal temperature.
For instance, the total heat gradient from the inside copper to
the outside air will be that through the coil insulation, plus the
thick covering pad over the temperature bulb. If the gradient
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through the covering pad is very large compared with that
through the insulation, the thermometer may indicate almost
exactly the internal temperature of the copper; that is, the heat
gradient through the insulation to the thermometer may be rela-
tively small compared with the total gradient to the air. This
is particularly true where the thermometer rests on a metallic
seat which covers a considerable portion of the coil surface. In
this case, the heat which affects the thermometer bulb will pass
through a relatively large section of surface, with a correspond-
ingly small drop in temperature, so that the bulb more closely
approximates the temperature of the inside copper.

Where there s local heating in the windings, and a consequent
liability of rapid transference of heat to other parts, the results
obtained by the thermometer method will vary to some extent
with the rapidity with which the actual measurement is made;
that is, the more quickly the thermometer can be brought up to
the full temperature, the more accurately the temperature of
the hottest part is determined. With a very rapid method of
measurement, it may be possible to measure practically the in-
ternal temperature of the copper of the winding before any great
heat transference or dissipation has occurred. In such cases,
obviously, the full allowance for the usual temperature margin
should not hold. It should be fully understood that it is the
ultimate temperature, and not the temperature rise, which
should be considered as the limiting condition, and that the
measured rise, plus the allowances for temperature gradient,
plus the measured room temperature, is simply an indication of
the possible ultimate temperature. By whatever method the
temperature measurement is made, in all cases the results may
be considered as more or less approximate, and in the end, itis
the manufacturer who must supply the necessary margin over
the approximate measurement, in order to make the machine
safe.

A blind adherence to some particular rule or method of taking
temperatures may lead to fallacious results in some instances.
In armature windings, in particular, incorrect readings may be
obtained after shut-down. For example, if the armature iron
back of the armature teeth were hotter than the armature teeth
and coils during operation, then the temperature to which the
insulation is subject during operation may be considerably lower
than that in the hottest part of the machine, due to the ventila-
tion conditions when running. However, upon shut-down, the
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temperature at the insulation may rise to that of the hottest
part of the machine, and therefore a false temperature, by any
method of measurement, might be indicated.

RECOMMENDATIONS

That with class A insulation, 90 deg. cent. be taken as the
ultimate temperature limit, as indicated by conventional methods
of measurement, or those which give similar results, and that
100 deg. cent. be considered as the maximum ultimate tempera-
ture permissible in the insulation, where a comparatively long
life is a requirement.

That 40 deg. cent. be taken as the limiting temperature of the
cooling medium, or room, and that, therefore, 50 deg. cent. be
the permissible rise by conventional methods of measurement,
with class A insulation.

That 25 deg. cent. be taken as the reference air temperature.
With the permissible 50 deg. cent. rise, this gives 75 deg. cent.
as the average operating condition, by conventional methods of
measurement, or 85 deg. cent. actual temperature, when the
usual margin represented by the temperature gradient is added.

An exception to the rise of 50 deg. cent. can be made in those
cases where space or weight limitations are such that higher
temperatures, with consequent reduced life, are commercially
economical, such as in railway motors. In such cases, with class
A insulation, a rise of 65 deg. cent. with reference air at 25 deg
cent. is at present accepted as good practise.

That with class B insulations, 125 deg. cent. be taken as the
ultimate temperature limit, as indicated by conventional methods
of measurement, or by equivalent methods, and 150 deg. cent. be
considered as the maximum ultimate temperature permissible
in the insulation. It follows therefore that 80 deg. cent. to 85
deg. cent. rise is allowable, with such insulations, by the usual
methods of measurement. ’

No temperature correction should be made for variation of
the cooling temperatures from the reference temperature of 25
deg. cent. .

When the method of temperature measurement shows the
highest temperature actually obtained in the insulation, the maxi-
mum temperatures specified for the given type of insulation
should hold.

In the final decision on questions of temperature rise, the ulti-
mate temperature should be the basis, rather than the rise.
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METHOD OF RATING ELECTRICAL APPARATUS

BY W. L. MERRILL, W. H. POWELL AND CHARLES ROBBINS

An investigation, covering the past three years, by the sub-
committee on the subject of Rating Electrical Machinery, has
shown conclusively that the present Standardization Rules of the
American Institute of Electrical Engineers have, in many re-
spects, become inconsistent as well as inadequate to meet the
present service conditions which electrical apparatus is called
upon to fulfill.

A com—prehensive study of the subject has led us to believe
that the rules representing fundamental methods of rating could
be formulated. Such rules should not only meet existing con-
ditions but also provide such flexibility as is necessary when
limitations, due to existing materials, are changed by the future
progress of the art.

It is highly desirable that the rating of electrical apparatus
should be accurately defined and placed upon such a basis that
it can be adopted internationally, since it is obvious that the
service requirements in other countries are substantially the
same as those in the United States.

This subject has been considered at great length by the
International Electrotechnical Commission and an analysis of
the work done by it leads us to believe that an international
standard of rating is not only possible but essential. This is
very desirable in view of the fact that the influence of the A. I. E. E.
is recognized in the United States, Canada and Mexico.

The suggestions herewith submitted are based upon the
accumulated data prepared after an analysis of service condi-
tions, and represeht the fundamental limits which should be
considered in the rating of electrical apparatus, and it is believed
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that further investigation and the discussions on service con-
ditions will substantiate the conclusions herein presented.

CapPaciTY RATING

Item 1. All electrical apparatus should be rated by output.

Item 2. Apparatus which delivers electrical power:

Apparatus of this class should be rated in kv-a., or in kw. where
the kv-a. and kw. are equal:

a. Therefore, direct-current generating apparatus should be
rated in kw.

b. Therefore, alternating-current generating apparatus should
be rated in kv-a. at a definite power factor which must always be
specified, if not inherent in the apparatus (as for instance is the
case in the induction generator.)

Item 3. Apparatus which transforms from elecirical power to
electrical power: :

Apparatus of this class should be rated in kv-a. or kw. in exactly
the same manner as in item 2.

Item 4. Apparatus transforming from electrical to both electrical
and mechanical power:

Apparatus of this class should be rated in kv-a. or kw., which
represents the resultant of mechanical and electrical outputs, the
two components being specified.

Item 5. Apparatus which transforms electrical to mechanical
power.

Since the input in apparatus of this class is measured in elec-
trical units, and the output has a direct relation thereto, it is logical
and desirable to measure .the delivered power in the same units.
Therefore the output of motors should be rated in kilowatts.

On account of the predominant practise of rating mechanical
power in h.p. it is suggested that apparatus of this class for the
present be given a double rating, t.e.,

SERVICE RATINGS

An analysis of the service conditions that electrical apparatus
is called upon to meet, leads us to recommend that ratings be
divided into two general classifications, based upon the length of
time of service the apparatus is in operation.

These two general classifications will again divide into three
sub-classifications depending upon the character of the load con-
ditions. .
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Continuous Rating. (A) Inwhich, under specified conditions of
operation, there is an attainment of approximately stationary
temperatures, and no other limit of capacity is exceeded. This
may be subdivided into the following classes:

(A 1) Constant service—where the load is continuously applied.

(A 2) Continued periodic service—in which the service consists of alter-
nate conditions of load and rest, the periods of which must be specified.

(A 3) Continued pulsating service—in which the service consists of
conditions of load and partial load, the magnitude and duration of which
must be specified.

Short Time Rating. (B) In which, under specified conditions of
operation, stationary temperature is not reached, and no other
limit of capacity is exceeded.

(B 1) Short time constant—where the load is continuously applied for
a specified period.

(B 2) Short time periodic—in which the service consists of alternate
conditions of load and rest, the periods of which must be specified.

(B 3) Short time pulsating—in which the service consists of conditions
of load and partial load, the magnitude and conditions of which must be
specified.

TEMPERATURE OF ELECTRICAL APPARATUS

As the ultimate temperature is the sum of the temperature of
the surrounding cooling medium and the rise of temperature due
to the load conditions imposed upon the apparatus, it is necessary
to take into account the variations encountered in the cooling
medium. The cooling medium will vary in different places, de-
pending upon geographical location of the apparatus, upon the
season of the year, and the housing of the apparatus. Under
this latter condition, it is found that the cooling medium may
vary very widely in temperature, and may, in poorly ventilated
places, and in locations influenced by other conditions, run as
high as 40 deg. cent. even though the outdoor temperature may
be lower.

It is believed that the average temperature of the cooling
medium in which electrical apparatus is operated in practise and
in which apparatus should be tested, is about 25 deg. cent.

It is therefore recommended that the standard temperature
of the cooling medium be chosen as 25 deg. cent., and that all
measurements and tests of electrical apparatus be based on a
room temperature of 25 deg. cent.

Since, however, the life of the insulating material depends on
the ultimate temperature attained, and this depends on the tem-
perature of the cooling medium, it is necessary to recognize the
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fact that apparatus is frequently operated in locations where the
cooling medium may have a range of temperature much higher
than 25 deg. cent. Itisrecommended that 40 deg. be recognized
as the upper normal limit of the cooling medium and that tempera-
tures higher than 40 deg. should be accepted as abnormal con-
ditions that require special consideration.

TEMPERATURE OF APPARATUS

1. Ultimate Temperature:

A. Cotton, treated cloth, paper, and similar substances which
may fall in this general classification, a maximum ultimate tem-
perature of 90 deg. cent.

B. Heat resisting materials such as asbestos and mica com-
pounds, etc., a maximum ultimate temperature of 125 deg. cent.
Insulating material should be considered as belonging to class
B even if containing material of class A, provided that class
A material is used only as a means of facilitating construction
and may be entirely destroyed without interfering with the func-
tions of the insulation. In this case the ultimate temperature is
that of class B.

C. Fireproof materials such as pure mica, porcelain, etc. No
temperature limit can be specified.

These recommendations do not apply to apparatus,or parts
thereof, the principal function of which is the generation of or
dissipation of heat, (such as rheostats and heating devices) and
to structures and materials which are not damaged by heat.

2. Temperature to be'determined by approved method as
may be specified in A. I. E. E. Rules.

3. Under the stipulated load conditions, the following tem-
perature rises on windings are recommended:

CONTINUOUS SERVICE

Class Ainsulation. .................oiiint, 50 deg.
Class Binsulation. ...............covuueiunnn 85 deg.
SHORT TIME SERVICE
Class A insulation. ...........c.cvvivvnnnnen 55 deg.
Railway motors, class A insulation............. 65 deg.
Class B insulation.............ccooveevnnnnn 90 deg.

Short time temperature rises may be on a slightly higher
basis, t.e. five deg. as indicated in the foregoing table, because
the fluctuating load will permit of substantially the same life, in
years, when operating intermittently under slightly higher tem-
perature.
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It is recognized that railway motors require special considera-
tion, owing to the relatively larger power required in a confined
space, and that therefore a higher temperature rise must be per-
mitted, and that the life of the insulation under operating con-
ditions will be materially less than for the other classes of service.

As railway motors operate under good conditions of external
ventilation when carrying load, the temperature rise of 65 deg.
is permissible.

Commutators. The heating of a commutator is due to several
causes:

a. Conduction of current in the bars.

b. Conduction of heat from the armature structure.

¢. Conduction of heat from the bearings.

d. Heating due to brush friction.

e. I’R loss between the commutator and the brush. -

This heating has no material effect upon the life of the insu-
lation between the commutator bars, except that mechanical
distortion may take place. The effect of the heating may, when
excessive, cause deterioration of the commutator due to the dis-
tortion of the bars, but if the structure is so designed that harm-
ful distortion cannot take place, the heating limits of the com-
mutator should be that of the winding to which it is connected,
1., 50deg. cent. for class A insulation; except in those instances
where class A insulation may have a permissible rise of 55 or
65 deg.; or 85 or 90 deg. for class B insulation.

Other Material. The temperature rise of any part of the ap-
paratus which is in contact with insulation must not be greater
than that allowed for the insulation with which it comes in con-
tact. )

A higher temperature than that specified is permissible for
such parts of the apparatus as do not come in contact with the
insulation and therefore cannot, by their higher temperature, de-
teriorate the insulation.

Bearings. It is recommended that bearings should fall into
the general classification of * Other Material "’ of the machine
not in contact with insulation, and may have any temperature
that will permit of safe and successful operation.

SERVICE RATINGS
It is recommended that continuously rated electrical appa-
ratus falling within class (A 1) be rated upon a basis of ultimate
temperature without other limits of capacity being exceeded, and
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it is further recommended that no overloads be specified for
apparatus except momentary overloads. Momentary over-
loads are defined as not exceeding sixty seconds, and should be
as follows:

The maximum running torque of motors should not be less
than 150 per cent normal rated torque.

Commutating apparatus should commutate not less than
150 per cent of the rated current.

Alternating-current machines should carry momentarily not
less than 150 per cent rated current without regard to the rated

voltage.
Motor-Generators. Generators should have the same overload
requirements as designated under ‘‘ Generators.” The motor

should have sufficient capacity and overload reserve to drive the
generator.

Mechanical Service Conditions. All types of rotating machines
should be so constructed that they will operate with safety at an
overspeed of 25 per cent above the maximum rated speed, except
in the case of steam turbines which, when equipped with emer-
gency governors, should be constructed for 20 per cent over
the maximum rated speed, and in the case of series motors
no overspeed can be recommended on account of the varying
service conditions.

Waterwheel generators should be constructed for the maxi-
mum runaway speed which can be reached by the combined
unit under service conditions.

For a large percentage of apparatus which falls within classes
(A 2) and (A 3,) and (B 1), (B 2) and (B 3), other limitations pre-
vail. These types of electrical apparatus are designed to meet
definite service conditions demanding selection of apparatus
having a rating which will meet the exact operating specifica-
tions. These limitations are fundamental to the design, and it
is therefore desirable that a definite commutation limit, a pre-
scribed starting torque, a prescribed pull-out torque for a-c.
motors, with a definite factor of safety for mechanical con-
struction, be the limiting factors of the rating.

APPENDIX
Caracity RATING
Item 1. All electrical apparatus should be rated by output.

Item 2. In the case of alternating-current generators, the
kilovolt-ampere is a much more logical unit than the kilowatt,
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since the capacity of such machines when expressed in kilovolt-
amperes is generally independent of the power factor, and in any
case is much more nearly independent of power factor than when
the rating is given in kilowatts. However, in the case of ma-
chines in which the field limits the capacity, the allowable
kilovolt-ampere rating varies considerably with the power factor
and hence power factor should be specified in all cases.

Item 3. In the case of stationary transformers, the rating in
Kilovolt-amperes is almost entirely independent of power factor,
Rence this method is the only logical one in this case. For syn-
chronous converters, the rating depends both upon the power
factor at the a-c. end and the direct-current load. Hence, both
should be specified. For frequency changers and motor-gen-
erator sets, the same conditions obtain as in Item 2.

Item 4. Thus a synchronous converter which delivers both
mechanical power and electrical power should be rated as kilo-
watt mechanical power and kilowatt (or kilovolt-ampere at a
particular power factor) electrical output. If it is used partly
as a synchronous condenser as well, for power factor correction,
the a-c. power factor should be specified.

Synchronous condensers, for power factor correction only,
should be rated in kilovolt-amperes at zero power factor. When
a machine of this type is operating as a synchronous condenser,
the power factor will not be quite zero, since losses are supplied
electrically, but the difference will generally be too small to con-
sider.

Item 5. From the pure science standpoint, the kilowatt is a
better unit of power than the horse power since it is based
directly upon the absolute c.g.s. system, the watt being equal
to 10" dyne-centimeters per sec., while if we accept the defini-
tion of the horse power as being 550 ft-lb. per sec., it is a gravi-
tational unit and so is not strictly constant, but varies slightly
with the latitude.

Also the kilowatt is the practically universal unit for the
measurement of electrical power throughout the civilized world,
while the “ horse power " beside varying on account of its being
a gravitational unit is defined differently in different countries
In several European countries it is defined as 75 kg-m. per sec.,
while here it is 550 ft-1b. per sec. The difference is about 1% per
cent,

Then too there seems to be no real reason why both electrical
and mechanical power should not be expressed in the same units,
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and since the kilowatt is much more desirable as a universal unit
than the horse power for the reasons enumerated, it is recom-
mended that the output of motors be expressed in kilowatts in-
stead of horse power.

In the case of synchronous motors which are also used for power
factor correction, the power factor at the motor terminals should
also be given (leading power factor being understood) unless
otherwise specified.

NAME-PLATE STAMPING

It is evident for ratings (A-2) and (A-3), (B-1), (B-2) and (B-3),
that certain stand tests or compromise runs of machinery, and par-
ticularly motors, are desirable. These stand tests in addition
to determining various characteristics of the apparatus, should
also determine as a basis of comparison the heating of the ma-
chines, and as the machinery is selected for various and sundry
cycles of operation, two methods can be recognized for stand
tests.

One is, in the case of class A machinery where the machine
is run until it reaches a constant temperature under conditions
where the losses and windage would be the same as the normal
rating of the machine. This, however, in many cases might
prove difficult, and a stand test made in accordance with a (B-1)
rating could properly be substituted, as is now done in case of
crane motors, machine tool motors, railway motors, etc., where
the stand test may or may not be the same as the rating of the
machine.

The present method of rating machinery on the so-called in-
termittent basis, is somewhat confusing, as for example; a motor
rated ¢ 10 h.p.—two hours intermittent,” really means that the
motor will perform certain cycles of operation, the equivalent
stand test of which is two hours of continuous running at 10 h.p.
This is often interpreted to mean that the motor when installed
will have to be shut down after two hours of operation or the
motor will be injured.

It is suggested that a system of name plate stamping be
adopted which will designate the apparatus according to the
various classifications set forth in this paper, and that in addition
to the ordinary information given on the name plates, the equiv-
alent stand test be included.

The following load and temperature curves indicate the nature
of the six ratings as recommended by the sub-committee on
rating.
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temperature at the insulation may rise to that of the hottest
part of the machine, and therefore a false temperature, by any
method of measurement, might be indicated.

RECOMMENDATIONS

That with class A insulation, 90 deg. cent. be taken as the
ultimate temperature limit, as indicated by conventional methods
of measurement, or those which give similar results, and that
100 deg. cent. be considered as the maximum ultimate tempera-
ture permissible in the insulation, where a comparatively long
life is a requirement.

That 40 deg. cent. be taken as the limiting temperature of the
cooling medium, or room, and that, therefore, 50 deg. cent. be
the permissible rise by conventional methods of measurement,
with class A insulation.

That 25 deg. cent. be taken as the reference air temperature.
With the permissible 50 deg. cent. rise, this gives 75 deg. cent.
as the average operating condition, by conventional methods of
measurement, or 85 deg. cent. actual temperature, when the
usual margin represented by the temperature gradient is added.

An exception to the rise of 50 deg. cent. can be made in those
cases where space or weight limitations are such that higher
temperatures, with consequent reduced life, are commercially
economical, such as in railway motors. In such cases, with class
A insulation, a rise of 65 deg. cent. with reference air at 25 deg
cent. is at present accepted as good practise.

That with class B insulations, 125 deg. cent. be taken as the
ultimate temperature limit, as indicated by conventional methods
of measurement, or by equivalent methods, and 150 deg. cent. be
considered as the maximum ultimate temperature permissible
in the insulation. It follows therefore that 80 deg. cent. to 85
deg. cent. rise is allowable, with such insulations, by the usual
methods of measurement. ’

No temperature correction should be made for variation of
the cooling temperatures from the reference temperature of 25
deg. cent. :

When the method of temperature measurement shows the
highest temperature actually obtained in the insulation, the maxi-
mum temperatures specified for the given type of insulation
should hold.

In the final decision on questions of temperature rise, the ulti-
mate temperature should be the basis, rather than the rise.
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It is also recommended that the name plates of all machinery
rated in accordance with the future rules of the Institute bear
the inscription of the A. I. E. E., as suggested in the following
examples.

@ EQUIVALENT TEST
EQUIVALENT TEST
EQUIVALENT TEST
@ EQUIVALENT TEST

\q“:‘n\ (B 3 | EQUIVALENT TEST[15H.F. 30MIN

/
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DiscussioN ON ¢ TEMPERATURE AND ELECTRICAL INsULATION
(STeiNMETZ AND LAMME) AND “ METHOD OF RATING
ELECTRICAL APPARATUS’ (MERRILL, POWELL AND ROBBINS).
NeEw Yorg, FeBrUArY 26, 1913.

F. B. Crocker (by letter): The paper on ‘ Method of
Rating Electrical Apparatus” by Messrs. Merrill, Powell
and Robbins, Sub-committee on Rating, states that it is
“recommended that no overloads be specified for apparatus
except momentary overloads. Momentary overloads are de-
fined as not exceeding 60 seconds *’ and are 150 per cent of normal
rated torque or current.

This method is known as ‘ Maximum Rating ”’ or * Single
Rating ” in contradistinction to the present A. I. E. E. Standard-
ization Rules, which require a definite overload capacity. In
the case of a gas engine, maximum rating is not objectionable,
in fact it is practically inevitable. Most electrical apparatus,
however, is self-destructive as compared with a gas engine,
which protects itself by stopping if its load is excessive. An elec-
trical machine does not protect itself when overloaded; it exerts
itself to carry increased loads until it reaches the point of
self-destruction. The difference between electrical machinery
and almost all other kinds is like the difference between children
who want to study too hard and those who do not want to study
enough. The former must be protected against themselves
and require totally different treatment.

In practise it is impossible to predetermine the load of
an electrical machine because it varies considerably and con-
tinually, with changes always taking place even when supposed
to be constant. If a machine with no overload capacity is
used to drive its rated load, the usual variations that occur are
likely to be sufficient to injure it. If supplied with protective
apparatus to safeguard it against overload, that same safeguard
will prevent it from carrying the frequent and considerable
variations in load occurring in practise. Those variations
would make it necessary to adjust the safeguard at a point so
much above the rating of the machine that it will be heated con-
siderably beyond its normal temperature if it should carry,
except momentarily, the load corresponding to this adjustment.

The basis assumed for maximum or single rating is briefly
as follows: Fibrous (organic) insulating materials, as cotton,
paper, etc., have a very long life provided that their ultimate
temperatures never exceed 90 deg. cent. If, then, the tempera-
ture of the windings of a machine insulated with such a material
does not exceed 90 deg. cent. when operating continuously, the -
gm:;imum load at which it can so operate is taken as its rated

If, however, the machine has been running a sufficient time to
bring its temperature up to 90 deg., any overload applied to
it would heat the insulation beyond the safe temperature and
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injure it. As already stated, no overloads are guaranteed on
machines rated in this way. Beyond this point there is a
disagreement between two groups of the advocates of single
rating. One recommends that machines with such in-
sulation should be rated to give an ultimate temperature at full
load of 90 deg. The other group maintains that temperature
rise, and not ultimate temperature, should be the basis for rating,
so that a room temperature is assumed and deducted from
90 deg., the resulting temperature being the permissible rise.

The question is: What room temperature should be as-
sumed? The temperature of ordinary rooms in which electrical
machinery operates varies from 20 deg. to 40 deg. cent. The
paper cited recommends * that 40 deg. be recognized as the upper
normal limit of the cooling medium ’’ or room temperature, which
would make a standard of 50 deg. rise.

The ultimate temperature appears preferable because it
eliminates the indefinite value of room temperature, but prac-
tically, the standardization of ultimate temperature would
introduce confusion almost worse than no standard, because
it would mean that before a sale could properly be made,
investigation of the probable temperature of the customer’s
plant would be necessary and if one salesman estimated it at
25 deg. and another estimated it at 35 deg., the first would
offer a generator for 65 deg. rise and the second salesman one
for 55 deg. rise. The tendency would surely be to estimate
the room temperature low, giving the customer as small a ma-
chine as possible, and endless trouble would result.

Moreover, any machine built in accordance with maximum
rating must be applied to its work much more carefully than at
present. Since it cannot carry any overload, it must never be
overloaded, and therefore an intimate knowledge of the con-
ditions under which each machine will have to operate, during
its whole life, must be obtained. Even the most careful
investigations can only go far enough to apply the motor
properly in the first place, but they do not take care of
future conditions. With single rating, a machine would have to
be rated at the maximum load it would ever be required to carry,
and who is the prophet to predict what that might be? It
could not safely be depended upon to carry unexpected or even
peak overloads higher than its normal rating.

For example, suppose a manufacturer buys a motor to drive
alathe and tests are made when the lathe is performing its regular
work to determine the power required, the motor being selected
and applied accordingly. If the manufacturer should obtain
tool steel capable of taking a larger cut from the material in
process, the single-rated motor would be incapable of securing
the advantage of this new kind of steel.

Consider also a motor applied to a line shaft driving a number
of tools. The manufacturer finds it advisable to add one more
tool. If a motor of maximum rating has been chosen on the basis
that its name implies, he cannot add the tool because of lack of
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capacity in his motor, whereas the present type of motor wou.ld
carry such added load without difficulty.

If the line shaft gets a little out of a.hgnment whlch vis very
likely to occur, a motor of maximum rating would be mcapable
of meeting this new condition.

It is argued that single rating is safe provided the tempera-
ture limit is put low enough. The machine would have a
margin for overload, although none would be guaranteed.
This would not be satisfactory to the manufacturer because
he would not get and would not be entitled to any credit for
extra capacity not guaranteed. Nor would it be satisfactory
to the customer because he is not informed as to the danger
point. If we have overload capacity in our machine, the
customer will surely find it out and use it under unusual cir-
cumstances, hence we must inform him exactly what its limits
are. If heis so informed, then we cease to have single rating and
come around to practically the present basis of rating, which in-
cludes overload capacity.

Overload capacity is the margin corresponding to the factor
of safety used in all branches of engineering. With maximum
or single rating there is really no factor of safety at all. The
two papers by the Sub-committees on Revision of Rules and

Rating both clearly accept 90 deg. cent. as the maximum ulti-
mate temperature, measured by thermometer. This is the
actual physical limit and it is merely an arbitrary matter if we
subdivide it and call it the sum of 40 deg. room temperature and
50 deg. cent.rise. The paper by the Sub-committee on Revision
of Rules (on page 85 of this volume), allows for the fact
that local spots or internal temperature will probably be about
100 deg. cent. at which the insulation defined above has “a
comparatively long life.” If, on the other hand, the maximum
ultimate temperature of the hottest point does not exceed 90
deg. cent., then such insulation has ‘“a very long life ” (see
page 81, line 1). Hence with the rating proposed, which
permits 90 deg. ultimate maximum temperature measured
by thermometer on the surface, the temperature will actually be
100 deg. in the snterior, certainly in spots. At this temperature
the life of such insulation is considerably shortened. The pro-
posed limit is therefore 10 deg. above the true safety point, which
is that point at which any considerable deterioration begins to
occur. This point for electrical insulation corresponds closely
to the elastic limit of structural materials. It is this limit and
not the actual breaking point that is taken as the basis in allowing
a factor of safety. The point at which the electrical insulation
breaks down corresponds to the breaking point of structural
materials.

The proposed rating not only fails to provide any margin or
factor of safety whatever, but permits insulation be be used at
a temperature at which it admittedly suffers permanent and con-
siderable depreciation. Hence the margin is actually a negative
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quantity, and the factor of safety is less than one. Imagine
a bridge that was ‘‘ rated ’’ in this way, its load being stated at
more than its elastic limit. Of course with single rating this is
the only figure mentioned, and most persons, either from ignor-
ance, carelessness or something worse, would assume that to
be what the bridge should actually carry.

An apparently good reason advanced for single rating is its
simplicity. It sounds simple and therefore attractive, but it
would be still simpler to have no standard at all. The purpose
of a standard is to protect the public against ignorance and un-
scrupulousness, and the * single ”” standard would do neither.
The purchaser would naturally assume that he could use a ma-
chine to carry the load at which itis rated. Certainly the seller
would have every reason to allow him to think so. We are very
far from the millennium when every customer will be so wise that
he will correctly allow for a certain margin of capacity and when
every salesman will conscientiously unbosom himself of all the
limitations of the apparatus which he is endeavoring to sell.

As one who has always had a deep interest in the Standard-
ization Rules of the Institute and who took part in their original
formulation as well as both of their revisions, the writer firmly
believes that electrical apparatus should not be single-rated.
The manufacturer, the salesman, the purchaser and the user all
need to be protected against their natural tendency, which is
deep down in all of them, to take that rating as the proper actual
load for the apparatus. Engineering is responsible for the intro-
duction of proper factors of safety in the building of machines
and structures. It is a violation of the fundamental prin-
ciples of engineering and seems nothing short of foolhardy
for electrical engineers to attempt to get along without factors
of safety. Not only figuratively, but literally, it is Ajax defying
the lightning!

James Burke: My understanding of the two papers is as
follows: That the intention is to limit the ultimate temperature
at which different kinds of insulation will be graded. The prac-
tise heretofore has been to have various temperature increases
stated in the specifications. Some specifications are for 35 deg.
increase, some for 40 deg. some for 50, some for 55, and some for
higher increase. My understanding of the first paper is that
independent of the increase in temperature, the paper intends
to set an absolute limit so that if a temperature of the surround-
ing air is higher than 40 deg. the increase would be considered as
a special case and set at a lower figure, and that the real intent
of the paper is that it calls attention to the penalty of running at
higher ultimate temperatures than specified in the paper. That
determines the danger point from the user’s standpoint.

Now, in order to apply that to commercial condition, it is
necessary to agree upon a certain average of maximum air
temperature for special purposes, and this paper suggests 40 deg.
as the maximum which will permit of 50 deg. increase in tempera-
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ture in machines with fibrous insulation as a standard commercial
machine. As Mr. Lamme has pointed out, it is the ultimate
temperature that determines the safety working point. But
mn the manufacture of machinery it is necessary to bring into
consideration the increase in temperature, because on this condi-
tion the ratings of machines are determined.

I further understand that the intent of these papers is not to
recommend that an increase of 50 deg. be standard, but that it be
considered as a limit, so that if one wants to establish a lower
temperature increase it is not inconsistent with this paper, it
simply calls attention to the danger point, and that no tempera-
ture increases in excess of this should be considered good engineer-
ing practise, or should be recognized by the Institute.

On the suggestions of different ratings in the paper by Messrs.
Merrill, Powell and Robins the intent seems to be to show six
different kinds of ratings that may occur. The first is the con-
tinuous rating, which probably covers the majority of the
machines today. That is classed as A 1, and then come five
ratings that refer to highly specialized applications, not for
motors that are usually sold under every day conditions, but in
which the particular service has been carefully studied, the nature
of the load, and the nature of the load variations, in order to
employ entirely special motors for each instance. The A 2, A 3, B
1, B2, B 3 have been suggested. My personal view is that they
are suggested more for the purpose of bringing out discussion,
although I am not posted on whether that is correct or not. The
three A ratings relate to machines that reach an ultimate tempera-
ture. All the three curves show that the test is continued until
a maximum temperature is reached. The A 1 is for a continuous
load, constant load, the A 2 for a load that is on, and then entirely
off for a period, and then on again, and then entirely off, and the
A 3foraload which varies between the maximum and minimum,
and in which there is some load on all the time. The B ratings
arein the same class as the A4 ratings, but for conditions in which
the ultimate temperature is not reached, or, in other words, in
which the service is such that the period of use is so short that
the ultimate temperature is not reached, and that is the distinc-
tion between the two. I do not understand how it 1s to
be determined what the equivalent test is. For continuous
service, the equivalent test is a continuous test. For the A 2
class an 80 minute test is considered as an equivalent test, in
getting the ultimate and final temperature for the service, which
fluctuates between no-load and full load, or between out of ser-
vice and in service. Now, that 80 minute test might be a proper
equivalent for one condition of load, but it would certainly not
be the equivalent for all A 2’s. I would like to ask the authcrs
of the paper to tell us how the temperature of equivalent tests
would be determined for each kind of service.

The use of the initials of the Institute A. I. E. E. on the name-
plates of machines, I think is intended to mean simply that the
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temperature increase is not more than 50 deg., for fibrous insula-
tion, and a higher temperature for other insulation, and also that
the basis of rating is on the single rating or rating without over-
load, in other words the A. I. E. E. mark on the name-plateis a
provision for 50 deg. increase and no overload. I do not think
it 1s intended to mean that the A. I. E. E. approves of the A 2
rating being of the equivalent test of 20 minutes, or that there
is any approval connected with that.

One very important point brought out in these papers is the
matter of temperature correction, and I will say something on
that subject after the papers on Temperature Correction are
read.

Henry G. Stott: I wish to say one word in regard to the work
of the Standards Committee. I think if you will review the past
history of the Institute you will find that the present standing
of the Institute work is largely due to the magnificent work and
the unselfish support of the Standards Committee. I think
it would be difficult to find a contract for electrical apparatus
which has been drawn in the United States or in Canada in which
you will not find the A. I. E. E. rules referred to as being part of
that contract. I simply wish to convey my expression of appre-
ciation to the Chairman and through him to the other members
of the Standards Committee for the large amount of unselfish
work they have done in helping along the Institute in this way.

Referring to the first paper by Dr. Steinmetz and Mr. Lamme,
and coming to the curve Fig. 1, which applies to insulation of class
A, I would say that the results shown in this curve do not conform
to my experience with this class of insulation. I have had some
rather bitter experiences covering some fairly large machines,
and it is my experience that four years more nearly represents
the life of insulation of this kind than ten years under the condi-
tions outlined. In one plant the machines were 3500 kw. in
size, operating at 6500 volts. The temperature rise on the aver-
age was about 40 deg. cent., and the surrounding air was 30
to 35 deg. cent., making an ultimate temperature of 75 deg.
cent. The life of those machines has averaged very nearly four
years, and as a result we have now changed the insulation
from class A to class B, in the endeavor to get a longer life from
the machines.

In regard to the second paper on Methods of Rating Electrical
Apparatus, I would like to suggest, referring to the proposed
name-plates on the last page, that where the letters ‘ h.p.”
occur there should be substituted ‘“kw.,”” and then within
brackets after that, in very small letters, should be stamped
h.p., so as to make the important thing the kilowatts and the
unimportant thing the horse power.

Leo Schuler: I have listened with great pleasure to what Dr.
Steinmetz said in regard to the new Standardization Rules,
especially that it is the intention to adjust them to the stand-
ardization rules of other countries. It was of special interest to
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learn that you intend to do away with the overload capacities,
which was hitherto the main difference between your rules and
the German rules.

You know that the International Electrotechnical Commission
appointed a special committee for the rating or standardization
of machinery, which committee had a meeting in Zurich in Janu-
ary, and the conclusions of the committee with regard to the
admissible temperatures were about the same as are proposed
in Dr. Steinmetz’s and Mr. Lamme’s paper. It was also decided
tostate, not the rise in temperature but-the absolute temperature,
as the life of the insulation depends primarily upon its tempera-
ture. The hmit adopted in Zurich for class A (cotton, papers,
etc.) was practically the same as proposed in the paper of Stein-
metz and Lamme. That is, for impregnated cotton, we have
stated that the temperature, if measured by the usual methods,
should not be more than 90 deg. cent. For cotton, without
impregnation, however, we have fixed the temperature at 80
deg. cent. only, because it seems quite certain that dry cotton
without any impregnation will not stand mechanical stresses
quite as well as impregnated cotton. However, for coils entirely
impregnated with some compound so that all air is excluded, the
heat conductivity is so much better than in an ordinary coil that
the temperature gradient would be much less, and we therefore
propose to adopt for such coils a temperature limit of 95 deg.
cent. instead of 90 deg. This is, however, only proposed for
continuous-current coils because in such coils the mechanical
stresses are less than in coils for alternating current. The same
limit should be adopted for coils which consist of only one layer
of copper because necessarily the heat conductivity is much
better than in ordinary coils, and the maximum temperature
will be much nearer to the measured value.

Now, with regard to room temperatures, you propose to have
a standard of 40 deg. cent. The International Commission has
proposed 30 deg. cent. This is a great difference, of course.
However, as is stated also in the paper by Steinmetz and Lamme,
40 deg. cent. will usually occur only in steam stations. Now, if
we consider how many standard machines, especially motors,
are used in ordinary rooms, and how many are used in steam
stations—this will probably be one per cent or less—I do not
think we should, therefore, introduce 40 deg. cent. as the normal
air temperature for all standard machinery. Thirty deg. cent.
will be quite sufficient, and even when in hot summer days 40
deg. occurs occasionally this would not have much influence on
the life of the machine.

I should like to raise another question. If the curve Fig. 1
in Dr. Steinmetz’s paper, for cotton in air, is assumed to be cor-
rect, there will be another somewhat lower curve for cotton in
oil, as the deterioration of the cotton is due to the combined in-
ﬂuence of heat and oxygen. We have in Germany estimated
that the difference will be about 10 deg. cent., and, therefore, we

I




108 TEMPERATURE—RATING [Feb. 26

will allow 100 deg. cent. for oil transformers. Perhaps the
authors of the paper will give their opinion on that point.

I should like to ask what the authors mean by “ resultant
temperature *’ when the cooling of the machine 1s affected by
both the air temperature and another cooling medium, either
air taken from outside, or water. Does it mean the mean
temperature? That would not be correct, because it depends
upon the distribution of the cooling effect on the air and the other
cooling medium. In the new German rules the corresponding
paragraph is as follows: ¢ If besides the water or artificial air
cooling considerable cooling takes place by the surrounding air,
then the ¢ temperature of the surrounding ’ will be considered
the temperature the machine or transformer attains when work-
ing not excited under the influence of the cooling medium.”
That means an additional test is made with the water turned on,
under no load, and no excitation on the transformer, and then
the final temperature is measured.

In regard to the second paper, I may mention that we use
only the continuous * rating or rating for a certain time,” that
time to be stated on the name-plate; we do not speak of inter-
mittent rating, intermittent service, or anything of that kind.
I think that it is an unnecessary complication to adopt two temp-
erature limits for continuous and intermittent service. This is
simply a question of choosing the correct size of motor for the
conditions of service. It will be understood that a motor for
intermittent service will occasionally attain a higher tempera-
iture than it attains when tested under its rated load and within
the rated time. It comes to the same result whether we use for
a given service a motor of say 2 h.p. of one hour’s rating with
50 deg. rise, or the same motor rated 20 h.p. for 90 min., with
60 deg. rise. I may further mention that we have in Germany
tried to standardize also the time for rating machinery; we have
adopted the rating of 10, 30, 60 and 90 min., which will prob-
ably meet all practical conditions.

W. L. Waters: Probably the most important statement
in Messrs. Steinmetz and Lamme’s paper is that ‘ A blind
adherence to some particular rule or method of taking
temperatures may lead to fallacious results—and in the end it
is the manufacturer who must supply the necessary margin over
the approximate measurements, in order to make the machine
safe.” I think the committee would be ill advised to make, or to
encourage the making of fixed rules at the present time for the
measurement of internal temperatures in electrical machinery,
as it is difficult even for the expert experimenters in the large
manufacturing companies, who are giving their whole time to the
work, to form an accurate idea of the distribution of temperature
in a large machine.

Temperature tests are primarily to determine whether the
insulation is operating at a dangerous temperature; but before
this question becomes of any importance, it should be first
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known that the design of insulation, method of manufacture, and
workmanship, are satisfactory. "It has been known for thirty
years that mica was a very good insulator for high
temperatures, when it was used under conditions where its
lack of mechanical strength was no disadvantage. It was also
known that asbestos could be operated satisfactorily at high
temperatures, but its lack of mechanical strength and hygroscopic
naturerendered it almost useless asan insulator. The progressthat
has been made is in the development of processes for utilizing these
high temperature insulation materials so that their material weak-
nesses are overcome; and also in educating workmen to be
capable of carrying out these processes. It should be definitely

ized that on these points, the purchaser is almost entirely
dependent upon the manufacturer, and that rules are of no
assistance in passing upon them.

I would suggest that at the present time, the Standards
Committee should state that it is extremely difficult to obtain
any exact idea of these internal temperatures, though the pur-
chaser would do well to satisfy himself that the manufacturer
has provided insulation suitable for operation at the tem-
peratures which exist, and further that the method of ap-
plying the insulation and the workmanship are satisfactory.
I think that some such statement as this would warn the
purchaser or operating engineer of the danger which may
be expected, and at the same time, will guard against the
false feeling of security which frequently results after a few
rough temperature tests have been made.

H. U. Hart: Those engaged in the design of generators of
large capacity have known for a number of years that the
temperatures in the middle of the core or coils were much higher
than the temperatures indicated by thermometers placed on the
outside of the iron or on the exposed portion of the coil. These
interior temperatures have been measured by thermocouples
or other means, and suitable insulation provided that will with-
stand the maximum temperatures.

The present rules of the A. I. E. E. for determining the
temperatures on generators are inadequate, as they specify the
temperatures to be taken by thermometers or by increase in
resistance method of the windings. They make no mention of
the maximum temperature allowable for the different types of
insulation on the interior of the core of windings. Due to re-
cent commercial development of a number of instruments to
determine these maximum temperatures inside the slot, opera-
ting companies have been unduly alarmed by the temperatures
obtained.

I have examined the armature coils on a large generator having
class B insulation, which consists principally of mica insulation
used in combination with other binding material. The coils
had been in continuous service, operating at temperatures in
the slot of approximately 110 deg. cent. for seven years, and there
was no apparent deterioration.
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We have recently developed an armature coil having no
fibrous binding material, the coil containing only copper, mica
and asbestos. This coil would probably come under class C
insulation. Sample test coils were heated for several months
in an oven at 250 deg. cent., and there was no apparent deteriora-
tion. ‘

While it may not be advisable at the present time to work at
such high temperatures, still it is interesting to note that suitable
insulation can be provided, having such a wide margin over the
temperatures recommended in the above paper. It would
appear that instead of specifying very low temperature rises,
necessitating a very expensive machine, there would really be
more margin in a generator, having a fairly high temperature
rise in the interior of the slot and fire-proof insulation.

I believe the recommendations of Messrs. Steinmetz and
Lamme for the maximum temperature allowable on types A and
B insulation to be conservative, and I would be in favor of having
their recommendations incorporated in the Standardization
Rules of the A. I. E. E.

B. A. Behrend: I want to say a few words about the history
of the labors of the Standards Committee as I remember them
during the last fifteen years. A report prepared by the former
Standards Committee, of which I was a member for almost
ten years, embodied rules with which we are all familiar, because
they have been with us for half a score of years, or more. It is
absolutely necessary in formulating a new code to consider the
effect which the former code has had on the electrical industry,
and I want to run over the past in a few minutes to present to
you that aspect of standardization.

The old rules were conceived as expressing, as nearly as the
art knew 1t at the time, viz., fifteen years ago, the facts known to
the designers of electrical machinery. It represented partly
the knowledge of the time, and partly the knowledge of the past.
In fact, the code has always standardized the past. If there is
any lesson at all in history, the new code 1s going to do the same
again, viz., it will standardize the past. If we wish to stand-
ardize at all we have to standardize the past, for the obvious
reason that we do not know the future, for which we should
endeavor to cast our rules. With the constant progress and con-
stant changing of conditions, there is nothing more dangerous
than a rigid standardization, and while I want to express my own
personal appreciation for the excellent work that has been done
and which has been embodied in this large volume of papers, 1
cannot help but fear that the standardization report which is to
be the outgrowth of so much valuable material will be a handicap
again to the industry.

The old rules were of no assistance to the designing engineer,
or the engineer in charge of manufacturing plants. They were
mostly incomplete, misleading, and fallacious, and, with the
authority of the A. I. E. E. impressed upon them, they have been




1913] DISCUSSION AT NEW YORK 111

extremely harmful. No amount of facts presented could break
the baneful influence of these fallacious rules. For many years
I waged a campaign before this Institute in papers in which I
presented voluminous experimental data, in order to demonstrate
that the old rules as to regulation were useless, in fact thoroughly
wrong and misleading. The method of measuring temperature
by thermometer I contended was fallacious. But nothing could
be done—the rules existed, handicapping the industry, the engi-
neer, and the designer.

In the papers before us many of the old faults are corrected as
we see them today, but let me ask you, will the new methods take
care of the conditions as they will arise in the future? It is
likely that, two or three years hence, these rules, by that time
embodied in a code, will be a detriment again; may they not
hamper again the designing engineers as well as the users of
electrical apparatus? I fear that, if these rules are drawn too
rigidly, with too keen a desire to embrace all the facts as we see
them today, you will make a great mistake which it will be very
difficult for you to correct in the future. Single ratings, or maxi-
mum ratings, are all right, but it is a new departure which is
bound to cause much confusion until conditions have adjusted
themselves to them. Qur experience with the old code has shown
that ten years after a rule has been advocated it has been
adopted. Legislation follows the past, like standardization.
I think we should endeavor to anticipate the future rather than
legislate for past conditions, and that is, I believe, the weakness
of the new Standardization Rules, for whose adoption I shall
plead in a very general form, but, in fact, in so general a form
as adopted by the German society. Such general form has the
same advantage as the wonderful description of creation in the
first and second chapters of Genesis. This story conceived
probably thirty-five hundred years ago, has been worded in
such beautifully general terms that it has fitted any theory of
creation from the date of the Chaldeans to the evolutionists of
modern times. The Book of Genesis is couched in such poetic,
general language, that it can be applied to all conditions at all
times. The report of the Standards Committee will be most
sucessful if it also is couched in similar language, so that future
generations will say, ‘‘ these men anticipated our conditions.”

James M. Smith: It appears that there are three standards
to be considered. Two of them are adopted standards, the third
a proposed standard. The first standard is that adopted by
practise, and based on the experience of many years. The second
is that adopted by the American Institute several years ago,
but which has not been adopted by practise, and the third is the
itag% proposed in the paper by Messrs. Merrill, Powell and

o

The standard of practise has a normal full load operating
temperature that is conservative and safe even under severe
conditions of operation or application. It permits overload

I




112 TEMPERATURE—RATING [Peb. 26

capacities which are stated, and are, therefore, a protection
to both customer and ma.nufacturer

The American Institute standard which has not been adopbed
in practise requires the measurement of temperature by resist-
ance which has not proved satisfactory, and allows for tempera-
tures 10 deg. higher than that adopted by standard practise.
The present proposed standard not only suggests temperatures
10 deg. higher than the present standard of practise but does
away with all overload guarantee excepting one of maximum
torque capacity which is stated to be 50 per cent above full load
torque. It is apparent that the present proposed standard is
for the purpose of making our guarantees similar to those of
European manufacturers. This 1s for two reasons:

First, because it is considered desirable to have a world-wide
standard and

Second to enable manufacturers in this country to compete
successfully with foreign manufacturers in the export field.

For universal adoption, the first thing to consider is what are
the correct standards. The present American standards are
conservative and produce machinery ample in capacity to meet
all conditions of ordinary service. European standards are not
likewise conservative, and machines built in accordance with
them must be carefully applied to avoid undue depreciation.

If the American standard is changed to conform with the
European, then American purchasers educated in our conserva-
tive methods of rating will suffer from incorrect conceptions of
the new rating until years have elapsed and they become educated
to the new close margin standard. In determining standards
of rating for electrical machinery the prime consideration must
be the adoption of standards which will produce machines that will
best serve the customer. It is my opinion that the European
standards are not those which will best serve our American
customers. It is also my opinion that the American standards
will serve European customers better than the present European
standards. Therefore, if a universal standard is to be adopted,
I believe that standard should be the American and not the
European, that is, the machine should have conservative tempera-
ture ratings at full load, moderate overload capacities, with safe
temperature ratings and high maximum torques for the peak
load conditions which almost every machine must take care of
occasionally.

In the paper by Messrs. Merrill, Powell and Robbins the ulti-
mate temperature is stated at 90 deg. In the paper by Messrs.
Lamme and Steinmetz this is defined as being temperature
measured either by thermometer or resistance, and it is
recognized that the hot spot temperature may be 10 deg. higher,
making the maximum temperature of the machine 100 to 105
deg., which by reference to the curves is above the charring point
of fibrous insulation. Hence the machines are rated above the
point of rapid deterioration, or, as stated by Prof. Crocker in
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his discussion, they are rated above what corresponds to elastic
limit and the breaking down point is only 50 per cent higher.
I am strongly opposed to the new standard, or reduction of
standard, for the following reasons: It would result in the
purchaser receiving a smaller, lighter, and less powerful machine
than before, with the sanction of the Institute.

Since these papers were issued I made tests on certain stand-
ard motors, both alternating-current and direct-current, which
show that they could be increased in their rating from 15 per cent
to 25 per cent and still meet the proposed new standards. Elec-
trical apparatus is none too good, with a tendency to over-work
it, and for many years an active effort has been made to raise
standards, to fix them so that when the layman buys a 100-h.p.
machine he gets a large and heavy one. The proposed change
would result in his receiving a smaller and lighter machine.

Schuyler Skaats Wheeler: My interest in keeping up, or if
possible, raising the standards for apparatus in this country is
so great that I am impelled to say a word or two about one of the
subjects before the meeting today.

I'am an enthusiast about standards, and about the work of our
Standards Committee. I think it is simpler, and therefore
right, to use a single rating for motors and generators, provided
this is done under proper conditions. But as I see it, the
particular method of applying the single rating which has been
proposed, incidentally has the effect of lowering the standard;
this I am very much opposed to. Electrical apparatus needs
plenty of margin or the adherence to a high standard; it is deli-
cate and liable, unlike almost every other kind of apparatus, to
approach the breaking point without the fact being visible to
the user. The first thing he knows it is gone. For that reason
alone, if for no other, it is desirable that it should have plenty
of margin.

We are in the habit of producing electrical machinery in this
country which, besides the power that it is said to be able to give,
continuously, can give a much greater power for a short time.
Therefore, its real capacity is a little greater than is represented
tothe customer. I think this reserve, or, as Prof. Crocker has said,
factor of safety, should be preserved. I think it is very 1mport-
ant to keep up the margins or factors of safety. I have been
writing and talking on this subject for 25 years. My strong
feeling on this subject really has nothing to do with the question
of single rating by itself. I think it is perhaps a good idea to
have a single rating, but let us provide a lower temperature for
that single rating, as Prof. Crocker has suggested, so that the
machine under the single rating for a given power has to be just
as large as the machine furnished at the present time. This
will entirely meet the objection that I have arisen to speak about.

I do not think we should in America make a smaller machine
for a given power than we now do because the foreigners do. I
think as Mr. Smith said, it would be better to try to induce the
foreigners to come up to our standard.
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I feel that this single standard will probably be put through,
in any event, and, I do not think it worth while to make any
great effort to stop it, as I think that would be useless. But I
do want to go on record as to what my feeling is, so that later on
I can call the attention of my friends to my position.

Philip Torchio (by letter): The main criticism of the two
Sub-committees’ reports is that the classifications by class 4 and
class B insulation with their subdivision in class A-1, A-2, A-3,
B-1, B-2 and B-3 is in my opinion too indefinite for every-day
interpretation by the average user of apparatus.

The second criticism is that the service ratings recommended
by the Committee are impractical for a great class of users of
electrical machinery, like the central stations. I think that in
this respect the Committee has taken too narrow a point of view
of the practical service requirements in making the service rat-
ings. To recommend that “ electrical apparatus be rated upon
a basis of ultimate temperature and that no overloads be specified
except momentary overloads not exceeding sixty seconds *’
is absolutely impractical for a class of apparatus, like substation
transformers, transformers on network, synchronous, converters,
motor-generator sets, etc.

The systems of generation and distribution have up to the .
present been generally laid out on the basis of providing
apparatus sufficient to carry the normal load with some overload
capacity to take care of any occasional burn-out of a machine
on the same bus or in immediate proximity on the distribucing
network.

All of this class of apparatus must have a liberal overload ca-
pacity for more than sixty seconds and at least one or two hours.

On the other hand, the apparatus that is limited in maximum
output, like turbines, can be rated for a maximum temperature
without overload capacity as recommended by the Committee.
I think that this rating is a logical one because the apparatus
is self-protected against excessive overloads and can therefore
be safely rated for the maximum output.

On the other hand, apparatus that is not so inherently pro-
tected against overloads must logically be rated on a more con-
servative basis. To make a constructive criticism of what this
basis should be, I would recommend that the Sub-committee
on ratings be asked to prepare a comparative statement giving
the corresponding capacities of a specific line of apparatus,
like transformers, converters, motors, etc., giving the corre-
sponding values of apparatus rated as at present with 35
deg. rise and 50 per cent overload for two or three hours, and
the corresponding values of some apparatus on the new
rating. By having this tabulated comparison one can then have
a clear idea of what the recommendations of the Committee
mean and so arrive at definite conclusions.

I am sorry that without this comparison between the present
ratings and the recommended rating I cannot make an intelligent
criticism of thelnew basis of standardization.
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I would also recommend that additional information be sub-
mitted by the sub-committee on the Revision of Rules, giving the
effect of vibration, moisture, etc. upon insulation as its reliability
is not only dependent upon temperature but upon these other
causes which should therefore be taken into comsideration in
arriving at the new standards.

Philip Torchio: I sent in a written communication in which
I made criticism of these reports stating that the classifications
of insulation, etc., are complicated and indefinite and that the
single rating without overload is impractical except for apparatus
that is inherently protected against overloads. I further pointed
out that to make a constructive criticism of these reports they
should be supplemented with a statement of how these recom-
mendations compare with the present rating of machines.—In
taking the above position in the matter I don’t want it to be
understood that I am opposed to the single rating, as I do favor
it where it is practical. In fact the company I am connected
with has been credited as having originated the single rating for
turbo-generators, and I remember that in 1905 I wrote for my
employers the first specifications for a single rating on turbines.
This rating has since been quite generally adopted. In this
instance the single rating is a logical one because the turbine is
limited in its maximum output, and also its efficiency is good up
to full output. When it comes, however, to transformers,
synchronous converters, motor-generator sets, motors, etc., the
same limitation does not hold true. For brevity I will not
reiterate what has been said by previous speakers on this point.

You might say that the user can easily adjust himself to the
new conditions by ordering large machines where overloads are
required. However, I think that this would lead us into con-
siderable misunderstandings and troubles. The present
machines which have been built on specifications considerably
more conservative than the present ratings of the A. I. E. E.
have given and are giving considerable trouble. These troubles
have been caused entirely by overheating in localized spots.
There might have been a band that was put on to hold the wind-
ings of the armature which interfered with the proper ventilation,
or there might have been faults of insulation, or the effect of
moisture, dirt or vibration, or many other causes, but the fact
stands out that machines running at probably 70 per cent of the
proposed rating are giving trouble now.

We must give good service to users of electrical apparatus.
It is to the interest of the entire electrical industry to doso. The
central station, the manufacturer, the consulting engineer and
everybody concerned with electricity is interested in giving good
service.

I assume, as do some of the previous speakers, that the new
specifications would make the machines smaller and not as
liberal in design as the present rating. One of the previous
speakers stated the contrary. If such is the case my argument
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falls, but if machines are going to be smaller than they are now,
I don’t think we are justified in making such a departure. I
recognize that the manufacturers have to meet competition in
their export trade, but that is not for us to discuss. I would
emphasize the necessity of consulting with the users and the
central stations by submitting the problem to them in a more
emphatic way than it has been done; perhaps by a circular letter
asking their views and criticism. This matter should partic-
ularly be submitted to organizations like the National Electric
Light Association, the Association of Edison Illuminating Com-
panies and the Street Railway Association, forwarding to these
bodies the Committee’s reports supplemented by the additional
information which I previously suggested, that is, giving a com-
parison in parallel columns the equivalent ratings of machines
rated under the present standards and the proposed standards.

M. G. Lloyd: A fundamental question in discussing ratings
is as to just what the word * rating ”’ is taken to mean and what
distinction is to be made between ‘ rating ” and *“ capacity.”
The capacity of a machine is limited by its ultimate temperature
and this depends upon a number of conditions, such as
room temperature, power factor (when this is determined by
the load), wave form (when this is determined outside of the
apparatus itself, as in the transformer), etc. It has been pointed
out by the Committee that ratings should be based on the ulti-
mate temperature as the limiting condition in the case of most
electrical machinery, but just what distinction should be made
between the capacity of the machine under working conditions
and its rating? Capacity is a variable quantity determined by
conditions. Should a rating also be variable, or should it be a
fixed quantity for a given machine? This question is not clear
in the Committee reports, especially in report No. 2. There
seem to be several references to a determination of rating by
the conditions under which the apparatus is to be used, and not
by inherent factors of design and construction.

My own idea is that rating should be a fixed thing for a
machine. The rating should be expressed for a definite voltage
and definite frequency and should represent the load which may
be carried under given limitations and certain definite condi-
tions, and this quantity will not necessarily mean the capacity
of the machine under any working conditions but only under
some standard condition. For instance, a temperature rise of
50 degrees seems to be favored, based upon a room temperature
of 40 degrees. Forty degrees is higher than the ordinary working
temperatures. Nevertheless, in that case the Committee seems
to have made the distinction that the rating shall be based upon
a standard condition rather than the working condition. Else-
where in the report, however, this distinction is not clear, as,
for instance, in the case of power factor. Consider an alterna-
ting-current generator whose capacity, as expressed in volt-
amperes, is not a constant, but varies slightly with the power
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factor, due to the fact that you cannot always run the excitation
up to the necessary point to get the same amperes from the
machine that can be taken at high power factor. Should a
machine of that kind be rated in terms of conditions under which
it is to be used, or should it be rated in terms of a standard power
factor? As to most of these points, like temperature and wave
form, the implied meaning in the reports is to base the rating on
standard conditions, but with regard to other features, like
power factor, this does not seem to be the case.

Charles P. Steinmetz: I wish to state, first, that there is still
some misapprehension regarding the purpose of this convention.
The sub-committees have endeavored to gather all the informa-
tion and data they could get together, but these are necessarily
incomplete, and the convention was called, therefore, for the
purpose of eliciting such additional data and information as may
be available, and more particularly to reach those classes of engi-
neers who could not be reached, due to the nature of things, by
the members of the committee, and to obtain their ideas. The
class of engineers referred to are, more particularly, the opera-
ting engineers and the consulting engineers. The designing engi-
neers of the country, are grouped together, locally, in a number of
centers, and therefore can be reached and have been reached,
but the operating engineers as well as the consulting engineers
are scattered all over the country, and their views and their
experiences are just as important as those of the designing engi-
neers, but it is more difficult to reach them, because, as a rule,
they do not volunteer information, and there is no place where
you can go and round up, to use that expression, a very large
number of them, and therefore we anticipated by such a conven-
tion as this, by bringing the matter up for final discussion in the
Institute, we would be able, at least to get a considerable number
of operating and consulting engineers to give their views.

In regard to the question of temperature as the basis for
rating, there are two misapprehensions. The first is to mistake
single rating for maximum output rating. The single rating
proposed is not necessarily maximum output rating, and, second-
ly, the single rating as proposed, is not necessarily a higher rating
than the rating which was previously specified with our old
capacity, but may be higher or lower, depending on conditions
of apparatus. Now, what is the purpose of rating? An ideal
specification is to say the apparatus shall operate for a long term
of years without self-destruction. That is the ideal specifica-
tion. In practise, however, certain reference conditions, must
be definitely stipulated. The room temperature must be limited
to a certain maximum, perhaps 40 deg. and the maximum insula-
tion temperature must be limited to a definite value, 100 deg.,
or 150 deg., respectively, according to the class of insulation
employed. Then the specification of the apparatus is that that
apparatus should run indefinitely, and should give a good life,
for any room temperature up to 40 deg., under any conditions of
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operation where the maximum insulation temperature does not
exceed 100 deg. cent. Now, you see that these two limitations
immediately give you a definite power value. It is a definite
value of output, which gives a maximum of 100 deg. cent rise
in temperature at a maximum of 40 deg. temperature in room.
Under any other condition you can take more power out of the
apparatus or less power. What we propose then is, as single
rating, to give the rating which the apparatus would have and the
maximum output which it can carry at a room temperature not
to exceed 40 deg., and with an insulation temperature not rising
above 100 deg.

Now then, if you operate that apparatus at a lower room temp-
erature than 40 deg. you can get a larger output. If you operate
the apparatus for a short time only at 40 deg. room temperature,
you can get a larger output, for time and temperature in insula-
tion, as in many other things, are interchangeable.—It is not
true without further qualification, to state that cellulose fibre
carbonizes at 100 deg. cent., or 120 deg. cent. The carbonization
temperature of self-destruction is a function of time, and the
shorter time allows higher temperature. Now you will under-
stand that what the present proposed single rating means is this;
it gives a maximum of output which the apparatus can carry
continuously at any room temperature up to 40 deg.

Let us compare that with the previous specification of the rat-
ing and overload margin. Under that specification you were no
better off ; the intended margin was not sufficiently definite. When
buying a machine at the old rating, 1.e., at a certain rating with
a certain overload guarantee, you knew much less what you could
get from the machine than you will under the single rating. It
has been said that the machine should have a safe margin of 25
per cent in output. That means, that if you know the machine
must carry a certain load, you will buy a machine rated at that
load. On the old basis you .would buy a machine capable of
carrying a 25 per cent greater load. If it should happen that the
load is steady and you never have any overload, you merely have
thrown away 25 per cent of the output of the machine, and have
spent more money for the machine than was necessary. You have
bought a larger machine than was necessary. If it should hap-
pen that the average load, equal to the rated load, should fluctu-
ate up or down 10 per cent, then you still have an unnecessary
margin of 15 per cent. If it should happen that your load varies
50 or 100 per cent, it means that your margin of 25 per cent is
worthless and your machine will burn out. The margin means
nothing, and you canno: say that you will buy a machine for
that rated load and that it will be safe. What you must do
when using the old rating is to say that the machine has a certain
rating and has 25 per cent overload capacity. The maximum
output required of it is a certain known value. The maximum
output the machine can carry, is 25 per cent overload, and this
is what you require the machine to carry. From this you must
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deduct 25 per cent in order to arrive at the normal rating of the
machine which you require for your purpose. You can simplify
things by leaving out that 25 per cent overload, which is not
overload, and merely say the maximum output of the machine
is so much, or your maximum load is so much, and therefore,
you buy a machine rated at whatever you have to carry. You
see that there is no difference in the one way of rating or the
other one, with the exception that in the old way the Institute
established 25 per cent overload as the average satisfactory mar-
gin. But wherever you do not need the margin you get too large
amachine. Where you need a larger margin, asin the machines to
which Mr. Torchio referred, the machines complained of, you burn
out the machines, and the Institute rules are of no value.
The new proposition is to throw on the customer the burden of
determining the appropriate overload capacity to be provided
in each case. At the present time the industry is far enough
advanced for the operating engineer to know enough to select
his own margin, to know that he must allow no margin in such
a case as the steam turbine driven alternator, and that he must
allow 50 per cent or 100 per cent margin or even more, in such
cases as synchronous motors operating in substations. By the
new method the purchaser can get a machine to suit the conditions
of each case. This was not the case where we had a rating and
allowed a standard uniform overload.

We propose to bring up here for discussion the proposition to
go a step further than heretofore and merely give a single rating,
and then say that from this single rating you have to subtract
whatever margin your particular requirement may need, to
arrive at the size of the machine adapted to the diversified con-
ditions of the industry.

Henry G. Reist: I want to point out that probably we have
become accustomed to rating machinery with large overloads,
due to the long experience with the steam engine. A reciproca-
ting steam engine always had large overload capacity. On the
other hand, the gas engine, and the waterwheel, and now the
steam turbine, are rated practically at the maximum load.
There is a reason for this. The steam engine works with the
greatest economy at about the point at which it is rated. The
overload capacity is not put there for possible overloads which
might come on unexpéctedly, but it is rated at the point where it
gives the highest efficiency. The same holds true with the
waterwheel, the gas engine and the steam turbine, they rate
them at the points where they give approximately the best
efficiency. We should rate electric motors so that they will
have the best average efficiency. At the present time many
electric motors are shamefully underloaded. Running them at
an underload means that the customer pays more for his motor
than he should pay, he has lower average efficiency, and with an
induction motor lower power factor, which means a more expen-
sive transmission line, greater losses on the line, and bigger ma-
chines on the other end. We had a definition given us this morn-

I——
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ing of what an engineer ought to be, or ought to do, and I might
point out that one of the duties of an engineer is to get the most
use out of a given amount of material and expense.

The reason, probably, why motors are used underloaded is
because the customer hesitates to put a greater load on them than
is designated on the name-plate. If his work requires 40 h.p.
he will probably say, ‘“ I will make it safe, and get a 50-h.p.
motor,” and he will run it all the rest of his life at 40 h.p., and
probably under that, and consequently he has poor efficiency
and all the things I have just pointed out.

I was very much interested in the proposed ratings for motors,
that is, continuous and various intermittent ratings. It occurs
to me that the schedule proposed is rather complicated, and I
like much better the one that, as suggested, has been adopted
by the German engineers, simply giving the rating, based on a
run of a certain length of time; that is, it might be 10 min. and
30, 60, 90, as has been adopted by the German societies, or it
might be some uniform increase, which I would like a little
better, such as, for instance, 10, 20, 30, 40, and double that, or
equal values geometrically, between the length of time under
which they are operated. From each of these ratings the counsult-
ing engineer can select the one that is most suited for his work,
after he has definitely determined, as nearly as possible, what the
work to be done is. It also seems to me then instead of giving
them arbitrary letters and numbersas A 1 and A 2,and B 1 and
B 2, they might simply use the length of time that the motor
runs at its rated load as the name by which to know this partic-
1111ar rating. That would somewhat simplify the nomenclature,

think.

I just want to say one other word about the first paper, regard-
ing the recommendation that we consider ultimate temperatures
rather than rises. I must confess I am a little stupid on that
point and do not quite see the difference, because it seems to me
that, if we use an ultimate temperature, we must take some room
temperature as a standard, and it is suggested that this be 40
deg., with which I entirely agree, and that the rise on top of that,
which is recommended, is 50 deg., I believe, which, after all
is a rise of 50 deg. I agree with Dr. Wheeler and several other
gentlemen who have argued for conservatism. I question the
advantage of going to too high temperatures in most cases.
There are exceptions, such as in the case of the railway motor,
and probably in a good many other cases, but when it is not
necessary, let us keep to low temperatures. The difference in
cost of construction between the two machines is comparatively
slight, whether we keep a little lower temperature or go to higher
temperatures; and then, if you use mica or other material for
external insulation, there is always the insulation between turns
which becomes particularly difficult with the smaller apparatus,
where it is difficult to put mica around each small wire of which
the coil is composed. If the coil consists of a few conductors

L
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they may be taken care of, but when you have twenty to thirty,
as we have in many cases, it becomes very difficult, and to me
the only solution at the present time is to keep the temperature
down. Some time we shall probably find insulations that will
stand higher temperatures, but I do not feel that we have them
for general use at the present time.

B.G.Lamme: I shall not undertake to discuss the arguments
brought forward, but I wish to bring out more fully some points
which seem to be very much misunderstood. There seems to be,
in general, a wrong impression about the limiting temperatures
which have been proposed, as some of the members appear to
think that we are advocating raising the present temperature
limits. On the contrary, we are proposing to cut them down.
It is apparently believed that in adopting a temperature rise of
50 deg. cent. that we are insisting that apparatus be built for
that temperature. However, what we actually said was that
the temperature rise shall not exceed 50 deg. measured either by
thermometer or resistance, whichever gives the higher result. We
can keep as far below 50 as we please, depending upon what
margin we wish to allow. We simply say that 50 deg. cent. rise
shall not be exceeded, and that with the limiting air temperature
of 40 deg. cent. the ultimate temperature of 100 deg. cent. in the
hottest part shall not be exceeded. It should be understood,
however, although it is not brought out sufficiently clearly in the
committee papers, that the 10 deg. diffcrence between the
measureable temperature and the actual hottest part should
apply only to ordinary low-voltage insulations, such as 2200
volts and less. For relatively high voltages, with correspond-
ingly thick insulations, a greater difference than 10 deg. cent.
must be allowed between these temperatures.

In the present Institute rules, 50 deg. cent. rise by resistance
is allowed, and on top of this, an overload of 15 deg. higher is
allowed, giving a total permissible rise by resistance of 65 deg.
cent. We claim that that is unsafe, except in those cases where
the cooling air temperature is not over 25 deg. cent., for
65 deg. + 25 +10 deg. internal drop = 100 deg. ultimate,
which is the limit of safety. But taking air temperatures
of 40 deg. cent., then 65 deg. + 40 deg. + 10 deg = 115
deg. ultimate, which we contend is unsafe. Therefore, we pro-
pose to cut out any conditions of the load which will put the ulti-
mate temperature above 100 deg. cent. However, it must be
understood that temperatures above 100 deg. cent. simply
shorten the life of the apparatus, and do not mean immediate
destruction. This shortening of the life, in most cases, does not
show up during the overload condition, as this usually represents
but a small portion of the total operating period. The carboniza-
tion of the insulation, however, usually occurs on the peak load,
and not under the normal operation. We therefore propose to
cut out those conditions of temperature which are liable to have a
material effect in shortening the life of the apparatus.




122 TEMPERATURE—RATING [Feb. 26

It has been mentioned several times that it is a maximum rat-
ing that we are proposing, and it is claimed that the- proposed
single rating and maximum rating are the same thing. However,
it is not our intention to adopt a true maximum rating. I can
possibly illustrate the difference by an example:

Assume a cooling air temperature of 40 deg. cent. and a rise on
top of that of 50 deg. cent. and an internal temperature differ-
ence of 10 deg., giving 100 deg. ultimate. That fixes the limit-
ing rating possible without exceeding the ultimate limit. This
we call the single rating. But with cooling air at zero, with this
single rating we still retain the 50 deg. rise, so that the ultimate
temperatures becomes 60 deg., and not 100 deg. However, under
this same condition, the machine could have a maximum rating
corresponding to 90 deg. cent, rise instead of 50 deg., or the maxi-
mum rating, with air at zero, would be 80 per cent greater than
the single rating which we are proposing. A machine could have
all kinds of maximum ratings, depending upon the air conditions,
whereas, they can have only one single rating, which is fixed in
value by the conditions of air at 40 deg. cent. It seems to me
that this confusion of the proposed single rating with maximum
rating is back of much of the misunderstanding of the subject
which has been expressed here this morning.

As the present Institute rules allow 50 deg. cent. rise under
normal conditions, with 15 deg. higher temperature for overloads,
and as the new method proposes 50 deg. rise as the highest permis-
sible, it is obvious that, in fact, the machine, under this new
method of rating could actually carry as much overload as under
the old method, the only difference being that, under the new
method, we recognize the danger in this overload, and call at-
tention to it, and recommend against it, while in the old method,
we went ahead and blindly guaranteed it. The new rules indi-
cate a definite danger point, while the old rules did not. That
is the principal difference between them.

Alexander Gray: In regard to the two papers presented this
morning, there are several points about which I do not agree
with the writers.

Much attention has been paid to the apparent fact that the limit
of a machine is the temperature rise of the insulation. This may
not always be the case, because the ordinary iron which we use is
not non-aging iron. There is non-aging iron on the market,
iron in which the losses are small and do not increase with time,
but that iron at present is rarely used for revolving machinery,
because it is found that the losses are not reduced as much as
would be expected, and also that such iron is liable to crack when
subjected to long-continued vibration; it is well known that the
long teeth of induction motors, when made with this iron, some-
times break off and damage the windings.

Regarding the temperature limit of 90 deg. which is suggested
for class A insulation, I consider it to be too high. Present
practise calls for a temperature rise of 35 deg. cent. on full load,
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and 50 deg. cent. on 25 per cent overload, for two hours. Now,
it is well known that 25 per cent overload at two hours on the
top of a full load run is equivalent to 25 per cent overload
continuously; that is to say, our present motors will carry
25 per cent overload continuously, with 50 deg. cent. rise, and
will not deteriorate rapidly, but few designers would care to
guarantee 50 deg. cent. rise, measured by conventional methods,
when the motor is known to operate in a room with an air
temperature of 40 deg. cent. I should suggest that, with class A
insulation, the upper limit, measured by conventional methods,
should be put at 80 deg. instead of 90 deg. cent.

In discussing the second paper, the first point I would draw at-
tention to is that all alternators should be rated in kv-a. and not in
kw., even although the power factor be 100 per cent. There is a
great deal of misunderstanding on this point at present. The In- -
stitute rules which we now have, state that a machine of 100 kw.
output and 80 per cent power factor is a 100-kv-a. machine, where-
as in practise such a machine would have a rating of 100 kw., but
would have a kv-a. rating of 125. This point should be em-
phasized and made very clear in the new rules.

With regard to the rating of machines, we have, at present,
continuous ratings, intermittent ratings, and short time ratings.
Our Sub-committee on Rating suggests that this classification
has not been carried out in sufficient detail, and now proposes
to divide machines into two main classes, and six subdivisions in
all. The large bulk of electrical apparatus is built for continu-
ous duty, it being remembered that most machines, and
particularly the copper in the machines, reach their final tempera-
ture in about two hours. That being the case, we have a com-
paratively small number of machines which are operating for less
than two hours continuously, and these, it is proposed, shall be
subdivided into five sub-classes. I consider that this matter
has been carried too far and will lead to endless difficulty. I
have asked several engineers in what class they would put a
railway motor. Many of them said under the heading A 2,
others, again, would put them in class B 2. We can think of
many other cases in which it would be exceedingly difficult to
put the motor in its proper class.

In considering what I would suggest to take the place of these
five classes, I looked over a paper published in the Journal
of the Institution of Electrical Engineers, by Dr. Pohl, and he
suggests that for intermittent ratings an intermittency factor
should be used: an intermittency factor of 4 means that out
of every six minutes the motor would be operating for one minute,
and would be stationary for five minutes; a large number of
applications, such as crane service, have perfectly definite inter-
mittency factors. Now, a 50-h.p. motor with an intermittency
factor of } would operate at 50-h.p. for one minute out of every
six and have an overload torque corresponding to a 50-h.p.
machine, but if this machine be rated at 50 h.p. for half an hour,
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or at 100 h.p. for ten minutes, or at 40 h.p. continuously, what
connection is there between the horse power rating and the over-
load capacity? The new suggestions are far from clear on this
point.

With regard to bearings, considering that a large number of
electrical machines, motors in particular, are in the hands of
inexperienced operators, I do not believe it advisable for the
Institute to recommend that bearings should fall into the general
class of other materials, and have any temperature which will
permit of safe and successful operation. Just as we specify
temperatures in insulation, because the material gives no indi-
cation as to when it is going to break down, so in high-speed
bearings, where there is no indication given that the bearing will
seize, it is advisable in the interests of the public, who in the case
of bearing breakdowns, will be charged with the use of poor oil,
to limit the temperature of the oil in the bearings to 70 deg.
cent., unless otherwise specified in some binding specification.

It must be remembered, finally, that it is not always the final
temperature which limits a machine. The mechanical parts are
built to suit a certain temperature rise, and if machines are
designed for an air temperature of 40 deg. cent., then they will
have considerable overload capacity with an air temperature
of 25 deg. cent., but this overload capacity 1s not available
unless the mechanical parts are sufficiently strong.

R. F. Schuchardt: In gencral I belicve in a single rating,
provided it is the continuous rating, and represents a safe margin.
The other five ratings proposed in the paper of Messrs.
Merrill, Powell and Robbins are undesirable for several reasons.
First, we would have a number of different ratings for the identi-
cal motor, which means in a central station for instance we would
have to carry a large storeroom full of spares where otherwise a
few would do, and the number of motors to be carried in stock
would be multlphed greatly. The continuous ratings should
also be given if it is desired to have any of these special ratings.
Second, the proposed ratings would complicate rate-making,
which is already a pretty complicated matter. The basis gener-
ally adopted for power rates contains a primary charge for the
maximum demand. In motor installations the primary charge
is usually based on the rated capacity of the motors. Now you
can imagine what complications would be introduced in rate
making by such a multiplicity of special motor ratings.

I donot agree with a preceding speaker regarding the use of the
Institute symbol on name-plates. It would be a very grave
error to put this symbol on apparatus, as it would be generally
interpreted as putting the stamp of approval of the A. I. E. E.
on the apparatus which bears the symbol.

There are two minor points which should be changed. In the
paper by Messrs. Merrill, Powell and Robbins the statement is
made: “ Commutating apparatus should commutate not less
than 150 per cent of the rated current.” In railway machinery
this should be * not less than 200 per cent.”
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In a succeeding paragraph the following statement is made:
“All types of rotating machines should be so constructed that they
will operate with safety at an overspeed of 25 per cent above the
maximum rated speed.”” Synchronous converters, particularly,
run away very fast, and the speed may increase at a tremendous
rate, so that should read considerably higher than 25 per cent
for the safe speed limit.

One word more, on the much discussed point of ultimate
temperature. About five years ago we had an experience in a
large central station in the West, during which we burned up a
very large generator, and as a result of that we made some
detailed investigations of the safe temperature limits for the
insulation used on this particular class of apparatus. After
we had carefully studied all of the test results we finally decided
that 80 deg. is the maximum safe point below the knee of the
heating curve which should be allowed, and that point deter-

mined by means of an exploring coil laid along side of the arma-
ture coils in the machine.

The paper of Messrs. Steinmetz and Lamme recognized the
fact that there may be hot spots as much as 10 deg. higher than
the measured temperature. We also assume that there might
be hot spots even above this exploring coil measurement but we
do not feel that it is safe to work on so close a margin as recom-
mended in these papers.

C. E. Skinner: We have all been familiar for quite a while
with the fact that the life of insulating material is a function
of time, temperature and the mechanical conditions under
which it is used. We have endeavored for a long time to
find what is the ultimate upper temperature to which different
classes of insulating material can be operated without getting
into trouble. The German standardization of 80 deg. for cot-
ton insulating material has been referred to. It is very rare,
at this time, to find windings of electrical apparatus which are
not treated in some way so as to bring them into the 90 deg. class
as outlined by the Standards Committee.

J. M. Smith: There is one point which is not at all clear to
me. It has been stated this morning that 90 deg. ultimate
temperature was the hottest temperature in the machine. Mr.
Lamme, both in his paper and his statement this afternoon rec-
ognizes that the hottest spot in a machine may be 10 deg. or
15 deg. higher than the ultimate temperature. This can be
seen by reference to his paper. The difference between these
two points of ultimate temperature is a difference of 10 deg. in
the temperature rise, and it is the difference of between 15 per cent
and 25 per cent in the capacity of the machine. I would very
much like to have this important point cleared up.

B.G.Lamme: I wish to explain one little point wherein there
seems to be some misunderstanding. It has been stated in the
paper on “ Temperature and Insulation ” that a limit of 100 deg.
to 105 dez. was allowed for fibrous insulations. I do not find
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any place where 105 deg. is either mentioned or indicated.
deg. to 15 deg. is mentioned as the possible internal drop, bu
15 deg. is tied up to 85 deg. This higher internal drop ref
simply to cases where there was heavier insulation than ir
ordinary moderate voltage machines. It was not brough
plainly enough in the paper that with very high voltage mac]
the internal drops should be considerably higher than indic:
possibly 20 deg. to 25 deg. Where 25 deg. internal drc
liable to be found, then, with fibrous insulations, 75 deg. n
urable temperature would be the limit, and not 90 deg.
should always be borne in mind that where the ultimate tem,
ture limit is fixed, the internal drop must be subtracted from
to give the measurable temperature, and this may be 90 de
some cases, while in other cases it may be 80 deg., or eve
deg. depending upon the type of apparatus.

James Burke: If there is one point of more importance
another that has been brought out in these papers, I think
the viewpoint which has been put on record that we haz
recognize hot spots rather than any other temperature c«
tion. I think a great deal of the discussion has been bro
about due to the difference between the two papers. Accot
to one paper, we can rate machines higher, according to the ¢
we would have to rate them lower. So if we are discussing
paper of Dr. Steinmetz and Mr. Lamme, we can come tc
conclusion that we may rate machines higher than the pr¢
commercial practise. If we discuss the paper by Messrs. Me
Powell and Robbins, we are in the class of conservatism w

" has been advocated by so many speakers here and previous]

In the paper by Dr. Steinmetz and Mr. Lamme they
attention to the fact that with fibrous insulation 100 deg. sh
be the maximum temperature, and then they assume 10
for the difference between the maximum hot spot and
conventional measured temperature, and then come to the
clusion, when you measure temperatures by conventi
methods, quoting their words, as follows: ‘“ The conventi
methods of temperature measurement, as by resistance an
thermometer, do not usually give the maximum temperat
but give either the average or the outside surface values,
when measuring the temperature by these methods, which
the only ones generally applicable, an allowance must be mac
windings for possible local higher temperatures.” Now, i
consider that the 100 deg. hot spot recognized in that p
allows 10 deg. for some temperature gradient, leaving 90
ultimate by conventional methods, with an air temperatur
40 deg., we have 50 deg. increase by conventional meth
That is the same as the existing rule of the Institute that
been in force for several years. It is not, however, in line
what the commercial practise has been. The commercial p
tise has been 40 deg. or in some cases 45 deg., so that if we ¢
pare the present commercial practise of 40 deg. with this
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posed 50 deg., we can rate our machines up, as Mr. Smith pointed
out, from 15 to 25 per cent. I have made some similar tests
and have found about the same conclusions. This comes from
raising up the magnetic densities 12 per cent and the copper
densities 12 per cent, and 12 per cent increase in current means
approximately 25 per cent increase in copper loss and 25 per cent
higher temperature, making a difference of from 40 to 50 deg.
On that basis, if it is interpreted in that manner, we can rate
machines up, and we are getting away from the direction of
conservatism; but if we take the other paper, by Merrill, Powell
and Robbins, we find that they advocate a maximum temperature
of 90 deg. They say under the heading of * Temperature of
Apparatus,” as to ultimate temperature, the following, ‘a.
Cotton, treated cloth, paper and similar substances which may
fall in this general classification, a maximum ultimate tempera-
ture of 90 deg. cent.” They evidently mean the hot spot temp-
erature. The next thing is, how are we to determine that hot
spot temperature. They do not say how it 1s to be determined,
but they do say, ¢ Temperature to be determined by approved
method as may be specified in A. I. E. E. Rules.” Now, then,
the whole issue regarding temperature comes into that paragraph
of what the A. I. E. E. Rules will be for determining the tempera-
ture. If the Institute Rules adopt a method that really gives the
hot spot temperature, we will have lower conventional method
temperatures than heretofore and more conservative.
. Wehave among the papers to be presented at this convention
one by Mr. R. B. Williamson, who shows one method of calcula-
ting the hot spots or the difference between the temperature of
the laminations and the temperature of the surface of the coil,
and he shows two tests, one his own, presumably with 19.5 deg.
temperature gradient from the insulation, and quotes the test of
some one else who shows 20.60 deg. In addition to that temp-
erature gradient, there is another one from the outside of the
coil to the inside of the coil, that is especially so if the coil is
made up with round wires, with cotton insulation and air space
between. So that with this temperature gradient assumed at 5
deg. added to Williamson’s 20 deg., we would have 25 deg. of
temperature to start with. That leaves us in the case of 100 deg.
ultimate temperature, 75 deg. measured by the conventional
methods, and deducting .40 deg. leaves 35 deg. increase.

This whole question of whether we are going to rate machinery
up or rate it down depends entirely on what the Institute adopts
in connection with this clause, * Temperature to be determined by
approved method as may be specified in A. I. E. E. Rules.” If
we adopt the conventional 10 deg. temperature gradient, we are
making a compromise. If we adopt a method of tabulating and
calculating it for different thicknesses of insulating wall and
different conditions, we are getting down to a more conservative
rating. Difference of opinion seems to be on this point, and I
think it will be determined one way or the other, depending on
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how these temperatures are to be determined. If the Institute
adopts consistent rules for determining that temperature gradient
to the inner part of the coil, the recommendations will be more
conservative, and they will lead to the adoption of lower tempera-
tures measured by conventional methods. I think if these few
points are kept in mind we can come to a complete understanding,
and find that every one is in accord on this subject of tempera-
ture. I think the sentiment of everybody is in the direction of
more conservatism.

Charles P. Steinmetz: I wish to say that in both papers, in
referring to the 90 deg. ultimate temperature, it is understood
to refer to the temperature measured by thermometer or resist-
ance. That is the average outside temperature, and not the
temperature of hot spots which may be 10 deg. higher. Both
papers recognize as the limiting permissible temperature rise,
under extreme, conditions, 50 deg. cent. Therefore, both are
equally conservative or equally unconservative. However, I
wish to draw your attention to one misunderstanding. There
seems to be some idea that the new rule is less conservative in
allowing 50 deg. temperature rise than was the former rule. As
a matter of fact, it is more conservative, because the former A. I.
E. E. specification allowed in electrical apparatus 50 deg. rise of
temperature at rated loads, and in addition allowed 15 deg. more,
or 65 deg. rise, at certain overloads for limited times. Now,
in the new rules we do not permit the additional rise of 15 deg.,
because 65 deg. rise is not safe for all insulations and under all
conditions. If the room temperature is 25 deg. cent., then you
can have the additional 15 deg. rise, and still not exceed safe
temperature limits even for class A insulation. If your room
temperature is 40 deg. cent., you cannot permit 65 deg. rise,
as determined by conventional methods, without exceeding
safety limits for class 4 insulation. The only change which has
been made from the old rules is that of leaving 50 deg. rise as the
maximum standard rise. We no longer allow that additional
15 deg. Thus you see, we have really cut down the permissible
excess rise above 50 deg., leaving, however, the 50 deg. as the
standard which was recognized before.

I want to take issue with one statement, that 50 deg. was the
Institute standard, but the universal standard was 40 deg. When
we consider these lower temperatures, we always think of the
big, the important apparatus, the special high class machinery.
That is all right, if we say that 50 deg. is the maximum permis-
sible guaranteed rise, that does not exclude lower values but
rather makes it desirable for us in this class of machines where we
want to have extra-safe apparatus, and where we have big
machines on which we can afford to spend some money to get
good service conditions. There is no change from 40 deg. to 50
deg. Fifty deg. was the maximum permissible temperature.
Thirty-five to 40 deg. may be specified and has been specified
very largely, and will be specified in the future to suit special
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conditions, but there is a large mass of apparatus in which 50 deg.
has been and is industrially used, and even higher temperatures,
which we have to avoid and discriminate against. But the
large mass of apparatus being built to-day, and which has been
built in the past, has a 50-deg. rise, and we never think of it,
because such small apparatus goes out in wholesale quantities.
It is often put out by the smaller manufacturers, and is good
enough at 50-deg. rise, as good as is usually required. We have
to recognize that this apparatus which is being manufactured
wholesale is giving satisfactory service, and we cannot prescribe
the standard for the best class of apparatus only, but we must
have a standard to satisfy all conditions. It is not always realized
that the A.I.E. E. specification, while it gives the maximum per-
missible temperature, does not apply exclusively to the best con-
struction, the very best class. You can get better than the rules
provide, by specifying lower temperatures, but you should not go
higher than 50 deg. rise. If you stipulate specially low tempera-
ture you must be prepared to pay a higher price, and sometimes,
asin large, valuable machinery, it will be good policy to pay the
higher price, but for the vast majority of small machines, the
50 deg. rise basis represents approved practise.

C. J. Fechheimer: It is always well, when considering altera-
tions, to profit by the experience of others. The single rating,
50 deg. standard has been the practise in Europe for a number of
years and European electrical machinery has been used in Mexico
and South America. In Europe the single rating method has
possibly worked out fairly well, because there the operators are
generally men of intelligence and education. Many station
operators in Europe are University graduates. In Mexico, on
the other hand, where the operators are less intclligent, the
number of burn-outs with European machines has been more
frequent than with American machines built on the 40-deg. rise
basis for normal load and with the usual 25 per cent overload.
The 50 deg. single rating method puts the burden of proof for
successful operation upon the operator.

The intelligence and education of the average operator in the
United States is certainly less than that of the European,although
of a higher grade than that of the Mexican. Furthermore, the
indications are that the class of help in American power stations,
mills, factories, etc.—especially the latter two, where generators
and motors are used, will not improve. Therefore, if the single
rating method is introduced, similar conditions will obtain in
regard to burn-outs in this country to those which have existed
in Mexico where European 50-deg. machines have been used.
Even in the Commonwealth Edison Co., where a very intelligent
staff is employed, machines have burnt out, as pointed out by
Mr. Schuchardt. What then may we expect with the higher
rated 50-deg. machines, especially if overloaded as the average
station operator is liable to do?

I wish to call attention to a statement of Mr. Reist to the effect
that with motors underloaded, as they are at present, the average
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efficiency is reduced. I do not agree with this; in nearly all
standard induction motors and commutating-pole direct-current
machines, the point of maximum efficiency occurs at a load lower
than normal with our present system of rating. Furthermore,
the majority of purchasers endeavor to buy machines of such
ratings as will enable them to just carry the load required.
Hence, were the ratings of motors increased by the adoption
of the proposed single rating, the customer would secure motors
of materially lower, rather than higher, efficiency at the operating
load. Although Mr. Reist’s statement applies to the majority
of alternating-current generators, the gain in efficiency by in-
creasing the ratings of the alternators would usually result in
an increase rather than in a decrease in the steam or water, etc.,
needed to orerate the prime movers. Hence, from this point of
view, the eustomer would lose rather than gain, if the ratings of
all machines are increased. -

Philip Torchio: The Committee recommends one rating for
all apparatus. I state again that I have no objection to Mr.
Merrill’s rating of 90 deg. at hot spots for steam turbine genera-
tors and.perhaps for waterwheel generators, but I think it would
be a mistake to use the same standard for the class of apparatus
referred to this morning, which is subject to overloads. For
this latter class of apparatus I suggest 75 deg. maximum tempera-
ture. This would leave 15 deg. for possible overloading, though
the amount of overload may not be specified. I therefore recom-
mend 90 deg. at hot spots for machines which are not subject to over-
load, and 75 deg. for machines subject to overload.

B. G. Lamme: I think some confusion has come from the
fact that the larger internal temperature gradients with high-
voltage machines have been overlooked. Mr. Torchio wants a
temperature of 75 deg. on his high-voltage machines. What he
really wants is 75 deg. measurable temperature. What he is
really after, although he possibly does not look on it that way,
is to keep within the 100 deg. ultimate temperature, for the
machines he has in mind have probably 20 deg. to 25 deg. internal
drop, so that his 75 deg. measured temperature means probably
100 deg. at some point inside the machine. The sub-committee
paper did not bring this point out clearly. We referred to 10
deg. to 15 deg. for low-voltage machines, but Mr. Torchio is
using, to a great extent, high-voltage machines.

That also explains Mr. Stott’s point. He referred to machines
which ran at about 40 deg. by thermometer measurement, with
air temperature not over 35 deg. cent., which would make 75
deg. measured temperature, and he thought 100 deg. ultimate was
unsafe. I know the type of machine to which he refers, and I
think that there is fully 25 deg. internal gradient from the hottest
spot to the point where he could make his temperfature measure-
ment, so that I believe his machines were at least 100 deg. cent.,
and possibly hotter at times.

Mr. Schuchardt suggests 80 deg. as the limit, but in his
machines, if I am not mistaken, exploring coils outside the insula-
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So you can see that the step in advance which we propose to take
involves recognition of the hottest spot and limits the tempera-
ture of the hottest spot to not more than 100 deg. cent. But we
cannot put that in any contract between manufacturer and
customer because there are no means yet to determine the hot-
test spot, and so all specifications must still be based on the
means now available for measuring temperature. This requires
us to allow a lower conventional maximum temperature, say 90
deg. for Class A insulation. That is unavoidable. In short,
we can discuss theoretical matters and the ideal conditions, but
we cannot meel the ideal conditions in practise. That is the
difficulty.

Now, what should be the limiting tempcrature for the hot spot?
100 deg. cent. has been advocated. Personally I believe that the
hottest spot is safe at a higher temperature. Probably 100 to
105 deg. is quite safe, but we have no means yct of detecting the
higher temperature, the hottest spot. And furthermore the
whole question is complicated by the time factor. A tempera-
ture many degrees higher will occasion less deterioration if only
occurring during a few summer days, than will a decidedly
lower temperature if continuously present. We may say that if
you take machines which are run hot, but do not burn out, which
have been running for many years without trouble from heating,
then the highest temperature which exists anywhere in cne of
those machines is the permissible hot spot temperature. But
what is that highest temperature? Originally we imagined that
that was what the thermometer and resistance methods of meas-
urement showed. We have found, by getting more and more
experience, that it is higher, and still climbing up, but I do not
know whether we have, or have not, located the hot spots, and
the fact is that the hottest spot is not a definite temperature
which we can be sure of, but is the hottest spot in those machines
which have been running for many years without burning out.
I believe we are taking a step in advance to recognize this point,
but we are not ready, and nobody is ready, to state what is the
possible permissible maximum temperature for ordinary insula-
tion which may be reached temporarily.

B. A. Behrend: If the hottest spot cannot be found, it is
useless to say that its total temperature may be 100 deg. cent.
If I cannot find it, I cannot guarantee its temperature.

C. P. Steinmetz: You may find it sometime—

B. A. Behrend: If I can find it sometime, then I like to know
it and know its existence. I prefer to know that I am going
to get a machine which will have parts hotter than those guar-
anteed. ’

C. P. Steinmetz: I mean, that you will know it some time
in the future.

B. A. Behrend: It is surely better to know beforehand than
to find out afterward. Since we designers of electrical machinery
appreciate that there exist hot spots, unless we admit their
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existence, we lead the people to think that our guaranty defines
the hottest part of the machine. Let us admit the existence
of concealed hot spots and guarantee a total temperature of 90
deg., and say that this refers to the hottest part of the machine.
It will mean that ninety per cent of all the machines turned out
by the manufacturer will have a readily measurable total tem-
perature of 80 deg. The purchaser will get the advantage of this,
and it seems to me he is entitled to this advantage. Standardiza-
tion must be for the benefit of both the manufacturers and the
user, and therefore let the manufacturer be a little more gener-
ous in his dealings with the customer.

There is one point which I cannot pass over, viz., the adjust-
ment of the efficiency to the power factor for a given rating. In
neither steam engines, gas engines, induction motors, nor alter-
nating-current generators can we say that the maximum efficiency,
the best regulation, or the highest power factor, are at the point
imdicated by its rating. The maximum rating of machinery
places the burden on the user and his consulting engineer, and it
seems to me that twenty years of education should have given
the customer, if not the consulting engineer, an opportunity to
learn how to make allowance for the conditions he has to meet.
If a 50-h.p. motor is a 50-h.p. motor maximum rating, and if I
am a little doubtful as to whether my plant requires 50 h.p. or
55 h.p., I shall take a larger motor. If I wish to use ordinary
cable, or a piece of shafting, or a bearing, and consult a manu-
facturer’s catalogue, I must apply the same reasoning. There
can be therefore no objection to a single rating on this score.
Why the electrical engineer alone should be less able to use his
judgment than the mechanical or the civil engineer it is hard to
see. When we design a bridge we must know the elastic limit
of the materials used in it. The really important issue lies in
the application of the designer’s judgment to the safety factor
to be employed.

I wish to say a word regarding the use of the emblem of the
Institute on the name-plates. It creates the impression that the
stamp of approval of the Institute has been placed on the manu-
facturer’s apparatus, which we know is not so. It is not compat-
ible with the dignity of the Institute. The single rating is a
sound movement, and the only point to be decided is how to use
it, or whether to deceive ourselves into believing that we have
cooler machines than we actually have. I do not approve of any
species of make-believe. If I am to be robbed I want to know it;
and if I am to be deceived, I want to know it also. If I have to
use machines which will show a temperature rise of 115 deg.
total rather than 90 deg., I want to know it. It is perfectly
feasible to embody it in the same scheme now contemplated by
the sub-committee.

R.F. Schuchardt: One more reference to finding the hot spots,
with regard to having the customer find them, as suggested. It
may he interesting to state more of the details of the experience
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mentioned in my previous discussion. At the time of the break-
down of this particular unit to which I referred, the tempera-
tures were being taken according to the specifications in the
contract, and the temperature limits of the contract had not been
reached at the time of the breakdown. The customer then set
about to find the hot spot, and with the permission of the manu-
facturer, put these exploring coils at the place where the design-
ing engineers of the manufacturer said would likely be found the
hottest spots. Then we made tests to find what is the safe maxi-
mum temperature at which to operate that insulation, and we
found this to be 80 deg.

Charles P. Steinmetz: If the designer or the manufacturer, or
anybody else, only knew where the hottest spots are, and how to
find them and measure them, the specification of the maximum
temperature at the hottest spots would be the most satisfactory
to the manufacturer, operating engineer, consulting engineer and
everybody else. Unfortunately, that is not the case. We may
believe that a certain region will be hotter, and even that it 1is
the hottest place, but we do not know that with certainty. We
know that the place which Mr. Schuchardt referred to just now
was the hottest place which could be reached. Quite possibly
somewhere else, at”a place not reached by the exploring coil,
there may be hotter spots, and that is the difficulty.

I sympathize with Mr. Behrend that he does not want to have
something sold to him which is not as described, but if he will
kindly follow the suggestion which we put forward at the be-
ginning of the convention, not to make destructive criticism
but constructive criticism, and tell us how to go to work and
locate the hot spots and how to measure them, he will be a
great factor for good in the advancement of the electrical in-
dustry. But as long as we do not know how to find the hot spots
with any certainty, or how to measure their temperature, we
have to do the next best thing, and measure the temperature in
ways practically available. I belicve it is a step in advance
to recognize the existence of the hot spots, to recognize that the
measured temperature is not actually the maximum temperature,
but that there is somcwhere a higher temperature, and further-
more, to recognize that the highest temperatures exceed the
measured temperature by various amounts, (depending on the
condition of the machine, on the design, on the insulation),
which exceed the measured temperature by 5 deg. or 10 deg. in
some machines, like direct-current machines, or exceed the meas-
ured temperature by 20 deg. (or possibly even 30 deg.) in
other machines, like those with high temperature, high voltage,
heavily insulated, heavy armature coils. But we have reached
something in recognizing that we want the assistance of all
engineers to help us find where the highest temperatures are
located and how to measure the highest temperatures. We will
be glad to standardize the specification of the highest temperature
and the methods to find it, if you can give us some feasible
method of doing so.
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W. L. Merrill: There is quite a lot of discussion on this ulti-
mate and high temperature, and it must be remembered that it
is only due to those cases in which the room temperatures are
40 deg., which is considered as the high limit of room temperature
recognized by the Institute. Anything below that would be a
factor of safety, which you would have in addition to these maxi-
mum temperatures. In taking up this paper, it was my under-
standing that the 90 deg. was to be the maximum ultimate
temperature, as determined by methods approved by the In-
stitute, either at present or in the future, whatever those rules
should be. I think, perhaps, that would reconcile some of this
discussion, and I would like to put in a hypothetical question—
if there is a method determined, or if our present method, plus
a correction which has been mentioned in the papers, were put
into practise, what is the consensus of opinion of the various
gentlemen who have just discussed these papers, or are interested
inthe subject, if the limit were put at 90 deg., if that would meet
their approval, or rather, should it be 100 deg? In other words,
is it 100 deg. that must be the maximum for fibrous insulation
or 90 deg.?

There is one point I want to touch on—the question of bearings.
The sub-committee thought it would be attacked a great deal
more on the matter of bearings, perhaps, than some other things
contained in its report. The question of limiting the tempera-
ture in the bearings of electrical machinery, to my mind,is not
very good practise. Is there any gentleman here who has pur-
chased a steam engine and questioned the veracity of the manu-
facturer as to what the heating was to be in the steam engine
bearing? Is not the same true with waterwheels? Is not the
same true with line shafting, gas engines, or any other piece of
machinery that is purchased, that the question of bearing tempera-
tures is not raised? I have a particular case in mind, which I
think shows the fallacy of limiting the design of electrical ma-
chinery, we will say handicapping the design, by limiting the tem-
perature of the bearings. In the case referred to, vertical water-
wheel-driven units were used. At the time the engineering was
done the waterwheel manufacturer was to supply the thrust bear-
ings. They were put below the generators, and there was no reason
tosuppose the bearings were not all right to carry the load and give
a good account of themselves. By reason of later development,
the man who was to install these units decided to have the bear-
ings on top of the generators, so they now became part of
the electrical equipment, and they had to be designed to meet the
temperature rise of the Institute. It seems to me electrical
machinery should be put in the class of other machinery when it
comes to the question of bearings.

One more point in connection with the bearings—we will
assume that we have a machine in which the engineer has de-
ctided on a 5-in. shaft with a 3 by 1 bearing, making a 15-in.
bearing housing. The rubbing surface of that bearing is long.
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and it might heat beyond the temperature limit set down by
the A.I.LE.E. at the present time. That temperature can be
materially lowered by shortening up the bearing housing. We
could cut it down to a § by 10 bearing, and it is possible to still
lower the temperature of the bearing, and the bearing is not as
good for working as at that higher tempcrature limit. Another
point was the rating of the temperature limits of the bearings at
50 deg. That is a physical impossibility, although we are sup-
posed to do it today. Take the case of a small totally enclosed
motor, a mill motor or railway motor, where the temperature is
practically uniform throughout the whole machine, the bearing
must necessarily be approximately the temperature of the rest
of the machine. On the rest of the machine we are allowed 75
deg. or 90 deg. rise, for non-fibrous insulation, and necessarily
the bearing must go up to that, there is no help for it. I suggest,
Mr. Chairman, that you get an expression of opinion from Mr.
Torchio, and various other gentlemen who have discussed this
paper, if their understanding is tha tthe guarantee of the maxi-
mum hot spot should be 90 deg. instead of 100 deg., whether that
would meet their objection.

Philip Torchio: In summing up the discussion, Mr. Chair-
man, I do not think you have taken cognizance of the point of
view I have been trying to present. There is a serious objection
to using the same limiting temperature cf 85 or 90 deg. (which is
required and allowable for turbo-generators) for that class of
apparatus which is subject to overloads beyond the control of
the operator or user. I want to emphasize the point that vou
cannot unify two distinct sets of conditions. You cannot have
the same rating, the same maximum temperature, for the turbo-
generator and for the synchronous converter or the motor.

Charles P. Steinmetz: I wish to say that when considering
the question whether 90 deg. or 100 deg. should be the tempera-
ture of the hot spots, we should give consideration to the present
existing apparatus, to all those many small motors which are
turned out by the thousands by many manufacturers, in most of
which apparatus, with a room temperature of 40 deg. cent., the
hottest spot is above 90 deg. cent. All of this apparatus would
have to be redesigned, which would be a very serious matter,
not to the big manufacturers, who could easily afford to do it,
but to the small manufacturers, who would have to redesign their
motors and other machines to make them larger.

I would like to know whether the smaller manufacturers would
be willing to rate down their apparatus, or to make them larger,
and bring the limits of temperature to 90 deg., or less, maxi-
mum temperature, where it is now higher. It may not be higher
by the conventional method of measuring, but undoubtedly most
are higher, today, at 90 deg. maximum temperature, on the basis
of 40 deg. room temperature.

W. H. Powell: The motor-generator set referred to by Mr.
Torchio would be classified as A 3—Continued Pulsating
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Service, or under certain conditions as class B 3—Short Time
Pulsating Service. Other limitations prevail besides the ulti-
mate temperature. The recommendation of the committee,
viz., that apparatus be rated on the basis of ultimate tempera-
ture, and that no overloads be specified except momentary over-
loads, applies only to apparatus falling within class A 1—Con-
stant Service, where load is continuously applied.

Charles F. Scott: The fluctuating viewpoints in this discussion

raise the question, what do our Standardization Rules stand for?
What is their purpose? What is standardization? Some things
cannot be standardized in simple terms. For example, a few
vears ago the Standards Committee took up the rating of railway
motors, which were given a * one-hour rating ”’ in our old rules.
A sub-committee undertook a revision; meetings were held at
which engineers from manufacturing and operating companies
and consulting engineers to the number of some fifteen or twenty
were present, some of them among the most prominent men in
the Institute. The matter was discussed first one way and then
another, and we kept getting further and further from a conclu-
sion. We adjourned for a week. Then Mr. Armstrong came
with diagrams and curves to show that the one hour rating was
inadequate and that a certain method was better. Mr. Storer
came with his data to show that something else was best.
Everybody seemed to be conscience-stricken because we could
not come to a conclusion, and tell how to rate railway motors in
a simple sentence or paragraph, and the chairman suggested
that we had better give it up, as agreement seemed impossible.
A member suggested—*‘ Maybe it is impossible, maybe the fact
that the performance of a railway motor, which has to do so
many kinds of service, cannot be expressed in terms which are
simple,is the lesson we have learned in our discussion here.”
Each of those meetings started at four in the afternoon and ran to
seven or eight in the evening, and the outcome was not to express
the rating of a railway motor in two or three lines but to set forth
methods of selecting a motor for given service in a couple of pages
in an appendix to our present rules.

What are we now attempting to do with respect to the rating
of motors? Are we not attempting to express in a few paragraphs
the characteristics of all motors? The types of motors and the
conditions of service are so diverse that it is impossible to make
simple classifications which will be adequate and complete.
Stationary motors must meet a range of service conditions more
extensive and more erratic than railway motors. The latter are
fairly definite in type and in the nature of the service to be per-
formed, and yet they do not admit of any simple method of rat-
ng; hence any elementary or simple classification of stationary
motors must be rather general in its nature. In the proposed
classification, there does not seem to be any discrimination be-
tween series motors and shunt motors, and the divisions of ser-
vice conditions into several classes is only a first approximation,
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as can readily be seen if one selects several specific cases and en-
deavors to adapt them accurately to the proposed classification.
If classifications were to include accurately all conditions, there
would have to be a hundred or more divisions, instead of half a
dozen.

What then do the Standardization Rules attempt to do? I
have been a member of the committee for several years, and,
speaking generally, our object has been to express what is good
practise in definitions of terms and in methods of measurement.
When, however, the Standardization Rules are used by the
operating or designing or testing engineer, they are often re-
garded as something which should be absolute and complete,
and the rules are criticised if they do not seem to meet definitely
each particular case which may arise. The past policy seems to
me to be indicated by this sentence in connection with transfor-
mer insulation tests: ‘“ The voltages and other conditions of test
which are recommended have been determined as reasomable
and proper for the great majority of cases and are proposed for
general adoption, except when specific reasons make a modifica-
tion desirable.” In other words we are not making a set of
specific rules, but we are giving sanction to practises which are
good. It is expected that intelligent common scnse will be used
in applying the Standardization Rules. We see, for example, that
it is good practise not to have the temperature of a motor rise
above a certain limit, but Mr. Merrill has just pointed out the
absurdity in carrying this rule too far and making a bearing of one
temperature if it is considered to be a part of a dynamo and an-
other temperature if it happens to be considered as a part of the
waterwheel.

We are discussing rating; what is rating? It is the assigning
of certain values to express the capability of a machine. These

.values depend upon the quality of its materials, upon its regula-
tion, insulation, temperature, and other factors. All these are
indefinite; they may be expressed in curves. There are no
definite absolute limits like the length of a yard-stick or the
weight of a cubic inch of copper. The selection of the limits
which fix the rating is a matter of judgment. Take, for example,
a completed motor which has lost its name-plate, and attempt to
fix its rating and to determine the volts and amperes and speed
and horse power that should be put upon the name-plate. Tests
may be made, but judgment must be applied in selecting defi-
nite limits.

When a motor is sold, its name-plate joins together two things
—its past history in the factory, which determines its electrical
capability, and the service it can render, which is its mechanical
performance. The motor drives a shaft and the shaft drives the
load. Torque and speed are the two things which the motor
produces, and torque and speed are the things which the load
requires. The requirements of the load are subject to definite
variations in the relations of torque and speed and time. Our
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problem is to specify the capability of the motor in torque and
speed and time in such a way that its adaptation to power service
requirements can be determined. If we were to make classifica-
tions which covered all service requirements in point of variable
load and time conditions, we would have a hundred classes, in-
stead of the half-dozen which have been proposed. Obviously,
therefore, the motor classifications proposed are not complete
and exhaustive, but they simply indicate what a motor can do
under a few typical conditions. This must be supplemented by
an intelligent comparison between the actual service require-
ments and the specified classifications.

What the motor specifications are accomplishing is to define,
more definitely than has been done in the past, what a motor
will do under several sets of conditions. The commercial
engineer must then, with this larger knowledge of motors, make
his selection of the proper motor for his specific case. We are
assisting the seller and the buyer, not by covering definitely the
various conditions of service, but by defining more completely
the capability of the motor. We define what the motor can do
under specified conditions, but we cannot define what it will be
required to do in operating a lathe or a hoist or a pump.

The proposed specifications are general; they do not even
distinguish between series and shunt motors. We simply lay a
good general basis, and our rules cannot be extended much
further, unless different types of motors are treated as we have
already treated the railway motor, by giving to each type an
extended dissertation as to how the selection is to be made for
each type of service.

Comfort A. Adams: There are two functions of rating;
first, to enable the customer to compare the prices of different
manufacturers; and second, to enable the customer, or his
agent, the engineer, properly to choose a machine for a given
duty or service. It is obviously impossible for any set of rating
rules to cover all kinds of service. Those who have had to do
with the choice of motors for a special purpose realize that there
are hardly two cases which would be covered exactly by any
simple system of rating. The important thing, then, is that we
come to some agreement. It is not so important that the chosen
temperature rise be absolutely safe at all times, as it is that we
understand what that temperature rise means. Just in so far
as we know by experience or by computation, or both, what the
difference is between the temperature of the hot spots and that
measured by any particular method that we may agree upon,
can we make intelligent use of the corresponding system of
rating.

I dgo not agree that we must adapt our method of rating to
the unintelligent unadvised customer who buys a machine on
the basis of its h.p. rating, while guessing at the duty. That
class of customer s a rapidly diminishing one, and should not
be made the excuse for saying one thing and meaning another.

———
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Charles F. Scott: What is the relation of the Institute to
buyer and seller? We are a professional body and not a commer-
cial body. It is our function to express what is good profession-
ally. This was summed up in excellent form on the night of
the original discussion which led to the formation of the Stand-
ards Committee, fifteen years and one month ago tonight, when
Dr. Steinmetz said, that standardization came under two heads:
first, a definition of terms, and second, a definition of methods of
tests. We will do well to adhere to this scheme, doing profes-
sional work which directly concerns us and let the application
to commercial work go to others.

Alexander M. Gray: In my previous remarks I attacked the
clause on bearings, and I am still unconvinced on that point.
Shaft bearings are in a different class from motor bearings; they
squeak long before they break down, whereas a motor bearing
gives no warning; and I still contend that the temperature of
the oil in the bearings should be limited to 70 deg. cent. If the
bearings are to be hotter, let us know about it, and put it in the
specification.

I consider that Mr. Behrend is right in the attitude he takes
about the use of the Institute initials on name-plates, but we
should have something on the name-plate to show that the
machines were given a single rating and not one with an overload
capacity.

B. G. Lamme: I have been listening to many statements
which are apparently in disagreement, and I will therefore try
to do some averaging. It seems to me that many of the apparent
discrepancies which have come up, are due to looking at the
problem from a wrong basis. We all think of the temperatures
of machines based on our everyday experience, but our everyday
experience is really at 20 deg. or 25 deg. air temperature. On
that basis we think of a machine which reaches 75 deg. cent. by
measurement as a very safe machine. If, at the same air temp-
erature, that machine is loaded until it reaches 90 deg. cent., we
consider it is beyond the safety limits. That is correct, because,
on the basis of 20 deg. or 25 deg. cooling air temperature, the ma-
chine showing 90 deg. temperature by measurement is an unsafe
one in service, for such machine will probably be at least 100 deg.
cent. at the hottest part, and therefore any increase in the cool-
ing air temperature puts the machine above the danger point.
However, if the 90 deg. measured temperature is always tied up
with the 40 deg. cooling air temperature, then the case is quite
different, for at ordinary air temperatures, the machine then has
only 80 deg. to 85 deg. ultimate temperature. In other words,
when we think of 100 deg. as the ultimate limit with this pro-
posed method of rating, we must always think of the 40 deg. air
temperature in connection with it.

I also wish to emphasize one point, namely, that if the ultimate
temperature limit is set at 90 deg. cent., instead of 100 deg. cent.,
that is, if 90 deg. is to be the hottest spot inside the machine,
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then on the basis of cooling air at 40 deg. cent., a vast majority
of the apparatus now built in this country will not come inside
the new rules, and this applies in particular to many lines of
apparatus which are now thoroughly successful and have given
satisfactory service in every way; that is, if we adopt a 90 deg.
standard as proposed, then we cannot live up to it rigidly with-
out derating a great deal of thoroughly satisfactory apparatus.
This appears to me as one of the strongest arguments against the
90 deg. ultimate limit. If a rule or limit is set so that it will
g;ndenm thoroughly satisfactory apparatus, then the limit must
wron

C. L. de Muralt: Prof. Scott pointed out a moment age that
we are essentially a professional body. That is true, but we are
a unique professional body. Many of our members are repre-
sentatives of the manufacturers. Some may consider this as a
difficulty. I do not look at it that way. I think that we can be
greatly benefited by the presence of the manufacturers and by
the work which they are doing to help us establish these standard-
ization rules. Imagine a strictly professional body establish-
ing standardization rules. It would be much more difficult.

We have really had three different views presented to us at
this convention. We have heard the manufacturer say along
what standard lines he is prepared to build his machinery and
guarantee it. We have heard the operator state what he
thought the manufacturer should do to help him buy machinery
for special conditions. And we have heard the consulting engi-
neer present his particular troubles in bringing the two together.

As a matter of fact, listening in the background, it seemed to
me that all were pretty thoroughly agreed and I think we pretty
nearly accept what Dr. Steinmetz and Mr. Lamme suggest to
us. Two things must be considered in order to satisfy ourselves
on machine rating. One is the maximum overload capacity.
The other is how much of a load, continuous or intermittent, will
the insulation stand? The maximum overload capacity, as I
understand it, has not been touched upon at all in this report,
nor has it been much mentioned today. In most cases it is a
well defined point. We may, therefore, as well limit ourselves
to the question of protecting the insulation. That means
determining the temperature beyond which the insulation will
be damaged, and that is what I understand the sub-committee
reported on. Most of the men who talked on this subject agreed
that we want that temperature laid down definitely. Whether
it be 90 deg. or 80 deg., or 100 deg., is possibly subject to further
discussion, but I think most of us are satisfied that 90 deg. would
be all right and we want the hottest point of any machine to be
not in excess of 90 deg. if it is in touch with the insulation.

Then the only question remaining is the one brought up by
the second paper, namely, how shall we make our ratings so that
the above point is actually taken care of. Many of us have come
to the conclusion that it is not well to have different ratings. It
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is safer to have the manufacturer rate his machines for running
continuously, that is, for the worst possible operating condition
from the point of reaching maximum temperature. Then, if
a certain machine is to be run under different conditions, not
continuously, then it is up to the man who buys that machine,
or to his adviser, to find out how his particular run differs from
the continuous run. This may reasonably be made the subject
for another report by the Standards Committee, or possibly it
may necessitate research investigation by an independent man
presenting a paper, showing how certain specific runs or typical
runs do make the temperature vary. Thus far it is not at all
deﬁmtely laid down by anybody, and simply to anticipate a
certain number of typical runs, that may or may not be met in
actual practise, seems to me, and has apparently seemed to
most of those who spoke on the matter, beside the point.

I maintain therefore that the outcome of this discussion is
that the Standardization Rules should be on the basis of no
point of any machines reaching a higher temperature than 90 deg.
after a continuous run of sufficient duration to brlng about
maximum temperature.

H. M. Hobart: There have been intimations that the manu-
facturer had some object in this matter other than providing for
the best interests of the industry. These intimations were
not put forth strongly, but they have been repeated in several
quarters. I have played different parts in the electrical industry,
and I am now associated with a certain manufacturer, and I am
satisfied there is absolutely no doubt about it, that the manu-
facturer has no greater concern than to get at the best
results for the electrical industry. There is nothing al-
truistic in this standpoint; it resolves itself into a matter of
enlightened concern for the interests of the shareholders. The
manufacturer recognizes that it is a good investment to spend
vast sums of money making investigations, and he thus secures
special information which he gives freely to anybody who will
take the trouble to read it—as I say he spends vast sums to get
at these facts, and it has led his engineers to have certain views
that such and such things are best. They have arrived at these
views as the result of elaborate tests. If it can be shown that
they are wrong, the manufacturer is willing to at once change his
plans. What the manufacturer wants is to promote the very
best interests of the electrical industry as a whole, and he particu-
larly wants definiteness in the matter of standards, some definite
set of standards. That would be arrived at by this single rating
system. If anyone has a necessity for using lower or higher
temperatures, it is simply a matter of slide rule transference, for
him to decide which size of machine he requires. The matter
is far simpler than one would gather from the long, though very
interesting, discussion which we have had about it.

B. A. Behrend: I feel constrained to say a word in regard to
the remarks of Mr. de Muralt and Mr. Hobart. The relation of
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the manufacturer to this Institute is a question I do not intend
to discuss. I do, however, wish to point out one thing, viz., that
the manufacturer is responsible for the old code and for the last
edition of our Standardization Rules, and that the application of
these rules to actual conditions favors the manufacturer. For in-
stance, the ﬁ.p{)lication of the rules to the determination of the
regulation at 100 per cent power factor would give 4 per cent
regulation, while in reality the regulation of the generator may
be 8 per cent. I shall be satisfied with this single reference—
which I made eleven years ago before this Institute while ad-
vocating the same system of determining regulation which you
have now come to recommend. I do not charge, as Mr. Hobart's
remarks would imply, and I do not wish to be understood as
saying that the manufacturer has done this with an evil intent,
as in the end he is responsible for results, and if he sends out poor
machinery he must, and does, make it good.

Comfort A. Adams: It is absolutely impossible to devise a
system of rating which will take account of all kinds of overloads.
The safe limit of measurable temperature differs for different
overloads, since the difference of temperature between the hot
spot and the point at which the measurement is made is greater,
in 8 given machine and with a given hot spot temperature, during
the transient period of a short heavy overload than under steady
conditions, owing to the heat capacity of the insulation. This
is appreciable only in machines of comparatively high voltage
and thick insulation.

A E. Kennelly: It seems to be the consensus of opinion that
a single rating for electrical machines is desirable, based on the
maximum measured temperature attained. Differences of
opinion enter as to just what that maximum measured tempera-
ture should be. It is generally admitted, however, that the maxi-
mum internal temperature of class A insulation should be 100
deg. cent. That internal wall temperature is ordinarily inacces-
sible, and we must at present be content with measurements of
the maximum temperature of the outside wall. The committee
recommends 90 deg. cent., thus allowing 10 deg. cent. for drop
of temperature in the wall. But whatever maximum measured
temperature of the outside insulating wall is adopted between the
limits, say of 80 deg. and 95 deg. cent., some allowance will have
to be made by electrical engineers in ordering large machines,
for the special conditions under which those machines are to
operate. A considerable number of machines may be ordered
for continuous service at their nominal continuous rating under
the new rule; but many machines will call for the exercise of
reasonable judgment. If, for instance, a generator is to be
ordered for a mill, in a cold climate, with the expectation that it
shall have to deliver 1100 kw. and no more, for 10 hours a day,
then a machine of perhaps 1000 kw. continuous rating might be
sufficient; whereas if the generator were to be used in the tropics,
with the expectation of delivering 1100 kw. ordinarily, but with
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occasional demands for 1500 kw., then a 1500-kw. machine 1
have to be ordered. Since, therefore, engineering judgme
the selection of a machine cannot be avoided on any ba:
continuous rating, the exact value of the maximum measu
temperature is of secondary importance. The matter of pri:
importance is some one clearly defined maximum measured

perature to suit the average requirement,-and then data

which the maximum internal temperature of the insulation c:
predicted for large or special machines, from a given assi
schedule of load through the 24 hours.

A. M. Rossman: May I offer a suggestion which, I bel
is in conformity with the recommendations of the sub-comm
on ratings, yet would meet the objections raised by sever:
the operating engincers? The suggestion is, that the rec
mendations of the sub-committee be adopted but that at
same time, a system of factors be established which would g
the purchaser in the selection of the proper size of machine
the class of service it is to perform.

For instance, in buying a new railway synchronous conve
he would buy a machine 1.5 times the rating of his present
chines, provided his present machines were purchased on the b
of 50 per cent overload for two hours. In buying distribu
transformers he would buy for the same duty transformers !
times the rating of his present transformers. We are alre:
used to turbo-generators rated for maximum continuous d
and these would therefore have a factor of 1.

I thoroughly believe in the system of single rating because
the manufacturer builds a machine to meet one definite tempe
ture condition, (2) the consulting engineer bases his accepta
of the machine on a single temperature test, and (3) the purcha
has a common basis of comparison between machines of diff
ent manufacture.

C. E. Allen (byletter): The paper by Dr. Steinmetz and )
Lamme is of greater interest at this time than most of us reali
but it is the writer’s opinion that there are a number of interesti
phases of the subject which they have not touched upon. Th
state that the durability of insulation must be considered frc
two standpoints, ¢.e.—mechanical and electrical. I belie
they should have stated three—the third being the ‘ meth
of preparing and applying.”

As their paper is written more with a view to guiding the futu
than criticising the past, it seems just that they should ha
considered the improved insulation and methods of applicatic
in reaching a conclusion for the basis of a recommendatio:

In order to understand more thoroughly the present and futw
methods, it is necessary to dwell somewhat on the past. Unt
very recently the methods of applying insulations in most ¢
the .classes of apparatus have necessitated the insulation bein
made in more or less of a flexible form, which has resulted in
larger amount of insulation being used than was actually neces
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sary or desirable. By necessary I mean that the uniformity of
the insulation could not be depended upon and that, in order
to be sure of a predetermined value, a greater amount was used,
with the result that an occasional piece of apparatus out of the dif-
ferent classes could be selected which would show a much higher
test voltage than it was actually designed for; yet as a complete
line the average would probably not exceed the designed value.
This increased amount of insulation also had its influence on
the heating of the apparatus and resulted in a less uniform tem-
perature and a greater maximum temperature of some one part
of the apparatus. It was possible for this excess temperature
to vary considerably in different pieces of apparatus of the same
design and it was very possible for this temperature to be ex-
cessive and result in the short life of the insulation and resultant
failure of the apparatus.

This past practise also permitted a defect to be taken ad-
vantage of,in that where occasional pieces of apparatus would
stand a higher test voltage than designed for, many times the
electrical fraternity were led to believe that the insulation value
of a certain line of apparatus, based on a test of one individual
piece, was much greater than the actual average of the line, while
the question of the excessive temperature as a result of this,
which would have a decided influence in determining the life
of the apparatus, was not fully taken into consideration.

The more modern methods of preparing and applying insula-
tion, particularly where mica is used, have resulted in the irisula-
tion being formed into a proper shape and assembled with the
apparatus in such a way as to eliminate any distortion of the same,
which would otherwise be likely to result in a marked decrease
in its insulating value. With these new methods, which also
involve certain new elements in holding the mica together, it
will not be necessary or desirable to use the excessive amount of
material that has been used in the past.

While it may not be probable that one piece of apparatus out
of aline can be selected that will stand as high a voltage as in the
past, yet the average of the line can be depended upon, with a
corresponding reduction in the maximum temperature. This
will not necessarily mean, however, a lower average temperature,
but a more uniform temperature, resulting in apparatus that will
have a longer life.

The new form of insulation and method of application is also
more durable from a mechanical standpoint and is not as readily
injured by the contraction and expansion of the copper and iron
in the apparatus where it is used.

While there is no question of a doubt that the later methods
are a decided improvement and an advance over the older meth-
ods, yet it is going to be possible from comparative test, as
formerly pointed out, to deceive a prospective purchaser and
demonstrate to him, on the basis of one piece of apparatus, that
the standard is not as high as it has been in the past. It is,
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therefore, very desifable that that patt of the electrical fra
hity fepresenting the central stations, as well as that part re-
Senting the manufacturers, cooperate with the Institute &
mittee and follow out its adopted standards.

When considering that this organization represents the fi
most talent in the world, its recommendations should be ta
verbatim and every central station and manufacturer shc
insist upon meeting only the A.I. E. E. standard, and
permit a higher value in one characteristic at the sacrifice
another. If this is followed out the result is going to be m
satisfactory to the electrical fraternity as a whole.

E. A. Wagner (by letter): If we were able to build up €
trical apparatus with homogeneous insulating material throu
out, there would be no difficulty about classifying differ
electrical apparatus as outlined in the paper on “Temperac
and Electrical Insulation.” It seems to me that it would be
cidedly difficult for anyone to determine whether some clas
of apparatus would be class A, Bor C. This is particularly t:
of the proposed class A and class B apparatus. Take the c
of generators in which the slot insulation is made up of m
or asbestos, or equivalent refractory materials. In these sl
there are windings made up of the cotton covering which co
under the class A. An injury to the insulation between tu
would put such a piece of apparatus out of business, yet wot
not necessarily communicate a ground to the core. The sa:
thing holds true of certain makes of transformers. It might
argued that if there is any cotton present at all, then the appai
tus belongs to class A. If this is the case, then it wpuld sec
that the classification should be limited to two, one class whi
can burn out, another class which cannot, the latter class rep:
senting rheostats, heating elements, etc.

In the case of stationary transformers, the paper on rati
loses sight of one important class of transformers whi
I think should be considered in the Standardization Rul
I refer to auto-transformers, sometimes called compensato:
It has been the practis2 in some cases to rate these devices 1
the amount of the work transformed, considering this as the ou
put. However, in any device we must consider the output
kilovolt-amperes as the product of volts and amperes d
livered at the terminals, without regard to the work
transformation taking place inside of the case. It will, ther
fore, be seen that we have two methods of rating suc
a device, and the practise has recently been adopted of ratir
these devices both in kilovolt-amperes transformed and kilovol
amperes output. I believe this method of rating provides for t}
classification of the apparatus, both from the standpoint ¢
apparent work done and actual work done. One rating withot
the other can very readily be very misleading, and I think th
Standards Committee should include a classification of thi
kind in the revision of the rules.



1913] DISCUSSION AT NEW YORK 147

G. L. Stadeker (by letter): Although it is evident that a new
system of ratings is highly desirable at the present time, it is
advisable to make these changes slowly instead of confusing
the vast number of buyers of power apparatus, who have but a
slight technical training, by making several radical changes all
at the same time. :

The first step would be to change the method of rating as sug-
gested in the paper under discussion by establishing the output
on an ultimate temperature, instead of on a temperature rise,
basis. But the suggested change in rating of motors, from the
horse power to the kilowatt basis, would create considerable
confusion. For instance, assume a motor-generator set, rated
at 10 kw. This would ordinarily mean that the generator is 10
kw. There could be no misunderstanding in the present method
of rating. But under the proposed system, a motor-generator
set could be rated at 10 kw. when the motor driving the set was
rated at 10 kw., with the result that the generator itself could not
have a capacity exceeding 8% kw. or 9 kw. This is one possible
source of confusion.

Another source of misunderstanding, if motors are rated in
kilowatts instead of horse power, is that the general public
would probably assume that a one-kw. direct-current motor
could be used as a generator to develop one kw. This would
not be true. For instance, the ampere capacity of a 10-kw., 230-
volt generator is 43.5 amperes. If this machine operated as a
motor on a standard 230-volt circuit it would have a capacity
of only 43.5 amperes at 230 volts, whereas a 10-kw. 230-volt
motor should have a capacity of 50 amperes (assuming an effi-
ciency of 87 per cent). The 10-kw. generator could, therefore,
be only rated at 8.7 kw. as a motor. Although the reasons for
this are perfectly clear to the engineer, it would be confusing to .
the non-technical public, inasmuch as both generator and motor
are given the same rating. This condition represents an ap-
parent inconsistency in the new method.

Until the new system of temperature ratings has thoroughly
adjusted itself, we should continue to use the horse power as
the unit of power.

J. W. Welsh (communicated after adjournment): From the
standpoint of the operating engineer, any method of rating ap-
paratus in which the full load continuous output can be secured
only at the expense of attaining the maximum permissible tem-
perature rise, hardly appears to be a safe basis of operation.

In eliminating all overload ratings for continuously rated
apparatus it is believed that too radical a step is being taken.
There are certain usages where this is less objectionable than
others. For-example, in a large generating station where the
load is comparatively steady it is possible to operate amachine
continuously at its maximum rating. At the other end of the
system and at intermediate points where the diversity factor is
lower, the fluctuating nature of the load as well as the prominence

I
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of the peaks make an overload capacity in the apparatus highly
desirable.

The maximum capacity required is determined by the peak.
It is believed that for the same materials and ultimate tempera-
ture in a given piece of apparatus, a greater ultimate rating on
the basis of a short peak can be given, than would be permitted
for the maximum rating on a continuous full load basis. In
other words, a maximum-rated machine, if operated at less than
rating, skould pull an overload above its maximum continuous
rating for a short time with the same ultimate temperature.
Moreover, as brought out in the paper of Dr. Steinmetz and Mr.
Lamme, if the same ultimate temperature is attained both with
peaks of short duration and for continuous operation, the life
of the apparatus is increased in the former case.

A further objection to rating up apparatus to its maximum
continuous output, is the bad effect on certain operating charac-
teristics, such as the starting and running torque of motors, the
commutating limit in d-c. apparatus, etc. The values proposed
for these are considerably less than those which were guaranteed
in specifications under the present rules. From this it appears
that the margin of capacity has been cut down here as in the case
of temperature rise. In other words, it is difficult to secure good
operating characteristics at what amounts to overload on the
old basis.

The recommendation is therefore made, that the full load con-
tinuous rating be fixed on such a basis as will still permit of
overload ratings for a one-hour or two-hour peak in addition to
the momentary overload. The ultimate permissible temperature
should then be adjusted to meet these ratings.

Referring now to the report on Method of Rating Electrical Ap-
paratus,in specifying the ultimate temperature as the basis of ra-
ting apparatus rather than the temperature rise, it is believed the
exactness of the specified rating is sacrificed. If the ultimate
temperature is fixed, it is also necessary to fix the temperature
of the cooling medium. If, for example, the ultimate tempera-
ture is fixed at 90 deg. cent. and the cooling air at 25 deg. cent.
the temperature rise is 65 deg. cent., which will certainly permit
of a greater rating than if the cooling air is taken at 40 deg. cent.,
which corresponds to a 50-deg. rise.

While it is possible to measure the ultimate temperature of
apparatus with a considerable exactness, it is believed that the
determination of the true temperature of the cooling medium
will be found more difficult.

The temperature of the cooling medium should be taken as
that of the outside air when this is brought in through ducts for
cooling purposes. To take the room temperature immediately
surrounding the machine appears to be charging off the temp-
erature rise twice, since the room temperature is the result of
the fact that the heat given off from the apparatus has raised
the temperature of the cooling medium. The room temperature
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in this case has no more bearing on the situation than has the
hot temperature of the cooling water leaving a water-cooled
transformer.

In case of apparatus operated without forced ventilation it is
obviously unfair to take the air temperature in the immediate
vicinity of the apparatus, since, as in the above case, this repre-
sents a rise in temperature of the cooling medium due to the heat
generated in the apparatus itself. If there is no other heat-
emitting object in the room in which the apparatus is located,
and the natural ventilation through the doors and windows is
such that with the apparatus running at rated load, a constant
temperature gradient is reached within the room, then the case
becomes similar to that of forced ventilation, the only difference
being the rate at which cold air is supplied from the outside.
The temperature within the room will of course vary at different
points, being hottest near the apparatus and coolest at the doors
or windows. In this case also, it is believed that the temperature
of the cooling medium should be that of the incoming air as
measured within the room, near the doors and windows.

Edmund C. Stone (communicated after adjournment):
Operating men cannot take too much to heart the fact, so clearly
brought out in the paper, that each overload producing an exces-
sive temperature materially weakens the insulation of the
machine and shortens its life by a perfectly definite amount.

While the gradient of 10 to 15 deg. of the hottest parts above
the rise obtained by conventional methods is sufficient for ma-
chines of the best design, many manufacturers are offering ap-
paratus having the same temperature guarantees but much less
ventilation. A purchaser, therefore, is not always protected by
a measurement of rise by the usual methods—he must either
actually measure the temperature of the hottest parts of the
machine or be able to judge fairly accurately the value of the
ventilation actually provided.

Machines in the past have been so liberally designed that they
have actually been good for a continuous load much above their
rating. It is now possible to predetermine the performance of
a given design far more closely than in the past. Hence machines
now put out come very close to the guaranteed rise. If, under
these conditions, the full-load guaranteed rise is made the maxi-
mum safe rise of the machine, it is obvious that the customer will
not get as much for his money as heretofore.

Regarding the question of a single rating, it seems to me that
in addition to the rating the manufacturer should furnish a
“ time-overload ’ curve, showing the length of time that a
machine can carry various overloads.

This is of supreme importance because of the sharp peaks that
are a characteristic of many types of commercial load. For in-
stance, one substation has a one-hour peak 35 per cent in excess
of its normal load, during three months of the year only. It
would be needlessly extravagant to buy for this station apparatus

having a continuous rating equal to this peak.

I ——
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For such reasons as this it is impossible for any operating man to
use his apparatus economically unless he has a good knowledge
of its heating characteristics.

William F. Dawson (communicated after adjournment):
Considerable timidity has been expressed over the recommenda-
tion of Dr. Steinmetz and Mr. Lamme to establish a maximum
measurable temperature of insulation made from organic
materials, as 90 deg. cent. The testimony of Messrs. Steinmetz
and Lamme, frequently repeated, that they have found this a
conservative limit should, in view of their great experience,
satisfy most critics.

Their recommendation is to a large extent supported by most
exhaustive and interesting tests made at the National Physical
Laboratory, Teddington, London, for the Engineering Standards
Committee (British), in a paper entitled ‘ Report on Tempera-
ture Experiments ”’ and read by Mr. Raynor and Dr. Glazebrook
before the Institution of Electrical Engineers, March, 1905.

Attention is also directed to a paper on ‘ Temperature Curves
and Rating of Electrical Machinery "’ read at the same meeting
by Mr. Rudolph Goldschmidt, both papers containing illumina-
ting information on the subjects discussed.

The writer agrees with the sub-committee report in regard to
heating of commutators, but would point out that the commutator
connections of many machines, especially those of generators
direct-connected to low-speed engines, and even on many motor-
generator sets and synchronous converters, are of such length
that the nature of the armature insulation can be happily ignored
in placing limits on commutator heating.

When carbon brushes were first introduced on machines which
had previously been supplied with copper brushes, commutator
radiating surface was restricted and the temperature rise of 55
deg. cent. on the commutator was usually guaranteed and ac-
cepted, and proved satisfactory.

The recommendation of the sub-committee in regard to bear-
ings is endorsed, and it is particularly pointed out that bearings,
and bearing oil, can be operated at much higher temperatures
than generally supposed. High temperatures are practically
essential to the operation of high-speed turbine bearings, as the
friction decreases with increase of temperature. With properly
designed bearings and suitable oil and oiling system 100 deg.
cent. may be considered a perfectly safe temperature limit.

The fields of maximum-rated turbo-alternators are so designed
that if 50 per cent overload at standard fractional power factor
is applied the voltage must fall below normal. This is desirable,
as otherwise there will be a tendency to damage the machine
from overloads. The writer suggests that the ‘ reason to be ”
of the 50 per cent overload stipulation and its period are debat-
able. It would seem desirable to allow this overload to permit
the starting of additional machines, in case of sudden and unex-
pected demand for extra current such as occurs in certain localities
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from a sudden thunder-storm or fog. He questions if 60 seconds
is quite sufficient; 2} or 3 minutes would seem more appropriate.

The absence of overload guarantees except as suggested above
is exceedingly appropriate with modern high-speed machines,
particularly of moderate voltage, as the rapid movement of air
notably reduces the thermal ‘ surface drop ’ and makes pos-
sible the comparatively high loading of the copper conductors.
Conditions, however, are different on comparatively low-speed
machines, such as for direct connection to steam engines, gas
engines and low-speed waterwheels. Here the surface drop is
not reduced to the same extent and consequently for continuous
operation the conductors cannot be given the same loading and,
therefore, have a considerable reserve of thermal capacity so that
it would be appropriate to discuss short time overloads, say of
half an hour, or an hour.

The writer endorses the Committee’s recommendation to rate
alternating-current generators in kilovolt-amperes rather than
in kilowatts. He would, however, point out that many turbo-
alternators have their capacity limited by the field, and that, as
even at 80 per cent power factor the field current for kilovolt-
ampere rating has not reached maximum value, the poWer factor
should always be specified. The field current at power factors
varying from 100 to 0, (kv-a. remaining constant) for three
typical turbo-alternators, is indicated by the following table:

Power PFactor Field Amperes
Exampie I: 100 per cent 103.2
90 “ 122.9
8 *« ¢ 129.2
6 « * 136.8
o« = 143.5
Examgple [1: ‘100 ¢ ¢ 85
9 « 101.3
8 * ¢ 106.9
60 « “ 113.0
o= * 118.5
Eaample III: 100 « = 61.3
90 « * 73.5
80 ¢ ¢ 77.8
e « = 82.0
o« ¢ 86.5

Synchronous converters are susceptible to additional heating
from wattless currents, and when intended for use in part as
synchronous condensers the requirements should be carefully
specified.

Philip Torchio (communicated after adjournment): In con-
formity with the understanding at the meeting of February 26
that certain parties should submit in writing their further com-
ments on the proposed revision of rules and rating, I beg to
state the following:



152 TEMPERATURE—RATING [Feb. 26

There seems not to have been any substantial difference of
opinion upon the question of substituting a single rating in place
of a normal load rating with overloads, provided the rating were
sufficiently conservative. From the discussion at the meeting
it developed that there is a substantial discrepancy in the re-
commendations of the two sub-committees.

Messrs. Steinmetz and Lamme’s committee recommended ‘“a
maximum rise of temperature of 50 deg. cent. by comventional
methods of measurement or 60 deg. cent. at the hot spots,” the
difference of 10 deg. cent. being due to temperature grading in
insulation. On the other hand, the committee on revision of
rating recommended ‘ a maximum rise of 50 deg. cent. at the
hot spots,” which, in accordance with the previcus report, would
be equivalent to 40 deg. cent. rise by conventional methods.

As everybody seems to agree that this difference of about 10
deg. cent. between conventional measurements and actual temp-
erature at hot spots (temperature grading) is about representative
of actual conditions, and as it appeared from the discussion that
it is almost impossible, except for a very expert engineer, to
locate the hot spots, therefore, I do recommend that the conven-
tional metfods of measurement be retained and that 40 deg. cent.
be the maximum rise of temperature allowable by conventional
methods and 50 deg. cent. at the kot spots.

In other words, the standard rating should be based on con-
ventional methods of measurement of temperature, as the ordinary
customer would not be in a position to check the rating of his
apparatus if the elusive hot spots are to be the basis of rating.

In conclusion, I therefore recommend that, to safeguard the
interests of the general consumer of electrical power, the Insti-
tute’s standard rating be based on 40 deg. cent. rise above room
temperature, the measurements to be made by any of the present
conventional methods, also that the machine is to operate at any
room temperature up to 50 deg. cent. without making any tem-
perature correction in determining the rise and that 50 4+ 40 =90
deg. cent. be the maximum total temperature at which machine
be operated.
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NOTES ON INTERNAL HEATING OF STATOR COILS

BY R. B. WILLIAMSON

In the design of alternating-current generators, close inherent
regulation was formerly considered desirable, and the output
was frequently limited by regulation, rather than by heating.
However, with the general introduction of automatic voltage
regulators, close regulation has become less important, and for
some classes of generators it is now recognized that it may even
be very undesirable. This is so in high-speed machines of large
output, in which low reactance is undesirable on account of the
excessive current set up in case of accidental short circuit. The
tendency is therefore towards machines having relatively poor
inherent regulation, and the limiting output of such is fixed by
the allowable temperature rise. It is also becoming common
practise to rate generators, particularly those for connection to
steam or water turbines, on a maximum basis; usually on the
output that can be delivered continuously with a maximum
temperature rise of 50 deg. cent. The tendency is to place the
heating limit at the maximum point to which the machines can
be operated safely for continuous service, thus getting the
maximum output possible from a given investment in generating
machinery. ‘

Assuming the limit of output to be fixed solely by heating con-
siderations, the question arises as to what maximum tempera-
ture is allowable, and to which part of the machine it should refer.
Rotor coils on a-c. generators can, if necessary, be insulated
safely to withstand maximum internal temperatures as high as
150 deg. cent. by using mica, asbestos or similar material. The
excitation voltage is not high and the coils are usually of such
shape that this kind of insulating material can be applied in such
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manner as to make a good mechanical job. With stator coils it
is often difficult to use these materials by themselves on account
of the relatively high voltage and also because of the irregular
shape of the windings. Hence stator coil insulation, in most
cases, contains more or less cellulose material, such as cotton tape,
treated cloth, etc. Opinions differ as to the maximum tempera-
ture at which such material can be operated continuously with-
out deterioration, but a maximum ultimate temperature of 100
deg. cent. in the hottest part may be taken as the limit. It should
be noted in passing that metal parts of a generator, not in con-
tact with the coils, as for example the back of the punchings,
pole tips, etc., might attain a temperature considerably in excess
of 100 deg. cent. without endangering the machine in any way.
Assuming thelimit of output tobesuch that no part of the stator
insulation shall exceed a certain temperature, it is important that
the designer should be able to make a reasonably accurate esti-
mate of the maximum temperature. Thermometer measurements
on machines under test give the temperature of the outside of the
coils and the surrounding parts. Measurements of temperature
by resistance give the average temperature of the copper but do
not give the maximum temperature unless the coil happens to be
heated uniformly throughout its length. In machines having
narrow cores, measured parallel to the shaft, considerable heat
will flow along the copper to the projecting ends of the coils, which
are usually cooler than the part in the slot. On the other hand,
in machines such as turbo-generators and high-speed waterwheel
units of large output, having very long cores, a much smaller
proportion of this heat will pass from the part of the coil located
in the middle of the machine out towards the ends. Consequently
most of the heat liberated from the copper in the slot in the central
part of such machines, should be considered as passing through
the insulation into the immediately surrounding parts. The
highest temperature will thus be on the copper inside the coil and
near the central part of the generator. This temperature cannot
be measured by taking the increase in resistance of the whole
winding, and it is neither safe nor advisable to use temperature
coils inside the insulation of the windings on account of the
danger of insulation breakdowns and also risk in taking observa-
tions. These temperature coils would be directly in contact with
the high-voltage winding, and therefore a source of danger under
regular operating conditions. However, the temperature of the
surrounding parts immediately outside the coil is easily obtained
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by thermometers or temperature coils, and if the temperature
difference between copper and iron can be calculated, the safe
operating temperature for the outside of a coil in any given case
can easily be fixed.

It is therefore very desirable to have some means of pre-
determining this temperature difference, provided the method
can be depended upon to give results close enough for the purpose.
It is with the object in view of bringing out discussion and results
obtained by others that the following is-offered.

The temperature difference between the copper inside a coil
and the medium with which the outside is in contact, depends
on the rate at which heat is transmitted per unit area of insulating
wall, the thickness of the wall, and the heat-conducting proper-
ties of the insulation. A knowledge of the heat conductivity of
various kinds of insulation as used in generators must therefore
form the basis of calculation of this ‘temperature difference.
Table I shows average values from tests made by Mr. T.
S. Allen, and used by the writer, during the past two or three
years. Tests on various materials have been recently published
by Mr. H. D. Symons and Mr. Miles Walker!, and some of their
results are given in Table II.

It will not be necessary for the present purpose to describe
in detail the methods used for measuring the thermal conduc-
tivity of the different materials, except to state that, in general,
a given amount of power was passed through a known area of
insulating material and the difference in temperature between the
two sides of the wall observed. The specific thermal conduc-
tivity was then expressed in watts per square inch per one deg. .
cent. difference in temperature per onc inch (2.54 cm.)thickness
of wall. This conductivity coefficient is here denoted by k.
It was found in the tests by Messrs. Symons and Walker that cel-
lulose materials, such as cotton, paper, etc., had a considerable
temperature coefficient. For example, the conductivity at 100
deg. cent. was about 12 per cent higher than at 30 deg. cent.
On the other hand, the heat conductivity of mica was found not
to change between 20 deg. cent. and 100 deg. cent.

Assuming that, within the range of thickness used for slot
insulations, the temperature difference is directly proportional
to the thickness of wall, Fig. 1 shows the relation between watts
per square inch transmitted through the insulation, and tempera-

1. Harold D. Symons and Miles Walker, Journal 1. E. E., Vol. 48, May
1912,
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ture difference for one-inch thickness. It is to be expected that
the values of k will vary considerably for different samples of
similar material, but Tables I and II show that, even though the
tests were made by different observers by somewhat different
methods, and on materials that doubtless varied considerably,
the results agree quite well. With a sufficient number of tests

TABLE 1

Description Value of k¢
Watts per sq. in. per 1 deg. cent.
per 1 in. thickness

1. Hornfiber.............c..covvvnnnnns 0.00186
2. Pishpaper...........cooviiiennnnn. 0.00175
3. Empire cloth (not impregnated).. ... 0.00362
4. Empire cloth (impregnated)......... 0.00432
5. Plexible mica (not impregnated)...... 0.00207
6. Plexible mica (impregnated)......... 0.00255
7. 11,000-volt insulation (mica and

emtgire cloth not impregnated)...... 0.00318
8. Same as 7, impregnated............. 0.00432

TABLE I1
Description Value of k¢
Watts per s3. in. per 1 deg. cent.
~ per 1 in. thickness

(Symons and. Walker.)

1. Varnished cloth tightly wrapped. ... 0.00634
2. Presspahn untreated............... 0.0042
3. Rope paper untreated............ .. 0.00292
4. Rope paper treated with Sterling
varnish. ........... ... 0.0042
5. PRullerboard varnished.............. 0.0035
6. Empire cloth and mica--alternate
layers tightly wound............. 0.0053
7. Empire cloth, mica and tape contain.
ing air spaces (see tecst on turbo-
generator referred to)............ 0.0037
8 Built up micanite tube nith about 19
per cent shellac.................. 0.0026
9. Built up micanite tube with about 11
per cent shellac. . ............... 0.0031
10. Solid micaplate................... 0 00915

on a given class of material, there should be no difficulty in
obtaining the value of %, closely enough for the purpose in view.

Fig. 1 shows very plainly the relatively poor heat conducting
properties of air. For still air the value of k may be taken as
0.00052. Thus a layer of air one mil thick may retain the
heat as much as 10 mils of insulation. The great importance
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of excluding air from the insulating wall and the desirability of a
snug fit between the coils and iron are apparent. In estimating
the temperature difference between copper and jron, any air
spaces present must be allowed for in determining the heat con-
ductivity of the wall as a whole.

The effect of minute air spaces is also shown by the tests on
the various materials. The sample of solid plate mica showed a
high conductivity, while various kinds of built-up mica had re-
latively low conductivity. Empire cloth (oiled cambric) is much
better than mica as a heat conductor, principally because the
small air spaces are well filled with varnish. In every case, im-
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ingiron parts. That is, we will assume the worst conditions found
in a long machine where little heat can pass from this part to the
projecting ends of the coils. Ina two-layer arrangement as shown
in Fig. 2, the heat liberated in 2 may be different from that in 1
on account of the difference in eddy current loss.? Also the surface
through which the heat passes to the iron is greater for 1 than for
2, since 1 has three faces in contact with the iron, while the other
has but two. The face of 2 next to the insulating wedge will not
be considered, since the wedge is usually a very poor heat con-
ductor and has considerable thickness.

895 inch

. . 0.
Let r = specific resistance of copper = “Tov ohm per: o

at 100 deg. cent., or —OT(%— at 75 deg. cent.

P S
Py i

NS
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A = cross-section of conductor in sq. in.

I = current in conductor—amperes.

N. = number of conductors per half slot = number of
turns per coil in Fig. 2.

N = number of conductors per slot.

ke = factor by which eddy I* R loss is to be multiplied
to allow for eddy currents.

k; = thermal conductivity of insulating wall including air
clearance (watts per sq. in. per deg. cent. per one
inch thickness.)

4 = thickness of insulating wall in inches measured from
copper to iron and including clearances.

2. A. B. Field, TraNsacTIONS A. L. E. E,, 1905, Vol. XXIV, page 761.
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K = ampere conductors per inch of stator circumference.

W = width of slot.

D = effective depth of slot (not including retaining
wedge.)

S = current density in conductor, amperes per sq. in.

7 = slot pitch in inches.

w = mean width of coil in inches measured to center of
insulation.

d = mean depth of half coil measured to center of insula-
tion.

T3 = difference in temperature, deg. cent., between copper
and outer surface of coil. )
Considering one inch running length of coil, the loss including
eddy currents will be

rI* N k.

Watts per one inch length of coil = — 1)
the factor k, being selected to suit the part of the winding under
consideration.

The mean surface through which this heat passes is
/ forl = 2d + wsq. in.
for 2 = 2 d sq. in.
Hence for 1
_ r p N '3 k‘ t" \
= T Gitwh @
and for 2 . .
_ rPN:kt
Ta= —=4an @)

‘IT = current density in stator conductor (amperes per sq.in.) =S

Hence (2) and (3) may be written

Te= Gavwh @
_ TISN.kt
To= =530, ®)

—
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For most cases it will be sufficiently accurate to treat the slot
and coil as a whole and take the area through which the heat
passes as 2 D 4+ W. The temperature difference then becomes

fNISk.l.'

= a@p+wn ©

In high-voltage machines using a small conductor, or in others
where the design is such as to limit eddy currents to a small
amount, the factor k. can be omitted.

In (8), N I = ampere conductors per slot = ampere conductors
per inch X slot pifch, and

rKr Skt
Ta= oD W)k, @

It is interesting in (7) to note the various items on which the
temperature difference Ty depends. For a generator of specified
voltage and with given insulating materials available, the values
of ¢ and k, are practically fixed within rather narrow limits.
The designer must therefore proportion the slots and fix the cur-
rent density S in relation to the specific loading K in such manner
that T4 will be within the allowable limits. The permissible
value of T4 will depend on the ultimate temperature of the
surrounding parts. Thus for a maximum internal temperature
of 100 deg. cent. and a maximum rise on the iron of 50 deg. cent.,
the outside coil temperature would be 75 deg. cent. with surround-
ing air at 25 deg. cent.; T¢ in this case therefore should not
exceed 25 deg. cent.

On the other hand, if the design is such that the temperature
rise on the iron is only 40 deg. cent under these conditions, Ty
could be 35 deg. cent. for the same internal temperature of 100
deg. cent.

In (7) it should be noted that the smaller the slot pitch t the
lower Will be the value of T4, other things remaining constant.
That is, the more the winding is subdivided the better the condi-
tions are as regards internal heating. However, there is a limit
to which subdivision can be carried without making machines
unduly large and expensive, and unfortunately this is specially
the case in high-voltage generators where the thickness of insula-
ting wall is relatively large. The internal heating of high-voltage
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coils thus becomes a difficult matter to handle, especially in
large turbo-generators, and it is frequently desirable to wind
such machines for lower voltage and use step-up transformers.
In high-voltage units, the value of Ty may be surprisingly large
if care is not taken to keep the current density and specific load-
ing within such limits that the area of insulation in contact with
the iron can transmit the heat without excessive temperature
difference.

As regards the values of T4 obtained by the method here out-
lined, tests. so far as they have been made by the writer, indicate
that the calculated difference can be depended on within limits
cose enough for the purpose. The calculations regarding this
temperature difference are also very useful in comparing the
merits of different designs.

In one case a 6000-kw. waterwheel generator having a core
36 in. (91.2 cm.) long was tested as follows. A temperature
coil was placed in contact with the copper before the stator coil
was insulated. This temperature coil was placed at the center
of the machine and in the part of the stator coil lying in the top
of the slot next to the inner periphery of the stator. Another
temperature coil was placed outside the insulation so that the
difference in the readings allowed the value of T4 to be deter-
mined. The machine was run on short circuit at about 25
per cent current overload until temperatures became constant.

‘ Under these conditions, the two temperature coils indicated a
temperature difference of 19.5 deg. cent. The insulation con-
sisted of a combination of mica and empire cloth, the value
of & being 0.003. The various constants in this case were as

follows::
r = (for 75 deg. cent.) gﬁ? ohms
I =470 S=1675 N. =2 k.= 105
=015 including clearance. d = 1.62in. k& = 0.003
From (6)

_0.83 X 470 X 1675 X 2 X 1.05 X 0.15

2 X 1.62 X 0.005 X 10° = 21.1 deg. cent.

Ty

or 1.6 deg. cent. higher than the observed temperature difference.

I E—
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In the tests by Messrs. Symons and Walker, already referred to
temperature coils were placed in a 5000-kw. turbo-generator and
the observed value of T4 was 20.6 deg. cent. between copper and
iron in the slot. The loss per inch (2.54 cm.) length of coil was
2.26 watts, making due allowance for eddy currents. The mean
area through which the heat passed was 5.3 sq. in. (34.2 sq. cm.),
thus giving 0.427 watt per sq. in. (0.066 sq. cm.). The thickness
of insulating wall was 0.177 in. (4.5 mm.) and k,; thus works out
at 0.0037, which checks very well with thé values found for similar
material when tested in the form of samples.

The writer has other tests on machines at present under way,
but these will not be completed in time for the present discussion
As mentioned above, the problem of internal heating is of most
importance in long high-voltage machines such as turbo-genera-
tors. In case the imbedded part is insulated with mica or similar
heat-resisting material, or if fabric material in combination with
the mica is used simply as a binder and not depended on for
insulation, a maximum internal temperature of 150 deg. cent.
might be allowable. With a maximum rise of 50 deg. cent. on
the iron, and with air at 25 deg. cent., this would allow a value
of Ty as high as 75 deg. cent. for this class of insulation. In any
event, no matter what kind of insulation is used, or what the
allowable value of T4 may be, it is highly desirable that the
internal temperature be predetermined as closely as possible and
limited to such value that deterioration under long-continued
heating will be avoided.
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MEASUREMENT OF TEMPERATURE IN ROTATING
ELECTRIC MACHINES

BY L. W. CHUBB, E. 1. CHUTE AND 0. W. A. OETTING
INTRODUCTION

In some late papers* it has been pointed out that it is not the
rise of temperature, but the ultimate temperature to which the
insulation of electric machines may be subjected, that is the real
limitation in the operation of such machines. Therefore, in the
measurement of temperatures of electric machines, it is the tem-
perature to which the insulation is subjected, and not that of the
copper and iron, which is desired.

In most cases, direct measurements of the temperature of
the insulation in the hottest portion of the machine are prac-
tically impossible; in order to obtain reliable results of such
temperatures, it is necessary to measure some adjacent tempera-
tures and from these derive the desired results. The accuracy
of such tests will depend, of course, upon the temperature measur-
ing device, its nearness to the point to be measured and a knowl-
edge of the temperature gradient between the point measured
and the point at which the temperature is desired. In estimating
the temperature gradient, it is necessary to consider the
sources of heat, the direction of flow, and the thermal constants
of the conducting parts which affect the distribution of heat.

In electric machines the temperatures of the two faces of any
of the insulation will be very nearly the same as that of the
adjacent parts, and the temperature of this intervening insula-
tion will be between these limits (except in rare cases of high
dielectric losses). For example, the insulation on an armature

*C. E. Skinner, Proceedings Association of I. & S. E. E., Oct. 1912.

B. G. Lamme, TraANsAacTIONS A, L. E. E,, page 21, this volume,
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coil will have the local copper temperature on one side and the
local iron temperature on the other side. One or the other of
these may be the higher, depending upon the relative losses in the
iron and copper, the ventilation, and the conductance of the
adjacent paths of heat flow. If at all points throughout the
length of the slot the iron is hotter than the copper, then the
hottest point of the insulation can be measured directly by means
to be described later. If the copper at any point is hotter than the
iron, it is fair to assume that the hottest coil insulation is next to
the copper at the center of the slot. The temperature measure-
ment that can be taken is on the outside of the coil at the center
of the slot, and to obtain the maximum temperature of the insula-
tion it is necessary to make allowances for the temperature
gradient through the insulation.

Obviously the ordinary methods of measuring temperatures
give no exact indication of the distribution of the heat inside of
electric machines. Heretofore special methods of measuring
temperatures have been considered impractical and almost
impossible. Recent developments, however, show that internal
temperatures of electric machines can be readily obtained,
especially those of stationary parts.

PRESENT STANDARD METHODS OF MEASURING TEMPERATURES

1. By Thermometers. This is the most common method in
use. Its chief recommendations are its availability, simplicity
and cheapness. Its usefulness is limited to the temperature
measurement of the external parts of a machine. Consistent
results can be obtained by this method, provided the conditions
under which it is used remain the same. On these conditions
depends entirely the proper interpretation of the results, for any
conclusion based on past experience is reliable only in so far as
the basis of that experience remains unchanged. Wide varia-
tions in temperatures will be obtained, depending on the location
of the thermometers and the method of application to the part
in question. Sluggishness is an inherent characteristic and must
be kept in mind in any application of thermometers. These
limitations will be discussed further under methods of applying
thermometers.

2. By Rise of Resistance. This method is applicable only to
the windings of the machine and obviously represents only an
average result, not distinguishing the hot portions from the cold.
For windings of high resistance, such as field coils, fairly good
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results may be obtained by this method. Although the resistance
measurement does not represent the hottest part of the coil,
since there is a temperature gradient from the center of the coil
to the outside surface, yet in most field coils this gradient will
not be excessive, so that the average temperature, while below
the maximum, will still be a close indication of the safety of the
coil.

In the case of low-resistance windings the results obtained are
far from satisfactory. In the first place, laboratory methods and
apparatus are required to obtain results with any degree of re-
liability. Variations of contact with temperature are continually
entering in, offsetting the accuracy of even the most reliable
measurements. The proper interpretation of correct measure-
ments here is much more difficult than in the case of field coils
of high resistance. With the winding passing through several
zones of temperatures, the average value of the temperature is
but a slight indication of what may be existing in the various
parts. For instance, if the end windings of an armature are well
ventilated so that the temperature of part of the end copper is
but little higher than that of the air, there may be a small portion
of the coil buried in the core which is at a considerably higher
temperature, and yet have but little influence on the total re-
sistance of the winding. Again, a portion of the end windings
may be so packed together and so completely covered by bands,
that the relative temperature rise in this part is high, while the
armature core and the buried copper is at a relatively low tem-
perature. This condition was brought rather emphatically to the
attention of some of us in the case of a large revolving-field
generator. The rises by resistance on the various tests were
consistent and bore a reasonable relation to the thermometer
temperatures, the maximum value being 45 deg. cent. However,
on opening the windings it was found on several of the coils that
the insulation surrounding the portion buried in the bottom of the
slot had been heated to a much higher temperature than that
indicated by the rise of resistance method.

Perhaps the most unsatisfactory results obtained by this
method are those pertaining to the windings of the armatures of
direct-current machines. Temperatures thus obtained are in-
consistent and the least said about them the better.

SepEcIAL METHGDS OF MEASURING TEMPERATURES

1. By Exploring Coils (Resistance Type). This method of
measuring temperatures depends on the fact that resistance of
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most materials varies with the temperature of the material.
There are several methods in use for measuring the resistance of
such coils, any one of which gives results with a fair degree of ac-
curacy. Most of these methods have many complications which
are liable to involve inaccuracies. There have been special indica-
tors devised, however, that enable these measurements to be
made directly and with very few complications. Bulbs of special
forms (suitable for various applications) are manufactured and
may be inserted at any point where it is desired to measure tem-
perature. These bulbs are made with either three or four leads
which connect to suitable binding posts on the indicators. The
indicators have a variable resistance which is adjusted until the
galvanometer of the indicator reads zero. This variable resist-
ance is adjusted and calibrated so that the temperature is read
off directly from the scale on the indicator. The whole apparatus
is convenient for reading temperatures quickly and accurately.

The chief drawback of this method is the expense of the ex-
ploring coils. For high temperatures, platinum resistance coils
are used, and for lower temperatures, coils of nickel wire. These
coils must all be carefully adjusted and calibrated. Likewise
the same leads must always be used in conjunction with a certain
exploring coil; so that if these leads are broken or if it is necessary
to increase the length of the leads, the calibration of the instru-
ment is changed and the correct temperature cannot be obtained
unless a new calibration of the coil is made. To obtain a coil of
small size, such as must be used within the slot of an electric
generator, a considerable amount of fine wire must be used to
obtain the necessary resistance. This makes the exploring coil
frail and is apt to cause breakage. A

2. By Thermocouples. Another convenient method of
measuring temperatures is by means of thermocouples. This
method is used largely in high temperature measurements where
thermometers cannot be used. However, it has not been applied
in low temperature measurements to any great extent because,
until recently, there were no readily portable indicating instru-
ments sensitive enough to give accurate results without trouble-
some corrections or special adjustments of the thermocouples.
To obtain t