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INTRODUCTION

A frequency converter is a combination of two or more machines which converts the power of an alternating
current system from one frequency to another, with or without a change in the number of phases, or in voltage. The
scope of this instruction book is confined to ‘‘fixed ratio” frequency converters in which the frequency on one machine
bears a certain fixed ratio to that on the other machine.

Fixed ratio frequency converters may consist of two synchronous machines or one synchronous and,one induc-
tion machine. The latter type has not, strictly speaking, a fixed ratio between its frequencies due,to the,slight change
in slip of the induction machine as the load changes. However, as the term is used here it/distinguishes between
frequency converters having a ratio of frequencies which is essentially constant and those in which the ratio may
be varied through a wide range by means of auxiliary apparatus. The majority of applications,require a synchronous~
synchronous frequency converter; this instruction book will deal largely with the synchronous type although, where
essential differences exist between the synchronous and induction types, exceptions will be,made to cover the latter.

As discussed in later sections dealing with the flow of power through frequen€y\converters, the synchronous set
cannot in any way affect the transfer of power between the connected systemsmySince,a fixed ratio must be main~
tained between the two mechanically connected machines, the frequencies ofi the two systems cannot change their
relative values. In other words, if the frequency of one system changesjthe‘other must follow it. In the readjust-
ment, however, sufficient power must flow through the set to bring aboutyequilibrium, and before the final con-
ditions are established a transient condition is set up which causes,a surging of power through the set. For instance,
if one system starts to speed up, the machine on that end of the set,willaitry to follow, but the machine on the other
end will endeavor to stay with its system. The result of one maching,tending to speed up and the other holding
back is that the set becomes more heavily loaded. If sufficientdload candbe transferred through the set to relieve
the second system of an appreciable amount of load, the inherent regulation of the prime mover governors will
cause the system to speed up. The first system now supplyingimore load will drop back somewhat and a steady-
state condition between these two extremes will eventually beyestablished. Due to inherent inertia of the systems
and machines involved, however, this point of equilibrium will\be reached only after some oscillatory transfer of
power through the set.

Such transient disturbances take place whenevef the frequency on one system changes, and since it is impos~
sible to hold the system frequency absolutely constant;the frequency converter must be applied with this in mind.
In order to insure satisfactory operation, the_set must be capable of passing sufficient power to cause the smaller
system to follow along behind the larger. Any set has a certain pull-out point, beyond which it cannot be loaded,
and the power surges through the set, duringhe transient condition, must be kept below this point if the systems
are to remain connected. Therefore, it is'filecessary to use a set of sufficient size to keep the surges below this limit.
The exact size depends upon severity of the tfansients, quality of the frequency regulation, type of the prime movers,
characteristic of the load, and the designyof the converter. With so many factors involved, it is very difficult to de-
cide on the size of the set and past experience must be relied upon to give the answer.

It has been found in the past thatjin order to ride through minor disturbances encountered in average operation
and insure adequate performancejthe rating of the frequency converter to tie two central station systems together
should be at least 109, to 157, ofithe generator capacity normally in operation on the smaller system when the prime
movers are mainly steam turbines; and 159; to 209; when the prime movers are mainly waterwheels. Where the
load of the smaller systems consists primarily of railway load the capacity of the frequency converter should be of the
order of 30 to 409, of that System to insure satisfactory performance.

Even With sets ofythis size it cannot, of course, be expected that the two systems will be held together during
major digturbances such as a severe short circuit, but the degree of stability will ordinarily be satisfactory if these
limits are‘adhered to. A fixed ratio induction set will be less likely to pull out, because of the cushioning effect of
the drop in speeddas the load increases. However, the difference is not great and the other advantages of the syn-
chronous set, such as adjustable power factor, high efficiency, constant speed and reversible operation, are usually
considered sufficiently important to swing the choice to a synchronous set.

Frequency converters of the type considered, unlike a static transformer, form only a mechanical and not an
electrical tie between two systems. Any disturbance on the one system is, therefore, isolated from the other, ex-
cept'for the effect of the change in power flow through the set which is ordinarily not important, For instance, the
rupturing duty of the breakers on one system is not affected by the connected generating capacity of the other system.
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Construction
General

The smaller sets are built with the
two machines mounted on a single bed-
plate and with three pedestal-bearings
for supporting the rotors. The shafts
are coupled together solidly with either
cast iron couplings which are pressed
on the shaft ends or, more often, with
flanges which are forged as part of the
shafts.

Large sets have four pedestal bear-
ings with the shafts coupled together
between the two center bearings.

Exciters

Exciters may be mounted on either
or both ends of the set. The exciter
frame is usually supported by a stand
which is bolted to an extension of the
bedplate. This allows the stand and
the exciter stator to be removed in case
it becomes necessary to remove one of
the main rotors for repairs. The ex-
citer armature may be mounted on an
extension of the main shaft or on a
small shaft coupled to the end of the
main shaft. -

Ventilation

Small sets are usually constructed
so that ventilating air is drawn in directly
from the room and, after passing through
the machine, is discharged back intg
the room.

For larger sets the incomingy air
may be drawn through enclosing
end bells which are connected #6"ducts
leading to a source of cool air. After
passing through the machine“the 4air
is discharged through a gingle” epening
in the frame to which a \dfict may be
attached for discharging, thémair out of
the building.

Fans

Fans or blowets are Aattached to the
rotors of most gene€rdtors and motors
to assist in forcing ventilating air
through the machines. In some cases
these are straight radial vanes each of
which 1§ bolted to the rotor. For other
maghines)a completely assembled blower
having inelined blades is bolted to each
sidemef \the rotor. The blades are in-
clined in such a way that they are not
radial, the edge of the blade nearest
the shaft being ahead of the outer edge

in the direction of rotation. It is im-
portant that the set be run in such a
direction that this relation is obtained
since the amount of air delivered by
the fan is greatly reduced when it is
run in the opposite direction.

Bedplates

The bedplates are fabricated from
structural steel beams. For very large
sets it may be necessary to make the
bedplate in sections bolted together or,
to use separate side rails and end rails
which are not joined at the @ermers
but which are mounted separatelyfen
the foundation. Cast iron bedplates
were used formerly but these have been
superseded by the fabricated, stéel strue-
tures. The cross member of thelbed-
plate which carries the, Centeripédestal
bearing of a three-bearing,set is some-
times made removable, This allows
greater accessibility whenWrepairs are
made. Fouf-bearing sets have two
cross members or bridges for the two
center pedestals and these are always
removable, Tt)is sometimes necessary
to support ‘the bridges in the center by
meansfofpvertieal columns which ex-
tend (intg thewpit and rest on concrete
piers, These are bolted to sole plates
dat the bottom and to the bridge at the
top.

Bearings

The bearings are lubricated by means
of oil rings. Therg are openings at the
top of the bearing cap which permit
inspection of the rings. The oil level
can be determined by raising the spring

cover on the sightgholegwhich is pro-
vided on the pedestalgfor, in some cases,
by a sight gauge. 4T heresis a drain plug
which allows allyof the, oil in the reser-
voir to be removed.hFor large high speed
machines it is often necessary to water-
cool the bearings¥ Water inlet and out-
let pipe,connections are attached to the
bearings “in_dshese cases. Large sets
ar@ prowided with a high pressure oil
system for lubricating the bearings dur-
ing starting. A small inlet pipe and a
larger return pipe are furnished with
the' bearing when this system is used.
Tf some cases a gravity oil feed system
is used and an additional inlet pipe is
furnished. The outlet for the gravity
feed system is through the same return
as is used with the oil lift system.

Insulated Pedestals

Slight variations in the magnetic cir-
cuit of an a-c. machine may cause a
periodic change in the amount of flux
linking the shaft. The result of this
is that a small voltage is generated in
the shaft which tends to set up a current
through the circuit formed by the shaft
bearings and bedplate. If such a current
is allowed to flow it soon has a destruc-
tive effect upon the journals and bear-
ings. Small pits are usually formed on
the surface of the shaft and these are
sufficiently rough to score the surface
of the bearing. Occasionally, the babbitt
itself appears to be eaten away by the
current.

To avoid this trouble certain of the
pedestals are insulated from the bed-
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Beating Fedestal
Insulated Bolt-._

Insutated Dowel.

Steel Point

F1G. 3—METHOD OF INSULATING BEARING PEDESTAL FROM BEDPLATE

plate so as to break up the flow of cur-
rent. Usually, the two-end pedestals
are insulated, although this practice
varies with the design of the particular
set involved. A sheet of insulation
about %" thick is placed between the
bottom of the pedestal and the bedplate,
and insulating tubes and washers are
used around the bolts and dowels as
shown in Fig. 3. If water or oil piping
is connected to the bearing, an insulat-
ing union is used. Care should be
taken to see that there is no metallic
connection between an insulated pedestal
and the bedplate. If this precautién
is not observed, the insulation becomes
useless and bearing current is permitted
to flow. Such metallic connection may:
be any of the following: Piping,which
touches both the pedestal and bedplate
and which has no insulating, union;
guard rail; metal ladder set against
the pedestal; tools,left in gontact with
both pedestal and bedplatejfpump or
other device geéared ,to the main shaft.
A break ingthe indsulation may occur
during erection‘due to gareless handling
and it is well to testyfor this with a bell
and battery or with a test lamp. If a
machine has bearing currents it is usually
possible to detect this by placing one
end ofja copper wire on the pedestal
and By, touching the other end on the
shaft'from which sparks can be drawn.
The wire simply shunts part of the cur-
rent which otherwise flows through the
bearing surfaces

Bed Plote

Fiber Washers nsulation Sirip

Micarta Tubes

Many of the smaller sets have very
little tendency to produce bearingycur-
rents and these may beloperated’safely
without pedestal insulation. No insu-
lation is furnished” with machines in
this class.

Movable Stator

When_twafsynchronious sets are to
be operated inyparallel the stator of
eithergithe mtor or generator of at
least/ one ofythe sets is mounted in a
cradle which permits it to be rotated
through ‘a few degrees. This arrange-
ment 1S necessary in order to obtain
the“proper phase relation between the
generator voltages as explained on page
2. When the sets are put into operation
and the correct stator position is found,
the frame is doweled and bolted down
to its cradle base so as to prevent further
movement. In some of the larger sets
it is desirable to rotate the stator during
operation so as to be able to control the
division of load between the sets which
are in parallel. This is needed princi-
pally when one set is being put into
service or when one set is about to be
shut down. To fill this requirement,
a small auxiliary motor and suitable
gearing are used to move the stator
in its cradle. (See page 16.)

Oil Pressure for Starting

The use of a high pressure oil system
reduces the starting friction of large

. frequency- converters and permits the
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use of lower starting voltages and cur-
rents. The equipment consists™of a
four-cylinder pump driven by (a small
motor and the necessary piping, inelud-
ing inlet and return pipes.

The pressure developed by the pump
is about 1000 lbs. per square in¢h which
is suflicient to lift the shaft from the
bearing and provide a_peérfect oil film.

If any of thepbearingsare insulated
from the bedplate the piping connected
to them should;be equipped with insu-
lating unions.

Methods) of Disassembly for
Repairs

The, folléwing general directiops for
removing the stators and rotors or for
making them accessible for repairs
apply“to machines of standard design.
For7sets having special constructional
features, there may be exceptions to
these rules.

Large Four-Bearing Sets

‘Remove the bearing and pedestal
which are between the main coupling
and the machine to be repaired. The
weight of the rotor can be supported
from the coupling when the bearing is
removed. Remove the bridge on which
the pedestal rests, and if there are sup-
porting columns under the bridge these
must be taken out also. The end bells
should be removed and the stator shifted
toward the center until the windings
are clear of the rotor. Both rotor and
stator are then accessible for repair.

Three-Bearing Sets

(a) For cases in which either of the
rotors is too large in diameter to be
entirely removed from the stator, due
to interference with the end member
of the bedplate, the center bridge is
made removable. This allows the center
pedestal and bridge to be taken out and
the stator of either machine to be shifted
toward the center a sufficient distance
to clear its rotor. The coupling bolts
should be removed before the bearing
is taken out so as to prevent an excessive
strain on them. The rotor of the ma-
chine to be repaired should be supported
at the inner end by a rope from a crane
or by jacks or blocking from below. The
other rotor may be allowed to rest
against the stator.

(b) When both rotors are small enough
in diameter to clear the bedplate the
center bridge is not removable and .the
rotors should then be taken out of the
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stators in a direction away from the
center. If there is a direct connected
exciter it is necessary first to remove the
exciter frame and its supporting stand.
If the exciter rotor is coupled to the
main shaft it should be removed also.

Leads

The arrangement of leads for various
type of windings is shown in Fig. S.
The leads are brought out normally at
the bottom of the frame on the collector
end of the machine and are equipped
with terminals into which the purchaser’s
cables may be inserted.

Phase Sequence

The phase sequence, or phase rotation
as it is sometimes called, is in the order
of T,, T. etc., when the mechanical
rotation is in a clockwise direction
viewed from the collector end of the
machine. When the rotation is counter-
clockwise, viewed from the collector end,
the phase sequence is in the reverse
order. Since the collector of each ma-
chine of a frequency converter set is on
the outside end, one machine always
rotates clockwise and one always rotates
counter-clockwise.

Westinghouse Frequency-Converters

Installation

General

The following instructions and pre-
cautions are intended to aid in the in-
stallation of frequency-converters. In
many cases the instructions are of a very
general nature since the wide variety
of types and sizes and the numerous
special features that may be included
make it difficult to give detailed in-
structions that are applicable to all
units. The services of an experienced
erection engineer are invaluable and
must be relied upon for a great many
of the details of installation. For dia-
grams of connections, see Figs. 18
and 19.

Foundations

The foundation should consist “of
solid concrete walls or piérsmwhenever
postible and should be carriedydown®far
enough to rest on a solid'sub bage. A
competent engineer who 18 familiar
with local conditions ‘should lay out
this part of the wogk.9lf it'is necessary
to support the bedplate on steel work
instead of (onerete, (thefgirders should

Fi1G. 4-~STATOR—SPRING MOUNTING

be well braced and supported by columns
so as to prevent vibration.

The pits beneath the machines should
be made deep enough to give plentyw6f
working space for connecting the leads.
They should be properly drained and
if possible should be ventilated:

3Phase
Star or Delta Single Prase

%S
D

3l ren
3Phase, star or
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Spring Mounted Stator

Spring mounted stators, shown in
Fig. 4, are used for large single phase
synchronous machines. All single phase
generators develop an oscillating torque
which in machines of certain sizes and
speeds results in a severe vibration of
the bedplate and the surrounding struc-
tures. In order to overcome this diffi-
culty the stator is mounted on a set of
springs, consisting of rectangular bars
of steel, which prevents the vibration
from reaching the foundation.

Erection

Addenda
Aligning Motor-Generator Sets

When considering the installation of
motor-generator sets, such apparatus
may be divided into two general classes,
namely:

(1) Units shipped assembled.
(2) Units shipped unassembled.



Each class may again be divided into
two-bearing and multi-bearing units.

Two Bearing Units—The aligning and
leveling of two bearing units that have
been shipped assembled is a relatively
simple operation. The unit should
be placed on the foundation with
the bedplate resting on steel plates,
shims or wedges. These supports
should be of sufficient height to permit
satisfactory grouting and they should
be so located that they will carry the
weight of the pedestals, rotor and the
frame without distorting the bedplate.
The unit should be brought into align-
ment with, and also leveled to the ele-
vation of other apparatus or ‘‘bench
marks' as required. The foundation
bolts must have sufficient freedom of
movement to permit such alignment.
The pedestal caps should be removed so
that the bearing alignment may be
checked. Most satisfactory results in
leveling horizontal electrical apparatus
are usually secured by using a very
accurate spirit level on the shaft or
bedplate pads. It is sometimes desirable
to use a piano wire “line” in checking
the alignment of the pedestals or the
stator bore, or in determining if the
bedplate is distorted, but this is seldom
necessary when a two bearing unit is
being installed.

When the alignment (including the
level) is satisfactory the nuts on the
foundation bolts should be tightened
snugly and the level should be again
checked to make sure that the bedplate
has not been distorted. If this chegk
is satisfactory, the bedplate should,'be
grouted. When the grout hasshards
ened the nuts on the foundation belts
should be drawn down tight.

The grouting should be earried) up
nearly to the top surface ofsthe Bedplate
so as to give rigid supportgfor the
machine, (See Figtre X)x

Multiple Beafing Units—All standard
modern multiple gbearing” motor-gen-
erator sets are;made with two separate
shafts bolted together by the use of
flanged couplings. These couplings
may be either of the pressed on type or
with half couplings forged integral with
the shaft.

Multiple bearing units may be clas-
sified for methods of shipment and align-
mentias:

1. Small motor-generator sets.
2. Large motor-generator sets.

Westinghouse Frequency-Converlers

Small Motor-Generator Sets—Stand-
ard units of this classification are pro-
vided with three main pedestal type
bearings. = When additional bearings
are provided for exciters they are usually
of the bracket type. This classification
covers units that may be shipped with
the main elements assembled. They
will have a maximum rating of approxi-
mately 1500 kv-a., although this will
depend to a considerable extent on the
speed, which of course directly affects
the dimensions and weights, which in
turn control the method of shipment.

The method previously described,
for aligning two bearing motor-generator
sets should be used in the preliminary
alignment of three bearing units. Be-
fore grouting the bedplate, however, the
shaft alignment must be checkedf
Since the coupling faces are ,always
machined perpendicularly truel te, the
shaft axis, the shaft alignment can“be
checked very satisfactorily by, loosening
the coupling bolts and ‘‘breaking¥athe
coupling so that a thickfiess Wfeeler)

Pic. X==SeTrING OF STRUCTURAL STEEL
BEDPLATES

gauge may be inserted between the half
coupling faces. The factory allowable
tolerances for such alignment are:—

(A) The difference between the read-
ings at either side—.001" for any
size flange,

(B) The difference between the read-
ings at the top and bottom—not
to exceed .002"" per 12" of flange
diameter, but a maximum of
.004’" for any diameter of flange.

If the opening at the top and bottom
of the coupling faces are not uniform the
larger opening must always be at the top.

When the small motor-generator sets
are being aligned, the adjustments to
secure top and bottom flange align-
ment are made by elevating the ends of
the bedplate. Care must be used to
insure both ends being raised as near as
possible the same amount.

During the coupling alignment the
shafts should be rotated in the bearings
180° from the original checking position
and the coupling separation should be
re-checked at top, bottom and sides to
again prove the shaft alignment and
the truth of the coupling faces,

Large Motor-Generator Sets—As it
concerns shipment _afid) installation
methods, this elassification covers units
that because of weight and dimension
limitations musthbe shipped unassem-
bled. The bedplate’for a large motor-
generatofyset (should be aligned and
leveled and 1t)is usually grouted in before
the varipus parts of the unit are assem-
bled%on 1t.%These parts are assembled
in| accordance with regular practice for
apparatus of this type. The final align-
ment is secured-as described for small
multiple bearing motor-generator sets
except that the bedplate is maintained
level from end to end and the shaft
coupling faces are brought into align-
ment by the adjustment of the bearing
pedestals by means of the use of steel
shims between the pedestal and the bed-
plate pads. The tolerances given for
small motor-generator set couplings also
apply to large motor-generator sets.

Briefly, the steps for alignment are
as follows:—

Small Motor-Generator Sets Ship-
ped Unassembled—

1. Set the bedplate approximately
level.

2. Mount the bearing pedestals, tak-
ing care to match the center line
markings.

3. Mount the stators and rotors in
the conventional manner.

4. Open the couplings enough to
allow checking with a feeler gauge
between the coupling faces.

5. Adjust the alignment to the fol-
lowing allowances:

A. The allowable tolerance at
either side is .001”” for any
size flange.

B. The allowable tolerance at
the top or bottom is not to
exceed .002" per 12’ of flange
diameter with a maximum of
.004"" for any flange diameter.

Note—The adjustments to secure top
and bottom flange alignment are made
by elevating the bedplate. Care must
be used to insure that both ends are
raised an equal amount. If the open-
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ing at the top and bottom coupling
faces is not uniform, the larger opening
must alwaysbeat the top of the coupling.

6. Rotate the rotors in their bearings
180° from the original checking
position and repeat the measure-
ments made with the feeler gauge
to prove the shaft alignment and
the truth of the coupling faces.

Small Motor-Generator Sets Shipped
Assembled—The same steps should be
taken as for sets shipped unassembled
with the exception of 1, 2 and 3 being
omitted.

Large Motor-Generator Sets Shipped
Unassembled—Large motor-generator
sets are to be assembled much the same
as the small motor-generator sets except
that the bedplate must be equally level
at all times.

To secure coupling alignment an equal
amount, as near as possible, of sheet
steel shims should be placed under
both outboard pedestals. The same
tolerances apply to all machines regard-
less of size.

The division line between small and
large motor-generator sets is approx-
imately 1500 kv-a., but will vary to
some extent with the speed.

Insulation Resistance

The insulation resistance of windings
is measured, usually, with an instru-
ment called a megger. This measure-
ment gives an indication of the cofidi-
tion of the insulation particularly with
regard to moisture and dirt. The actual
value of resistance varies greatly
different machines depending onWthe
size and voltage. The chigf valye of
the measurement therefore,is in/the
relative values of resistan@eélof the same
machine taken at, variousfinies. Wur-
ing a drying out rum, for.example, the
insulation resistance rises as the wind-
ing dries oat. Mhen measurements
are made atpegular ifitervals as part
of the maintenaneefoutine, it is thus
possible to detect an abnormal condi-
tion of the insulation and take steps to
remedy it befofe a failure occurs.

The) insulation resistance of stator
windings, of machines in good condition
is usually not less than the following:

Insulation Resistance (in megohms) =
machine voltage
Rated Kv-a. 4 1000
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Protection

The machines should be protected
carefully against moisture both before
and after erection. Water or steam
from leaking pipes, rain, snow or con-
densation from the atmosphere should
be excluded. It is particularly impor-
tant to keep the windings dry since
moisture lowers the insulation resistance
and increases the likelihood of a break-
down. If a machine is brought from
cold surroundings into a warm room,
it should be kept covered until its tem-
perature has risen to room temperature
so as to prevent condensation on the
windings and other parts. (See page 7
for methods of drying out windings.)

Care should be taken in transporting
and handling the machines to see that
the windings are not damaged. A blow
upon any part of the windings 1§ liable
to injure the insulation and result i
a burn out of the coil.

Lifting of the machines by cranes
should be done with the greatest'care.

The stators are usually provided with
lifting holes in the sides of thle frame
into which the crane hooks\may be
inserted. The rotors should beWlifted
preferably with rope slings looped around
the shafts. In no case should the ropes
or chains be allowed to exert pressure
on the windings oxfcollector rings. The
entire set should never be lifted by the
bedplate since“the bedplate has not
sufficient stpéfigth to, carry the weight
except when it/is‘festing on a solid foun-
dation. g2In"the case of small sets which
are shipped, assembled and are to be
lifted%as a whole the crane hooks should
beMattached to the stator frames and
one orgunore pieces of heavy timber
should be wedged between the two
frames at the top to prevent distortion.

Drying Out Windings

If there is reason to believe that the
windings have been exposed to moisture
during shipment or erection, it is well
to subject them to a drying process

F1G. 6—PLATE Re1eR, DETAILS OF LOWER Co1L SUPPORTS AND COILWEDGES
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before putting the machine into regular
operation. The windings can be dried
by passing current through them or by
the use of external heat.

One way of circulating current through
the windings without subjecting them
to full voltage, is to drive the machine
and short circuit the armature applying
enough field excitation to give somewhat
less than full load armature current.
This implies that the other machine
of the set can be used as a dribing motor,
but if both machines are in need of
drying, asis usually the case, thismethod
is not applicable. That is, the drying
process should not involve subjecting
either machine to full voltage.

A second method is to apply a low
voltage, from an external source, to
the armature winding. If the current
is kept down to less than full load cur-
rent there is a possibility that the ma-
chine will not rotate. If it does not
rotate or if it rotates at less than syn-
chronous speed, the damper winding
should we watched to see that it does not
overheat. The field winding should
be short circuited during the drying
operation.

In all cases of drying by means of
current in the windings, the temperature
measured by thermometer should not
be allowed to exceed 65°C. If the tem-
perature is measured by imbedded tem-
perature detectors it may be allowed
to go as high as 80°C. In general,
the drying should proceed slowly at
first and the heating gradually increased
as the insulation dries. It is well €o
take readings of insulation resistance
by means of a megger at intervals jas
this gives a good indication of theystate
of the insulation.

In many cases, it is impracti€able to
dry the windings by heat generated
within the machine and externalphéat
must be used. A tarpaglin ghoeuld be
used to cover thedmachiné and some
sourceof heat, preferablyjelectric heaters,
placed within ghe enclosure. In the
case of machines having gexternal tans
or blowers, the“heatersfcan be placed
in the incoming air stréam.

Operation

Starting a Synchronous Fre-
quency-Converter
IfNthewmmachine is equipped with a
high pressure oil system to reduce start-
fng friction the oil pump should be
stavted first. Full pressure will be

built up, normally, in a few seconds.
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A-C. Self-Starting—Close the starting
switch applying reduced voltage from the
starting transformers to the stator wind-
ings. During this time, the field winding
should be closed through a short-circuit-
ing switch, or, if the motor has a direct
connected exciter, it may be connected
across the exciter terminals. A rheostat
may or may not be in the circuit with the
field in either case. In no case should
direct-current be applied to the field
when the machine is to be started, nor
should the field be left open circuited.

When the machine has begun to turn
freely the oil pump may be shut down.

When approximately full speed has
been attained, the field winding should
be excited. If the field is connected
directly to the terminals of the direct
connected - exciter, the excitation is
applied automatically.

The running switch can then be closed
transferring the machine from'the start-
ing voltage to full line voltage.

The alternative method jof, switehing

to full voltage first and ghen applying

the exciting current, is sometimes used.
With this method, ghete may be less
line disturbances when/the full voltage
is applied if ghe'switching arrangement
is such asfto open the circuit during
the trangfer fordan appreciable interval.

The genesatordfield may be excited
now andgif theygenerator does not par-
allel with/ other generators, the main
line swit¢h may be closed.

It the, generator is to be paralleled
with other generators or with a power
System, it is necessary to synchronize
befere the line switch is closed. (See
Synchronizing.)

This means that the opertaor should
have control of the speed of the prime
movers of one of the power systems so
that the voltages may be brought to
exact phase coincidence before the switch
is closed.

If the generator is to be paralleled
with the generator of another synchro-
nous frequency converter, it is necessary
to bring the voltages into phase, or as
nearly so as possible by the method
described on pages 10 to 16.

Motor Starting—In cases where
system operation will not permit the
Kv-a. inrush required for A-C. self-
starting, a starting motor is coupled to
one end of the shaft. Induction motors
of the variable speed wound rotor type
are used for this service.

8

The control consists of a secondary
resistance with several operating gpoints
secured by panel mounted contactors!
The contactors are closed by a combina#
tion current limit and time accelera-
tion, controlled from the switchboard.

Closing the main circuit bre@ker to
the starting motor gstarts the motor
and completes the circuif“tor the opera-
tion of the “Increase” and ‘‘Decrease’”
control switch on thesecondary control,
In the “Incfease™ position the motor
operated timing reldy is started and
after a definitetime interval closes the
first contactoriwhich cuts out a section
of resistance/ provided the secondary
cufrentiphas decreased to the setting
ofithe current limiting accelerating re-
lay. “The contact of the current limit
relaypis in series with that of the timing
relay and the coil of the next contactor
so that both must be closed before the
contactor operates.

If the control switch is held in the
“Increase’’ position for an instant
then released the control will advance
one step and if held in that position the
contactors will close in the proper se
quence up to full speed of the motor
The ‘“‘Decrease’” operation is the re
verse of the above. In order to have &
visual indication of the steps of the
control equipment a lamp may be
mounted on the switchboard to blink
as each point is passed.

The control is arranged as shown in
Fig. 19 so that if the motor breaker
opens, full resistance will be inserted in
the rotor circuit.

When the speed of the converter has
approalhed synchronous speed the start-
ing operation is the same as given for
A-C, self-starting.

Starting an Induction Motor
Driven Set

An induction motor which is part of
a frequency converter set is usually
started by means of a secondary con-
troller.  Full line voltage is applied
to the stator windings with the start-
ing resistance connected across the
secondary terminals. The controller
decreases this resistance in several steps
as the motor speeds up.

After full speed has been reached,
the synchronous machine should be
excited so as to give rated voltage. If
it is to parallel with other generators
or with a power system, it must syn-

¢Jd
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chronize before the line switch is closed.
If the frequencies of the two systems
are in the correct ratio, or nearly so,
synchronizing will not be difficult. If
the ratio is not correct, it will be neces-
sary to adjust the frequency of one
system.

Synchronizing A-C.
Generators

The condition to be fulfilled in
order that synchronous apparatus may
be connected to a system already
in operation is that the electromotive
forces of the incoming machine and of
the system to which it is connected
shall be approximately the same at
each instant. This requires that the
frequencies be the same; that the two
voltages be equal, as indicated by a
voltmeter, and that the two voltages
be in phase.

The elementary principle employed
in determining when generators, are
at the same frequency and in phasedis
illustrated by Fig. 7 in whiech Ajand
B represent two single-phage genetators.
The leads are connected “to_ switches
C and two series of in€andescent lamps
are connected as _shownd The switches
are left open as thépelectromotive forces
change from the condition of phase
coincidengé to that of phase opposition,
the flow oftedrrent ghrough the lamps
varies from a miniMum to a maximum.

When the electromotive forces of the
two machines are exactly equal and in
phase, the €uirrent through the lamps
is zero. As the difference in phase in-
creases, the lamps light up and increase
te, a“maximum brilliancy when corre-
sponding phases are in exact opposition.
From this condition the lamps will de-
crease in brilliancy until completely
dark, indicating that the machines are
again in phase. The rate of pulsation

of the lamps depends upon the difference
in frequency, i.e., upon the relative
speeds of the machines.

When the voltage of the system is téo
high for any of the synchronizing ap-
paratus it is usual to place voltage trans-
formers between the mfainWeircuits and
the synchronizing circuitshto reduce
the voltage at the switehboardyto safe
limits, as shown in Fig. 9.

If the connections ‘of, either the pri-
mary or secondafy ofgeither transformer
be revered from those shown in the dia-
gram, thle indicationsfof the lamps will
be reversed,/1. e., when the generators
areqin phase, the lamps will burn at
maximdm brilliancy and vice versa.
In gorder “te make certain that the
lamps will, be dark instead of bright
when the machines are in phase, dis-
connpect the main leads of the first gen-
erator at the generator and throw in
the main switches of both generators
with full voltage on the second gen-
erator. Since both machine circuits
are then connected to oné machine, the
lamp indication will be the same as when
the main or paralleling switches are open
and both machines are in phase, If
the lamps burn brightly and it is desired
that they be dark for an indication of
synchronism the connections of one
of the voltage transformer primaries
or one of the secondaries should be
reversed. Dark lamps as an indication
of synchronism are recommended. The
lamps should be adapted for the highest
voltage which they will receive, i.e.,
double the normal voltage.

Phase Sequence
In the case of polyphase machines,
it is not only necessary that one phase
be in synchronism with one phase of
another generator but the sequence of
maximum valuesof voltagein the several
phases must be the same. The phase
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sequence must therefore begfeheckeds
The necessary connections fot two three-
phase generators are shown in Rig«9.

Connect the generators temporarily
to their switches, but with the switches
open, so that the phases of I will be in
parallel with thosé%f E. Connect syn-
chronizing @pparatuds inlany two phases.
Test out thelsynchronizing connections
with machine D Tanning at normal speed
and voltage, “the leads disconnected
from E at'the generator, and the parallel-
ing switehes“closed. Having changed
th€ysynchronizing connections, if neces-
sary, sogthat both sets of lamps will
be the same when indicating synchro-
nism, open the paralleling switches, re-
connect the leads of machine E and
bring it up to nommal speed and volt-
age. Then observe the two sets of
synchronizing lamps. If their pulsa-
tions come together, i.e., if both sets
are dark and both are bright at the same
time, the phase sequences of the two gen-
erators are the same, and the connec-
tions are correct for paralleling the
generators when the lamps are dark.
If, however, the pulsations of the lamps
alternate, i.e., if one is dark when the
other is bright, reverse any two leads
of one machine and test out the syn-
chronizing connections again, changing
them if necessary so that they are the
same when indicating synchronism.
The lamps will now be found to pulsate
together and the generators may be
thrown in parallel at the proper in-
dication. Synéhronizing apparatus in
one phase only is sufficient for paralleling
the generators after the first time.

The procedure in synchronizing a
generator with an existing power sys-
tem is the same, the phase sequence of
the generator being changed, if neces-
sary, to agree with that of the system.

The paralleling of two-phase genera-
tors is accomplished in a similar manner,
In case of incorrect sequence the two
leads belonging to either phase must be
reversed instead of any two leads.

Synchronoscope

A synchronoscope is an instrument '
that indicates the difference in phase be-
tween two electromotive forces at every
instant. By its aid the operator can
see whether the incoming machine is
running fast or slow, what the differ-
ence in speed is, and the exact instant
when it is in synchronism. These
conditions cannot be observed with
certainty by the use of lamps alone.



The synchronoscope has a pointer
which shows the phase angle between the
incoming and running machines. This
angle is always equal to the angle be-
tween the pointer and the vertical posi-
tion marked on the dial of the instru-
ment. When the frequencies of the
two machines are equal the pointer
stops at some position on the scale and
when the machines are in phase the
pointer coincides with the marker at
the top of the scale.

In order to check the synchronoscope
connections, proceed in the same manner
as previously described for determining
whether lamps will be right or dark
for a given synchronizing connection.
If the synchronoscope pointer stops at
the bottom, reverse the leads at the
upper terminals. If it stops in the
same position the connections to the
upper terminals are made to the wrong
phase.

Field Current Adjustment

I. Motor—The power factor of any
synchronous motor may be controlled
by varying the field current.
are rated at either 100 per cent power
factor or at some leading power factor.
usually 80 per cent. The field current
necessary to give the rated power factor
at full load is recorded on the motor
nameplate, If the maximum leading
kv-a. is wanted at all times, the field
current should be set at this value even

Motors
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though the load is less than rated out-
put. With this excitation motors that
are rated at 100 per cent power factor
will give a small amount of leading
kv-a. at reduced loads. A machine of
usual proportions will have about 30
per cent reactive kv-a. at no load and
this will decrease to zero reactive kv-a.
at full load. A motor rated at 80 per
cent power factor has 60 per cent re-

Fic. 8—SYNCHRONOSCORE

active kv-a. at full loadg' If theé'ex-
citation is kept constant, the, reactive
kv-a. increases slightly ashthe“load is
reduced, rising to_about/75 per cent of
rated kv-a. atd10 lead. Thé total kv-a.
is reduced, ffom 100 per cent to 75 per
cent as the loadydecreases.

If there i§yno need for supplying re-
active kv-a. thépexcitation may be ad-
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justed so as to maintain 100 per cent
power factor at all times. This will
result in minimum losses and highest
economy. There is one objection, how-
ever, to lowering the excitation belows
the rated value and that is the reduction
of pull out torque. A machine rated
at 80 per cent power factor and opefated
at 100 per cent power faetor, may pull
out of step with a fairly small increase
in load whereas afmotor rated at 100
per cent power factep, usually has a
momentary ovérload, capacity of at
least 50 per cent.

An incredse in\field current will in-
crease the pulleut torque. Thus, in
an emergeney, a motor could be made
to hold“in, step at a considerable over-
load)' by overexciting the field. The
length%ef time that this could be con-
tinued is limited by heating.

I1. | Generator-—Field current adjust-
mentfof a generator which is paralleled
with other generators, produces results
similar to those described for synchro-
nous motors. With a given kilowatt
load, an increase in field current beyond
that required to unity power factor,
increases the reactive kv-a. and relieves
the other generators of part of their
burden of kv-a. If the kilowatt load
varies over a wide range, it is permissible
to set the field at the rated value, just
as for the motor, and allow the power
factor to vary.

The phenomenon of pull-out occurs
with a generator just as with a motor.
In the case of a generator, however, the
machine .is forced above synchronism
by an excess driving torque if the field
current is low. In order to carry momen-
tary load peaks, it is essential that the
excitation be kept at its rated value.

III. Effect on Load Division of Paral-
lel Sets—The effect of variation of the
field current of either motor or genera-
tor on the load division between parallel
sets is discussed on page 14.

Unbalanced Voltage and
Single Phase Operation

The ability of a synchronous motor
or generator to operate on unbalanced
voltage or, in the extreme case, to op-
erate single phase, depends largely on
the design of the amortisseur or damper
winding. Single phase operation pro-
duces heavy currents in the damper
winding, if there is one, which may cause
overheating in a machine not designed
for such operation. If thereis no damper
winding, the field current required for
a given load is increased to such an
extent that the output is seriously
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limited. Vibration of the stator and
surrounding parts may also result from
single phase operation. See page (5).
Operation as a motor with unbalanced
voltage, or as a generator with un-
balanced load, has the same effect as
single phase operation but in a less
degree.

For machines not designed for single
phase operation, 20 to 30 per cent of
normal current single phase is usually
safe. Higher values may be permissible
if the damper winding is liberal. The
degree of unbalanced polyphase opera-
tion that is permissible depends like-
wise on the design of the individual
machine. In any case of unbalancing
of more than five per cent at full load, it
is advisable to watch the temperatures
of all parts closely.

Flow of Power Through a Syn-
chronous Frequency-Con4
verter Connecting Two
Power Systems

The direction and magnitude of the
flow of power from one power systemjto
another through a synchrgnous dre-
quency-converter, is independent) of
the converter itself andgdepends®only
on the characteristics of thé pdwer sys-
tems. If there isVa, tendency for the
prime movers 4and generators of one
power stationgo speed up dde to a change
in governor‘setting or t& a decrease in
load on that system/there is an im-
mediate transfer ofépower through the
frequency-converter to the other sys-
tem and a congequent decrease in load
on the generators of the second station.
The preblem is similar to the load divi-
sionWbetween two generators in which
the “amount of kilowatt load on each
generator, for the same total load, de-
pends entirely on the speed-load charac-
teristics of the prime movers. In the
case of two power stations or systems

of different frequency tied together
through a synchronous set, the divisiofn
of power between the systems must (be
controlled at the prime movers.§, The
power transferred by the frequency-con-
verter is independent ofgany adjust-
ment that may be made at“the conver-
ter itself. If the powerdsystéms are
large and if there are widefluctuations
in load, it is possible t@impose‘a heavy
overload on the set,.or even to pull it
out of synchronismi. /Fer that reason,
it may be unsatisfdctory to tie two
large systeins togethempgthrough a small
set, unlegs the speed or frequency regu-
lation @f eachfsystem is nearly the same
as the other.

If there are,two or more sets operat-
ing ift parallel, the total load transferred
is independent of any adjustment made
on themualthough the proportion of the
total load carried by each can be varied
asjexplained on page 14.

Reversible Operation

Either machine of a synchronous
set may act as a motor or a generator
so that the flow of power may be in
either direction. The reversal of power
flow takes place automatically depend-
ing on the load demands of each system
and requires no adjustment of the fre-
quency converter itself. -

Power Flow with Induction
Motor Driven Set

The amount of power flowing be-
tween two power systems tied together
by an induction frequency-converter
depends upon the relative frequencies
of the two systems for any one value of
resistance in the secondary circuit.
By a change in secondary resistance,
the motor slip for any load can be
changed and thus with the same ratio
of frequencies the amount of power
which is transferred can be wvaried,
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With this type of set, therefore, the
power flow is controllable at fthe set
itself if secondary resistance is used.

Parallel Operation of Syn~
chronous Sets

The operation of two or more syn-
chronous frequency#converters in parallel
on both the 4motoryand generator ends
introduces certain, praoblems which are
not encounteréd in“the operation of a
single set. [ These, problems are con-
cerned chiefly with the procedure to
be followed, in“synchronizing two sets
and adjustingythem so that they will
share theigJoad properly. In the para-
graphspwhich follow these points will
be, discussed in detail under four head-
ings?

Eirst, the possible synchronizing posi-
tions and the means of locating them.

Second, the necessity of frame adjust-
ment when sets are paralleled for the
first time.

Third, load division between parallel
sets.

Fourth, the paralleling of a loaded
and unloaded set and the use of a frame
rotating device.

Determination of Synchro-

nizing Position

In order that this explanation may
be simplified, it will be assumed that
the armature windings of the various
machines are identical in location and
sequence of terminal coils. Then the
position, at some chosen time, of a pole
of the rotating field (with respect to a
group of armature coils covering one
pole pitch), represents the phase of a
voltage generated in the motor or gen-
erator winding; accordingly, in the
following explanation the ‘‘position
of the rotor pole”, or, ‘‘polar position'
will signify the voltage phase. Thus,
if two synchronous motors are operating
from the same supply system without
load the polar positions of the two
motors will be the same. Likewise,
before two generators can be synchro-
nized, the polar positions of the two
rotors must be made the same.

A distinction will also be made be-
tween ‘‘polar position’’ and ‘‘rotor posi-
tion”'; the former will mean the phase
of the generator voltage, while ‘‘rotor
position” will mean the mechanical
position of the rotor without reference
to magnetic or electrical conditions.
This distinction may be illustrated in
the following way: If a synchronous
motor is in synchronism with the gen-
erator and is then caused to slip two



poles its polar position will not have
been changed while its rotor position
will have been changed.

In synchronizing two engine-driven
generators, it is not difficult to bring
the two rotors into the same polar posi-
tion, since the two rotors may be in-
dependently controlled in speed and
the relative polar positions are con-
tinuously changing. Moreover, the
two generators will have the same polar
positions (that is, will be in synchro-~
nism) when any pole of ®ne generator
has the same position as any pole of
the same polarity of the other generator.
There are as many positions of the rotor
that are correct for synchronizing as
there are poles of the same polarity on
the incoming generator.

When a synchronous motor driven
frequency-converter is to be synchro-
nized with another similar set, the same
general principles apply, but the rigid
mechanical connection between the
poles of the motor and the poles of the
generator considerably reduces the num-
ber of correct rotor positions of the
motor. In the case of two sets, the two
motors must have the same polar posi-
tions and at the same time the two
generators must have the same polar
positions. Referring to Fig. 11, which
represents a 4-pole—6-pole set, if the
two motors are connected to the same
position, then the generator poles N
in both sets will have the same position
and the sets will be in synchronism on
both ends. If, however, the two motors
are connected to the supply circuit so
that pole N, in one motor has the same
position as pole N: in the other moter
(which is a possibility considering the
motors alone) then pole N; in one gen-
erator will have the same position as
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pole S; in the generator and the two
generators will be 180 degrees out of
phase at the same time the two motors
are in phase. If the two motors are
considered alone, there are two correct
rotor positions; if the two generators
are considered alone, there are three
correct rotor positions; but if the motor
and generator are tied rigidly together,
as in a frequency-converter, there is
only one correct rotor position for the
incoming motor. For the sake of brevity
“'synchronizing position” will be used
to denote that rotor position of the
incoming motor in which both motor
polar positions will be the same and
both generator polar positions will be
the same. In general the number of
synchronizing positions in any pair of
sets is equal to the greatest common
divisor of the number of possible syn#
chronizing positions of the moter and
of the generator considered as separate
machines. The synchronizing position§
for the separate machinesarepequaljin
number to the number of pair§jef poles.
Thus in the 4-pole—18-pole set “§hown
in Fig. 12, there are twg@ synchronizing
positions for the moétor, considered
alone; there are five symchrenizing posi-
tions for the generagor, considered alone;
and there ismenly oéne /synchronizing
position forthe set; in the 4-pole—8-pole
set, in PFigy 13 dthere are two synchro-
nizing fesitions. for the set; or as many
as for they, moter, considered alone;
in theg@spole®-24-pole sets in Fig. 14,
there is, /again, only one synchronizing
positionffor the second set.

If" the®number of correct synchro-
nizing positions of the motors or genera-
torgmeonsidered separately, is increased,
the, number of synchronizing positions
for the second set will also be increased.

Fi1G6. 12—25 710 62.5 CYCLES; 4 AND 18 POLES
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Thus, if the polarity of the south poles
of the incoming generator, considering
the two generators as separate_gngine-
driven units, be changed, each\ef the
generator poles, at one time or another,
will be a north pole, and there will be
as many synchronizing positions as
there are poles. Considering thé'motors
alone, by reversing th€imotor excitation,
the number of ;notaer syfichtonizing posi-
tions may alsofgbe doubled. In the
4-pole—6-pole set (Rig. 11) it was shown
that if pole/N, of, oné motor had the
same position @s pele N. of the second
motor, thgypole Nfof the first generator
would  have“the same position as pole
S: in the second generator, and that
theftwio, generators would be 180 degrees
qut of phase. Obviously, by reversing
theexcitation of the second generator,
the, south pole is changed to a north
pole,” thereby bringing two generator
poles of the same polarity into the same
position, and the two sets into syn-
chronism.

In the 10-pole—24-pole combination
(Fig. 14) the number of set synchro-
nizing positions can be increased by re-
versing the motor excitation. Consider
that the two motors are connected to
the supply circuit so that the poles
N of both motors are in the same posi
tion. Generator poles of the same polar-
ity will also be in the same position,
but the generators are not connected
in parallel.

Now assume that the excitation of
one motor is reversed. The pole N
(which is now a south pole) will drop
back and the pole S; will occupy the
position that N, occupied. The motor
has dropped back one pole—or as it is
called has “slipped a pole”—and its
new position is 180 magnetic degrees
or 36 mechanical degrees behind its
original position. The generator of
the second frequency-converter has
been pulled back 36 mechanical degrees
or 432 magnetic degrees. Pole N of
the second generator is now six mechan-
ical degrees or 72 magnetic degrees
back of pole N, of the first generator.
If this process of slipping a pole is re-
peated until pole S; of the second motor
is in the same position as pole N; of
the first motor pole, N, of the second
generator will be in the same position
as pole N of the first generator, and
the two sets will be in synchronism on
both ends. In practical operation, the
second motor may be connected to the
circuit in any one of five polar positions
(considering only one direction of ex-
citation); if the generator poles have

(W
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different positions, they may be brought
into the same position by slipping a
motor pole as often as may be necessary.

It will be noted from the preceding
discussion that the number of syn-
chronizing positions depends on the
number of poles in the motor and the
generator of the frequency-converter;
that with some pole combinations num-
ber of correct position is increased by
reversing the generator excitation, and,
in others, by reversing the motor ex-
citation. These results may be sumi-
marized as follows:

(1) The number of synchronizing
positions of the incoming set with a
single direction of excitation, in both
motor and generator, is the greatest
common divisor of the number of fairs
of poles in motor and generator of the
incoming frequency-converter;

(2) The number of synchionizing
positions of the incoming freéquency-
converter, with both directiéns of ‘€x-
citation in both motor and generator,
is the greatest common_diviser ef the
number of poles in mg@torsand genera-
tor of the incoming frequency-converter.

(3) The numberyof “syfichronizing
positions of gthe incoming frequency-
converter with both directions of ex-
citation in eithler mofor or generator,
is the greatest comimon divisor of the
number of pairs of poles of the machine
with a single direction of excitation and
the number ©f poles of the machine
withiboth directions of excitation.

Whether the installation of a field
reversing switch for the motor or gen-
€rator, or for both is of any value, may
be determined from the rule just given.
Thus in the 10-pole—24-pole set with
bath directions of excitation for the

motor, the number of synchrenizing
positions is 2 (the greatest cammen
divisor of 10 and 12); with®beth direc-
tions of excitation for thefgenerator,
the number of synchronizing pesitions
is 1 (the greatest coimonfdivisor of
S and 24}; with both%directions of ex-
citation for both geémerater, and motor
the number of synchiromizing positions
is 2 (the greatest fommon divisor of
10 and 24). Therefore, a field reversing
switch for, thé motor is desirable, but
a similar switch for the generator is of
no benefity

Initial Adjustment of Cradle
Frame

-

The foregoing explanation)assumes
that it is possible to bring both ‘ends of
the set into phase with the corresponding
machines of the set with which it is
to parallel, by selecting the pfeper polar
position. With sets which are exact
duplicates this i8 trfie;) If, however,
there are certain minof differences, it
may not be_possible to bring the ma-
chines exaétly in phase. For example,
if the rotor of one generator has a slightly
differentypositiont’ on the shaft relative
to the moter than that of the other
set, due, perhaps, to a variation in the
machining” of the keyways or to the
drillingQef the coupling bolt holes, it
wilhnot be possible to have the voltages
exactly in phase.  Similarly, if the
terminal coils of the stator windings
do not lie in corresponding slots in the
two similar machines, the generator
voltages will not agree. It will be
possible to find a position which is nearly
correct but not exactly so. To take
care of such discrepancies, the stator
of one machine of the set is mounted
in a cradle which permits it to be rotated
through a small angle. If the set is
never to be operated in parallel with
other synchronous sets, the cradle may
be omitted. Or if it is operated in
parallel but all other sets are equipped
with movable stators, it may be omitted.

Direction of

Synchronizing Pos.

Table I—Polar Connections of Frequency-Converters

Motor Gen,
(Low (High
Freq.) Freq.)

Motor, Gen. Excitation Mot. Gen, Field Field
Poles' Poles Mot. Gen. Alone Alone Set Sw. Rqg. Sw. Raq.
4 10 Single Single 2 S 1
Both Single 4 S 1 Ve
Single Both 2 10 2 Yes
8 20 Single Single 4 10 2 ..
Both Single 8 10 2 No ..
Single Both 4 20 4 Yes
6 14 Single Single 3 7 1 .
Both Single 6 7 1 No ..
Single Both 3 14 1 .. No
Both Both 6 14 2 Yes Yes
10 24 Single Single 5 12 1 ..
Both Single . 10 12 2 Yes ..
Single Both 5 24 1 No

This information for the pole com-
binations ordinarily used is- given in
the table on Page 12.

This whether
the frequency-converter is started from
the low frequency or from the high
frequency end.

information applies
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When two synchronous sets are to
be paralleled for the first time, it is
necessary to find the polar positions
which gives the minimum phase dif-
ference between the generator voltages
and then to shift one or both movable
stators sufficiently to bring the voltages
into exact phase coincidence.  The



stators can then be bolted and doweled
in position as there will be no further
need for adjustment.

Procedure for Adjusting Frame—
The two frequency-converters to be
adjusted should be synchronized on
the motor ends until the least possible
difference exists in the generator phase.
If the generator switchboard contains
a synchronoscope, this adjustment will
be greatly facilitated. If any difficulty
is experienced in determining the best
motor synchronizing position, a sys-
tematic study, as outlined below, should
be made.

(1) Mark a radial line on some
accessible part of a motor pole and place
a mark on a generator pole that is in
line with it, the two marks lying in the
same radial plane. It will be found
convenient to use the motor pole and
the generator pole that are approxi-
mately in line, if such exist. Place the
rotor of both frequency-converters in
such positions that the lines of the motor
poles are in line with the armature slots
containing the terminal coil of the A-
phase. @®bserve the angular difference,
if any, between the mark on the gen-
erator pole and the slot containing
the terminal ¢2il of the A-phase of the
generator in both sets. If this angular
difference is the same in the two fre-
quency-converters, no frame adjust-
ment will be required. If it is not the
same, the frames of one or both fre-
quency-converters will have to be moved
to make it the same. An approximate
adjustment of the frame can be made
from these mechanical measurements,
but the final accurate adjustment must
be made by operating the two frequency#
converters. If these mechanical measufe-
ments indicate that the two frequenicy-
converters are widely different_(more
than three or four degrees différence 4n
general rotor position with respect o
the terminal coil) the differéfice can'be
reduced by electrical adjustmefits . de-
scribed later.

(2) With oné frequency-converter
running with fall voltage on"the motor
and with the geniertor ot open circuit,
start the second “fregfiency-converter,
synchronizing the motor with the supply
system. Note the synchronoscope read-
ing.” Cause thegsecond motor to slip
a pole &by reversing the field excitation
(see,page),10) and again note the syn-
chroneséope, reading. Note the read-
ingref the synchronoscope for each rotor
position of the second motor. It is not
necessary to observe the synchronoscope
readings with reversed generator ex-
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citation, as these will be 180 degrees
displaced from the corresponding reading
with the original direction of excitation.
These should be set down together with
the observed readings and these read-
ings should be compared with thetheoret-
ical difference in generator rotor posi-
tion. Such a set of readings for a 4-pole-
10-pole frequency-converter is given
in Table II for purposes of illustration.

Table II—Comparison of Synchronoscope
Position for Different Rotor Positions

Rotor Posikion Actual Difference in Gen. Phase
of by Synchronoscope
Second Motor Orig. Excitation Rev. Excitation

1 100° Fast 80° Slow
2 10° Fast  170° Slow
3 80° Slow 100° Fast
4 170° Slow 10° Fast

The theoretical difference in generator
rotor position, assuming correct ‘tne-
chanical adjustment, is shown inWythe
following Table III:

Table III—Difference in Generator Rotor, Posi-~
tion of & 4-Pole-10-Pole Set

Rotor Position
of Second
Motor—Rotor
Position of

Rotor Position of Second Gen.
as Compared with, N: of First
Geénerator

First Orig. Excitation)Rev. Excitation
Motor =N,

Ny 0?2 180°

Sy 90° Behind  90° Ahead

Na 180° 0°

Sy 90°Ahead 90° Ahead

Comparinghthe figures in Tables II
and _IIT it 4s evident that the second
génerator 1s set 10 electrical degrees
ahead (ile., “FAST” as indicated by
the syfichronoscope) of its correct posi-

tion, with the motor in No. 2 position.
The two generators will be broughtginto
the same polar position if the [second
motor is synchronized in No. 2 p@sition
and the frame of the second motor'is
moved 10 electrical degrees (2 mechani-
cal degrees) in the direction of rotation.*

The theoretical differences in generator
rotor position, ass@ming, correct me-
chanical adjustiment for 10-pole—24-pole
set, are shown 1njthe #ollowing table:
Table IV—Theoreticai, Differences in Generator

Rotor Positions

Rotor Position
Second
Motor—Rotor jJRotor Position of Second Gen.
Position of ‘a8, Compared with N of First

First Generator

Motor =N, Orig. Excitation  Rev. Excitation
N; 0° 180°
S 72° Behind 108° Ahead
N2 144° Behind  36° Ahead
S 144° Ahead 36° Behind
Ns 72° Ahead 108° Behind
Sa 0° 180°
N; 72° Behind 108° Ahead
Ss 144° Behind 36° Ahead
Ns 144° Ahead 36° Behind
Ss 72° Ahead 108° Behind

*The movement of a pole in the direction of
rotation advances the phase of the generated
voltage and a movement of an armature coil
(or frame) in the direction of rotation retards
the phase. This is true whether the motor or
the generator frame, is moved to adjust the gen-
erator phase.

(3) It is possible, if the two fre-
quency-converters are of dissimilar
manufacture, for the second generator
to be out of phase, when tested as just
described, by a larger angle than can
be corrected by the maximum frame
movement permitted by the cradle.
The out of-phase angle may be reduced
in most frequency-converters by ad-
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vancing all motor armature leads so
as to change the motor phase 120 elec-
trical degrees (in a three-phase motor)
or 90 electrical degrees (in a two-phase
motor). A change of one electrical
degree in the motor phase results in a
change of 2.5 degrees in the generator
phase in the 4-pole--10-pole set or a
change of 2.4 degrees in the 10-pole-
24-pole set. The generator phase can
similarly be changed by changing the
generator winding 120 degrees or 90
degrees (depending on the number of
phases). These changes do no good in
the case of a four-pole motor having
a two-phase armature winding, or, for
example in the case of a six-pole motor
having a three-phase winding.

If all the possible electrical adjust-
ments are made---that is, if the motor
is synchronized in all possible positions,
if the generator field is reversed and
if the motor and generator leads are
interchanged as described—the fre-
quency-converters can be synchronized
within a very small angle (in mechan-
ical degrees). If, after attempting to

adjust two frequency-converters and -

the smallest obtainable generator phase
difference is greater than can be cor-
rected by the frame movement provided
further electrical adjustments should
be made, making use of the mechanical
measurements described on page 12
as a first approximation to the change
in phase angle that is required.

The electrical adjustments that can
be made are indicated by the following
example showing the maximum frame
movement that would be required in a
frequency-converter having a four-pole,
three-phase motor, and a ten-pole, three-
phase generator: Assume that one
frequency-converter differs from “the
other in generator phase to the greatest
possible extent. Obviously, itiean differ
by no more than 180 electrical deégrees.
However, any differen¢e greater than
90 degrees can bedechanged to a dif-
ference less thai 90 degrees by reversing
the generator field@excitation. If in
any synchronizing/positién of the second
motor the generatordphase difference
is 90 degrees, this“can be reduced to
zero by making the motor slip a pole.
Therefore, any phase difference greater
thang45 degrees can be changed to a
difference of less than 45 degrees by
reversing) the motor field excitation.
If the motor armature leads are ad-
vancéd’ one terminal, the motor phase
will be changed 120 degrees or 300 de-
grees in generator phase (120 x 19%).
If this change be added to the pre-
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viously existing difference of 45 de-
grees, there will be a difference of 345
degrees which is equivalent to a dif-
ference (in the opposite direction) of
15 degrees (360—345). In this fre-
quency-converter, a change in genera-
tor terminals produces the same change
in generator phase as does a change
in motor terminals. If the motor arma-
ture is two-phase, no new combina-
tions can be obtained that could not
be obtained by slipping a motor pole,
for both changes result in a change
of 90 degrees in motor phase.

If no generator synchronoscope is
available, lamps may be used. Since
lamps give no definite indications of the
angle of generator phase difference,
greater dependence must be placed on
the mechanical measurement of genera-
tor phase difference described ©n, page
12.

When the generators are nearly in
phase, they may be connected ifparallel
and a more accurate adjustment made.
The field currents shouldbe adjusted
for equal voltages before the genérators
are connected togetherdand the field
currents should not be, changed there-
after. A current(will flow in the gen-
erator armdtures that will be propor-
tional (fof small angles) to the phase
difference. 3T ke frame should be moved
slightly%and “the effect on the current
noted. Thelframe should then be moved
in thé proper ‘direction until no current
flows, in| the¥generator circuit. If the
field exeitation is not correctly adjusted
as deseribed above before the genera-
tors are paralleled, the armature cur-
rent cannot be reduced to zero by mov-
ing the frame. The current that cir-
culates in the two-generator armatures
due to phase differences is an energy
current—one greater will be acting
as a generator supplying power to the
other generator, driving it as a motor.
The two motors of the frequency-con-
verters will, therefore, indicate whether
the current flowing in the generators
are due to mechanical phase differences
or to differences in field excitation. In
the former case, the currents taken by
the motors will be much greater than
required by the losses of the frequency-
converter, and one motor will be acting
as a generator (a wattmeter will show
reverse power).

The position of the frame which is
determined in this way is usually the
best position in which to fasten it per-
manently. There is one further con-
sideration however, which will be dis-
cussed in the following paragraphs.
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Load Division between Syn-
chronous Sets Operating
in Parallel

As a synchronous motor is loaded,
its rotor drops back in phase position
a few degrees, the displacement being
roughly proportional, to the load for
constant field clrrent: Similarly,
the phase pdsition“ef the voltage of a
generator varies ‘with™the load. In a
synchronous¢’frequeney-converter, the
motor and generatondisplacement angles
combinggso as to/produce a fairly large
variation ony, the phase position of the
generator voltage with respect to its
noslead voltage. When two sets are
operated, in parallel the two generator
voltages are necessarily in phase at all
loads®and the motor voltages are in
phase, so it follows that the total
displacement angle due to load must
be the same for each set. But with
sets which are not duplicates, there
is a probability that the displace-
ment angles of both sets—when each
is carrying its rated load—are not the
same. Thus, when they are paralleled,
the load will not be divided between
them in proportion to their ratings, but
will divide in such a way as to produce
the same total displacement in each set.

In order to compensate for these
differences in characteristics of the two
sets and to produce the proper division
of load, it would be necessary to make
a further adjustment of the movable
stator. By moving the stator in one
direction or the other, the load could
be made to divide in the desired pro-
portion.  This adjustment, however,
would be correct for only one value
of total load. At all other loads the
proportion taken by each set would be
different and with no external load
there ‘would be a circulation of power
between the two sets which would result
in unnecessary losses. Thus it is usually
best to set the movable frame in the
correct position at no load as described
on page 12. If the sets have different
characteristics, it will be impossible
to find any one position which will give
correct load division at all loads. The
only way in which this can be accom-
plished, is to make use of a motor op-
erated frame rotating device which
permits easy adjustment of the movable
stator as the load changes. This device
is described in more detail on page 16.

Effect of Field Current Adjustment

It is possible to make some change
in the load division between synchro-
nous sets which are operating in parallel



by adjusting the field current. If the
motor or generator of one set is over-
excited and one or both of the machines
of the other set are underexcited, some
of the kilowatt load will be shifted
from the underexcited to the over-
excited set. The explanation lies in
the fact that the change of excitation
changes the power-angle characteristic
of each machine and thus requires a
different distribution of load to produce
the same total angular displacement
in both sets. Changes of excitation
in the low frequency machines are more
effective in producing a re-distribution
of load than similar changes in the high
frequency machines.

The proportion of load which can
be transferred from one set to the other
is limited by the permissible changes
in field current. With 25-60 cycle sets
of normal design and equal rating, it
is usually possible to carry SO per cent
more kw. load on one set than the other.
This implies, of course, that the total
load is low enough to prevent overload-
ing the set which is overexcited. The
objection to this method of re-distrib-
uting the load, is that it is accompanied
by changes in power factor which may
not be desirable. - A further limitation
is that it cannot prevent a circulation
of power between two sets which are
paralleled at no load with improper
frame adjustment. @r, similarly, ad-
justment of the fields will not permit
an unloaded set to be brought into phase
with a loaded set when the frames have
been correctly adjusted. This point
is discussed under the next heading.

Paralleling an Unloaded Set
with a Loaded Set

If two frequency convertets gpare
brought into the correct position for'par-
alleling as described on page 10g#and if
the frames have been previouslviadjusted
correctly as detailed on page 12, the gen-
erator voltages will be exa€tly in, phase;
and if the generaters ared paralleled,
there will be no flow ofjeurrentsbetween
the machines. Suppose, Hewever, that
one set is connectedfto the station bus
and is loaded befére thé parallel con-
nection is made. “YThe effect of the
load will be te change the phase posi-
tion of the voltage of the loaded set
by an amount which may be consider-
able, depending upon the amount of
loadgand upon the ratio of the numbers
of poles@f) the motor and generator.
This;,ifyone set is loaded, even though
the correct polar position has been found,
the two sets cannot be paralleled without
eausing a momentary rush of current
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band a corresponding voltage distur-
ance. After the initial disturbance,
however, the sets will divide the load
and operate without further difficulty,
just as though they had been paralleled
at no load. If one set is taken out of
service when carrying load there is a
similar, though less severe, disturbance.

If it becomes necessary to parallel
a loaded set and an unloaded set, neither
of which has a ffame rotating device,
the operator has no choice but to close
the switches and allow the momentary
rush of current to occur.

Variation of the field current, while
having the effect of transferring load
from one set to the other after they are
paralleled, is of little value usually in
changing the angular difference be-
tween aloaded and an unloaded set. Any
advantage that is possible from thi§
procedure will be obtained by gaising
the excitation of both machines ‘of “the
loaded set.

High Frequency Versus Law Fre-
quency Paralleling

It is important to upbte “that the
possible phase difference \with one set
loaded is less when the, highypfrequency
machine of the unloadeddset is acting
as a motor amdpthe final/parallel con-
nection is made jon théflow frequency
side, than‘when ghe reverse is true. For
examplepif twio 25 to 60 cycle sets are
to be paralleled, and if one set is already
loaded,gitywould, be preferable to start
up the second set from the 60 cycle
side_and to/make the final connection
on the 25%cycle side. The reason for
this will| be clear from the following:
Suppese each machine of the loaded
setphas a displacement of 20 electrical
degrees due to load. The 20 degrees
of the 60 cycle machine is equivalent
to 20 x 23§ or 814 degrees in the 25 cycle
machine. This added to the 20 degrees
displacement in the 25 cycle machine,
gives a total phase difference of 2814
degrees between the 60 cycle voltages
of the loaded and the unloaded machines.
Suppose now that the unloaded set is
to be started up from the 25 cycle end
and the final paralleling done on the
60 cycle end. The 20 degrees displace-
ment of the loaded 25 cycle machine
is equivalent to 20 x ®84g or 48 degrees
in the 60 cycle machine When this
is added to 20 degrees displacement
in the 68 cycle machine, the result is
68 degrees for the set, Since the two
25 cycle voltages are now in phase, the
angle of 68 degrees is the amount by
which the 60 cycle voltages are out of
phase. Paralleling- under these condi-

16

tions would result in a severe shock(to
the machines although after thegfirst
disturbance the sets would divide the
load and operate with entiresatisfaction.
From the standpoint of initial distur-
bance then, it is preferable to start the
unloaded set from the high frequency
system and make the final connection
on the low frequengy €nd. This holds
true whether the flaw.©f power through
the loaded set is from thedigh frequency
to the low freguencyjend, or in the re-
verse directign.

Difficulty)pof Finding Correct Polar
Position When One Set Is Loaded

Suppese thestators of two frequency-
converters ‘Have been adjusted so that
when thelproper polar position is found
as explained on page 10, correct parallel
operation is possible. If the two sets
are|t6 be paralleled with no load on
either, the proper polar position will
be found when the synchronoscope shows
zero angular difference between the gen-
erator voltages. If one set is loaded when
the other is to be paralleled with it,
there will be considerable phase difference
between the generator voltages when
the correct polar position has been found.
The question then arises as to how to
determine the correct polar position—
the position which will give proper load
division-—under this condition. For ex-
ample, if one set is carrying full load,
the angular variation of the voltage
on the high frequency end of a 25-60
cycle set may be, say, 70 degrees. Thus
it becomes necessary to vary the polar
position of the incoming set until the
synchronoscope shows 70° instead of
zero. There are other polar positions
which will give smaller readings on
the synchronoscope.

In fact, a change of one pole pitch on
the 25 cycle end will make a change of
72 degrees on the 60 cycle end, so that
it would be possible to have the volt-
age practically in phase. If, however,
the machines were paralleled in any of
these other positions, the load would
not divide correctly and there would
be a circulation of power at no load.

To take care of this condition, it is
convenient to prepare a chart or curve
showing the angular difference that
must exist for various values of load
in order to give correct parallel opera-
tion. To obtain such data the sets
should be brought into the correct rela-
tion for paralleling at no load and then
one set should be loaded. With the
synchronoscope connected between the
generator voltages of the loaded and
the unloaded set, a reading of angular
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difference should be taken for various
values of kilowatts on the loaded set.
If the power factor of the load is sub-
ject to wide variation, it may be neces-
sary to take a curve for each of several
values of power factor. A set of data
of this kind will enable the operator
to find the correct polar position with
little delay.

Use of Frame Rotating Device

Most of the difficulties of synchro-
nizing and of load division are overcome
by the use of a motor operated frame
rotating device. The stator of one
of the machines can be rotated through
a small angle at will, so that it is always
possible to bring the generator volt-
ages exactly into phase for paralleling.
If one set is already loaded when the
second set is paralleled, it is then neces-
sary to shift the stator again until the
desired load division is obtained. With
this arrangement the kilowatt load on
each set can be controlled independently
of the power factor. If one set is to
be taken out of service, the rotating
device makes it possible to transfer
all of the load to the other set so that
when the switches are opened there
is no disturbance.

Parallel Operation—Summary

The following brief summary will
help to bring out the important points
in the foregoing discussion of parallel
operation.

I. Determination of Polar Position,

A. Thereare one or'more relative
positions between the mibtor
poles which will ,allow ) the
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generator poles to line up
exactly so that parallel op-
eration is possible.

B. The number of such positions
depends on the numbers of
poles and upon whether or

not generator field revers-
ing switches are used.

II. Initial Adjustment of Cradle
Frame.

A. The movable stators of one
or both sets must be set so
that exact phase coincidence
is possible.

B. Synchroscope readings will
indicate the correct positions
This can be checked further
by paralleling the sets at no
load and noting whether or
not there is an exchange 'of
power between the sets,

III. Load Division.

A. With the srequirements of
I and II fulfilledsfthe load
will divide ‘between two sets
in proportien todtheir ratings,
provided{’ the” angular dis-
placement of each is the same
for/ the same per cent load;
that is, if the power-angle
characteristics are the same.

B. Wl the power-angle charac-
teristics are different the
load can be made to divide
properly by shifting the posi-
tion of the movable frame.
This will give correct division
for one value of load only
and wnsually is not satisfac-
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tory if the load isgvariable:
There will be anl exchdnge
of power between‘the sets
when there is no external
load, unless the cradle frame
is left in the position specified
under 1.

C. Adjustmentgof the field cur-
fent offfeither or both ma-
chines, affeééts the load divi-
sion. The overexcited set
takes pincreased load and
relieves the underexcited set.
This' method involves a
change in power factor which
is not always permissible.

D. A motor operated frame rotat-
ing device gives the operator
complete control of the divi-
sion of load at all times.

IV. Paralleling a Loaded Set with an
Unloaded Set.

A, If two sets are brought to
the correct position for paral-
leling but one of them is
loaded there is a phase dif-
ference between the generator
voltages., If they are then
paralleled, there will be a
momentary rush of current
depending on the phase dif-
ference but the load will
divide between the two sets
just as though they had been
paralleled at no load.

B. The phase difference be-
tween a loaded and an un-
loaded set cannot be over-
come entirely by adjustment
of the excitation. The mini-
mum phase difference will
exist when the motor and
generator of the loaded set
are overexcited.

C. The phase difference is less
when the final parallel con-
nection is made on the low
frequency machines than
when it is made on the high
frequency machines.

D. If one set is loaded when
the second set is started,
it is difficult to find the cor-
rect polar position. A curve
or chart may be prepared
which will simplifv this pro-
cedure.

E. A motoroperated frame shift-
ing device will permit two
sets to be brought into phase
even though one of them is
loaded. The frame can then



be moved back into the posi-
tion which will give correct
load division.

Parallel Operation of Induc-
tion Motor Driven Fre-
quency-Converters

Induction type sets operated in paral-
lel will divide the total load in such a
way that the slip of each set is the same.
It is possible to change the distribution
of load by secondary control of the
induction motors.

An induction type set operated in
parallel with a synchronous set having
the same ratio of numbers of poles,
would carry no load. If the numbers
of poles are such that the induction
set gives the correct frequency ratio
at full load, it will continue to carry
that load and all variations in total load
will be taken by the synchronous set.
If the total load is reduced to zero, the
induction set will continue to deliver
its constant output which will be re-
turned again through the synchronous
set. The arrangement is quite unsatis-
factory except under conditions of con-
stant load or where complicated con-
trol schemes are used.

Maintenance

Cleaning

The insulation should be kept free
from dirt and oil. An occasional cleaning
of the coil ends with an air hose is recom-
mended and this should be followed by
a thorough wiping with a cloth. The
dirt which clings to the field coil washers
should be removed carefully since it
may accumulate and form a conducting
path from coil to ground. A coat of
insulating varnish applied to the armia-
ture and field coils after they have been
cleaned will protect the insulatioft. ~ An
air hose should be applied to \the air
ducts through the stator gpunchings
since an accumulation of /dirt/ag, this
point will impede thefree filow of cooling
air.

Bearings

When a machingds stapted particular
attention should be ‘givén to the bear-
ings to see that they are well supplied
with lubricant, The oil rings should
revolve freely andpcarry oil to the top
of the journals.

Bearingshmay be operated safely at
a temperature of 80° C. (176° F.) and,
for aVlimited time, they may operate as
high as 100°C. (212° F.). It should be
remembered that a bearing may be below
this temperature and may be safe even
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though it is hot enough to burn the
hand when held against the outside,

A rapid rise in the temperature of a
bearing is usually an indication of trouble
and requires prompt attention. The
machine should be taken out of service
immediately, but, if possible, it should
be kept rotating at low speed until the
bearing has cooled. Fresh oil should
be fed into the bearing and onto the
journal through the openings over the
oil rings.

The cause of overheating may be any
of the following:

Insufficient oil in the reservoir.

Dirty oil or oil of poor quality.

Failure of oil rings to revolve.

Excessive pressure or end thrust

caused by poor alignment of the
machine,

Bent shaft.

Rough bearing surface, which{may

have been the result of careless
handling.

Keep the oil in the bearingsiclean=—

The frequency with which thé beatings

must be refilled depends &6 ‘much on
local conditions, such asythe severity
and continuity of the servicejpthe room
temperature, the stdte ofpcleanliness,
etc.,, that no definite imistructions can
be given. TUatil local conditions show
another intefval tobe more suitable,bear-
ing should, be réfilled every six months.
Oil

Only fthe Wvery” best grade of oil—
having\a giscosity of from 185 to 200
secofids, Saybolt-—should be used. In
the long (fun it always proves a false
economysto use cheap oil. If the oil
1sUto be used a second time it should
be filtered and if warm allowed to cool
before the bearings are refilled. Even
new oil should be examined carefully
and filtered or rejected if it is found to
be gritty.

Collector Rings

Sparking at the collector rings gAay
be due to any of the following causes:
Rough surface of ring. (This condi-
tion usually follows prolonged
sparking originating from some
other cause.)

Eccentric rings.

Brushes tight in holders.

Qil on collectoRsingss

Vibration of brushizigging.

If sparking eXists, the rings should
be stoned or (turned|te give a smooth
surface and, if possible, the source of
the trouble “temoved. @ The brushes
should Haye a close fit on the rings and
shouldgslide'freély in the holders.

Reénewal Parts
Repairing

Repair work can be done most sat-
isfactorily accomplished at our nearest
Service Shop. However, interchange-
able renewal parts can be furnished,
as listed below, to customers, who are
equipped for doing repair work.

Recommended Stock for
Renewal Parts

Preceding is a list of the renewal parts
and the minimum quantities of each
that should be carried in stock. These
are the parts most subject to wear
in ordinary operation and damage, or
breakage due to possible abnormal con-
ditions. The maintenance of such stock
will minimize service interruptions due
to breakdowns.

Ordering Instructions

When ordering renewal parts give,
the name plate reading. Always give
the name of the part wanted, also the
stock order number of the apparatus
on which the part is to be used. Refer
to the back of this book for the nearest
District Office from which to order parts.

Recommended Stock of Renewal Parts

Frequency-Converters in use

up to and including. ..............

NAME OF PART

Armaturecoils......................
Rewinding material.................
Field coils complete—Open...........
Field coils complete—Closed. ........
Brushes........... ... ... il
Brushholders.......................

Mechanical Parts

*Bearings. ... oo
*OilRing...oo oo

........ 2..........4..........06
QUANTITY RECOMMENDED FOR STOCK
....... 14 Set 24 Set 1 Set
....... 14 Set........1 Set 1 Set
........ 1 .. l2
........ 1 ... o2
........ 1Set........2 Sets......3 Sets
........ 2 A
........ R
........ 1 2 2

*The above recommendation is for each different kind.

A recommended list of Renewal Parts for your complete equipment will be
supplied upon request to the nearest District Office.
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