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CAUTION

Westinghouse converters will operate satisfactorily under very severe
conditions, but the best results from any electrical machine, and partic~
ularly from a commutating machine, are obtained only when the apparatus
is given careful and intelligent’attention.

Keep the converter clean. The finest machines and the most ex-
pensive plant may be shut down by accident if they do not have protection
and care. Thé’insulation must be kept clean and dry. Oil, dirt, copper
and carbon dust‘in the insulation are as much out of place as grit or
sand in a cylinder orbearing.

Beforeyinstalling or operating a machine, read all of the following
instructions carefully, making note of the parts and points to be observed.
On account of divergence of construction of the different types, it has been
impracticable to arrange all information on any one class of machines in
consecutivesorder.

IMPORTANT NOTICE

MECHANICAL RE-DETERMINATION OF NEUTRAL POSITION
On Fabricated Type D-C. Brush Riggings

At any time, the following mechanical method for determining the fac-
tory neutral position, can be applied:

With a convenient constant radius, using the two countersunk holes
in the front edge of the frame as centers, scribe two arcs to intersect on
the commutator surface between the ends of the bars and the first brush,
so that the point of intersection is visible when the brush arm is in place.

If the axial center line of a brush contact surface be made to coincide
with the point of arc intersection, the brush will be in the factory neutral
position. The position of one brush arm is thus established and the other
brush arms can be spaced with reference to it.
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Westinghouse

Synchronous Converters

General Information

Types of Construction—From the
standpoint of the method of voltage
control, Westinghouse synchronous con-
verters may be divided into three classes,
as follows:

(1) Plain shunt-wound converters
used in railway lighting and industrial
power service for which approximately
constant voltage is suitable.

(2) Plain compound-wound convert-
ers with reactance used in railway and
industrial power service for which auto-
matic voltage variation over a rela-
tively small range is required. Con-
verters of this type are built for 25-cycle
circuits up to 1500 volts direct-current,
and for 60-cycle circuits up to 750 volts.
For 1200-volt and 1500-volt, 60-cycle
circuits, two 600-volt or 750-volt con-
verters are used in series. Such double
units are either comnstructed with a
common bedplate and three pedestals
or, as separate units.

(3) Shunt-wound synchronous-boost-
er converters are used for lighting
and power service in which a greater
variation in voltage is required than ¢an
be supplied from converters with feac-
tance control. Converters of this, type
are usually built for a normal veltage,of
270 volts for both 25 and 60-cy¢le circuits.

From the standpoint of mechanical
construction, standard comniverters” may
be divided into two cldsses; a$)follows:

(1) Self-contained, units with frame
and bearing pedestals ‘supported from a
common bedplate.

(2) Sole‘platefuinits #vith frame and
bearing pedestals, supported from four
independent sole-plates.

The majority of Westinghouse syn-
chronous converters are self-contained,
only a few of the largest converters being
built ‘as sole-plate machines.

Three~-Wire Synchronous Converters-
Anyconverter or booster converter may
be used to furnish direct-current for a
three-wire circuit. The neutral point is
usually obtained from the middle point

formers or from auto-transformer balanc-
ing coils if the converter is used without
step-down transformers. The connection
for three-wire synchronous converter and
transformers is shown in Fig. 39.

Commutating-Pole Synchronous Con-
verters differ from the old non-commutat®
ing-pole type only in the addition (of
commutating-field poles and windings
between the main poles, as in, the
commutating-pole direct-curzent gener-
ator. The purpose of thesejadditional
poles and windings is todprovide the
proper commutating field atyall loads
with fixed brush position. In non-
commutating-pole cenverters the neces-
sary commutating field‘is obtained, al-
though not so,exaetly, by shifting the
brushes in the directiongof rotation with
increasing load Aintil the armature coils,
short circuitédby the brushes, arein the
proper position with respect to the main
poles. The main field at any given point
(or bfush pesition) is approximately the
same atfall loads, but since the commu-
tating field'should vary in proportion to
the load the brushes must be shifted
more. oOr less, with change in load, to
Secure the best commutating conditions.
In"the commutating-pole converter the
varying commutating field is provided
with a fixed brush position, by the
commutating-pole winding connected
in series with the armature and carry-
ing load current.

With commutating-pole converters no
convenient means for shifting the brush-
es is provided and the brush position,
when once correctly fixed, must never
be changed.

On all commutating-pole converters
the polarity of the series commutating-
pole winding is the same as the polarity
of the main pole ahead in the direction of
rotation.

Synchronous Booster Converters—
This type of converter has practically
superseded all other types for securing a
greater variation in direct-current volt-
age than is practicable with reactance
and variable field excitation in the

of the low tension winding of the trans-‘ordinary form of converter, or with the
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old form, of so-called split pole con-
verter. Im) cons¥ruction, the booster
convefter is (the same as a standard
converteripto’ which a synchronous
alternating-current generator or *‘boost-
er') has been added. In general, on all
of thejlarger size machines, the booster
is ‘ofthe revolving armature type. On
these units, the booster is placed between
the converter armature core and the
collector rings. On the smaller size units,
the booster is sometimes of the revolving
field type, in which case it is located out-
side of the main bearing, with the
armature leads carried to the collector
ring connections.

The booster field poles are located so
that a given booster field excitation pro-
duces equal ‘‘buck” and ‘‘boost” in the
converter no-load voltage. Fig.3showsa
cross-section of a synchronous booster
converter and Fig. 4 shows the connec-
tions of the converter and booster arma-
ture windings.

By varying the excitation of the
booster, its armature voltage may be
added to, or subtracted from the line
voltage and so change the direct-current
voltage. This variation is usually done
by hand, but may be done autematically.
Synchronous booster converters are
ordinarily built for Edison three-wire
250 or 270 volt service. The boosters
used are ordinarily built to vary this
direct-current voltage 30 volts above
and below normal, which amounts to
around 20 to 25 percent possible voltage
variation. When the booster increases
the direct-current voltage, it acts as a
generator being driven by the converter;
when the booster decreases the direct-
current voltage, it acts as a motor,
driving the converter as a direct-current
generator.

In the commutating pole synchronous
booster converter, it is necessary to pro-
vide both series and auxiliary windings
on the commutating poles in order to
provide the proper excitation under the
varying conditions of output current and
voltage. The series commutating field
winding has a fixed polarity and provides
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FiG. 3—CRross SECT{ON OF A SYNCHRONOUS BOOSTER CONVERTER

commutating pole excitation that is
always proportional to the load current.
The auxiliary commutating field winding
is used to vary the commutating pole
field strength to correspond with the
variation in armature reaction that
takes place in a booster converter when
the voltage is being raised or lowered
with the booster. Since this auxiliary
excitation is proportional to the pewer
generated by the booster in both"@amount
and direction, the rheostats of {the
booster and the commutating pole auxili-
ary field windings are meehanically con-
nected. The polarity of the auxiliary
commutating pole field, winding is so ar-
ranged that it dssists thelseries commu-
tating windifig when the booster is
“bucking’’, andyfopposés it when the
booster is ‘‘boosting?’4

Automatic Controller or Auxliary
Commutating Pole Field—For any given
required condition of “‘buck’’ or ‘‘boost’
voltage on a booster converter, it is
negessary. to adjust the main converter
fieldjyas‘well as the booster field so that
thegpdesired voltage conditions are ob-
tained at 100%, P.F. Once these ad-
justments are made a certain amount of
commutating pole auxiliary field current
15 made available for excitation due to

mechanicalfconnection of the booster
field afidycommutating pole auxiliary
field rhegstats; In order that this avail-
able excitation of the commutating pole
duxiliagy field may only flow in the
winding in proportion to the load and
voltage being taken from the machine,
a‘eontroller, commonly termed torque
motor, as shown in Fig. §, is used. This
torque motor is mounted on the con-
verter bedplate and consists of a shunt
wound direct-current motor direct-con-
nected to the arm of a rheostat having a
number of contacts. As will be seen from
the diagram shown in Fig. 6, the arma-
ture element of the torque motor is
connected across the line voltage while
its field is across the main commutat-
ing pole series winding. As torque
is a product of current and voltage,
the torque motor always functions in
direct ratio to the load and voltage on
the converter, and thus proportions the
available commutating pole auxiliary
field current accordingly.

At neutral voltage (no ‘“buck’” or no
‘boost’’) the booster element is not re-
quired, so that the booster and com-
mutating pole auxiliary field rheostats
are in their neutral position where no
current can flow in either field. As the

6

torque motor is connected permanently
in the circuit, torque is being obtained
from the torque motor at all times when
load is being taken from the converter,
even though the converter is operating
at neutral voltage. Under this condition
the torque motor is idling, but no current
is flowing through the commutating
pole auxiliary field winding.

The present standard scheme of torque
motor controlis of the double acting type,
thearmature of the torque motor turning
through an angle of 180° in either direc-
tion from the neutral point, and the
torque developed by the motor being
opposed by a helical spring. This scheme
provides for commutation protection to
the converter when line disturbances
occur that frequently result in inverted
operation on the converter.

Adjustment for Automatic Controller
for Auxiliary Commutating Pole Field—
Every torque motor is adjusted to a
standard for both direct and inverted
operation before being mounted on the
converter. After being mounted on the
converter, some final adjustments are
usually found to be necessary, due to
variations in the circuits. In addition to
various taps being made available in the
rheostat circuits, it will be seen from the
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diagram of connections shown in Fig. 6
that an adjustable resistance connected
in series with the armature ot the torque
motor is provided for making these final
adjustments in the torque motor itself.
The combination of this device, with the
commutating pole auxiliary field and
booster field reversing rheostats, pro-
vides a rugged and positive automatic
control that insures satisfactory com-
mutation under all conditions of load
and voltage, within the range of the
booster.

Care of Torque Motor—®ne of the
essentials to continued creditable oper-
ation from any piece of apparatus is its
proper maintenance. While our scheme
of commutating pole auxiliary field
control is both rugged and positive, it
cannot be expected to function properly
unless given proper maintenance. This
maintenance in addition to regular
blowing out with compressed air, con-
sists in keeping the contacts of the
torque motor rheostat faceplate
clean at all times as well as main-
taining a proper pressure and brush fit
between the contact arm and the
faceplate buttons.  Note should also
frequently be made as to whether the
proper amount of torque is being ob-
tained for given load and voltage
conditions, For full load and normal
voltage, the position of the torque motor
arm should be within four or five buttons
from the top. This position allows
sufficient leeway for the additional
iorque that will be obtained when the
voltage may be increased to full boost,

One-Way Type of Torque Motor
Conwrol—@ur older scheme of torgfie
motor control, and which is still used oc-
casionally on some of the smaller ratings

Westinghouse Synchronous Converlers

of booster converters, is shown in Fig. 7.
This scheme is essentially the samie as
our present standard except that the
torque motor operates only in one direc-
tion. This scheme obviously does not
provide for inverted operation pro-
tection on the converter, and the com-
mutating pole auxiliary fields are accord-
ingly connected across full line voltage,
instead of across half voltage as is
necessary on our improved two-way
scheme.
Installation

The following instructions apply to all.

types of synchronous converters except
when they are specifically limited to a
single type by the context.

General Precautions—Upon receipt of
the cases containing the machine or its
parts, place them in a dry and sheltered
position,

Leave cases unopened and undis-
turbed until everything is ready for
assembling.

It is possible to do mofegpdamage by
rough handling or careless usg,of bars or
hooks to a machine beforedr during erec-
tion than it would recéivelin years of
regular service. Beardin mind that the
armature is liable to, damage since its
own weight is spfficient, to crush the
winding, if dtpis lowered on or swung
against a gorojection.

Care fnust be exercised in handling
and installing synchronous converters.

As moisture i§)an enemy of the insula-
tion, ajconverter should not be allowed to
stand where,it can absorb moisture from
the air/or any other source.

A blow'of any sortupon any part of the
winding, or intrusion in the machine of
water, pieces of wire, tools, nuts or
foreign substances of any kind, by acci-
dent or otherwise, may cause a break-

Converter
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WIiNDINGS AN® CONNECTIONS

down or burn out, and should be avoided.

It is desirable that all synchroneus
converters be assembled, installed and
placed in operation under the super-
vision of an experienced engineerys/Ne
printed instruction, however complete,
can take the place of actual experience.

Unpacking—When a synchrénious con-
verter is shipped entirely assembled, all
boxing or crating should be removed and
the machine istthen ready for setting up
and drying out. “Bn cool weather, the
packing and wrapping should not be re-
moved unti) the apparatus has been long
enoughin, the reém where it is to be in-
stalled to come up to the temperature of
the air}

TfUthis precaution is neglected the
apparatus will sweat and sufficient
moisture may condense upon the wind-
ings to weaken the insulation, and cause
a breakdown.

When a converter is unpacked it
should be carefully examined to deter-
mine whether any damage was received
in transit and if all parts and accessories
are present in proper condition and
position.

Location of Machines—It is of the
greatest importance in laying out a
power house or substation that the
location of the converters be governed
largely by the following considerations:

(1) The machines should not be ex-
posed to moisture from leaky pipes,
escaping steam or condensation of
atmospheric moisture on overhead glass
or a metal roof.

(2) They should not be exposed to
the corrosive action of acid fumes or
other injurious gases.

(3) They should not be exposed to
dirt from coal handling or similar causes.

MG, 5—Avrosmanc Conxrrorrer {Toreue Moror) FOR Sniunt

CommuiatinGg Pore FieLp



Westinghouse Synchronous Converters

Fields Normally in Samies.
Arranged for Series—Parallel
Connectsd with Switches, only

in Special Casss

Aux. Comm. Fld.

Synch Boost 2 {
3 Converter Renge %
1 Direct Range fTR. CPF: E
Ser. Comm. Fid. * 'n'
Fz2 i r [ 2
i 1 ] 2
P \ -
SF24 Torque Motor ¢t Rs 5
Fiel X Rl':
TR: E
Reversing
T Rheostat
OTAMR § Operated By
Motor | Torque
Motor. j
¥
ke b Ls TR
i r2 | " !
' ' H
H 1 H i s
! : H ! : ! ' ]
[ N D S SO SR . B S --- - P S N 'L S
e ol W - " - b m e jo = o e = m b - == e Noutes
_________ B e ——— »---J— R T SRR SR N La -

tats Mechanicaiiy € y

Y

P16. 6—WIRING DIAGRAM OF STANDARB, BOOSTER CONVERTER

Solid lines indicate connections completed within the apparatus. Dotted Jinesindicate connections to be furnished apart from apparatus.
Note:—Polarity of commutasing pole auziliary field to be same as that of commutitating pole series field when booster is lowering D-C. voltage.

(4) Since the total temperature, and
consequently the capacity of the ma-
chine, depends upon the temperature of
the surrounding air, it is evident that
the location should be in a room as cool
and well ventilated as is consistent
with proper protection from dirt and
moisture.

(5) The position of the converter
should always be such that the commu-
tator and collector rings, which lrequire
special attention, are readily accessible
for inspection.

(6) The location of machines over a
well ventilated pit is essential fromgthe
standpoint of accessibility; aswell as the
benefit obtained from,longerflife that ob-
viously accompanies a coel opérating ma-
chine.

Foundations—Wherevefpossible, solid
masonry or concrete giers should be
used so as to preventWibration and min-
imize the wear on the bearings and
brushes.

Be sure that the foundation is carried
down toa solid bottom, or ismadeof suffi-
cient area to prevent sinking or displace-
ment ‘wunder the load it is expected to
support.

A competent engineer whaq is familiar
with local conditions should lay out this
part of the work.

Care should bé taken that all pits in
the conérete are properly drained and
ventilated ‘and that passages remaining
for pipingiand Wiring are easily accessible
and s laid ‘out that the work of install-
ing and ¢onnecting up will be simplified
infevery, péssible way.

Foundations for sole-plate machines
mustibeof greater strength than founda-
tions for the corresponding self-contained
unit.

Erection of Bedplate Type Units—

(1) Set the bedplate on its founda-
tion and level it by wedging. All large
converters require foundation bolts, and
foundation bolt holes are provided in the
bedplate.

In grouting in the bedplate, care
should be taken to see that the bedplate
or foundation bolts do not come in
contact with the structural steel of the
building construction.

In cementing the bedplate to the
foundation use a mixture of one part of
Portland cement and two parts of sand,
or half cement and half sand; either
will give good results. First mix the
cement and sand dry, then add water
until a very thin solution is obtained.
Construct a dam around the bedplate
and pour this solution under it, con-
tinuing the process until the cement
is flush with the top of the bedplate.

8

“See Power Eng. data letter %13 for
reference’”. The entire operation of
mixing and pouring the cement should
be carried on without interruption and
as rapidly as possible until completed,
otherwise the cement first poured under

. the bedplate may partially set and pre-

vent that poured later from flowing free-
ly to all parts. When the cement has
hardened sufficiently, remowve the surplus
from the outside and smooth up the
joint under the bedplate.

(2) Place the lower half of the frame
and the bearing pedestals in position on
the bedplate. (In the smaller machines
the bedplate, frame and pedestals can be
handled as a unit.)

(3) Remove the protective coating
from the shaft, wipe the journals clean
and dry and cover them with a film of oil;
s¢e that the bearings are thoroughly
cleansed of grit or dust and cover them
with a film of oil; lower the rotating part
into the bearings, see that the oil rings
are in position, put on the upper half
bearing and see that all rings are free to
move. Fill the bearings with oil to the
proper level, put on the bearing caps and
screw down the bolts. Donot tighten the
bolts until after the armature has been
turned over and the operation of the
bearings found Satisfactory.
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FiG. 7—WIRING D1aGRAM OF SUPERSEDED)TYPE BOOSTER CONVERTER CONTROL

When handling the armature always
support it by means of rope slings about
the shaft, taking care that these do not
come in contact with the end connections
of the windings or mar that portion of
the shaft which normally rests in the
bearings. Any roughness at this point
would cut the babbitt of the bearings and
cause undue heating when the machine
is in operation.

Never under any conditions support
the weight of the armature from the
commutator or collector rings;either by
ropes or blocking. In putting thejarm-
ature into position, be careful not to
scratch the bearings of"bend the oil
rings.

(4) Clean the contact surfaces of the
frame and setthe upperhalf of the frame
in position and sectire it t6 the lower half
by means ofjbolts andfeather keys.

(5) DPlace ‘the two halves of the
direct-current brushholder rocker ring
in position. The individual brushholder
arms are shipped bolted to the rocker
ring, and the individual brushholders
are shipped bolted to the arms. Itis not
necessary to disassemble these parts
andif they are taken apart the difficulty
of “ebtaining proper brush position is
greatly increased.

(6) Connect up the field and alter-
nating-current and direct-current arma-

ture ledds. Lnsert the brushes in their
holders, grinding them in with sand-
paper to, as ‘mnearly a fullfaced fit as
possible before putting any load on the
machine.)See Fig. 10 and accompanying
text regarding method of grinding in
brushess® See that the brushes move
freely)in the holders and are held under
angequal and moderate pressure. Con-
nect the machine to the switchboard
including the connections of the over-
speed device to the direct-current circuit-
breaker.

(7) Adjustment of the air gap—In
setting up any machine, great care must
be exercised to obtain a uniform air gap
between the armature core and all pole
faces. Aninequality in the main pole air
gap will cause unbalancein therotor and
heating of the bearings. Aninequalityin
any of the air gaps,—main commutating,
or booster,—will adversely affect the
commutation.

Erection of Sole-Plate Type Units—
The erection of sole-plate type converters
differ from the erection of the corre-
sponding self-contained units in the
following respects:

(1) The sole-plates should be set in
position on the foundations as deter-
mined by the foundation bolts. The
foundation bolts must be accurately
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spaced. The approved method of loca-
tion being to construct a light wood tem-
plate or frame with the bolt holes careful-
ly bored to dimensions given on the blue
print of the converter outline drawing.
It is advisable to have these bolts
surrounded by iron pipes of proper
length and with inside diameter some-
what larger than bolts set in the founda-
tion, with openings in the masonry
to allow access to the nuts at their
lower ends in case renewals become nec-
essary. The slight flexibility of posi-
tion permitted by this pipe construc-
tion is often of great convenience in
the final lining up of the sole-plate.

(2) After levelling, the sole-plates
should be finally cemented to the foun-
dation,

{3) Afterplacing the lower half of the
frame and rocker ring, the pedestal bear-
ings and armature in position, locate the
frame.

(4) Adjustment of the air gap—Ad-
just the air-gap horizontally by shifting
theframe, and vertically by means of the
raising screws provided in the frame foot.
When the proper adjustment is obtained,
insert thin sheet-steel liners of the neces-
sary total thickness between the frame
feet and sole-plates. During this opera-
tion gauge the gap at different points on



the front and back of the machine by
inserting a small metal or wooden wedge
in the air-gap and noting the distance
to which this wedge enters.

Drying Out Insulation—If the arma-
ture or field coils have been exposed to
low temperatures during shipment or
storage, they should be allowed to come
up gradually toroom temperature before
they are unpacked. If the windings have
become damp either in this manner or
through exposure to snow or rain, they
must bedried out by any of the following
methods:

(1) Block the rotor so that it cannot
turn, raise the direct-current brushes,
short-circuit the shunt field and apply
approximately 10 percent of the normal
alternating-current voltage to the collec-
tor rings. The standard Westinghouse
transformers are usually provided with
taps, from between which a suitable low
voltage may be obtained.

(2) Drive the converter from some
external source, such as a separately
belted motor, after raising the collector
brushes and short circuiting the arma-
ture on the direct-current side, using a
very weak field excitation. If the con-
verter is shunt wound, low-voltage separ-
ate excitation must be employed; if com-
pound wound the armature may be short
circuited through the series field coils.

Synchronous converters are very
sensitive when operated as series ma-
chines and there is danger of generating
an excessive current. Consequently this
method should be undertaken only by
experienced operators.

(3) The field coils may be dried by
applying from some separate source of
excitation approximately two-thirds, of
the normal direct-current voltages

There is always danger off serious
injury to the windings when drying ott
with current since the heatfgenerated in
theinner parts is noygeadilydissipated;
fyrthermore, coilsgcontainingmmoisture
are much moregdsusceptible, to injury
from overheating thafi’'when thoroughly
dry. The temperature offall accessible
parts should be ‘“caréfully observed
during the drying out process and never
allowed to exceed 80 degrees Centigrade,
total temperature()Several hours or even
days may be required for thoroughly
drying,outilarge machines.

Insulation” Test—It sometimes hap-
pens that)ithe insulation of a machine is
mechanically injured or exposed to
moisture after the test at the Works, but
previous to erection. For this reason,

Westinghouse Synchronous Converlers

insulation tests should be made before
the machine is run with load.

The higher the resistance, the better
the general condition of the insulating
material. The insulating resistance of
the field will be much higher in propor-
tion to the e.m.f. of the exciting current
than that of the armature and will
usually give little or no trouble. Since
large armatures have much greater areas
of insulation, their insulation resistance
will be proportionately lower than that
of small machines. Even though the
material is in exactly the same condition,
the insulation resistance of any machine
will be much lower when hot than when
cool, especially when the machine is
rapidly heated. The only feasible way of
increasing the insulation resistance when
the machine is complete is by ‘‘drying
out”.

In case a ‘“‘megger" is not available,
insulation resistance measurements may
be easily made using a 500-volt “@irect>
current circuit and a 500-velt“direct-
current voltmeter. The {method Dof
measurement is first to redd thevoltage
of theline, then to connect the resistance
to be measured in series withthe volt-
meter and take a second/{reading.

The measured resistangefis then calcu-
lated by using the following formula:
r(V.— v)

MY which
VgL, 0005000) 1"

V =/voltage of the line.

v =\voltage reading with insulation
ingSeries with voltmeter.

r = resistance of voltmeter in ohms

(generally marked on label in-
side the instrument cover).

R ™= resistance of insulation in meg-
ohms (1 million ohms).

The method of connecting the ap-
paratus is shown in the diagram Fig. 8;

If a grounded circuit is used in making
this measurement, care must be taken to
connect the grounded side of the line to
the frame of the machine to be measured,
and the voltmeter between the windings
and the other side of the circuit,

Voltmeters having a resistance of
one megohm are now made for this
purpose so that, if one of these instru-
ments is used, the calculation is some-
what simplified.sincer=1 and the above

\%

v

formula becomes R = —1

A safe general rule is that insulation
resistance should be approximately 1
megohm for each 10,000 volts applied
in testing.
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No new machine should have an
insulation resistance of less than 1_meg-
ohm.

Insulation resistance of machinesyin
service should be checked periodically to
determine possible deterioration of the
windings.

Breakdown Test—A"high voltage or
breakdown test s usefulfin‘determining
the strength of thdjinsulation ot the ma-
chine. It is made By subjecting the
insulation to @an e.m.f. greater than it
will have to stand in actual service. As
this test is imythenature of an overstrain,
it must,be applied with great caution.
Such testsiare always madein the factory
in lide'with standard A.I.E.E. ruling. In
making sucly tests, it is well to remember
that the insulation is more easily broken
down, wiien hot than when cold and that
the tests should not be made immedi-
ately after the machine is started the
first time but after it has run hot for
some hours and has a chance to dry out.
Tests of this character should not be
made when the insulation resistance is
low.

Large machines, when tested at high
voltage, require a considerable output
from the testing transformer, as a heavy
charging current may be taken by the
machine. The transformer capacity
required for testing, varies with the
square of the voltage of the test, with the
frequency of the circuit, and with the
static capacity of the apparatus under
test.

A 5-kilowatt transformer has in gen-
eral sufficient output for testing ma-
chines up to 4000 kilowatts at a testing
e.m.f. of 6000 volts.

A diagram of connections of the trans-
former wiring is furnished by the Works
in each case and this diagram should be
at hand when the transformers are being
installed.

The wiring diagram for any particular
installation should be obtained from the
manufacturer of the switchboard.

500 Voit Circuit
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F1G6. 8—CONNECTIONS FOR MEASURING
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IExceptional precautions must be taken
in running wires for high-tension service.
As far as possible, all circuits should be
out of normal reach and so placed as to
minimizeany danger from mechanical in-
jury or from contact with other electrical
circuits,

All wiring should be exposed and
rigidly supported on suitable insulators.
Lead covered cables for high potential
are to be avoided unless absolutely
necessary. When they are used addi-
tional precautions must be taken to
insure proper insulation.

In laying out the low tension alternat-
ing-current wiring and parficularly in
large 60-cycle installations, care should
be taken that the leads of different
phases of the converter have the same
reactive drop. Differences in reactive
drop may be caused by differences in
length of cables or in adjacent steel
structures, and may cause current un-
balance particularly in three-wire con-
verters. Alternating-current leads must
not loop parts of the frame as currents
will be induced in the frame and starting
difficulties are likely to be experienced.

Phase Rotation—In order that the
wiring connections between a converter
and its supply circuit may be correctly
made to obtain a given direction of rota-
tion, it is necessary to know the phase
rotation of the converter and the supply
circuit. By ‘‘phase rotation of the con-
verter’' is meant the order in which each
ring reaches its maximum voltage of one
polarity.

All Westinghouse converters are, ar-
ranged for clockwise rotation facing the
commutator end. With this directign of
rotation, the phase rotation is,from the
outer ring towards the armature, corel
The sequence of phase rotatien 1shiny
dicated by the inside ring always deing
M6 on 6 phase converters.
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Fig. 9 illustrates the standard nomen-
clature of the terminals for 2, and 63-
phase converters.

The sequence of phase rotation of the
supply system can be found by tracing
the wiring back to the generating station
or else by the use of a phase rotation
indicator.

With the sequence of phase rotation of
the supply system known and indicated
by a, b, ¢, and a corresponding indication
on the high tension terminalsof thetrans-
former, the sequence of phase rotation
will then be indicated on low tension ter-
minals by M1, M2, M3, etc. Therefore,
to obtain clockwise rotation on the con-
verter, the connections between the line
and transformer and between the trans-
former and converter should always be
made by joining together leads of the
same letter. The mechanical arrange-
ment of the leads is no indicatiomwhat-
ever of the rotation, this being) deter-
mined entirely by the lettess.

When starting for firstdtimewif the
armature revolves in thelwrong direction,
shut down by trippingdtheyoil c¢ircuit-
breaker and pulling ¢he discennecting
switch and change the, alternating-
current cable connection. “If the con-
verter is two-phase, ifiterchange the two
leads of either one ofjthe phases; if it is
three-phase interchange any two leads;
if six-phaseinterchange two pairs of leads
on thelow tension or any two leads on
the high temsion side of Power Trans-
formier and,proceed as before.

Equdlizer Leads—In compound-
wound'cenverters operated in parallel on
the direct-current side, an equalizer lead
1S required as in compound-wound
direct-current generators. With ground-
ed railway circuits, it is desirable to
have the equalizer connection made on
the negative side of the converter. This
is the standard arrangement in West-
inghouse converters,
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The relation of the equilizer lead to
the other wiring is shown in Fig#31 fer
two converters. Note that the equalizer
is always connected between the,series
field and commutating pole field.

The equalizer lead should have small
resistance. It is the usual practice to
make the equalizesmleads one-half the
size of the main leadsf®In installations
where long equalizer leads are necessary,
a larger equalizerjymay be advisable in
order to maintain ‘@ sufficiently low
resistance.

1t should befémembered that in com-
pound-woundy converters the direct-
currentivoltage is determined by many
factors, that are not present in direct-
Current generators. (Seesubsequent text
foradiscussion of these various factors.)
On,account of this the series field excita-
tion, as controlled by the equalizer, does
niot directly nor greatly affect the con-
verter voltage and load.

Series Shunt—A series shunt consists
of a low resistance connection across the
terminals of the series field, by means of
which the compounding effect of the
series winding may be regulated by
shunting more or less of the armaiure
current past theseriescoils. It may bein
the form of grids, on large machines, or
of ribbon resistors on smaller machines.
In the latter case it is usually insulated
and folded so as to take up but a small
amount of space.

Series shunts are usually furnished
with all large machines. Provision is
made in the wiring of all converters for
the convenient addition of a shunt if
operating conditions show it to be neces-
sary. When converters are operated in
parallel on the d-c. side a shunt across
the series field of one machine acts as «
shunt across all series fields in parallel.

Main Direct-Current Leads—If the
converters are of the same ratings special
attention should be made to see that all
the cables which lead from the various
machines to the bus-bars are of equal re-
sistance., This means that if the ma-
chines are at different distances from the
switchboard, different sizes of cable
should be used, or resistance inserted in
the low resisfance leads.

If the converters differ in design or
size, the difference in potential or drop
in voltage between the terminals of
the machine and the bus-bars to
which they are connected should be
exactly the same for every converter
when each is carrying its proper share of
the load. To secure the best results, the
total drop between converter terminals
and switchboard must not only be the
same as equal loads, but the drop in
corresponding sections of the connecting



cables of the different machines should
also be equal;i.e., the drop in the positive
lead from any one converter at full load
should equal the drop in each of the
other positive leads when carrying full
load. The same condition should be
secured in the negative leads, in the
equalizer connections and in the series
field windings. It may be necessary in
achieving the desired results to alter the
tength or size of connecting cables, and
occasionally additional resistance is
required.

Connections for Parallel Operation—

In wiring up converters to be operated
in parallel on the direct-current side the
following precaution should be observed:

(1) Connect the alternating-current
leads to the same value of transformer
taps and run the leads from the trans-
formers to corresponding switches and
converter terminals as per transformer
diagram.

(2) Place the direct-current brush-
holder arms of the several units on the
neutral position, and run the positive,
negative and equalizer leads through
their respective switches to the positive,
negative and equalizer bus-bars of the
other converters.

(3) See that the field wires are
brought out to the corresponding ter-
minals of the other converters and con-
nected in the same way.

{4) Be sure that the voltmeter lead
from the positive terminals goes to the
positive voltmeter bus, and the negative
to the negative bus.

(5) Incaseof doubt as to the relation
of the phase of the machine and the buses
the machine should be “phased out’ as
described in subsequent text under
‘“phasing out’'.

Direct-Current Brush Position Jand
Brush Arm Spacing—In non-commutat=
ing pole machines the correct frunning
position of the brushes is ‘‘ahead® of the
no load neutral and is foundgbyytrial®In
commutating pole machines the(brush
position is fixed and ‘the correct adjust-
ment is determined at theyWorks before
shipment.

The relativépositions 46f the ring,
which carries the brushhélder arms, and
the field frame are indicated by a dowel
pin, With the dowel pin in place, the
rocker ring can be placed only in the
correct position.

The brushholder arms are correctly
spaced and adjusted, before the machine
leaves the Works. This insures the cor-
rect brush spacing. The arms, however,
may, become displaced, due to subse-
quent’ disassembly or rough handling,
during shipment. In consequence,
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spacing should be checked to be sure that
variations of mare than % do not
exist between arms, and care taken to
see that the arms are parallel to the
commutator bars before the machine is
put in service. All brushholders should
be aligned on the arms, with a clearance
between the surface of the commutator
and the bottom of the holder of not less
than #'’ nor more than 4",

Location of Neutral Point—The no-
load “neutral’’ point on the commutator
isthat point at which a minimum voltage
is induced between bars when the ma-
chine is running without load with only
the main pole windings excited.

On the present fabricated type of
units, the mechanical method for check-
ing the factory neutral position is as
follows:

With a convenient constant radius,
using the two countersunk holesin'the
front edge of the frame as centers,
scribe two arcs to intersect onithe com-
mutator surface between thejendsuef
the bars and the first brush, soithat
the point of intersection is/visible when
the brush armis in place.
If the axial center line ‘of, a brush
contact surface befmade, to ‘coincide
with the point of arc intersection, the
brush will be in\the‘factory neutral
position. {The position of one brush
arm is thus‘established and the other
brush arms can be spaced with
reference, to it

In caSe itVis necessary to check the
location’of the neutral point one of the
followihg ‘methods should be followed:

On non:commutating pole machines
the neutral'’ should be found while
running the machine as a shunt motor
from the direct-current end or by driving
the machine by some external power
with the shunt field winding excited.
Use a low reading voltmeter with .5—1.5
and 135 volts scales preferably. Usetwo-
pointed leads for the meter. Hold the
points one commutator bar width apart
on the commutator and move them
along until the point of minimum voltage
is located. This method is not the most
accurate, but is usually satisfactory for
non-commutating-pole machines.

For commutating-pole-machines there
are two methods, either of which, if
properly used, is sufficiently accurate.

First—The “Kick Neutral”—This
method is based on the fact that when
the field circuit of any direct-current
machine is opened, an induced voltage is
generated in the armature windings. In
case the brushes are in the exact neutral
position the resultant voltage so gener-
ated is zero.
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Raise all direct-current brushes. Ar-
range to separately excite the shuntield
from any convenientsource of power with
a quick-break switch in the circuity, If
line voltage is used, a resistance or lamp
bank should be used in series with the
field circuit to give a small currentdn the
field. A low reading voltmeter should be
used for measuring deflections.

Determine thelproper€ommutator bar
pitch for the machine. Ifgffor instance,
the machine has®86 bars per pole, the
throw for a multiple wound armature will
be bar 1 to bar 37.

Hold the veltmeter leads on bars 1 and
37, in tHe neutral zone, and then open
and clese the,field switch and note de-
flection omythe meter.

The deflection, if any, will be only a
momentary kick. If deflection takes
placedit indicates that the bars being
registered are not in the neutral position.

Assume for example, that holding the
voltmeter terminals on bars 1 and 37 that
a deflection of 18 volts to the left is
registered by voltmeter needle when the
quick break switch is closed. The switch
should be left closed now until needle
settlesback to 0. The switch should then
be opened and a deflection of 10 volts to
the right will be obtained, as the induced
voltage is in opposite directions when
opening and closing the field circuit.

Next move the voltmeter terminals to
bars 2 and 38. Suppose now when the
field switch is closed a deflection of10 volts
to the right is obtained, and after allow-
ing needle to come to rest, and switch if
opened, a deflection of 10 volts totheleft
is obtained. This indicates that the cor-
rect no load neutral in this case is exactly
on the mica between the two pairs of bars
tried. The rocker arm should therefore
be shifted until the centre of the direct-
current brushes is exactly over this neu-
tral mica position.

When equal readings cannot be ob-
tained by moving voltmeter leads ahead,
or back, on any two pairs of commutator
bars, it is necessary to turn the armature
slightly until such a condition isobtained.

Second—*“Running Neutral”— This
method is based on the fact that if the
brushes are in the correct no load neutral
position no active electromotive force
will be generated by the commutating-
pole flux when the machine is mechani-
cally driven on open circuit with the
commutating windingsseparately excited.

Beveled brushes should be inserted,
one in each arm, and so beveled that the
faces of these brushes will be wide enough
to bridge one mica segment. The face of
the brush must be ground in for good
commutator contact and must not be

¢ )
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wide enough to make contact with more
than two commutator bars with any
commutator position. A reversing switch
should be connected in the separately
excited shunt field circuit and some ar-
rangement made for separately exciting
the commutating-pole winding at from
two to four percent of its normal current.
The commutating-pole circuit should be
disconnected from the armature and the
armature left open-circuited. Use a low
reading voltmeter such as was suggested
for the “kick neutral’”’ across arms of
opposite polarity. Bring the machine up
to approximately normal speed and by
exciting the main field, for an instant
only, in a direction contrary to normal,
demagnetize it entirely, that is, until no
deflection shows on the lowest scale of
the voltmeter. Any deflection then ob-
tained by exciting the commutating-
poles will be due to the commutating-
pole flux alone. First excite the com-
mutating-pole windings with about two
percent of their normal current and
shift the brushes until no deflection is
obtained on the lowest scale of the volt-
meter. Check the residual magnetism of
the main poles from time to time keeping
it at as low a value as possible by de-
magnetization as explained above. After
determining the best location for the
brushes at this excitation, raise the
commutating-pole current to about 4
percent of normal and check results. If
no difference is found reverse the current
in the commutating-pole and try again,
still checking the residual from time to
time. In some cases higher currents may
be used, but the leakage flux soon be-

P1G. 10—GRINDING BRUSHES

comes large enough to destroy the sym-
metry of the normal field form and in-
definite results will be obtained.

This method, if used carefully, gives
very accurate resulfs. It may be noted
that the position of the brushes is at the
peak of the commutating-pole field form
and as this peak is rather sharp the
effect of displacement will be very
marked. Since the machine is running,
errors due to brush resistance or to a
brush resting on mica only, are entirely
eliminated, making this method pre-
ferable to the ‘“‘kick method"’.

Adjustment of Direct-Current Brushes
and Brushholders—The direct-current
brushes used in synchronous converters
are of the graphitic type. This grade of
brush is practically free from carbon or
hard, gritfy material. Among its ims
portant characteristics are,—high otir-
rent carrying capacity, high lubricating
quality, low friction coefficient§and
consequently low friction losses,, and
low resistance drop.

The absence of abgasivefqualities
makes this type of brushjunsuited for
non-undercut commutdtors, where the
mica must be worn down,by the brush.
The low resistancedrap alsgymakes it in
some cases unsuited for men-commutat-
ing-pole maéhines which/inherently have
relativelyfhigh yoltages induced in the
armature ¢oils‘fundergoing commutation,
producing large currents in the low
resistance ‘brush”face.

Théfollowing points must be adhered
to:—

1. Locdtion—The relative spacing of
brush¢arms around the commutator, as
determined by the edges of the brushes,
must be uniform. The preferable method
ofy checking this point is to stretch a
piece of paper tapearound the commuta-
tor, under the brushes, allowing the ends
to over-lap to some extent. Care must
be taken that it is smooth and parallel
with the edge of the commutator at all
points. Make a fine clear mark with a
sharp pencil on the tape, exactly at the
toe of the brush on each arm resting on
the tape. Some marks of identification
should also be made, so that after
removing the tape from the machine the
arms corresponding to the marks may be
readily identified. Remove the tape and
measure the space between the marks,
adjusting the arms until approximately
equal spacing results. The difference in
spacing should not be more than %"
Obviously, the brushes must be ground
in as indicated in the following paragraph
before being spaced.

2. Grinding in Brushes—The ends
of the carbon brushes should be carefully
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fitted to the curvature of the com-
mutator. This can be done by _putting
the brushes in the brushholders afid
drawing a long strip of sandpaper, under
each brush while pressing it firmly
against the commutator as shown in Fig.
10. The sandpaper should cut the brush
only on the forward stroke and in the
direction of normal rotation. Copper-
plated brushes should have the copper
plating removedyfrom,the brush for a
distance of net,lessithan 34’/ from com-
mutator inforderito prevent the copper
sheath from’s¢ratching the commutator.

3. Spring “Tension—The brush-
holdet, springsyshould be adjusted to a
uniformtension of from 2 to 214 pounds
per square inch of cross-sectional area of
the brush.

Adjustment of D-C. Flash Barriers—
The, d-c. flash barriers (where used)
should be maintained at 4%’’ from com-
mutator face.

Adjustment of Brush Lifting Device—
The brush lifting device is supplied with
all commutating-pole synchronous con-
verters which are self-starting from the
alternating-current side.

The lifting clip is omitted on one brush
on two arms of each polarity, so that
these four brushes will remain on the
commutator to supply exciting current
and to indicate polarity. To avoid spark-
ing these brushes should be kept beveled
to ¥-inch face. Under no condition must
these brushes be raised from the com-
mutator during starting, as such action
might cause insulation failure of the
windings.

When starting from the alternating-
current side, the direct-current brushes
are to beraised before the starting switch
is closed. The brushes are to be lowered
only after the converter is running in
synchronism on full voltage.

When two halves of the rocker ring
with the assembled brushholders are in
position, see that the dowel locating the
commutating position is in place; tighten
the rocker ring clamping washers, and
test the brush lifting mechanism to see
that it has not shifted during shipment
or assembly.

For details of brush lifting assembly
see Fig. 13,

The lifting clips, as may be seen from
the cut, Fig. 11, are supplied by the
brush manufacturer as an integral part
of the brush. The rock-shaft, lifting
rod and other parts as shown in Figs. 12
and 13 are shipped assembled on the
brushholder brackets and are properly
adjusted before the apparatus leaves
the factory.
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Fic. 11—D-C. BRUSHHOLDER WITH BRUSH
AxD LiFTING CLip

Motor-Operated Lifting Device—On
remote or automatically controlled con-
verters, the brushes are lifted by motor
operated mechanisms. On the larger
units, a motor-operated lifting mech-
anism is recommended to facilitate ease
in lifting the brushes in the shortest
possible time. These devices are mount-
ed on the bedplate of the converter as
close as possible to the direct-current
brush rig. See Fig. 1 for arrangement
on a railway unit and Fig. 2 for lighting
type.

Adjustment of Alternating-Current
Brushholder and Brushes— All synchro-
nous converters are now supplied with
the block type of brush on the Alternat-
ing-current side. The larger size units are
equipped with metal graphitic brushes
while the smaller size units use electro-
graphitic brushes. The metal graphite
brushes are made from finely powdered
metal (mainly copper) and graphite, asé
sembled under high pressure. They have
very low electrical resistance, whigh is
varied in different grades of brushes, by.
the quantity of graphite used. [The fol-
lowing points must be adhered to:

1—Brushholder Setting—The 4alter-
nating-current brushholders{(See Fig.
15) should be locatéd so that thé'bottom
of the box is nevér more than, 1§’ away
from the rings{ All holdezs, are adjust-
able so that follow=tip of the holders can
be made as the ringsiwear and become
smaller in diameter.

2—Location—Bgpushes should be so
located that the rings are entirely
coveped by the brush, and so that no
part ‘of ‘the) brush will overhang the
surface “of the ring at anytime. This
overhang causes a lip toform on the
tinused portion of the brush and causes
rapid’ brush wear. It may also result

in the lip breaking off and causing a
short circuit between collector rings.

3—Grinding in  Brushes—Metal-
graphite brushes are much harder than
carbon or graphite brushes. They are
machined as nearly as possible to fit
the collector ring and then ground in
place in the holder by passing sandpaper
between brush and ring in the direction
of rotation only. When the brushes
have been fitted as accurately as possible
the machine should be run with less
than full load until the brushes are
worn down to a good surface. It is ad-
vantageous to use more than normal
tension, during the wearing-in process.

4—Spring Tension-—Metal-graphite
brushes should have enough pressure to
keep themin good contact with the ring.
Under ordinary conditions 24 to 3
pounds per square inch depending on
ring speed will be ample to give{ geod
contact. With a 114 x 114 inch brush
this is equal to a total pressure of 5%to
7 pounds per brush,

Note—For Further Detailed Instruc-
tions as to Care and Selection of\Brushes
on Power Station Appatatus see In-
struction Book 5187.

Adjustment of [Commutating-Pole
Field—The commutating-pole adjust-
ment to give the best®commutating
conditions isimadé at the Works and, in
general, flp,reason for changing it after
the converter, is“imstalled will arise.
Howeverngif such reason should arise
the proper/change in excitation may be
determined as follows:

(1) With a low reading voltmeter
read, the/ voltage between the brush-
holder ‘bracket and the commutator at
fourdequi-distant points across the
width of the brush (along the circum-
ference of the commutator) when the
machine is running at normal load and
voltage. These voltages can be most
conveniently read by inserting a hard-
wood or fibre block in an end brush-
holder having four radial holes correctly
spaced in which the voltmeter ‘‘point"
can be inserted. This is shown in Fig. 14,

Readings should be taken from posi-
tions 1 to 4 in the direction of rotation.
Take curves under both positive and
negative brushes for several brush arms.
See Fig. 16.

(2) Changes in commutating-pole
strength to secure correct compensation
can be made by changing the air gap or
by shunting part of the current from the
commutating-pole winding. Adjustment
by changing the air gap is the more
usual method. In case of over com-
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pensation the air gap should beincreased
and in case of under compensation the
air gap should be decreased.

The measurement of brush curves,and
the adjustment of the commutating-pole
strength should only be undertaken
under the supervision of an experienced
engineer.

The Speed-Limit Dévice—As a safe-
guard against owyerspeeds, a)speed-limit
device is attached tejene endof the shaft,
consisting of agspring, closed switch.
When the converterpreaches a certain
speed aboveV dnormal, a centrifugal
governor mechanism operates the switch
and opens theWcircuit-breakers, thus
cutting off‘the converter from its source
of stipplys, A circuit opening switch is
regularly supplied with Westinghouse
speed-limit devices but a circuit closing
switeh, can be supplied when desired.

To Reset the Switch—It is merely
necessary to move the switch arm back
t6 the normal position by hand. This
can readily be done at any time whether
the machine is running or not and with-
out opening the switch box.

Assembly of Speed-Limit Device—All
speed-limit devices are set and tested at
the Works. The switch box complete is
shipped attached to the pedestal. Bolt
up parts in place, fasten the trip case to
the shaft, next push in the switch arm;
there should be at least 1§ inch between
the switch arm and the trip-case, Fig. 17.

Adjustment of Speed-Limit Device—
All standard converters are provided
with, a test pulley extension on the col-
ector end. When testing for overspeed
the synchronous converter can be run

Fic. 12—D-C. BRUSHHOLDERS WITH LIFTING
DEVICE AND FLASH GUARDS
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as a motor from the direct-current side,
or can be belted to a motor on the pulley
end. It is important to have complete
control of the speed during the test.
Use a tachometer or any reliable direct-
reading speed indicator, but do not use
the ordinary revolving dial indicator.

Then test for overspeed; the switch
should trip at about 15 percent above
synchronous speed. Bring the speed up
slowly and watch for the tripping speed
of governor trip lever.

Should it be found necessary to reset
the governor proceed as follows:

First determine the tripping speed,
and set the governor and switch as
shown in Fig. 17. Screw in the ad-
justing screw even with the governor
case, and give the screw about one-half
turn inward at each run until it trips
at the overspeed. Then tighten the
small locking screw on the side of the
trip case.

Before starting each test see that the
switch arm is in and pull the trip lever
several times by hand to see that it
works freely.

Inspection—Speed  limit  devices
should be tested and lubricated at regu-
lar intervals as a part of the routine in-
spection to insure that all parts are
operative and all circuits complete.
Failure to maintain properly the over-
speed device and wiring may result in
the loss of a machine.

Protective Devices

General—In general the satisfactory
operation of a synchronous converter
depends, to a great extent, upon its
proper application and the effectiveness

Adj hsulating Conn Link
Sttt Rack

F1G. 13—Brusk LIFTING DEVICE

Westinghouse Synchronous Converters

of the indicating and protective devices
with which it is provided.

Application—The synchronous con-
verter possesses certain fundamental
advantages in efficiency, first cost,
weight and space requirements which
have led to its almost universal adaption
in the conversion of power for most
types of railway, industrial and Edison
Service.. In applications when the
synchronous converter has not been
previously used, there are a number of
conditions that should be given consid-
eration in order that the converter may
not be applied in a field or under operat-
ing conditions, that would be detrimental
to its satisfactory performance.

Synchronous converters should not
be used at the end of a long trans-
mission line or any other location whére
the alternating-current voltage is Sub/
ject to sudden and frequent fluctuations,
such as surges resulting from\faulgs,
switching operations, or {qQuiek changes
of load. If synchronousWeondénsers
are operated in the vicinity of the sub-
station, synchronous geonverter per-
formance will usuall§i \be quite satis-
factory, insofar asgit ispaffected by
alternating-current system conditions.
If the impedance drop of the trans-
mission system is exceéssive, the opera-
tion of synchronous equipment in general
will not be'satisfactory.

The load characteristics of the direct-
currenty system should be thoroughly
analyzed “to, determine whether or not
the“load swings are of frequent occur-
rence, and of sufficient magnitude to
exceed] the momentary commutating
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capacity of the converter. Frequent
heavy load swings, such as goccur  in
certain types of railway and\, mining
service, impose a very heavy cyele of
operation on a converter. Proper main-
tenance and inspection are essential for
satisfactory performance of theé current
collecting elementsgy The ability of a
converter to withstdnd heavy load
swings and shert circuits is determined
to a great extenthby the condition in
which the ¢gommutating parts are main-
tained.

As in“any ‘Sysichronous machine, the
converter carries load by virtue of its
rotor ‘dropping back in its phase posi-
tionfan amount sufficient to pass the
necessary load current through the
impedance of its internal circuits. On
large 60-cycle converters, approximately
seven times full load current causes the
fotor to drop back enough to pull-out
of step or slip a pole, if the load is not
removed in a sufficiently short time
interval. Obviously, the value of pull-
out will decrease as the voltage on the
slip rings is decreased by the regulation
of the transformers and alternating-
current supply line. A synchronous
commutator type of machine cannot
slip a pole under any considerable per-
centage of full voltage at the commuta-
tor without serious flashing. It is
necessary to provide either sufficient
minimum short circuit resistance to
prevent the current approaching pull out
value, or a high speed breaker, to limit
the current and relieve the converter of
its excessive direct-current load before
the rotor can drop back in phase position
sufficient to pass excessive alternating-
current through its windings.

Sudden interruption of excessive load
or short circuit current with an ordinary
speed breaker on any synchronous con-
verter is conducive to flashing at the
commutator. The net armature reac-
tion in the converter is normally quite
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small due to the mutual neutralizing
effect of the alternating and direct-
currents, and the machine constants
affecting commutation are proportioned
accordingly. The sudden interruption
of a heavy direct-current load, with an
ordinary slow speed breaker, is followed
by the flow of a correspondingly large
alternating-current tending to restore
the rotor to its no load phase position.
The alternating-current, flowing alone
in the windings, produces a large un-
compensated armature reaction, with
consequent field distortion, excessive
short circuit currents under the brushes
and high voltage between adjacent
commutator bars, that result in heavy
sparking or flashing, In most cases of
flash over, the converter should be re-
moved from service until the com-
mutator is smoothed, and all brush
rigging thoroughly cleaned to remove
all carbonized particles.

It has been found that in most 600-
volt interurban and street railway serv-
ice, satisfactorily overall performance
of machine can be insured by providing
a definite minimum value of short
circuit resistance. The maximum short
circuit current due to system faults is
thus limited to a value which can be
safely commutated during the period
required for the opening of an ordinary
breaker or contactor of normal opening
speed. The most common method of
providing this resistance is to extend
each feeder a sufficient distance from
the substation before connecting to the
trolley system. In a few cases where
the trolley wire in itself possesses suffi-
cient conductivity, it may be desirable

Westinghouse Synchronous Converlers

to use grid resistance rather than to in-
stall a length of feeder copper which
would otherwise be wunnecessary. It
is difficult, if not impossible, t o specify a
minimum value of resistance which in
conjunction with low speed breakers
will prove satisfactory on all systems.
Any synchronous converter, not pro-
vided with high speed breaker pro-
tection will flashover on dead short
circuit. The minimum resistance of the
feeder circuit to the first point con-
nected to the trolley, should be as low
as is consistent with overall satisfactory
performance under the frequency and
severity of short circuits encountered on
the particular system under consider-
ation, Final determination of the proper
value of resistance will often resolve into
a methdd of “‘cut and try”’.

The following are recommended mini-
mum values of positive feeder resistance
(not including the negative return
circuit) for use with modern high Tre-
luctance commutating pole,\60-¢yele,
600-volt railway converters. Motor
generators and 25-cycle railway con-
verters will perform satisfactorily¥with
the same values.

Converter Capacity JAeeder Resistance

in Kw,
300 4080
500 .060
750 .046
1000 .038
1500 .025
2000 .018
3000 .013

In prévidinggthe necessary resistance in
feeders supplied by synchronous con-
verters, the stability of the transmission

line, the switching arrangement and load
conditions must be given due considéra-
tion. The values as given will( limit
the current, due to the short circuit,at
the first feeder tap, to an amount which
can be safely carried by the machine
over the period of operation of a breaker
of ordinary speed. However, if this
current is totally intefrupted by a single
operation, the unit will’in many cases
flash over because gfithe subsequent lack
of any commutating field, to neutralize
the excessive @lternating-current which
continues to flow/in the windings.

Properly arranged switching equip-
ments s@ designeéd that the converter
is relieved “of the short circuit current
in two steps is very effective in pre-
venting flashing. A suitable time ele-
ment 1sintroduced in the tripping circuit
of /the,feeder equipment, so that the
current is first reduced by the opening
of “an auxiliary breaker or contactor
shunting current limiting resistance.
The opening of the feeder breaker then
relieves the converter of the reduced
current by the isolation of the fault.
During the period between the opening
of the first and second breaker, a certain
amount of direct-current is present to
neutralie the effect of the heavy alter-
nating-current flowing in the windings
of the converter to restore the armature
to its proper phase position.

The presence of connected load on the
station bus provides a corrective effect
of the same nature and, in multi-feeder
stations operating at high load factor
may be sufficient. In manually-operated
stations where the proper switch se-
quence cannot be arranged, and where
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the load conditions do not afford suffi-
cient protection, higher values of mini-
mum resistance may have to be used in
the feeder circuits to secure satisfactory
results.

The recent development of the high
speed direct-current breaker offers a
means of protection to the synchro-
nous converter from the effects of faults
in the direct-current system. The high
speed breaker is an air break switch
of the contactor type so designed as
to open its contacts in a sufficiently
short period of time to relieve the unit
of its excessive load before the rotor can
deliver up its stored energy and drop
back in phase position sufficiently to pass
excessive alternmating-current through
its winding, with consequent unbalanced
armature reactions and resultant flash-
ing at the commutator.

Protective and Indicating Devices

To secure the most satisfactory results
from a synchronousconverter it is essen-
tial that the converter be properly
applied and that the switching equip-
ment be properly designed to protect
the unit from such faults and distur-
bances as occur in service. Proper in-
dicating devices, to enable the operator
to have a visual indication of the char-
acter of both the alternating and direct-
current loads, are essential to the
satisfactory operation of the unit.

(Manual Substation)

A-C.Machine Breaker—The altetnat-
ing-current machine breaker should be
of the over current automatic_typeland
adjusted for inverse time for definite
time trip, depending on the application.
In applications where aghigh ‘dégree of
selectivity is desired betweef the opening
of the direct-currént,feedér breakers and
the alternating-Currentymachine breaker,
a non-automaticg altermating-current
breaker equipped| withga shunt-trip or
direct-trip attachmefit is necessary.
The impulse to trip{the breaker is thus
secured by the action of sensitive induc-
tion type over current relays that have
definite minimum and inverse time
element characteristics.

In, general the setting of alternating-
current machine breakers may be rela-
tively high, and is satisfactory to work
atany value within the guaranteed mo-
mentary capacity of the machine.

Westinghouse Synchronous Converters

The alternating-current breaker and
direct-current machine breaker should
be electrically interlocked in such a
manner that the direct-current circuit-
breaker will be opened upon opening of
the alternating-current breaker.

The undervoltage release should be
adjusted to operate at as high a voltage
as is practicable. It is essential, espe-
cially for a commutating pole converter,
to disconnect the unit from thelinewhen
the alternating-current voltage drops an
appreciable amount, since the restoration
of the normal voltage presents a condi-
tion similar to switching the converter
from thestarting to the running position,
with its brushes on the commutator,
under which condition a flash may result,

Direct-Current Machine and Feeder
Breakers—The direct-current machine
breaker should be equippedWwith an‘ever
current tripping mechanism<in which a
definite minimum time elément'may be
introduced. The feedergbreakers,should
be equipped with a sefies type instanta-
neous trip mechanisme, Invariably, syn-
chronous converters /will, satisfactorily
commutate svery large momentary cur-
rents providing the ‘direct-current ma-
chine breaker does not open, while they
will fldsh with no greater currents if the
breaker i§popened. In multiple feeder
stationsy theWselective action between
opening/ ‘of,, the instantaneous type
feeder [breaker and time delay machine
breaker, 1s of value in that it tends to
eliminate flashing due to sudden drop-
pingrof heavy loads. During the period
between the opening of the feeder and
machine breaker, the load current re-
quired by the remaining feeders tends
to neutralize the excessive alternating-
current required to restore the rotor to
its normal load position. In normal
operation the selective action between
opening of machine and feeder breaker
may be sufficient to prevent the opening
of the machine breaker on faults that are
readily isolated by the opening of the
feeder breaker. In a single feeder station
the time element in conjunction with
the machine breaker is of no value as the
opening of the feeder breaker ruptures
the entire value of machine current.

Overspeed Device — Westinghouse
synchronous converters are equipped
with a centrifugal overspeed device
mounted on an extension of the main
shaft. The overspeed device must be in-
terlocked with the alternating-current
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machine breaker in such a manner as to
cause opening of the alternatings€urrernt
breaker in event the unit is Subjected
to overspeed. The alternatingscurrent
and direct-current machine breakers
are so interlocked electrically that the
unit is disconnected from Jboth the
alternating-current _and direct-current
system upon funétioning of the over-
speed devicel

Direct-Cuszent Reverse Power Pro-
teckion—Directional pewer relay must
be provided fo prevent motoring from
the dire¢t-currént end in event of
failure of thejalternating-current supply
voltageor to the bus voltagerising above
the machine voltage.

Reverse power protection must be
secured by a sensitive type relay capable
of ‘withstanding full power flow in the
positive direction and of sufficient sensi-
tivity to close its contacts on the flow of a
small percentage of reverse power. The
relay should be adjusted so as to close
its contactson a value of reverse current
sufficient to cause the converter to run
idle as a direct-current motor. The
operating contacts of the reverse power
relay must be interlocked so as to open
both alternating-current and direct-
current machine breakers in event of a
reversal of power flow.

Starting with Brushes on Commutator
—With alternating-current self starting
commutating pole type of converters
it is necessary to raise the direct-current
brushes from the commutator to prevent
arcing and heavy burning on the brushes
and brush gear during the starting
period. It is recommended that the
brush lifting mechanism be electrically
interlocked with the starting equipment
so that starting voltage may not be
applied to theconverter until thebrushes
have been raised from the commutator.

Closing the Direct-Current Breaker
with Brushes Wp—To prevent closing
of the direct-current breaker before the
brushes are lowered on the commutator,
after a converter has come up to syn-
chronous speed and full voltage, it is
recommended that the brush gear be
electrically interlocked with the direct-
current-machine breaker to prevent its
being closed until the brushes have been
lowered upon the commutator. The
closing of the direct-current breaker
with the brushes raised from the com-
mutator severely overloads the small
pilot brushes, which are the only brushes
in contact with the commutator during
the starting.



Star-Delta Starting

Synchronous converters up to 1500 or
2000 kw. capacity are, in most cases,
started from low voltage taps in the
secondary windings of machine trans-
formers.

Because of the heavy currents in-
volved the starting and running breakers
required for tap starting of large syn-
chronous converters become heavy and
expensive. It is more economical in
many instances to employ star-delta
switching for the larger size units. This
scheme provides for connecting the
transformer primary windings in star
for supplying 58 percent open circuit
starting voltage, and switching the con-
nection to delta for full running voltage.

With the star-delta scheme, the star
or starting voltage will always be 30
degrees out of phase with the delta or
running voltage. It is important that
the connections be so arranged that the
star voltage will lead rather than lag.
Thus, during the lapse of time between
the opening of the starting breaker, and
the closing of the running breaker, the
armature of the machine should drop
back in phase position to correspond with
that of the line voltage when the running
breaker is closed. Without other timing
than that inherent to the operation of the
breakers, the transition from star to
delta is effected very smoothly on many
60-cycle converters. Because of the
larger actual time required for the arma-
ture to drop back 30 electrical degrees
in a 25-cycle converter, it has been found
necessary to interpose additional time
delay in setting up of the control circuit
for closing of the running switch.

Rheostat Position Indicéation

It frequently happens in coenverter
substations that the switehinglgand
control equipment is not in close) prox-
imity with the converterd rheostats.
In such case, corgéct rheestat settings,
for putting machines, in“service, or
taking them out can be most convenient-
ly determined hy signal ldmps connected
to auxiliary contactsjon the rheostat
faceplate. Position indicators are ac-
cordingly recommended for substations
where the rheoStats are not readily
seen by\the operator controlling the
converter,

Indicating Equipment

Sufficient indicating equipment is re-
guired with any converter installation
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so that operating conditions of the
converter can be readily checked.

A direct-current ammeter and volt-
meter are essential. Recording instru-
ments, in some cases, are desirable.

Reactive volt ampere meters are
recommended as being the most satis-
factory means of indicating the magni-
tude of the phase angle between the
supply voltage and current at the slip
rings.

The synchronous converter is designed
for operation at unity power factor and
should be so operated to secure the most
satisfactory results.

In applications, such as railway and
mining, where the substation load varies
rapidly, the field strength should be ad-
justed so as to secure unity power factor
at the average substation load. In sta-
tions with low load factor it is recom-
mended the field strength be@djusted to
produce unity power factor atWa, valie
between three-fourths load  andWQfull
load.

Automatically’Controlled
Converter

Protective(Equipment— The automatic
switching_equipndent to control and pro-
tect a synghronous converter contains
rugged sensitive protective relays suit-
able to protect the converter under any
and allloperating contingencies that may
arisemy Automatically controlled con-
verters afe protected from:

(1),_Reversed, single, or low voltage
conditions in the supply voltage.

(2)" Unbalanced current due to un-
balance on the supply line or due to
internal fault in the unit.

(3) Alternating-current overload.

(4) Direct-current short time and
sustained overload.

(5) Overheating of machine wind-
ings.

(6) Field failure.

(7) Incomplete start.

(8) Starting with brushes on the
commutator.

(9) Closing of direct-current breaker
before brushes have been lowered to the
commutator.

(10) Overheated bearings.

(11) Complete opening of fault cur-
rent in one step by the opening of the
load shifting equipment to insert resis-
tance in the circuit before opening of the
feeder breaker.

18

(12) Flash over. In case of flash
over the unit is locked out of services

(13) Connection to the direct-current
bus with the converter polarity res
versed. A polarized motor relay oper-
ates to check the polarity and to correct
it if necessary before the sequefice of
operation can be ccmpleted.

Star-Delta Starting(Automatic)—In
automatically  comtrolled® converter
equipment usingmthe ‘star-delta methcd
of starting a/suitable time element is
inserted in, the [Switching sequence to
secure properitransfer time from opening
of the star partito allow the converter
to drop baek, 30 electrical degrees before
closing the delta connection.

Autematically controlled booster type
converters for use in Edison or Electro-
lytic jwork are equipped with voltage
anddcurrent regulators. The converter
voltage is regulated within the current
carrying capacity of the unit by the
voltage element of the regulating equip-
ment that operates to control the booster
element. When the current carried
exceeds the machine capacity the current
element takes preference and controls
the booster field to supply constant
current.,

Grounding Machine Frame

In no case should the machine be
“grounded” by connecting it solidly to
the negative lead or terminal. Such
connection renders the machine liable
to excessive and unnecessary damage
in case of flashover or other ground to
the frame, as the fault current is limited
only by the low resistance of the arc and
machine winding.

It is astandard practice with Westing-
house equipment to ground the frame
of the unit through a 100-volt shunt trip
coil on the emergency brezker in the case
of automatically controlled equipment,
or through a 120-ohm resistor Style
# 204832 for manually-operated equip-
ment. In case of flashover to ground
the current is limited to a few amperes
by the resistance of the coil and the
voltage tending to sustain the arc is
reduced at once to"a low value by the
drop across the coil. The result is that
the arc to ground is weak and unstable
and does little or no damage. The limit-
ing ol the ground currer:t to a low value
prevents the additional accumulation
of conducting gases due to the vaporiza-
tion of the commutator copper at a point
where the arc is established between
commutator and ground. The decrease
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in vaporizatign duette the low value of
ground curgént, will in“many cases pre-
vent the §preading ofy the arc, to es-
tablish a flash betwéen brush arms.

The trip coil orresistor should prefer-
ably be connected to the station ground
plate. Howeyer, connection to the neg-
ative lead is permissible and may be
necessary when the rail ground is of
exceptionally high resistance as in the
case of a dry rock ballast.

In" equipments using the type MF
flash relay care must be exercised to
insure low enough resistance in the
ground circuit to permit operation of this

series type relay. If connected to the
station ground plate, the resistance
measured from the frame to negative
terminal should fall within the limits of
two to four-ohms, for all weather condi-
tions. If the conditions cannot be met
the frame should be connected through
the relay and a three-ohm resistance, in
series, to the negative lead.

Characteristic Data

A-C. and D-C. Voltage Ratio—An
important fact to keep in mind in con-
nection with synchronous converters is
that the ratio between the alternating-
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current and the direct-current valtages
is fixed. When a change in thendireets
current voltage is obtained, therefere,
it can only be accomplished bylehanging
the alternating-current voltage, as in
the case of ‘“‘compounding,” where the
alternating-current supply gvoltage is
varied by combined action of converter
fields and reactagce; o by the insertion
of a boosteg, or ‘anfinduction regulator
in the alternating-current circuit. This
characteristigy of “the synchronous con-
verter makesAt'Quite different from that
of the dirgct-current generator, and
thereby accounts for the ditficulties that
sordetimes ‘@¢cur in attempting to obtain
suitableylead division when operating
converters and direct-current generators
in parallel, Except in the case of ma-
chines specially designed for wide range
Veltage service, it should be understood
that even when an increase in the alter-
nating-current voltage supply is made,
the saturation of the converter magnetic
circuit, in a normal railway or industrial
type converter, limits the over-voltage
that can be obtained to approximately
5%. Limitation of reduction of voltage
possible by change in the alternating-
current supply is fixed by the ability of
the converter to remain stable as well as
to commutate, but will in most cases be
found to be all right as low as 509 of
normal voltage if the power factor is
kept at 100%,.

These ratios at no load in converters
of average design proportions are as
follows:

Approx. Ratio

A-C. to D-C.

Single-Phase, 2 collector rings... .707

Three-Phase, 3 collector rings. .. .612

Two-Phase, 4 collector rings. ... .707

Six-Phase, 6 collector rings.... .. .707
{diametrical)

Six-Phase, 6 cellecter rings...... 612

(deuble delta)

At full load these ratios are increased
an average of 2 percent due to armature
drop, demagnetization, etc.

A-C. and D-C. Current Ratios—On the
basis of direct-current amperes being
1.00 the corresponding alternating-
current amperes are shown approxi-
mately in the following table:

A-C. Amperes
per Ring
Single-phase................... 1.50
Two-phase. .. ................. .75
Three-phase................... 1.00
Six-phase........... .. . ... .50

Effect of Power Factor on Armature
Heating—The effective current in the
armature of a converter is the difference
between the alternating-current de-



livered to the winding and the direct-
current taken from it. The heating
obtained in the armature of a converter
operating at 1009, power factor is
therefore considerably less than in a
corresponding direct-current generator
of the same current output, being only
about 59%, in a three-phase machine and
27% in a six-phase, over what would be
obtained as a straight direct-current
generator. The loss, or heating, of a
converter armature winding is not uni-
formly distributed among the armature
conductors, as it is in a direct-current
generator, but is much greater in the
conductors near the taps to the col-
lector than in the conductors between
taps. At 1009, power factor the maxi-
mum loss in any tap coil, for a three-
phase converter, is 125%, of the average
loss obtained in a corresponding direct-
current generator, and 459%, for a six-
phase converter. This difference in
heating between a three-phase and a six-
phase winding explains the reason why
six-phase converters have been so univer-
sally‘ adopted as the operating standard.

As stated, these percentages are only
true for 1009, power factor on the con-
verter. The heating in converter arma-
ture windings increases rapidly as the
power factor is varied from 1009,
Thus at 98%, power factor the tap coil
heating is 33%, greater in a three-phase
converter and nearly 509, greater in a
six-phase, than is obtained when 1009,
power factor is maintained on the
converter.

For this reason converters must not
be operated for long periods with heavy
loads at power factors other than unity.
In converters used on railway service
where the load is widely fluctuating
some departure from unity power factor
is unavoidable. This departure, how
ever, should be made small at thé higher
loads by proper shunt field adjustment
and the converter should be seyadjusted
that 1009 power factor is obtained at
loads between 75%, load and full load,
depending upon the loadycycle. Con-
verters used omn| service where loads
remain fairly constant overdong periods,
should be operated, at£ 1009, power
factor at all loads. “On booster con-
verters, if there is appreciable reactance
in the alternating-current circuit, the
converter power factor will vary to some
extent with varying load and voltage.
Adjustment), for unity power factor is
aceordingly ™ necessary on a booster
converter if full benefit is to be obtained
from the booster element. Otherwise
partiof the voltage will be used in over-
coming the reactive voltage, which is
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appreciable in its effect, except at unity
power factor. On this account, trans-
formers and circuits for booster con-
verters should have low reactance and
the lead reactance must be balanced.

When temperature tests are made
after installation to determine the
operating temperatures under the guar-
anteed conditions, particular care should
be taken to have the power factor, at
the converter terminals unity, at all
tested loads. Failure to observe this
point will make the tests of no value as a
check against the guaranteed figures
since the losses vary so much with vari-
ation in the power factor.

Power Factor Measurement — The
power factor on a converter should
always be referred to in terms of the
value existing at the converter sliprings.
This required the connecting of both
the voltage and current elements ¢fythe
power factor recording instrument) on
the low side of the transformer wherever
practicable. On the large ‘size ‘heavy
current machines the inductivejystray
field interference obtained .omnythe “low
tension leads so affects(the current
transformer to which the meter is con-
nected that the readings are unreliable.
It has accordingly [ becomer standard
practice on thé'larger sizes of units to
connect the yoltage element of the meter
on the low side of the transformer and
the currentyelement on the high side.
This arrangement “affords a reliable
record of the power factor being ob-
tained and{is actually a true reading of
the geonverter power factor with the
exception{of the magnetizing element in
thetransformer.

Compounding—When reactance in the
supply circuit of a converter, the voltage
at), the collector rings may be varied
through a small range by changing the
power factor. The phase relation be-
tween the current and voltage in the
alternating-current supply is changed by
varying the excitation of the converter
field. In a compound wound converter
this change in power factor is automati-
cally accomplished by the combined
action of the series field winding and
the reactance in the circuit. While the
arrangement of field windings is the
same as in the compound-wound direct-
current generator, the theory and action
are entirely different. With lagging
wattless currents the voltage across the
reactance subtracts from the line voltage
and at leading wattless currents it adds
to the line voltage. At unity power
factor the effect of the reactance voltage
is practically negligible. Lagging watt-
less currents are obtained by making the
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field excitation less than normal, and
leading wattless cwrrents, by makingthe
field excitation more than normal.

It is apparent that the direct-current
voltage regulation of the compound-
wound converter depends on many
elements internal and external to the
converter and that the change in voltage
is limited by the inability of the con-
verter to operategt low powerfactor and
heavy load. The“rangegof voltage is
more restricted .and ‘the results much
more difficult fo predetermine than in
the compound-wound/direct-current gen-
erator. The'veltagerange is affected by:

(a) The resistance drop between the
point of constant voltage and the con-
verter.

(B), The'reactance drop between the
same points.

(The_values of (a) and (b) apply to
that jpart of the circuit between the
synchronous converter collector rings
and the point on the supply line at
which constant voltage is maintained).

(c) The ratio of armature ampere-
turns to shunt field ampere-turns.

(d) The ratio of series field ampere-
turns to armature ampere-turns.

(e) The setting of the shunt field
rheostat.

(f) The total drop through the con-
verter.

On the average, with constant voltage
applied at the high-tension transformer
terminals, 159, reactance in the trans-
formers and no shunt on the series
field of the converters, approximately
constant direct-current voltage can be
obtained from no load to full load.

It is possible to obtain units power
factor at any desired load with the proper
shunt field adjustment, but it is im-
possible to maintain 1009, power factor
and at the same time maintain constant
voltage. It is usually not practicable
to make a converter ‘“‘over-compound’’
under the best conditions, and usually
a small decrease in voltage with load is
preferable.

Effects of Series Field on Fluctuating
Loads—When converters carry widely
and rapidly fluctuating loads, as in rail-
way service, the series field should be
relatively weak so as to avoid sudden
changes in voltage. The use of a strong
series field tends to hold up the voltage
on overloads and thereby increases
possibility of flashing. Series field shunts
are adjusted at the factory to shunt
509% of the series field current. Heavier
series field strength will not usually
be found necessary except in cases
where parallel operation with existing
apparatus may be of paramount im-




portance. A compound wound converter
with weak series field approaches a
shunt would converter in its voltage
characteristic, and is accordingly more
stable in operation on rapidly changing
loads, and less likely to flash when the
machine breaker opens on heavy over-
loads.

Parallel Operation on the Direct-
Current Side of Compound Wound
Converters—The problem of load di-
vision in parallel operation of converters,
as in direct-current generators, is simply
the problem of voltage adjustment.
In the converter, however, there are
many more factors, determining the
voltage, as compared with the direct-
current generator, and the problem is,
therefore, more complicated.

The successful parallel operation of
compound-wound converters requires
equalizer leads and proper proportions
between the resistances of series field
windings and connecting leads, as in
direct-current generators. In addition,
parallel operation of compound-wound
converters is affected by the voltage
ratio (from high-tension alternating-
current to direct-current) by shunt field
adjustment, and by the reactance in the
alternating-current circuit,

With two converters operating in
parallel on the direct-current side, one of
which takes less than its proportionate
share of the load, the load may be equal-
ized by one or a combination of the
following adjustments:

(a) The shunts on the series field
windings can be adjusted, decreasing the
resistance of the shunt on the overloaded
converter, if possible, or increasing the
resistance of the shunt on the under-
loaded converter. It should be ‘4borne
in mind, however, that changing the
ampere-turns in the series_held, by
changing the shunt resistance, also
changes the resistance of the complete
field circuit. This ‘changeyin ‘resistance
must be compensated/ for by a corre-
sponding change imyresistance/in another
part of the sefies field circuit so that
the resistance of thetotalleircuit remains
unchanged4 \Frofn angther standpoint,
a shunt on onelconverter series field may
be considered a “shunt on both series
fields, the effect varying only by reason
of the resistance of the leads and buses
being added 46 one shunt circuit and
not to the other.

(b) “If the relative ampere-turns are
correct, ‘but the series field resistances
different, the resistance of the leads be-
tween the series field and equalizer bus
can be changed to compensate for a
difference in the series field resistances.
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The resistance in the series circuit of the
converter taking more than its share of
the load should be increased. This
adjustment varies the resistance of one
series field without introducing a third
parallel circuit between the equalizer
and main bus, and for this reason the
adjustment is lesscomplicated thanin (a).

(c) The transformer ratio can be
changed. This increases the voltage
the same amount throughout the range
of load and does not change the shape
of the voltage characteristic.

(d) The reactance can be increased
in the circuit of the lightly loaded con-
verter. This causes an increase in
voltage for a given load and is similar in
effect to an increase in the number of
series field turns.

(e) The relative shunt field currents
of the two converters can be changed.
The converter having the smallégratio of
series field to armature ampere-turns
should have its shunt field current in»
creased. This will increase itsmno-load
voltage and cause it tp, takeja greater
share of the load at lightileads.

Since there are so( manyivariables
affecting load division itjis important to
make a careful and systematic study of
the particular case before making any
such changes:3Such a study should be
conducteéd as follows:

(a)  Adjust the transformer ratio so
that atyno load and with the shunt field
adjusted toygive equal power factors all
conyerters have the same no-load direct-
current voltage.

(b) \\The series field should be ad-
justed\ by shunts, if possible, so that the
ratio of series field ampere-turns to arma-
ture ampere-turns is the same.

(c) The resistance of series fields (in-
cluding shunt) plus the resistance of the
leads from the series fields to main bus
(positive or negative) should * be ad-
justed so that the resistances are inverse-
ly proportional to the rated capacities
of the converters.

(d) The reactances should be ad-
justed, if possible, so that the reactance
volts of the various circuits throughout
the range of load are equal. If they
cannot be made equal, the series ampere-
turns should be greater in the converter
having the smaller reactance, to afford
an approximate compensation.

It is only possible to have exactly pro-
portionate division of load and equal
power factor (or percentage of reactive
current) on all converters when all four
elements—transformer ratio, series am-
pere-turns, series field resistance and
reactance are properly proportioned.
Such complete similarity in transformers
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and converters rarely exists, however,
satisfactory load division can always‘be
obtained, even if one or twol of thése
elements are not correctly propertioned,
providing compensating adjustments
are made in the other elements and slight
differences in wattless currents are
satisfactory.

Parallel Operation of, Shunt Wound
Converters—<4The "pdrallel operation of
shunt wound convertérs, which includes
booster conWertersly is comparatively
simple, althoughiif, the inherent regyla-
tion differs uiduly in two machines to
be paralléled ‘it may be necessary to
insertyresistanice in either the alternating
or_directscurrent leads of the machine
Havingy the higher (more nearly flat)
voltage characteristic.

Parallel Operation on Both Alternat-
ing-Current and Direct-Current Sides—
Conditions sometimes make it con-
venient to connect several converters to
the same low-tension alternating-current
bus-bars and the same direct-current
bus-bars. With these connections, the
alternating-current and direct-currert
bus-bars close the electrical circuit be-
tween any pair of converters and the
direct-current load division will be
determined by the relative voltages
generated by the several converters and
by the relative resistances of the different
parallel paths. Slightly different volt-
ages in different converters will also
cause large circulating currents in the
closed electrical circuit which may dam-
age the windings and even burn them
out, Different converters rarely have
the same voltage ratio and it is very
difficult to control the resistances of the
various parallel circuits, since the brush-
contact drops form a large part of these
total resistances. The conditions be-
come worse with converters of different
ratings or design proportions. For
these reasons converters must not be
operated in parallel on both the alternat-
ing-current and direct-current sides.

General Instructions
Starting and Inspecting

Before starting any converter the
following routine should be regularly
observed:

(1) The alternating-current and di-
rect-current brushes should be examined
to see that they move freely in their
holders, and where pilot brushes are
used, to see that they are all bearing on
the commutator.

(2) Examine the interior of the syn-
chronous converter; see that no foreign
material is present and that the insula-
tion is intact.



(3) Examine the bearing housings to
make sure that there is plenty of oil in
the wells and that the rings are free to
turn.

(4) Seethatthe speed limit device is
in operating condition.

(5) Open all the line knife switches
on the switchboard, on the starting
panel, and pedestals (if used), and on the
converter frame (if used) for both the
alternating-current and direct-current
circuits. The shunt field switch on the
switchboard is to remain closed in the
operating position with normal resistance
in the shunt field rheostat for alternat-
ing-current starting and all out for
direct-current starting.

(6) On commutating-pole machines,
if they areself-starting from the alternat-
ing-current side, raise all of the direct-
current brushes, except the pilot brushes.

When the machine has been placed on
the line, examine the oil rings to see that
they are revolving properly and examine
all alternating-current and direct-cur-
rent brushes to see that they are properly
seated on collector or commutator and
are not sparking.

Alternating Current Low
Tension Self-Starting

Net1E—The D.P.D.T. Field Switch should re-
main ciosed in the normal operating position
while starting.

‘When starting booster converters, the
booster field rheostat must be in the
neutral position, otherwise the voltage
induced in the commutating pole aux-
iliary field may burn out the rheostat.

(1) Raise all D-C. brushes from
commutator except the pilot brushes on

commutating pole machines.
Under no condition must the pilot brushes be
raised from the commutator during starting.

(2) Close the disconnecting switches
and the oil circuit-breaker on the high-
tension side of the transformer.

(3) Close the double-throw (starting
switch to the starting position.

The converter should comie up to syn-
chronous speed in from 30 te/60 seconds
and lock into step, gndicating this condi-
tion by a steady gurrent on the alternat-
ing-current sidé of the converter and a
continuous defleetion on the direct-
current voltmeter.

(4) If the direct-current voltmeter
indicates a reversed polarity, throw the
field switch to théreverse position, thus
reversing the shunt field and connecting
it diréetly hacross the armature. The
voltmeter pointer will swing back to-
wards™zero. When it reaches zero,
throw the field switch to the operating
positien. If the voltage now comes up
with the right polarity, proceed as
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directed in No. 5. If, however, the con-
verter fails to reverse, and the voltage
again comes up with the wrong polarity
the starting switch should be opened for
a moment, thus mermitting the converter
to slow down somewhat. The starting
switch should then be closed again in the
starting position, repeating these opera-
tions until correct polarity is obtained.

(5) When the machine is up to syn-
chronous speed and the direct-current
voltmeter shows correct polarity, throw
the starting switch to the running posi-
tion. The amount of current taken
from the line when throwing to full
voltage can be made a minimum by
slightly over-exciting the field.

(6) Lower the direct-current brushes
to the commutator on the commutating-
pole machines.

(7 (a) For Two-Wire Service—
Close the direct-current circuit-breakess,
Then close the equalizer, negative and
positive switches in the order named.

(b) For Three-Wire Service:—Clase
the circuit-breakers in the direft-current
circuit, and the neutral, negativie,equal-
izer, negative, positive egualizer,” and
positive switches, in the order named.

(8) Adjust the shunt/ field to give
1009, power facter, at'the load and volt-
age being takén from theimachine.

Alternating=Current High-
Tension Starting (Star-Delta)

NeTeE—The DiR.D. T)Field Switch should re-
main closed_in the, normal operating position
while starting.

Under no condition must the pilot
brushes be raised from the commutator
during starting.

Be sure that the booster field rheostat
ishen thé neutral position.

The procedure of the first four points
in connection with high-tension (star-
delta) starting is identical with that of
low-tension starting.

When the machine is up to syn-
chronous speed and the direct-current
voltmeter shows correct polarity, open
the star point oil breaker and close the
oil breaker connecting the transformer
primaries in delta.

There is a difference in phase position
of 30 electrical degrees between the star
connection starting voltage and the delta
connection running voltage. Therefore,
the time required to open the oil breaker
connecting the transformer primary
windings in star and to close the oil
breaker connecting the transformer
primary windings in delta should be the
same as the time required for the arma-
ture to drop back these 30 degrees. See
text on protective features recommended
for star-delta starting.
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Direct-Current Self-Starting—(1) In:
sert the voltmeter switch key for the
direct-current voltmeter. Insert thesyn-
chronizing switch key, causing the‘gyn-
chronizing lamps to burn dimly.

(2) Close the negative and series
field short-circuiting switch, if any.

(3) Close the direct-current circuit-
breaker.

(4) Start the gonverter by ¢losing the
starting switch, cutting outsthe starting
resistance slowlygplf machine rotates in
wrong directioft, shuthydown by tripping
the circuit-breakef and opening the knife
switches and‘reversefeither field or arma-
ture conpections.€heck polarity of wind-
ings before‘putting machine in service if
any fchange in connections has been
made.

(5) “Adjust the speed of the converter
to/synchronous speed by means of the
field rheostat.

(6) Synchronize the machine.

The elementary principle of the
method of determining when two alter-
nating-current machines are of the same
frequency and are in phase is illustrated
in Fig. 19 in which A and B represent two
single-phase machines, theleads of which
are connected to the bus-bars by the
switches C, and through two series of in-
candescent lamps. It is evident that as
the relative positions of the phases of the
e.m.f.’s change from that of exact coin-
cidence to that of exact opposition, the
flow of current through the lamps varies
from a minimum to a maximum. If the
em.f.’s of the two machines are exactly
equal and in phase the current through
the lamps will be zero and, as the differ-
ence in phase increases, the lamps will
light up and will increase in brilliancy
until the maximum is reached when the
phases are in exact opposition. From
this condition they will decrease in bril-
liancy until completely dark, indicating
that the machines are again in phase.
The rate of pulsation of the lamps de-
pends upon the difference in frequency;
i.e., in the speeds of the machines. In
cases of polyphase machines, if the
phases are in the correct relation to each
other, all the lamps will be bright or dark
at the same time. If this is not the case,
the leads should be interchanged until
this condition is obtained.

In order to determine whether the
lamps will be bright or dark for a given
connection of transformers when the
machines are in phase, remove the main
fuses from one machine, or disconnect
the machine back of the shunt connec-
tion, and throw in the main alternating-
current switches with the other machine
at full voltage. Since both primaries are
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now connected through the switches of
one machine the lamps will be in the
same condition as when the main or par-
alleling switches are open and both ma-
chines are in phase. If the lamps bumn
brightly and it is desired that they be
dark for an indication of synchronism,
the connections of one of the primaries
or one of the secondaries of the trans-
formers 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-normal voltage. Fig. 20
shows the connections for a two-phase
machine. For three-phase machines the
connections are modified to correspond.
For six-phase machines the phasing can
be most easily done on the high-tension
side for which condition one of the above
conitiections will apply.

(7) When the lamps or synchrono-
scope indicate synchronism close the
alternating-circuit switches connecting
machine to the line.

(8) Close the positive switch and
open the starting switch.

(9) Open series field short-circuiting
switch, if any.

(10)
any.

(11) Adjustshunt field to correct set-
ting for 100% power factor at the load
and voltage to be taken from the con-
verter.

Induckion Motor Starting (without
Current in the Converter Armature)—

Close the equalizer switch, if

(1) Close the oil circuit-breakér on
the high-tension side of the transformers)
(2) Insert the voltmeter switch key
for the direct-current voltmeter! Insert
the synchronizing switch key, causing
the synchronizing lamps to/burn dimly.
(3) Start theconverter byiclosing the
switch which controls théstarting motor.
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(4) Build up the direct-current volt-
age to approximately the line voltage by
adjusting the field rheostat.

(5) Slow down the converter to syn-
chronous speed by closing the switch to
the synchronizing resistance. If the
speed becomes too low, open the switch
and close it again in a short time.

(6) Synchronize machine as described
under Direct-Current Starting.

(7) When the lamps or synchrono-
scope indicates synchronism, close the
alternating-current switches connecting
the machine to the line.

(8) Open the switches controlling the
starting motor and the synchronizing re-
sistance.

(9) Adjust shunt field to correct set-
ting for unity power factor.

Induction Motor Starting (with (the
starting motor windings in series, with
the converter armature windings)—

(1) Close the oil circfiit=breaker on
the high-tension side of thetransformer.

(2) Close the smallér lowatension
switch in the starting miotoreirewt thus
energizing starting motor and converter
windings in series,

The converter ghould €oeme up to speed
and lock imt@ystep @s with alternating-
current self-starting.

The pelarity of the direct-current volt-
age will always be correct.

(3) Clese the larger low-tension
switéhshert-circuiting the starting motor
winding andopen the switch in the start-
ing motor winding.

The brushes are not raised when this
method of starting is used due to the
small current flowing in the converter
armature during starting.

(4) Proceed as with alternating-cur-
rent self-starting.

Starting a Synchrenous Cosnwerter, to
Run in Parallel with Apother—

(1) Instarting a second converter to
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be run in parallel with another, follow
the same procedure as in startingfa'single
converter.

(2) In adjusting the direct-Gurzént
voltage on the machine being put in ser-
vice, it is best to under-excite the field
slightly to keep the voltage low enough
so that the machine does not grasp too
much load as sooft asgitpis closed in on
the line.

Bearings—When, first starting a ma-
chine partigulapiattention must be given
the bearings to se€ that they are well
suppliedpwith\lubricant. The oil ri‘ngs
should revelve freely and carry oil to the
tops ofythe journals. The bearings of all
Westinghouse machines are liberal in
size, and with proper care will not give
trouble. They may, however, be made
to overheat by any of the following
causes:

(1). Insufficient
may be owing to—

lubrication which

(a) Poor lubricant.

(b) Insufficient quantity.

(c) Failure of oil rings to revolve.
(2). Poor alignment or leveling caus-

ing excessive end thrust or binding.

(3). Rough bearing surface which
may be caused by careless handling, or
the presence of dirt or gritty substances
in the oil or grease.

(4). Bent shaft.

A bearing is usually safe if it operates
at a constant temperature below the boil-
ing point of water, 212 degrees Fahren-
heit (100 degrees Centigrade). The rapid
rise of temperature toward this limit,
however, is a danger signal calling for
prompt attention. A bearing will be be-
low this temperature, and may be safe
even when hot enough to burn the hand
held continuously against the outside a
few seconds. It will seldom be necessary
to do more than to supply a hot bearing
with an abundance of fresh clean lubri-
cant, making certain that the oil reaches
the bearing surface. If this is not effec-
tive, pour a heavy lubricant directly onto
the journal. Keep the rotating part in
motion enough to prevent the bearing
from becoming set or ‘frozen.”

In normal service the old oil should be
withdrawn from bearings occasionally
and fresh oil substituted, running enough
of the fresh oil through the bearings to
wash out all sediment. The old oil as
well as that used for rinsing can be run
through a filter and used again. A good
oil filter is a necessity in every plant
where much machinery is in use. The
frequency with which the bearings must
be refilled depends so much on local con-
ditions, such as the severity and contin-



uity of the service, the rcom tempera-
ture, the state of cleanliness, etc., that
no definite instructions can be given.
Until local conditions show another in-
terval to be more suitable, bearings
should be refilled every six months.

Oil—Only the very best grade of
dynamo oil should be used. In the long
run it always proves a false economy to
use cheap oil. If the oil is to 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 re-
jected if it is found to be gritty.

Shutting Down a Single Converter—

(1) Open the direct-current breakers,
thus taking the load off the machine.
If the converter to be shut down is in
parallel with others, shift as much load
from it as possible by operating the
field rheostats before opening the direct-
current-breakers. On booster con-
verters this is done with the booster
field rheostat.

(2) Open the direct-current switches.
(3) Open the
breakers.

(4) Open the
switches.

alternating-current

alternating-current
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(5) Leave the main field rheostat in
normal running position, but set booster
field rheostat on neutral.

(6) Seethatthesynchronizing switch
keys, if any, are pulled out.

Emergency Instructions—

(1) When converters flash over, or
the breakers come out from excessive
current, it is always wise to note the
direct-current voltmeter before throwing
in on the line again, as these troubles
very frequently cause a reversal of polar-
ity in the fields, making them build up in
the opposite direction.

(2) When the alternating-current
power goes off for any reason, shut
down the converter at once, opening
all switches.

(3) When the alternating-current
breakers come out, open the direct~
current breaker (if not tripped) out
automatically) and the switches and
then proceed to start as in first starting

(4) When a converterflashesfover
and is thrown out of cire@it, ity is, best
if possible to shut downffor a ntoment
and examine the commutatoty collector,
and brushes and clean/ up, _any burrs
which may have, beenfcaused. If this

is not possible, the commutator can
be cleaned after the converter has_been
put in service, by exercising great care.

Caution

Leave all switches open when ma-
chine is not operating.

When the shunt field circuit of a con-
verter is excited, never open it quickly
unless a path for,the induictive discharge
is provided. The ¢ircuitycdn be opened
slowly, if desiredythearc at the opening
serving to reduce theéfield current gradu-
ally. Do not permit any part of the body
to bridge thigopening, or a serious shock
will begreceived; it is best to use one
hand_only), keeping all other parts of
the/bodyclear of the circuit.

Always follow a fixed regular order in
Closinghand opening switches, unless
thereyare special reasons for departing
from this order. A routine method will
aid'in avoiding mistakes. Close switches
carefully, keeping firm hold of the handle
until completely closed.

Keep small pieces of iron and bolts
and tools away from the frame. Any
such fragments attracted to the pole
of a field magnet may jam between the
armature and pole and cause serious
damage.
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MAINTENANCE

General

" 1. The machine should be well blown out with
clean dry air at least once a week. An air pressure
of from 60 to 70 lbs. min. is recommended. This
blowing out should be done when the machine is at
rest. The air stream should be directed in through
the spokes of the spiders on the rotating element,
and through the spaces between the windings on
both ends of the machine. The machines should be
carefully wiped off after such a blowing-out, and
special care should be taken to see that all dirt and
brush deposit particles are removed from the current
collecting parts, especially the risers.

2. Insulation resistance of the windings should
be measured frequently, at least, once every three
months. The readings obtained should not be
allowed to get below the values recommended by
Standard A.I.LE.E. ruling. This ruling is as follows:

Machine terminal voltage

"KW rating of machine + 1000 = megohms

When insulation readings below results obtained by
this formula are shown to exist on any maching, the
machine should be taken out of service and'cleaned
until the value comes up to this standard. €Cleaning
by the use of carbon tetrachloride, “wiping, and
brushing is recommended at periods of measuring
the insulation resistance.

3. A direct-current brush ‘pressure should be
maintained at a uniform value'onall brushes of from
2 to 214 1bs. per sq. in. of cross sectional area of the
brush.

4. Analternating=current brush pressure should
be maintained at uniform value on all brushes of
from 214t0,34bs. per sq. in. of cross sectional area
of the brush.

5. All of the direct-current brushes should be
goneover once a week to make sure that all brushes
move freely in their holders. Shunts on the direct-
current brushes should always be kept in well-
rounded shape and never mashed down, otherwise
proper brush contact on the commutator will not be
obtained.
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6. All alternating-current brushes should be
gone over at least once a week, and each brush’re-
moved from its holder and the brushes wiped off
clean with a piece of cloth. The alternating=current
brush rigging should be blown outithoroughly before
re-setting the alternating-current brushes in their
holders, for in this manner only can“the dust that
accumulates in the brushholder “boxes be blown
away. Check weekly for at'least .006 inch clearance
on each side of each brush;, Shunts on A-C. brushes
should always be kept,in well-rounded shape, the
same as recommefided in connection with the D-C.
brushes.

7. Do not/ mix brush grades on any given
machine:), ‘Obtaining experimental brush data by
equipping one D-C. brush arm, or one collector ring
with ‘ayparticular grade of brush is apt to be quite
misleading, due to the effect of the other brushes on
the adjacent arms. By mixing brush grades on any
given arm, unequal current distribution is inevitable.

8. All A-C. and D-C. brushholders should be
kept as near as possible to within about 14’ of the
commutator and collector rings. As wear on the
commutator and collector make it necessary, follow
them up by moving the brushholders down to keep
this recommended clearance.

9. Always keep the D-C. brushholder bracket
arms spaced tc within ;" and always keep the

brushhelders on each individual arm in alignment.

10. When machines are equipped with flash-
guards or barriers, always keep the barriers clean
and set to within approximately %"’ of the com-
mutator. When carbonization occurs on the barriers
as a result of flashing, a conducting path to ground
will often be found to exist. Such barriers damaged
by carbonization should, therefore, always be re-
moved from the machine, properly cleaned off, if
possible, and if not possible to repair, replaced by a
new barrier.

11. Keep the commutator and collector smooth.
Some scoring of the current collecting parts is in-
evitable, and therefore, grinding about once a year
is a good insurance for best operation. Keep the
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mica well undercut and the bars properly chamfered.
Keep the undercutting well cleaned out. Whenever
commutator flashing has been experienced, the
commutator should always be smoothed up with
at least hand-stoning, and polished off with sand-
paper. If the operation is of a severe nature, the
commutatcr should be ground with a regular grind-
ing outfit.

12. When commutators are ground, this should
always be done at 1009, of normal speed. Stationary
stone for grinding is preferable to a rotating stone.
If the commutator bolts are to be tried for tightness,
this should only be done in accordance with instruc-
tions from the East Pittsburgh Engineering Depart-
ment. If any tightening on the bolts is obtained, the
process of alternate heating and tightening every
3 or 4 days should be repeated until the commutator
‘bolts cannot be tightened further. When a commu-
tator has been tightened, and after no further tight-
ening can be obtained, it should always be given at
least two weeks running under normal service
conditions before grinding. During grinding, the
copper dust should be collected in some form of a
vacuum container in order to prevent the dust being
thrown off into other machines or other apparatus
around the station.

13. Always connect to the proper transformer
tap to give normal D-C. operating voltage atfall load,
and then set the field rheostat to give 1009, P.F.
(reactive KVA zero over the required operating load
range).

14. When motor-operated “lifting’ mechanisms
are used, they should be fried frequently to make
sure that they are functioning properly. When brush
lifting devices, either motor, or hand-operated, are
used, notice should,be'taken to see that all the D-C.
brushes lift cléar of the commutator when in the

“‘up” position, and that all brushes go down on the
commutator when in the running position.

15. Check the field rheostats at least once a yedr
for open or short-circuited tubes, and always keep
the buttons on the face plate clean so that pesitive
contact (no arcing) is obtained with thé'rheostat arm.

16. Keep the commutating pole, auxiliary field
control equipment on synchrénous)booster conver-
ters in operating condition, Frequent sandpapering
of the buttons on the face plate of the torque moter
arm rheostat is necessany to insure freedom of
movement of the arm.

17. Check the speed limit device for maintenance
of its properycalibration, at least twice a year, and
more frequentlyyif the apparatus is subjected to
unusual dist_or oily vapor conditions. The speed
limitydevice, should always be checked after occur-
rence ofiany unusual operating disturbances; when
the“machine has been out of service for repairs, or
has)been standing idle for any appreciable length of
time.

18. The oil supply of the bearing should always
be kept adequate. Examination of oil rings should
be made each time a machine is put in service to
make sure they are functioning properly. The bear-
ing caps should be removed and bearings examined
at least twice a year. If any indication exists show-
ing wiping or pitting, the bearing should be scraped.

19. Keep the oilinthe bearings clean. Oilshould
be entirely drained from the bearings and new clean
oil inserted once a year. During hot summer
weather, if the temperature of the oil exceeds 70°C.,
it should be changed more frequently, as carbon-
ization of the oil is likely at these high temperatures

rent collecting parts is provided to allow for this wear,
a reasonable life will be obtained.

Some commutator wear and collector ring wear must be expected on all converters. A liberal wearing depth in cur-
If proper maintenance is given the apparatus, as outlined above,
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Commutator Seasoning ard Grinding
—The satisfactory operation of a syn-
chronous converter is as dependent on
the condition of the commutator as on
any other one item, It is a well recog-
nized fact that a commutator only be-
comes thoroughly ‘‘seasoned’, (the insu-
lation baked out and all parts in their
final set position) after operating for a
considerable time. Owing to lack of fa-
cilities for current loading at the Works,
it is not feasible, in all cases, to get the
commutators finally seasoned before
shipment. It should be understood that
a certain amount of commutator sea-
soning will take place during the first
year after the converter is put into
service, particularly if the commutator
is of large size.

That the commutator needs attention
will usually be indicated by its becoming
rough due to a general unevenness, high
or low bars, flat sections or eccentricity.
If these conditions are not corrected they
will result in poor commutation, over-
heating of the commutator, a rapid
deterioration of the brushes, clips and
shunts, and greatly limit the machine’s
ability to satisfactorily handle overloads.

If the commutator is in very bad
condition, it may be necessary to use
a turning tool, but for ordinary cases
a grinding tool, Fig. 21, is preferable
and is recommended. Commutators
should always be ground at 1009 nor-
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mal speed. Turning requires a much
lower speed; it should not be higher
than 300 to 400 feet per minute. Before
grinding a commutator, the machine
should have been in service a sufficient
length of time to bring the temperature
of the commutator up to a constant val-
ue of at least 50°C . rise above the sur-
rounding air. Mach ine should then be
shut downand the bolts holding commu-
tator V'’ ring, shewn in Fig. 22, tried
for tightness in accordance with instruc-
tions from the East Pittsburgh Works
Engineering Dept' If any tightening on
the bolt is obtained, the process of alter-
nate heating and tightening should be
repeated until the commutator bolts
cannot be tightened further. The
tightening of the commutator is il
done with click wrenches. These click
wrenches give a click indication, when
the pull for which they are set ispex-
ceeded. Our District Service Depts
all carry these click wrenches¥as, part
of their standard equipment)for use
in tightening commutators:

Commutators of 4he so-called 3V
construction (see Fig. 23)thave now been
superseded by thé 2V type of construc-
tion shown above'in(Fig. 22. Reference
to this 3¥ type of ‘censtruction should
therefore be understood to pertain only
to apparatusinow in service.

In tighteningcommutators having the
3V construetion (Fig. 23) the outside

N

P16, 22—SECTION OF COMMUTATOR SHOWING LATEST TYPE OF
HROUGH BOLT CONSTRUCTION

27

F1G. 21—GRINDING DEVICE FOR TRUING
COMMUTATORS

(Aux. V) bolts should always be backed
off slightly, say 1% turn, before attempt-
ing to tighten the bolts of the main V.
After machine is given its final tighten-
ing, it should be run for at least 12 hours
to reach a constant temperature .on
commutator of at least 50°C. rise before
grinding.

After commutators have been made
properly tight they should then be
ground or turned to a true surface.
Before grinding, the brushes should
be lifted off the commutator, as the
copper and stone dust will rapidly wear
them off. The dust will also become
imbedded in the brush contact surface
and later damage the commutator or
cause poor commutation. The armature
winding should also be thoroughly pro-
tected during this operation to prevent
an accumulation of dirt and metal chips,
which may result in an insulation failure
when the machine is again put in service,
This protection can usually be best ob-
tained by using a circular shield of fuller-
board, or similar material, around the
commutator at the end next to the
armature. This shield can be easily
supported from the brushholder arms
and should extend from the commu-
tator surface to an inch or two above
the surface of the armature. Another
method is to shellac circular segments of
heavy paper to the commutator necks,
making an air-tight shield that revolves
with the armature. A shield of some
kind should also be put at the front
end of the commutator around the
shaft, so as to prohibit any dust or
chips from being drawn back under
the commutator and into the windings.



A vacuum dust collecting outfit is now
being used quite generally by our Service
Engineers when commutators are being
ground. This outfit works on the same
principle as the ordinary household
vacuum sweeper. The nozzle is of
special shape so that it fits close up
against the grinding stone and collects
the discharge dust as it leaves the stone.
A flexible hose permits the nozzle to
follow the stone back and forth across
the commutator. It has been found
that with this arrangement from 85
to 909, of the dust is collected that
otherwise used to be thrown off into the
room and into the machine.

After grinding a commutator the ma-
chine should always be thoroughly
cleaned by blowing out with dry com-
pressed air or by wiping out with rags
before replacing it in service, or by both.

Emery cloth or paper should never be
used on account of the continued ab-
rasive action of the emery which be-
comes empedded in the copper bars
and brushes,

In cases where it is desired to obtain
a high temperature on the commutator
for seasoning, this can be conveniently
accomplished by removing the direct-
current brushes from their holders
and replacing them by maple block
brushes. By imposing a high tension
on these wooden brushes and running
the machine at its normal rated speed
the desired temperature for seasoning
will usually be found to be easily ob-
tained. It may also be heated by ex-
ternal sources, but due to the inability
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to heat uniformly in this way, the
former method will ordinarily be found
to be preferable.

Undercutting Commutator Mica—All
standard commutators have the mica be-
tween bars undercut %-inch. After
grinding or turning a commutator,,the
undercutting should be cleaned out and
the edges of the bars scraped{to'remove
burrs. It is particularly important that
the edges of the bars be well rounded.
PFailure to do this has cauged machines
to buck on sudden changes, in load or
when the circuit-breakefiopens)

If it is necessary to re-undercut the
mica due to (grinding (or /turning the
commutatorfor due to wear after long
operation, this,may be done with a hack
saw bladetheld ‘between suitable guides
or, more conyeniently and accurstely
with mofor-drivew circular saws.

Care of /Commutators—The ideal ap-
pearance ‘offda commutator surface is

F1G. 23—SECTION oF COMMUTATOR

SHOWING 3V TyPE oF CONSTRUCTION
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a polished) dark brown or chocolate
colopf™8uch“a commutator needs no
attention other than to be kept clean.
Use ofyoil, grease, vaseline, or so-called
commutator compounds will gum up
the commutator causing a deposit of
carbon and metal dust on the surface
and particularly in the undercutting that
may cause “burning’” and ‘‘flashing”.
Sparking at Direct-Current Brushes—
Some sparking under the brushes on
modern high-speed commutating ap-
paratus should not be construed as dis-
creditable performance. The personal
element involved in the interpretation
of satisfactory commutation makes the
subject a difficult one forreaching agree-
ment in many cases. An effort to arrive
at sume common basis of reasonable
commutation requirements has accord-
ingly been made in the 1925 Standards
of the American Institute of Electrical
Engineers. Under paragraph 5—254,
successful commutation is defined as
follows: ‘“‘Successful commutation is
attained if neither the brushes nor the
commutator are burned or injured
in an acceptance test or in normal service
to the extent that abnormal maintenance
isrequired. The presence of some visible
sparking is not necessarily evidence of
unsuccessful commutation.”

Sparking may either be due to me-
chanical causes or electrical causes.

The usual causes of sparking from me-
chanical faults are:

(1) Rough commutator, due to high
bars, high mica (if commutator is not
undercut,) flat spots, or rough edges of
undercutting.

(2) Vibration, originating in brush
rig.

(3) Unequal spacing of brushholder
bracket arms.

(4) Incorrect setting of direct-cur-
rent brushholders too far away from
commutator, or misalignment of the
holders on the bracket arm.
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(5) Incorrect brush tension.

(6) Brushes sticking in holders.

If the sparking is due to electrical
causes, it will beseen to vary appreciably
with load changes on the machine. The
more common electrical causes of spark-
ing met with in operation are:

(1) Brusheson all arms or on part of
the arms incorrectly set with respect to
neutral points.

(2) Brushes of wrong composition or
resistance.

(3) Incorrect adjustment of commu-
tating-pole winding.

(4) Non-uniformity of main or com-
mutating-pole air gaps.

(5) Hunting—In this case sparking
will be periodic, corresponding to fre-
quency of oscillation of armature.

These are the more common causes,
but sparking may be due to an open cir-
cuit or loose connection in the armature.

If sparking occurs that cannot be ac-
counted for by overloads or other service
conditions, wrong adjustments, or me-
chanical defects, an experienced engineer
should be consulted to determine the
cause and remedy.

“Bucking’” or “Flashing” between
arms of opposite polarity is caused by
excessive voltage generated in the coils
short-circuited by the brush or between
adjacent commutator bars, or abnorm-
ally low surface resistance on the com-
mutator between adjacent brush arms.

Westinghouse Synchronous Converlers

Any condition tending to produce poor
commutation increases the likelihood of
“bucking’’. Bucking is usually caused
by the following:

(1) Rough or dirty commutator.

(2) A drop of water on the commu-
tator, from the roof, leaky steam pipes or
other source.

(3) Sudden change of alternating-
current voltage due to disturbances on
the high tension distributing system, in-
duced by lightning, switching, short-cir-
cuits, etc.

(4) Excessive overloads or short-cir-
cuits on the direct-current side.

(5) Frame or bedplate grounding. It
is necessary that the resistance from the
machine frame to the station ground
should be of such a nature that the cur-
rent incident to an arc from th€ éemmu#
tator to one of the grounded “eircuits
should not be of a sufficiently appregiable
value to cause damage. See grounding
machine frame under ‘‘Application and
Protection’ heading.

“Bucking” or “Flashing” Remedies—
If flashing continuesyafterythe first two
possible causes hawve been, eliminated the
trouble will_usually be due to causes ex-
temal to the machinef If alternating-
currentdine trgubles are in evidence the
converter can usually be protected as in-
dicated under ‘the heading ‘‘Adjustment
of ProtectiveyDevices”. If this does not
remedy/the, trouble the high tension line

disturbances must be eliminated or re-
duced to a minimum.

Flashing can in most cases, especially
on railway converters, be traced torex-
cessive overloads usually caused by
short-circuits. The only way to correct
thisis to protect the converter from these
short-circuits. Thismican often be ac-
complished by increasingithe resistance
in the feeders.:)A readjustment of ma-
chine and feeder breakers will very often
improve regitlts)y Experience has shown
that the majority jof flashing troubles on
convertérs are _due to external local
conditions ‘Which must be corrected be-
fore the flashing trouble will be elimi-
nated.

Collector—Care should be taken to in-
sure, the true running of the rings. If
only slightly roughened, the rings can be
trued up with sandstone and sandpaper.

It is particularly important to main-
tain the trueness of the collector rings
when using the metal-graphite type of
alternating-current brush as any spark-
ing will cause rapid wear of the brushes.

Sparking at Alternating-Current
Brushes—Sparking, when it occurs in
regular operation, is in general caused by
imperfect contact between brush and slip
ring. This may be due to:—

(1) The introduction of dirt or par-
ticles broken from the edge of the brush
between the brush and the ring.

(2) Lack of free movement of the
brush in the holder either because of too
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tight fit, or cramping due to too loose
fit. Brushes may stick in the holders
because of the collection of copper dust
between the brush and the holder. This
dust may conduct sufficient current to
fuse the dust to the brush and the brush
to the holder.

(3) Incorrect brush spring pressure.

(4) Rough or untrue collector rings
which cause momentary separation be-
tween the brush and the ring.

(5) Vibration of collector rings,
brushes or brush supports which also
causes a momentary separation.

{6) Incorrect setting of brushes on
the rings.

{7) Incorrect setting of the brush-
holders.

(8) Excessive current density due to
overloads. The mechanical contact is
never perfect and high current density
will cause sparking with brush fits which
would be accurate enough for normal
densities.

Lubrication of Collector Rings—1f the
proper grade of alternating-current brush
is used on a converter, there is sufficient
graphitein the metal-graphite brushes so
that no lubrication of the rings should be
necessary.

Repairs

Ordering of Renewal Parts—Renewal
parts of any standard Westinghouse con-
verter may be secured. To avoid mis-
understanding always give the serial
number and S. O. number if available, of

F16. 26—BANDING ToOL—@PEN
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the stationary or of the rotating part of
the machine, as the case may be. The
numbers will be found stamped on the
nameplate or on the end of the shaft.
When material for coils is ordered, it
should also be stated whether or not in-
sulation for the winding is also desired.
Specify renewal parts as far as possible
by name as per Figs. 3 and 25.

Rebabbitting Bearings—The old bab-
bitt should first be melted out and a
suitable mandrel prepared. Split bear-
ings should be babbitted one-half at a
time, and the mandrel should consist of a
half-cylinder with shoulders running
along its length on which the sides of the
bearings may rest, so as to form a close
fit when the bearing housing is in posi-
tion for babbitting. Pieces of felt should
be placed between the ends to prevent
the babbitt from running into the qil well
in the spaces back of the bearing shell.
Use only the best babbitt metal. \The
melted babbitt should be polired in the
gateuntil it begins to overflow,;and a'few
moments should elapse before 1tdis re-
moved from the mandrelgn “erder_that
the bearing may becomeduite hard. The
bearing housing shouldsthenibe bored or
reamed to the propgr sizegthe holes for
inspecting thegworking of /the oil rings
drilled, andgthe oil ringuslots melted or
cut to the{proper depth. The finishing
can be dene witli a file. If the mandrel is
2 smooth ‘half-cylinder the oil grooves
should begehipped out. The grooves may
be cast by properly designing the man-
drel.

Repairs‘to Insulation—If a defect de-
velops in the outside of a field or arma-
ture'eoil, it can sometimes be repaired by
carefully raising the injured wire or wires
and applying fresh insulation. More ex-
tensive repairs should not be attempted
by inexperienced or unskilled workmen.

Sectional Bands—Large converter
armatures are provided with sectional

bands instead of the more familiar con-
tinuous bands, greatly facilitating™ the
repair of large armatures.

Figs. 26 and 27 show the tool used®n
connecting and disconnecting sectional
bands.

To make the final connection between
the free ends, after the different sections
have been keyedytogether anto an open
hoop and are in positien on the armature,
place the tool’as;shown in Fig. 26, the
two jaws gripping the projecting ends of
the fixed piéees letfinto the ends of each
sectiongfor thisipurpose. With the tool
in the position shown in Fig. 26, bring
down theg,handle to the position of Fig.
27 0forcing the movable jaw forward
aleng ‘the beam and interweaving the
loopsen the section ends. Insert the steel
pinfA in the holes through the movable
jaw and beam, and with the tool clamped
in this way, remove the handle and ad-
vance it to the next hole in the beam.
This operation is repeated until the ends
of the band are interlocked sufficiently
to permit the steel key piece B to be in-
serted (see Fig. 26). All that remains is
to remove the tool and paint or shellac
the joint.

To remove the band, reverse the pre-
ceding process. Relieve the tension on
the joint by tightening the band with the
tooland thendriveout the key piece.

Caution
In soldering connections use an acid
that will not act on the insulation or the
copper; an alcoholic solution of resin is a
suitable soldering flux.

In soldering commutator connections
do not allow bits of solder to drop down
where they may short-circuit commuta-
tor bars.

FiG6. 27—BanpIinG TooL—CrLoSED
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RENEWAL PARTS
Repairing
Repair work can be most satisfactorily accomplished at our Works, or nearest Service Shop. However, interchéangeable
renewal parts can be furuished, as listed below, to customers, who are equipped for doing repair work.
Recommended List of Renewal Parts

The following 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 overation and to damage or breakage due to possible abnormal conditions.
The maintenance of such stock will minimize service interruptions caused by breakdowns.

Synchronous Converter

T otal number of unitsup to and including. .. ... ... ... ... .. . . lom...... N
Ne. Rer Recommended
Name of Part Unit For Stock
Rotary Parts
Armature coil—(1 Set) ... ... .ot e e 1 14 1
Necessary rewinding material forabove............. ... .. ... .. ... ... ... ... 1 set 1 set 2 scts
Main field COoil. .. .. ... it e e v 1** 1**
A-C. brush— (1 Set) ... ... e 1 1 2
A-C. brushholder— (1 Set). .. . ... it e 1 1g g
D-C. brush—(1 Set)......... 1 1 2
D-C. brushholder— (1 Set). .. ... ...ttt e e e e e T 1 Y 15
Bearing ... ..o ouii e T 2 1 2
Ol TIng. .o e L 4 2 4
Booster Parts
Armaturecoil (1 Set). ... ... ... .. it AT W 1 g 1
Necessary rewinding material forabove............... ... ... ... ... 0.4 . w. .. 1 set 1 set 2 sets
Mainfieldcoil...... ..o e T * 1

*Nu mber per unit varies with type of machine
**On [abricated machines, include pole also.

Mechanical Speed-Limit Switch

Mechanical Speed-Limit Switch

Total number of units up to and ificluding.". . .. .. ... ... . .. 2.........5
. Ve. P
fi}e{fo Name of(Rarts I;Z'Jnit er Recommended for Stack
1 Switch box. .. ... .o e | e
2 Switch box cover. . ... 00 . . e | SN 0......... 0
3 Contact plunger. . .. . . . e e e | (O 0.........0
4 Micarta insulatingdflate W, . . ... ... | S I |
5 Fibre switch base . . . o o | P | S 1
6 Contact spring éLarge) ................................................... 2. 1......... 2
6-a Contactsoring (Small). .. ... ... . . .. . 2.0 1.........2
7 Micartainsulating tube.. ......... ... ... o i 2. | ST 1
- 8 Micarta insulatingatdbe. .. .. .. ... L 2. 1.........1
9 SWitCh le T, . 4. . o e e | S 0......... 0
10 Hinge pinfof switch lever.... ... ... ... .. . .. i i | DR 0......... 1
11 Soringyforswitel lever. .. ... .. ... L | D R 1
12 SDTING POSL. .. oo e oo 0......... 0
13 Flat springfor switch lever. . ... ... .. .. . . .. . . | S | P 1
14 Insulatingbushing. . ... ... .. . 2. | S 2

Governor for Mechanical Speed-Limit Switch

Total numbef of units up to and including. ...... .. ... . . . 2. S

Ref. No. Per

No. Name of Part Unit Recommended fer Stock
2 GOVETTIOT CASE . . .\ ot ot et et e e e e e e e e e e e et e e e 1......... 0......... 0
3 BHEad]ess SEt SCTEW . + . ot ot vt it it et i e e e e e e 2. ... 0......... 0
4 Governor lever. . (Brass). ... ...ttt e e s | (P 0......... 0
S Steel Shaft. ... ... e e | I 0......... 0
7 Operating SDTING. . .. .. oottt e 1......... Tooo.oooo.. 1
8 GUIA . - . oot e e 1......... 0......... 0
9 Steel Wwasher. . .. ... e ) (I 0......... 0

10 Headless St SCTeW . . .. . v\ttt it s et it e e e e e 1......... 0......... 0

Ordering Instruction
Give the complete name plate reading and name the part. State whether shipment is desired by express, freight or by
parcel post. Send all orders or correspondence to the nearest Sales Office of the company.
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Fig. 1. v Fie. gm_ /c mrf‘/e.J.
Two Phose 4 Wire Phage SWire for ee Phose
ﬁ'»b ornverter
i OC@fsfem
Ky e XY/

3t &
=

S —

R ‘ Jwo Fhase C:rca?? -‘

1
oy

Stariing Skarting]
25V ¥ 70V wla 3 70 ¥
1 3 70;-
Runmirg
Runmng Oven 5:;';” g; 2 3:7 g Runtiing
&vfnv close
. g’ 2 "before chosing DG Swrichws.
Two Phase < Wire rm Phase 4 Wire for Three Phase
Rotary Corverter on
Three ﬂ»’ e O.C. Sysh:m
£i6.4. F16.5 ¥716. 6.

TRANSFORMER CONNECTIONS FOR SYNCHRONOUS CONVERTERS.
SELF STARTING FROM THE ALTERNATING CURRENT SIDE.

The Voltages specified are Approtimate Yolués for Rofary Converfer
detvering Direct Current af 600 Volfs, except IMNEIg. 2 and Fig. &
which qive the Approximate Voltage fara Rotory Cornverter on
125-250 Voit Three Wire D.C.System.

FiG. 28— TRANSFORMER CONNECTIONS

Fi6.4 Fi5.2 #i6.9
Star to Delta Delta to Deltg  Delta to Three Phase
intergonnected Star
Far Rotary Converter
ong W/r%g DL System.

fig 4 F :c .5
Deita lo
Six Phase Diametrical  Six mese Dové/e Delta

20 sol31 370)978
37 201320 01 v ¥
i Ak Neutral | 1 165 v olt55 azsed bezsvd L aosr T b g
57y ; 551V
y =3 J'—
- s
v o e v SN A TTATITA
[ A A I s aaad st T
Three Phase Crrguit

WWWARAAANY

iy

Lawal Waiind bnnil v
(PE01 NS0T (OREaN
v % Starting Y (’; ,...'f?far!s}qa ’ é’rgr!mf’l

2 Tt 7
370\az! 3701370 370|370 gmmﬁﬂ 370

«;}0 ; Jm; o155 v*../sw-. 30 Neutral v V' /L;’ ;
. A %ﬁunm ;g/

Dettato fh{ee P/me

Interconnected Star Delto Me/ ita Nel2

For Rotary Converter Delta to . Dettgto Three Phase
Starlto Delto Delta to Delta on Three Wire DL System. Six Phase Diametrical  Six Phase Double Delta  to Two Phase
Fi5. 6 fi6. 7 Fig 8 Fi5. 8 Fig, 10 Fig. 1!

TRANSFORMER CONNECTION FOR SYNCHRONOUS CONVERTERS SELF STARTING FROM THE ALTEANATING CURRENT SIDE.

The Voltages specified are Approximate Volues for Converter delivering Direct Current
at 600 Yolts, exceot in Fig 3 and Fig & which give the Approximate Voltage for a Rotory
Converter on 125-250 vott Three Wire System.

MeTH0DS 0F CONNECTING TRANSFORMERS FOR POLYPHASE TRANSFORMATIONS.

F1G. 29—TRANSFORMER CONNECTI®NS
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Westinghouse Synchronous Converters
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ingline.
234
. o , Light
Disconnecting Switches—— Lol
Choke Coils. <~
Oif Circuit Breaker:

e, S 1 &
Current Tronslorimers. (9/0 Noto~SwitcHobaconn-

ections areslionn as

Power Translormers: ot g,gwf;, o rar of
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e, - e
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VTR Suitch™
fise o

Sipgle PoleSingle |
Ihrow SWICh.

Resistance.

Reverse Current &
Relay.

P16.{30—-2-PuasSE, INCOMING LINE AND 2-PHASE, SYNCHRONOUS CONVERTER, SELF-STARTING FROM THE A-C. SipE, 600-VoLTt, D-C, RAILWAY SERAICE

33



Westinghouse Synchronons Converlers

3Fhose bcoming tine
Phase Rotalion (2.3 123
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vewed /rom rear of board ‘{r’ rester
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Commutoting Felt—-H3 9c)| (Mg bus =, = | 45
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Converter. 47 P A 3
Overspeed Device 76 Note thot the avercqrrmf bp cox/sl
Circutt Opening, areomitted wien using over current
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Sgle Pole Carbon D p
it Arogtir Punel o4 FapelNo.3 Fonelho 2 Porel ol
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Auvx Switch 7
OverCurvent Trjp ——1
Ammeter Shunt --rﬁr } l o0 ¥m.
Voltmeter Switch ——— %/ Resistors
Singiz-Fole, Single )
Throw Knife Switch ‘ 1
Reverse Current g ) ‘F_f;ea 1
Relay (S U%J i
Qs

S ¥ T 8 & S

Fi1G. 31—3-Puase UNGROUNDED NEUTRAL IxcoMING LINE, STEP DOWN TRANSFORMERS AND 6-PHASE, SYNCHRONOUS CONVERTERS. SELK-STARTING FROM
THE A-C. SimE., OPERATING IN PARALLEL, 600-VoLT, D-C. RaiLway SERVICE, REMOTE MECHANICALLY CONTROLLED O1L CIRCUIT-BREAKERS
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Westinghouse Synchronous Converters

Aoto:-Switchboerd conn- IPrase icom-
ectfons are shown as 1)7?0?26
viewed from rear of board, l 23 Prase Rolation [23
1
_ Litni
D/xof?fm‘/)ﬂy&wsl é g % E ,{,iegﬁ
Choke &)Zsﬁ% ] b= IPruse Bus .
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30 A | g t | bty Oy lays i place of
ot Double Throw Lq _ alrjfms L:} , S current brans And Trans.,
Hnie Swtch T+~ A ' iz B Trie Coils.
e Dtk Toow ||| punf=L_| %ﬁﬂ i %
Fielat Switeh Back of ] 1 g b v
i || T g I Y
L - 2B ‘ +CRole doble throw fld sw.
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Sy Creatloemiy &
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FiG. 32— 3-Puasti INCOMING LE AND #-PHASE SyNcHRONOUS CONVERTERS, SELF-STARTING FROM THE A.C, Sipg, 600-VeLt D-C. RAlLWAY SERVICE
ELECTRICALLY OPERATED OiL CIRCUIT-BREAKERS
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Westinghouse Synchronous Converters

3-Fhase incoming Line
123
FPhase Rotation 2,3

Disconnecting Switches Lightning

o Arréster
Choke Corls ey
3Pdle Single Throw, Ol Circuit 8reater —————1,

/

Current lransformers 3 530/3 Vollage Transformers
Power Transformers - o ‘é’%@
Commutating Field —% }, /2
Series Field é i
Negatwe Switch \ _93 o

\-fwmf Transformer

17 Swilch ?r
Pedestal Stunt Field

= 2 & L 6Prase Syn. Converter
7o 4 SN
6d i‘i Querspeed Device

Gireuwit Opening
FPanel o3 4, Pane/ Afbc” Pare/ Mo/
l”' Pos Bus [

|
i | !
Vm Switch l ) 4\.& Starting Switch
Sur Swonkn S - = vEquipment on
r Mo N T \ai circuit ohr
Single Pole 11 5. | i Fisel L coverplate
Reverse Cureent : = INOver Current
Relgy [:l» gf___mﬁ HHE= -J@/_- - kfr,o Coils.
i L ey
S SSTen n% ] I
§ Rheo Sfari/ng Resistor

F1G. 33—3-PHASE, UNGROUNDED NEUTRAL INCOMING LINE AND 6-PHASE Sy~cHRONOUS CONVERTER., SELF-STARTING FROM THE D-C. Sipg, 600.VoLT
D-C. RAILWAY SERVICE
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Westinghouse Synchronous Converters

JPhdse incom -
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Disconnecling Switches —————= Lightning
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7} viewed Jrom rear of
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JPole ST knife Switch—T1T | 1 i
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; ; i p -Negative inife
£q Knife Switch. 1kiis ngf o
6 Prase Synchronous Sl HEe— Y
(onverier o f 33 &
mmmmw&&\\ o | |L-Stumt Fretd
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T ing Molor:
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Gircuit Qpening, ey
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Single PoleLarboR . SL0nEI N2 Pinelhel
Circuit Breaker 1

Awxiligry Switeh:4 J=F: i i
T oS [ £VA. Resistance l D-CU
Resistance | B} ffj;j%f)/dwm? r——"(j.? m.
Ammgier Shont | (Gl t i
mWWﬂ//%/,ﬁﬁ{ ‘% %4
SWitch / CiBa Overcurrent
Sinale Fole S |  fse {7rip Coils
ingle Pole Single | #rea | O :
Throw Knife Swilch )~ —1; j‘ — e —

I #5 ]
Reverse Currént S @  grivd W Grovnd
Reloy & SIKR *

Fic. 34 —3.-PuASE UNGROUNDED NEUTRAL INCOMING LINE AND A 6.-PHASE SYNCHRONOUS CONVERTER, STARTED BY A 6-PHASE STARTING MOTOR (SELF
SYNCHR@NIZING METHOD} 600-VoLT D-C. RAILWAY SERVICE
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Westinghouse Synchronous Converlers
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/Zi

Phase Rotaton 123
. . Lightring
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SWEth L | | Relay
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mowSwich M R & 8 N Gwnd

N
o

F1G. 35—3-PHasE UNGROUNDED NEUTRAL INCOMING LINE AND A 6-PHASE, SYNCHR®N®US CORVERTER, STARTED BY A 6-PHASE STARTING MoTOR

600-VoLT, D-C, RAILWAY SERVICE
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Westinghouse Synchronous Converters

3Fhase Qutgoing Line
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O T oL ekl

N N
F1c. 36—600-VoLT, D-C. LINE AND 6-PHASE INVERTED SYNCHRONOUS CONVERTER, SELF-STARTING FReM THE D-C. SipE, SUPPLYING A 3-PHASE UN-
GROUNDED NEUTRAL QUTGOING LINE
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Westinghouse Synchronous Converters
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FiG. 37—3-PHASE, UNGROUNDED NEUTRAL INCOMING LINE AND A 3-PHASE SYNCHRONOUS CONVERTER, SELF STARTING FrROM THE A-C. SIDE, 1200 TO 1500
Vort, D-C. RAILWAY SERYICE
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Westinghouse Synchronous Converters
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F1G. 38—3-PHASE, USGROUNDLD NEUTRAL INCOMING LINE, AND Twe 6-PHASE SYNCHRONOUS CONVERTERS, SELF-STARTING ¥FROM THE A-C. Sip1;, OPER-
ATING IN SERIES, 1200 T0 1500-VoLT, D-C. RAILWAY SERVICE

41



Westinghouse Synchronous Converters
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FiG. 39—3-Puase UNGROuUNDED NEUTRAL INCOMING LINE AND A 6-PHASE COMPOUND-WOUND SYNCHRONOUS CONVERTER, SELF-STARTING FROM THE

A-C. SIDE, SUPPLYING A 125-250-VoLT, 3-WIRE D-.C. SYSTEM
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Westinghouse Synchronous Converters
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Fi1gn40 —3.PHASE UNGROUNDED NEUTRAL BUS AND A 6-PHASE SHUNT WOUND SYNCHRONOUS BOOSTER CONVERTER, SELF-STARTING FROM THE A-C. SipE
(H.T. or STAR DELTA METHOD) SUPPLYING A 270-VOLT, 2-WIRE, D-C. SYSTEM
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Westinghionse Svnclironous Converlers

SFlase Incoming Line A:)
123

1

Fhose Roletion L2 3 P
Chote Coils 9, Arrester

=67

IPale Single Throw, G} Circuit Breater %
Current Jransformers

fuses

o FOt007 TransForier
4 N M -
e =Y,

Fotentral ﬁﬁf?Sf&fmefX Start ’ vvvvvvvv il
Special four Pole Doutle . . ﬂ_:};
Throw ke Switch \ pgaati

F R = ,

H ~tBack OF Boaca Bpe of Field switch

G4 oF
i B F 1 ey Discharge Resist
Aa[ama{/c c“m{fa:ff;?f % g resir
I & ’ D é/hase Booster Syn Converter
»—_f} Booster Field
2 3 Serfes Commutaling Freld a
Series Cnmmu[a[/nq field T 5 & Hain Stunt Field s
Aux Ca?mmz/[a[/hq Field N ‘S‘g\%\d \_—Otfe/'speea‘ Device Circuit Qpening w/
2lde Carbon . Pane/ oo, Pane/ Nod
Circurt Breaker”| ﬁ“\ t e Auniliary Switch
O C(/ff€/7[/7“/,b\> Resistor
A \ !//{der Voltage Coll| O-Cm.
‘ = Bkr Aux. Sw.
Voltmeter Sw -3 | Lqupment on ol circuit
SPST Knite SH_ ' breaker coverplate
Res/stor & = ] T —Over Current Irp Colls
Reverse {‘m*e/;{_. . 7 e o -
Relay, L08%e A Ly
LN & =
Reversing /%ea—.x
Hechagrcaly A _
Gornecten q‘ ‘p» qf ﬁ Main Shunt Field Rieo.
M ZJ 2] 2/7 Z&’ a

. 41— 3.Puask UNGROUNDED NEUTRAL, INCOMING LiNE AND A 6-PHASE. SHuxT WOUND SyNCHRONOUS BOoOoST ONVERTER, -8 TING FROM TH
Fic. 41— 3.p U N 14 Gl 6-P 5 W 5 s BoosTER C R, SELF-STARTING M THE
A-C. Sipx (L1. METHOD) SUrprLying 4 135-270 VoLt, 3-Wire D-C. Sys1EM

44





