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IMPORTANT

Install electrical apparatus in a clean place and keep it clean.
The absence of moisture and dirt is the greatest assurance of
long life of electrical machinery.

The present design of insulation of generators and motors
is the result of exhaustive research work and engineering study:
also the development of improved shop methods. The insulation
is selected and applied with great precision and its deterioration
is slight within the operating capacity of a machine when given
reasonable protection and care.

Definite arrangements for the periodic inspection and clean-
ing of units should be made to prevent undue accumulation of
dirt.

Before installing or operating a machine, read all of the fol-
lowing instructions carefully, making note of the points to be
observed.
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W estinghouse

Main Roll Drives
A-C. and D-C. Motors

General Information

Steel mill motors are practically always located so that they
are subject to a large amount of dust and dirt, and the gervice
which they are called upon to withstand 18 of the most severe
character. The precautions discussed in this book apply par-
ticularly to the larger motors and their accessories such as those
used to drive the main rolls in steel mills. In general the installa-
tion and care of this class of machinery 1s similar to that for other
large electrical power apparatus, but on account of the excep-
tionally severe service and the unfavorable nature of the sur-
roundings, certain features require particular emphasis.

Location—The location of the motor 1s determined to 2 large
oxtent by the type of the mill which it is to drive. DButin any
case it 18 considered advisable to provide a motor house within
the mill to protect the motor and control apparatus from mill
dust and gas fumes which attack the insulation and corrode the
brass and copper parts. When a motor room is provided, it 1s
casier to keep the apparatus clean, and also 10 keep the mill men
and unauthorized persons away from the electrical equipment.
It is very important that the location be wisely chosen, due regard
being paid to the rules of the National Board of Fire Underwriters
and to state and local regulations. The following considerations
should also be carefully observed:

(1) The machine should be 1ocated in a cool, dry place, well
ventilated and not exposed to moisture. Remember that the
room temperature is added to that developed in the machine.
The arrangement should be such as to prevent moisture or escaping
steam reaching the windings.

(2) A direct-current machine must never be placed in a
room where any hazardous process is carried on, of in places where
it will be exposed to inflammable gases OF flying chips, of any
combustible material.

Ventilation—The machine should be O located as to receive
proper ventilation. This is important and means that the air
circulation in the room nust be such as to carry away the heated
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air and supply cool air to the machine. Care should be taken
that the air for ventilating purposes is taken from a clean source.
In every case the motor room should be completely closed off
from the mill, and where clean air is not directly available, an air
duct with a blower should be provided.

It is seldom possible to obtain clean air in a steel mill, so that
these systems are usually provided with air washers. An ar-
rangement of an air washer is shown in Figure 1, If the washer
is placed between the blower and the motor, the washer is sub-
jected to the pressure of the blower, which has a tendency to cause
leakage. For this reason, the air should always be drawn through
the washer at atmospheric pressure. The amount of air neces-
sary to ventilate a motor depends upon its clectrical losses. It is
best to have the manufacturer specify the amount of air necessary,
but as a general rule about ten cubic feet per rated horsepower
per minute will be sufficient.

In laying out ventilating ducts, care should be taken to
avoid sharp turns, as these seriously interfere with the passage of
air. The ducts should be made as straight as possible and of
such dimensions that excessive air velocities will not be encourni=
tered. Velocities in the duct of not over 2000 feet per minute
have been found most satisfactory for this purpose. This applies .
to all passages from the source to the motor. The air in the
washer, however, should not travel over 600 feet per minute, as
otherwise moisture may be carried to the motor.

The air intake should be provided with two openings, one
arranged to take air from the inside of the motor room and the
other to take air from the outside of the building. This arrange-
ment is necessary, since in the winter the air which is taken from
the outside will carry snow and ice into the windings. If an air
washer is used, it will become clogged with ice. With the ar-
rangement mentioned above, all or a part of the air can be taken
from inside the motor room in winter weather. Tt is best to pro-
portion the amount of air taken from each source so that the tem-
perature in the duct is never below 50 degrees Fahrenheit. A
single door or shutter arrangement should be provided for the two
sources, arranged so that in closing one the other is automatically
opened. This will prevent the possibility of both sources being
closed off at the same time and depriving the motor of its ventila-
tion. 'This door will serve as a damper for properly proportioning
the amount of air taken from each source, the door being fixed in
the proper intermediate position.

In the case of forced ventilated machines, the blower should
be so interlocked with the control that it is impossible to operate
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the machines unless the blower is functioning. In addition, a
vane can be located in the air duct which carries a contact in the
control circuit, rendering the control inoperative unless the vane
is deflected by air passing through the duct.

When ventilating air is forced into a motor room, the room
must be designed with sufficient openings to provide free outlet
for the air, so that a pressure will not be set up in the room and
the influx of air opposed, thus diminishing the amount of air to
the machines. The best plan is to install, near the roof, exhaust
fans having sufficient capacity to expel the same amount of air
as is forced in by the blower.

Sometimes it is not convenient to install a motor house, 1
which case the motor can be enclosed, as shown in Figure 2, and
artificial ventilation provided as described above. The most
common instance of this is a hot sheet mill. Motors for this ap-
plication are invariably located in a pit, where it is difficult to
obtain the necessary change of air, and the atmosphere is usu-
ally warm and dirty.

Sweating is the result of a difference of temperature between
the machines and the surrounding air. If the air is saturated at
a certain temperature and is cooled below this point, it gives up
some of its moisture. When the temperature of the machine is
low enough to reduce the temperature of the air below the dew
point, the excess moisture s precipitated upon the machines.
This is very injurious to insulation and has a bad effect on the
apparatus generally, as it causes rusting of journals and other
bright metallic parts and corrosion of the copper and brass. If
the room temperature is kept uniform at all times, or if the ma-
chines are kept slightly warmer than the surrounding aif, sweating
will be prevented.

INSTALLATION

General Precautions—Upon receipt of the cases containing
the machine or its parts, place them in a dry storeroom. Do not
open them, and disturb them as little as possible until everything
is finally ready for assembling. Tf the electrical apparatus is not
crated it should be covered up to keep out dust and dirt. This
storeroom should have an even temperature to prevent sweating.

Handling—Extreme care should be used while unloading of
otherwise handling large electrical apparatus as, from the nature
of such apparatus, it is easily damaged by being allowed to slip
or bump against anything. 1f the insulation is once broken, it 1S

practically impossible to repair it so that it 1s as good as it was
originally, and the delay and expense occasioned by even & slight
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Cranes, and thege should be 50 placed and Separated with spacers
that no pressure is exerted on the windings. In case wire slings
re used for handling 4 rotor, the shaft should be well lagged under

Sary to place it on the floor, it should be set on a board not wider
than the active iron. It should be borne in mind that 5 scar or
dent in the laminationg short-circuits them and partly nullifies the
effect of the laminated construction. Eddy currents will be set
up in the laminations so short-circuited which will cause a hot
spot, and endanger the insulation at this point.

FOUNDATIONS

The general purpose of constructing g foundation is to form
a sufficient and solid base for the load to be Supported, so that ng
movement will tgke place after itg erection.  Since it has been
found thag almost all of oyr soils will compress under heavy loads,
it is natural to expect most foundationg to settle to some extent,

necessary tests may he made by loading 1 foot Square pedestalg

fifth of the load necessary to produce the maximum settlement
giving a factor safety of five,
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Where marshy and wet soils are encountered, it is very diffi-
cult to spread the footer foundation on footing course sufficiently
to carry the load, and concrete or wood piles are used. Formulas
for safe bearing powers of piles are simply aids to judgment and
should not be followed blindly.

ERECTION

When placing machines on the foundations, particular care
should be taken to line up all bearings correctly and see that they
are clean. Journals should be examined for rough or rusty places
and gone over carefully to see that they are in perfect condition
before being placed in the bearings. The air gap should be checked
after the machine is set, and all bolts gone over to see that they
are tight. Machines should be realigned regardless of shop align-
ment, due to stresses which may be received or set up during
handling or shipment.

With machines of large size, the armature must be pressed
upon the shaft at the point of installation. The shaft is turned
accurately to a certain gauge and the hub is bored out to a similar
gauge several thousandths of an inch smaller, in order to secure a
press fit. Before attempting to force the armature on its shaft,
inspect the surface to be fitted, as it may have received injury
during transportation. File down any roughness of this sort and
smooth with an emery cloth. See that the key has a good bearing
on its sides and clears on top about g of an inch.

Before proceeding further with the operation, the surfaces
on the shaft and in interior of hub finished for the fit should be
painted with a mixture of white lead and engine oil to prevent
cutting the shaft.

The pressure required to force the armature on varies with
the temperature, condition of surface, and quality of the metal to
such an extent as to make it practically impossible to estimate its
value with any degree of accuracy. It is generally safe to assume
that from 100 to 200 tons pressure will be required.

TFor forcing a large armature on its shaft a hydraulic press is
preferable.  When this cannot be secured, make two yokes out
of I-beams. Place one of these across the rear of the armature
and one at the end of the shaft, and draw the armature in place
by means of two bolts which pass through the yokes and spider
close to the hub. Care should be taken to tighten up evenly on
the bolts, otherwise the hub will twist and bind on the shaft.
Once started, this operation should be carried to completion as
quickly as possible, as, if the armature is allowed to set several

11
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hours when only part way on the shaft, it may require from 25 to
50 per cent more pressure than was previously used to start it
again.

Do not mar or scratch the shaft, as any roughness may cut
the bearings and cause them to run hot, A large armature which
must be pressed on the shaft in the station should be supported
when possible on the spokes of the spider by passing heavy timbers
through the spider and blocking up to them at each end. When
this is impossible, it should be set in a cradle cut out of heavy
timber to fit, and lined with excelsior or waste, so that the weight
will be evenly distributed over a large area of the core. This
cradle should be made narrower than the core in order not to
injure the winding. An armatire so supported should be braced
on both sides.

After the armature has been pressed upon the shaft it should
be carefully lifted in a sling and lowered into its bearings.

Caution—Never support the armature wholly or in part by
the commutator, either when raised by blocking or when held by
a rope sling.  Lift it by a rope sling about the shaft, taking great
care that the ropes do not touch the windings at the back end of
the armature. Do not allow workmen to stand on the commu-
tator.

After the machine has been carefully aligned and leveled the
bedplate should be grouted. After the grout is settled and hard-
ened all wedges should be removed and the foundation bolts gone
over and tightened.

In setting up any machine in which the bearings are inde-
pendent of the frame, great care must be exercised in the adjust-
ment of the air-gap, between the rotor core and pole faces, as any
inequality in this gap may cause unnecessary friction and heating
of the bearings and unequal heating of the armature iron. Ad-
just the air-gap horizontally by shifting the frame, and vertically
by means of thin sheet steel liners between the bedplate and the
yoke. During this operation gauge the gap at different points on
the front and back of the machines. The rotor should then be
revolved 180 degrees and these values checked in the new position.

STARTING

After the machines are completely set up they should be
thoroughly dried out before being started. This can be done by
applying heat externally or by circulating current in the windings,
Drying out externally can be done by placing resistance grids
under the machines to dissipate roughly about one kilowatt per

12
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100 horsepower rating of the machines. Care should be taken that
no part of the hot grids comes in contact with the windings. The
machines should be covered with a tarpaulin and an opening pro-
vided at the top to allow the escape of the moisture, otherwise
it will condense on the machine again as soon as the heat is dis-
continued. A thermometer should be kept ont the machines, and
the temperature not allowed to exceed 90 degrees Centigrade
unless it is knownt pos'rtively that the insulation 18 of such a char-

acter that higher temperatures will not be injurious.

The time required to dry out a machine thoroughly will vary
from a few days to several weeks, depending on the size of the
machine and the condition of the insulation when starting. Insu-
lation resistance should be taken {wo or three times a day at uni-
form intervals, during the period of dry out, and a curve plotted
using resistance as ordinates and hours as abscissae. T his process
should be continued until the curve chows that the insulation 1s

thoroughty dry, 1. € until there is 10 further change 11 resistance.
A high voltage megger is the most convenient method of measuring
insulation resistance. Tnstructions coming with the instrument
should be carefully followed or misleading and erratic results may
be obtained. All readings should be taken when the insulation

js warm.

Insulation Test—I1t sometimes happens that the insulation
of a machine is mechanically injured of exposed to moisture after
the factory test but previous 10 erection. FOT this reason, insula-
tion tests should be made before the machine is Tun.

The higher the resistance, the better the general condition of
the insulating material. The insulation resistance Of the field
will be much higher in proport'ron to the em.t. of the exciting
current than that of the armature and will in general give little
trouble. Since large armatures have much greater areas of insu-
lation, their insulation resistance will be proportionately lower
than that of small machines. Tven though the material is 1n
exactly the same condition, the insulation resistance of any ma-
chine 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 18 complete
is by “drying out.” Armature winding and Geld coils are dried
out by heat; baking in an oven is to be preferred but is often im-
praeticable. They are usually heated by the passage of current.
In the case of the armature {his may be accomplished by short-
circuiting the leads and running the generator with a low field

excitation, just sufficient to produce the proper current.

13



direct-current circuit and g 500-volt direct-current voltmeter may
be conveniently ysed. The methog of making g measurement g
to first read the voltage of the line, then tq connect the resistance
to be measureq In series with the voltmeter and take g second
reading.

The:measured resistance can be readily calculated by using

300 Vot Circus¥

Double pofe .
Dovble Throw Switch

0 Resistance

Yo/t1retepr

the following formula ang the method of Connecting the apparatyg
shown in the diagram Fig. 3.

r (Voy)
R =

V = voltage of the line.

V = voltage reading with insulation in series with volt.
meter.

r =[resistance of voltmeter in ohms (generally marked
on label inside the Instrument cover),

= 5 1 megohmsg,
v
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an insulation test, where this is not available 250-volt D-C. may
be used.

Machines which have been dried out by applying external
heat only may show a very good value of insulation resistance
with a megger and still have moisture in the insulation next to
the conductor. This is particularly true of high voltage machines
where the insulation is heavy and it is very difficult to entirely
drive out the moisture. Hence, 2 much more offective method is
to apply the heat internally by circulating current. Machines
of 2200 volts of higher can generally he dried by applying 220
volts alternating current, simply by connecting this cireuit to the
terminals without interposing resistance. T his point should,
however, be checked with the manufacturer or the machines can
be watched Very closely at first by observing thermometers placed
on the coils to malke sure that they do not overheat. The applica-
tion of current directly to the coils presupposes that the insulation
is in good enough condition to withstand this low voltage. If the
insulation is in poor condition, external heat should be used until
it is safe to apply a low voltage for circulating current. The same
process of taking megger readings should be followed as is de-
scribed above for external heating until the insulation resistance
reaches a fixed value. The A. 1.E. E. recommendation for insula-
tion resistance is:

Voltage

Kva. + 1000

This value seems to be low, and for some mill apparatus, par-
ticularly 2200-volt machines, the machines should show”at least
one megohm per thousand volts. These values are not given
with the understanding that the drying process should be stopped
when these values are reached but, in every case, the process
should be continued until & constant value is obtained. If this
constant value does not equal that given above, the manufacturer
of the apparatus should be notified.

Many machines are placed in service after the above pre-
cautions have been taken, but on large apparatus where continuity
of service 18 important, many operators give the apparatus the
same insulation test as it receives in the factory before shipment.
Megger tests, although serving as & measure of precaution, cannot
be entirely relied upon, as it is possible to show good resistance
values when the insulation is on the verge of a preakdown. The
only adequate method of measuring the ability of the insulation
to withstand operating voltage 1s to apply actual potential test
on the insulation. This requires & small transformer testing box
designed to give a wide range of voltage. The test voltage can be

Megohms =
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when the breakdown occurs the large amount of power available
could damage the machine seriously, Such 3 breakdown oceurs
when the mi]] ig in operation and its delay {s serious. If 5 testing
transformer ig used, this tegt can be made before the equipment ig
started up and the repair made before the mill is placeq in opera-
tion. Before this oltage test ig made, the machine shoylqg be
blown out and all bragg and copper parts wiped clean, as the pres-
ence of dirt may cause g failure, evep, when the machine i ip
good condition

Breakdown Test—aA high—voltage or breakdown test is usefy]
in determining the strength of the insulation of the machine. 1t
is made by subjecting the insulation to an em.f greater than it
will have tq stand in actyg] Service.  As thig test is in the nature
of an OVerstrain, it mygt be applied with great Caution. Sycp

of the apparatus under test. A S-kilowatt transformer has suff-
clent output for testing machineg up to 500 kilowattg ata testing

When making 5 high-voltage test, the IOW—voltage circuit
should always be closed or opened to throw the e.m.f. on or off,
he severity of the test depends to a marked degree upon the
time the em.f ig applied. Aj] breakdown tests are Supposed to
be applied for not more than ope minute, ag 5 long continued tegt
is liable to Permanently Injure the insulation even if no Immediate
fault is developed.
Before Starting g motor, it should be thoroughly mnspected to
See that all hojtg are tight, brushes Operating freely in their holders,
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that there i nothing in the air-gaps that the pearings are oiled and,
if water cooling is necessarys that the water 18 furned o Rotate
the machine 1y means of a bar 0f crane betore actually starting
with current O make sure that 1t furns freely. After the machine
is started and before it 18 prought uP to full speed, 1 should he
inspected 1o see that the oil TINgS are turning and actually Pringing
ap oil and that B9 part © the rotor ig striking The phearings
should be 'mspected overy tew minutes while bringing the machine
up to sPee and for four OF fve houts after it 18 WP 1o speed, 1O

jnsure that they are not geﬂerat'm excess cat. A thermomete?

chould be P aced pearing that shows & endency O enerate
exCess This thermo ter Sho 14 be 1€ + least ONCe
every minutes, Y sudd rise 1 crature 18 ¢
signal to ¢ down @ xamine the bearine g probably

“cutting,” and will need O be seraped, and the a\ignment verified.

Brush Position— hen the prush pOosito a commutatmg
ole machine it heen propeﬂy ed, nifting 18 after
ward Tequre hould made, ost mutating-poi®
eneralors re shipp without any b shifting devi

Adjusting the 1 Posit: 1 ommutatmg—po\e machines
accurate & just ent O e ¢h position pecessary e
correct prush position is on the no-load neutral point, which 18

ocated 2 the factory during test. he following arraﬂgement
is emp\oyed o enable the erector to obtain the same setting 10 the

The relative posit'xons of the ring which carries the prush-
holder arms and the field frame are indicated by @ dowel pin-

The dowel pit cannot be put in place until the socker Ting has
beent 1ocated in the correct position. This determines the relative
1ocation of the rocker 1ing and the magnet frame. 1t 18 equally
important to fix the relative ocation of the pprushbolders and the
rocker ring. This 18 accomp ished bY supplying a fixed prush
pracket and polting the bmshho\ders to the prush prackets. the
wear of the commutator being taken up shifting the brush-
holders radially op the brusb prackets, which does not change

the positio brushes 0% the commt ator.
The positio one € Hrushes having been thus
fixed the oth shoul set by unifo acing from



necessary for ap
OMmutatjy,

g-pole Machineg
ods can be used

€Chanjeg) Methog__ is impossible t

by the « 1 i

0 set the brushes
rnechamcal Method

can hpe used.  The
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proper position of the prushes, OB most machines jg in @ plane
which passes through the centers of twoO diametrica 184 opposite
main poe pie This position ca PrOXY 1y 1ocated ©
machines th ture cotl throv of which 18 exactly 0one pole
pitch, cing the lead £ a co tor un he center ©
the commutatmg pole O commutator s many ma
chines are e with porded windings method can only b
used as approx1mate 4 the brat hes sho 1d be set BY actual 112
b observing th commutatxon u 1 with the prushes 1
different positto

Electrica Kick” Metho ——The electrical aeutral for
brushes may rectly and simpPly 1ocated i due care ig exer
cised

—_

Feld framé

FiG. 5—FINDING ELECTmCAL NEUTRALS WITH  OLTMETER

with all the brushes raised from the commutator and the
machines standing Still, if the shunt feld be excited to @ few per
cent of 118 normal strength and the field current suddenly prokemn,

voltages will be induced 11 the armatur® conductors by @ {rans-

former act n Consid ration of these yoltages 1B conjunctiont
with the diagram 1 Tig. 4, i1l show tha maxl yoltages
are produced in those © nductors ocafbe he interpolat space
(betweent e main oles) an that the inimun oltages are IO
duced 10 hose conductors 1ocated nearest centers © e
main PO 1t will also be 10 the induc voltages 1
conductors 1ocated 2 equal distances the 11 oft of the
main pole ners are equa opitude and oppost ein direction
Hence, 1 terminals Xow-read voltmete (say Bve
yolts) be cormected fo two €O atator bars 0 opposxte sides O
{he center jine of a WA pole (Fig. nd exactly half way petween
the center lines of tWO ain s, 10 will show 10 Jeflection whe



e terminals of
Shes gre then shiftedq

as necessary un reaking the field
“Casions ng deﬂection on the Voltmeter
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shunt motor O from 2 separate pelted motor: Ordinarily, unless
in very bad condition, it may D€ dressed down with a piece of
sandstone convenien‘dy mounted 10 @ device especially designed
for this purpose: (See Pig. 8)

This gr'md'mg device 18 mounted Of one of the prushholder
arms Of prackets, the carbon holders being removed O accommo-

sandpapering is all that s necessary- Emery cloth ot paper
should never o used for this purpose on account of the continued
abrasive action of the emery W ich becomes embedded in the
copper bars and prushes. Tven when sandpapet is used the
prushes should be raised and the commutator wiped clean with &
piece of canvas lubricated with a very small quantity of vaseline
or oil. Cotton waste should never be used and an excess of tubri-

Al commutators are thoroughly paked and tightened pefore
leaving the factory, but if a bar should work 100se it should be
attended tO prompt\y. The same may be gaid of flat gpots Of

“fats” which will sometines oceur, due {o a l00se bar, anusually
soft coppers or even to @ severe flagh of short-eircuit.
Under pormal conditions the commutator chould becotn®

dark and highly polished after a few weeks' operation, and SO

Trouble 18 sometimes expemenced from the Hurning out of
mica insulation between segments. This 18 most commonty
caused bY allowing the nica o become oil soaked of by the bars
1ooseming and thus allowing foreigh conducting material 10 work
its way o petween them. 1018 rarely, if ever, definitely traced
to exCessive yoltage petween pars. en this purning does
occur it may be offectively stopped by seraping out the burne

mica and filing the space with a gohution of sodium silicate (water

glass), OF other suitable insulating cement.
Even with the most carefu workmanship, high mica will

OPERATION AND CARE

After the machines aré p\aeed in regwlar 5ervice, the entire

23
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equipment should pe kept clean, particu]arly the insulation. It is
advisable to keep a1 Machineg painted, g the paint will not only
be a benefit to the machineg by preventing Tust ang also making
them €asier to clean, byt 1t will he an incentjye to the OPerators apn
attendantg to keep the motor-roopm and apparatyg neat.  Thig
n itgelf helps tq reduce maintenance. 1 additipn to paintin

BEARINGS
All bearlngs are arrangeq With oj] ring lubrlcatlon In agqj.
tion carmgs 9 Incheg lameter apq 4 OVe are pipeq for gravit
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