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TURBINE-GENERATOR UNITS

Serial Number Assignments

INGALLS HULL NO. 1053

S/S
Turbine Generator Exciter
Unit No. 1 15-A-1404-1 . 1-8-58-P-316 1-S-58-P-317
Unit No. 2 15-A-1404-2 2-5-58-P-316 2-S-58-P-317
INGALLS HULL NO. 1054
8/S
Turbine Generator Exciter
Unit No. 1 » 15-A-1404-3 1-5-57-P-994 1-S-57-P-995
Unit No. 2 15-A-1404-4 2-5-57-P-9984 2-5-57-P-995

NOTE: The letter "S" in Generator or Exciter Serial Numbher, means "Stator”.

The rotor bears the same Serial Number with the letter "R" in place of "S".

« Communications

Should communications be desirable or necessary regarding the unit instal-
lation covered by this instruction book, or an individual device included in
the installation, replies will be greatly facilitated by citing the Westinghouse
General Order Number for the complete equipment and the nameplate readings for

the detail apparatus involved.

Do not fail to give the turbine and/or generator stator and rotor serial
number and the complete nameplate reading, when information is desired. The
turbine data and serial number are stamped on the nameplate, mounted on the
turbine exhaust end cover. The generator stator serial number is stamped on
the generator nameplate, and also on the metal under the nameplate and on the
machine foot. The generator rotor serial number is stamped on the end of the

shaft.

Should any particular information be desired, please be very careful to
state clearly and fully the question for consideration, and the associated con-

ditions.

Communications should be addressed to the nearest Westinghouse Electric
Corporation Sales Office. Local sales, engineering or service representatives
are usually available for quick consultation.

Ordering Repair or Renewal Parts

When ordering repair or renewal parts, give the name of the parts, the
illustration or drawing and item numbers which apply and the nameplate reading
of the machine, including the serial number.
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TURBINE-GENERATOR UNITS

Serial Number Assignments

INGALLS HULL MO, 1053

o S/8

Turbine Benerator Exciter
Unit No. 1 - 15-A-1404-1 1-6-58-P-316 1-8-58-P-317
Unit No. 2 15-A-1404-2 2-5-58-P-316 2-8-58-P-317

INGALLS HULL NO. 1064

8/8
Turbine Generator Exciter
Unit No. 1 15-A-1404-3 1-5-57-P-964 1-8-57-P-995
Unit No. 2 15-A-1404-4 2-5-57-P-994 - 2-8-57-P-995

NOTE: The letter °S" in Generator or Exciter Serial Kumber, means "Stator”.
The rotor bears the same Seriasl Number with the letter *R" in place of *S".

Communications

Should communications be desirable or necessary regarding the unit instal-
lation covered by this instruction book, or an individual device included in
the installation, replies will be greatly facilitated by citing the Westinghouse
General Order Number for the complete equipment and the nameplate readings for
the detail apparatus involved.

Do not fajl to give the turbine and/or generator stator and rotor serial
number and the complete nameplate reading, when information is desired. The
turbine data and serial number are stamped on the nameplate, mounted on the
turbine exhaust end cover. The generator stator serial number is stamped on
the generator nameplate, and also on the metal under the nameplate and on the
sachine foot. The generator rotor serial number is stamped on the end of the
shaft,

Should any particular information be desired, please be very careful to
state clearly and fully the question for consideration, and the associated con-
ditions.

Communications should be addressed to the nearest Westinghouse Electric
Corporation Sales Office. Local sales, engineering or service representatives
are usuvally available for quick consultation. -

Ordering Repair or Renewal Parts

When ordering repair or renewal parts, give the name of the parts, the
11lustration or drawing and item numbers which apply and the nameplate reading
of the machine, including the serial number.
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CHAPTER 1 - TURBINE AND REDUCTION GEAR

5

Section 1.1. Turbine Details

TURBINE AND REDUCTION GEAR CHARACTERISTICS

1. Each unit consists of a high-speed con-
densing turbine, arranged todrive an a-c gen-
erator and d-c exciter, through the medium of
a8 reduction gear, which reduces thehigh speed
Tequired for efficiency in the turbine to the
lower practicable generator speed. The tur-
.bine, gear and generator are mounted on acom-
mon bedplate, to which is secured also the
01l cooler, etc. An outline arrangement plan
of the unit is shown in Pigure T-1.

2. Two identical units are supplied for each
ship. The nominal rating of each unit is 600
kw, on & 750 kva, 80% power factor, 3 phase,
60 cycle, 450 volt, a-c generator; and a 120
volt, d-c exciter,

3. The turbine is designed and tested to op-
erate with steam at a throttle pressure of
585 psig. with 845° PTT. The turbine is also
capable of delivering rated load with satis-
factory operation in all respects when sub-
jected to pressure and temperature variations
as defined in the NEMA Standards for Marine
Propulsion Steam Turbines and Gears. The tur-

bine will also operate satisfactorily at re--

duced capacity when exhausting to the atmos-
phere.

GUARANTEED PERFORMANCE

Throttle

Stean
Load Load Plow Rate Vacuup
Percent KW Lb/hr Lb/kw/hr. 1In.Hg. Abs,

125 750 7888 10. 40 1.5
100 600 6294 10.40 1.5
a5 450 4892 10.87 1.5
50 300 3501 11.67 1.5

4. The turbine exhausts into an auxiliary
condenser at 1.5 inches Hg exhaust pressure.

C
5. The normal operating speed of the turbi@
is 9,018 rpm and that of the generator oIS
1.200 rpm. =i
ocC
6. The pinion and' gear are of the double-
helical type, and the gear is designed
transnit anormal load of 883 brake horsepow
with the pinion operating at 9,018 rpm agdh:
the gear at 1,200 rpm, under these conditio

the gear bearing pressure is 80.0 pounds p c:'.!
square inch of projected area, the pinlg .
=

bearing pressure is 190 pounds per square in

of projected area, and the tooth pressure

89 pounds per inch face, perinch pitch circ ;
dismeter.

7. The turbine bearing pressures are so.@@
and 72.4 pounds per square inch of projecte
area, andthe turbine andpinion journal speeds
are 78.7 and 108 feet persecond, respectively.
The gear journal velocity is 21.0 feet per
second.

8. The oil system capacity--at high level

low level 72 gallons.

' 80 gallons; normal level 76 gallons, and @

GENERAL DESCRIPTION

1. The turbine, of straight-ispulse type,
‘longitudinal section of which is shown f§ —n

Figure T-2, consists of a combination o
Curtis and Rateau stages. The Curtis eleme
consists ofone pressure stage with two velo
ity stages. The Curtis stage is followed bY O
six Rateau stages.

1
2. The steam, after passing through th ~
throttle valve and the steam chest valvesﬁy
enters the first stage nozzles where it ua’:
expanded to the pressure existing in the 1mL-‘j
pulse chamber. The velocity energy acquire ;
in this expansion i8 converted into rotative
energy by the impulse blades. The steam is
then expanded successively through the Rateau

ME-00038231
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TURBINE-GENERATOR UNIT

stages to the pressure maintained in the con-
denser, thus imparting further rotative energy
to the rotor.

3. The turbine cylinder is supported at the
gear end by lugs on the cylinder base at the
level of the turbine centerline, which rest
on the gear housing and are restrained from
axial movement relative tothe housing by keys
set half in'the lug and half in the housing.
The lugs can slide transversely on the keys,
thus allowing for differential expansion, but
transverse movement of the turbine as a whole
is prevented by a vertical key on the end of
the cyiinder base, held between gibs on the
gear housing. The thrust end is supported by
two transverse plates which are bolted to the
cylinder and the bedplate. The web of the
transverse plates provide the necessary flex-
ibility for longitudinal expansion and con-
traction of the cylinder.

CYLINDER

1. The turbine cylinder consists of a base
and cover, bolted together on the horizontal
joint, and each made in two pieces. The hor-
izontal and vertical joint flanges are care-
fully machined to a full bearing surface which
provides a true metal to metal joint. These
four pieces are made from ahigh grade of cast
steel, the steam chest being cast integral
with the cylinder cover, high pressure end.

ROTOR

1. The turbine rotor is machined from asolid
alloy-steel forging. The auto-stop body is
screwed onto one end and the other end is
coupled to the reduction-gear pinion through
a8 flexible coupling. After the blades are
installed, the entire rotating asssembly is
dynamically balanced.

CURTIS BLADING
1. The Curtis blading is shown in detail in
Figure T-3. The Curtis element consists of

one pressure stage with two velocity stages.
After the steam has passed through the stean

102

chest valves it enters the nozzle block. This
block is made of forged corrosion resistant
steel, and is secured to the turbine cylinder
by means of caulked wedges and screws. The

steam is expanded through round passages in.

the block to the pressure existing in the
Curtis wheel chamber. The blades are milled
from bar stock of corrosion resistant steel
and are provided with shrouds, riveted over
tenons onthe ends of the blades, thus forming
a closed passage for the steam flow.

2. The rotating blades are secured to the
turbine rotor by & type of fastening consist-
ing of a "T"-root with lugs machined on the
blade shank which straddle and hold in the
sides of the groove, thus resisting the tend-
ency of the blade-pull to spread the side of
the blade-groove. The blades are held against
the top of groove by half-round segments,
caulked in place at the bottom. With this
type of fastening it is, of course, necessary
to widen the groove at one point in order to
enter the blades in the "T® shaped groove.
The row is completely filled with blades and
the last blade at this starting point is se-
cured by pins. The stationary blades are se-
cured in straight-sided grooves by a series
of short keys which fit in suxiliary grooves,
cut in the blade shank and in the side of the
main groove.

3. Blade shields are secured to the cylinder
and extend around that portion of the wheel
circumference which is not utilized for the
steam admission nozzles. These shields isolate
the blade paths frow the remsinder of the
steam space andthus decrease the windage loss
due tothe blades rotating inthe comparatively
dense steam. In order to prevent any accumu-
lation of condensation in the bottom of the
shields, holes are drilled at the bottom on
the vertical centerline, to sllow any conden-
sation to flow to drain.

RATEAU BLADING

1. The Curtis element is followed by six
Ratesu stages, divided from the former and
from each other by interstage diaphragms. The
Ratesu blading is illustrated in Fig. T-3.
The nozzles forthe Rateau stages are machined

ME-00C1822¢
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unjts welded into inner and outer rings to
make acomplete diaphragm assembly. The latter
are made inhalves and extend completely around
the rotor. The second, third, and fourth
stage nozzles, however, occupy only a portion
of the circumference, varying in area in suc-
ceeding stages inaccordance with- the increase
in the volume of the progressively expanded
steam. The Rateau blades &re similar in de-
sign and method of fastening to the Curtis
wheel blades described previously.

INTERSTAGE SEALS

1. Steas leakage from stage to stage between
the stationary diaphragms snd the rotating
shaft is minimized by means of interstage
seals. These consist of stepped-tooth laby-
rinth strips sachined integrally in rings,
made in four segments, and mounted in "L*
shaped grooves in the diaphragms. The rings
are held in position of minimum clearance by
means of garter springs as indicated in the
illustration, Figure T-4 and are prevented
from rotating by means of the pins.

2., The radial clearances between the rotor
and the interstage seals are indicated in the
illustration Pigure T-24. These radial clear-
ances are tbe designed "cold® clearance and
in addition, the seal rings have small gaps
between the segments as shown in the illustra-
tion Pigure T-4, to provide for expansion.
The seal rings are matched marked sothat they
may be reassesbled correctly.

CURT!IS WHEEL CHAMBER LABYRINTH SEAL

1. 1In order to minimize leakage of high
pressure steam from the Curtis wheel chamber
and to lighten the load on the gland at the
high pressure end of the turbine, a group of
three seals, mounted in the cylinder base and
cover is provided between the Curtis wheel
chamber and the inlet end gland, as shown in
Pig. T-86.

2. Each of these three seals is fitted with
twelve rows of integrally eachined labyrinth
strips by whicb the steam escaping outward
along the shaft is throttled to s much lower

pressure. The leakage is carried away through
the *dummy leakoff pipe®, and re-enters the
turbine eylinder at the fifth stage ofblad
and it, therefore, gives up most ofits ava
able energy inthe low pressure end of turb
before passing to the condenser.

TURBINE GLANDS

el

1. At the point where the turbine rotB:°
shaft extends throogh theends of thecylinder,
leakage of steam from, or air into cylh;%
1s prevented by means of glands of the steppdd®
tooth labyrinth type. These glands consl@\f—;
of a group of three rings, each fitted wi

ten rows of integrally machined labyri
strips, made in four segments, set in "
shaped grooves in the gland cases, and h
against the shoulder of the "L®" by means
flat springs. As shown in the illustrat{
Pigure T-6, therings are prevented from tu
ing by the pins.

1

ik

2. The radial clearance between the roto@
and the gland seal rings sre indicated in the
illustration, Figure T-24. These radial
clearances are the designed "cold® clearances.
In addition to the radial clearances, the
alloy metal seal rings havesmall gaps beu%
the segments, when cold, to provide for e
pansion and the segments are matched mark@
80 they may be re-assembled correctly. @

BEARINGS

1. The rotating element consists of the tu
bine rotor, flexible coupling and pini
carried in four bearings which are similar {&)
general design. The turbine bearings are i iB
lustrated in Figure T-5. They consist
steel shells made in halves, and lined wifig)
genuine tin base babbitt. The two halves of
each bearing are doweled together with pi A
and the bearing is prevented from rotatin
within the housing by a stop dowel which pr
jects into a notch cut in the housing. 0il~
is admitted on the vertical centerline at t@
top, the babbitt being relieved to providp™®
ample space for the distribution of cil alo >
the journal surface. On the inner end of the
turbine bearings, the shell is grooved into

103
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TURBINE-GENERATOR UNIT

which an oi] baffle is installed, forming an
ofl pocket. A slot is cut at the bottom of
this pocket on the verticsl centerline, by
means of which oil bleeding from this end of
the bearing is permitted to flow to drain.
The turbine bearings have & normal clearance
of .005 to .007 inch with & maximum clearance
before rebabbitting of .015 inch.

2. The turbire bearings, 1f removed, may be
measured for wear bychecking the crowm thick-
ness in four specific longitudinal planes,
3/8 inch in from the end of the bearing. Ra-
dial lines scribed on the bearing end, as
shown in Fig. T-5, designate the measuring
planes. The value of these dimensions at the
time of manufacture is stamped on the end of
each bearing. Any cbange inthese seasurements
indicates wear and tf excessive, the cause
should be investigated.

OIL SEAL RINGS

1. The grooved oil seal rings which are used
to prevent the escape of oil along the shaft
froe the bearing housings, consist of bronze
rings made in halves, and brass baffle plates
also made in halves. Any oil which creeps
along the shaft 18 caught in the grooves in
the oil ring and flows through s series of
radial drain holes in the pocket, inthe lower
half of the ring. Holes are drilled in the
baffle which permit the oil to flow to drain.
These holes are drilled at sufficient height
to saintain an oil level in the pocket, thus
preventing the escape of oil vapor through
the drain hole. The 0il rings may be seen in
Pigure T-2.

STEAN DRAIR AND GLAND PIPING

1. The disgram of the steam drain and gland
piping is shown in Pigure T-7. Sealing steam
for the glands 1s supplied from a sepsrate
source at approximately 10 psig and s valve
and gauge are supplied for controlling the
sealing steam. Approximately 80 pounds per
hour of steam will be required st no load to
seal the turbine, above 125 Kw the turbine is
self sealing. The stesa pressure st the L.P.
gland should be maintained at not more than

2 psig. It will be noted that the main steam
inlet line, and the impulse chamber of the
cylinder have drains, controlled by valves.

These valves should beopened during the start- -

ing periods in order to remove the condensa-
tion resulting from hesting of the turbine
parts. Purther reference to these drains and
this illustration will be found under "Opera-
tion".

THRUST BEARING y

1. The portion of the end thrust on the
rotor, which is not counter-balanced by the
stesn pressure acting sgainst theCurtis Wheel
Labyrinth Seals, is transmitted to the sta-
tiopary parts by means of a thrust bearing of
the "Kingsbury® type, illustrated in Pigure
T-8. It is located on the exhaust end of the
turbine shaft and i8 also shown inPigure T-2.

2. The bearing is of the single thrust type,
having babbitted thrust shoes on one side of
the collar, which is a separate piece mounted
on the shaft. As the thrust is in the direc-
tion of the steem flow, this side of the
bearing is provided with four shoes, while s

.thrust ring secured to the end of the journal

bearing is used on the opposite side of the
collar to locate the rotor axially.

3. On the thrust side, the shoes (8) are
supported on the leveling blocks (or plates)
(6) and (11), which by rocking upon each other
allow the shoes to move relatively to one
another so that the babbitted faces sre all
pressed against the collar with equal force.
Hence, each shoe takes an equal share of the
load. The upper leveling plates (11) rest
upon the lower leveling plates (6) which in
turn are carried in the base ring (5) which
is made in helves.

4. As may be seen in Pigure T-2 the base
ring is supported in the housing. It 1s cen-
tered by the key (4) shown in Section A-A of
Figure T-8. The thrust ring is located by &
liner between it and the journal bearing.

5. The correct axial position of the thrust
bearing, and hence the correct axial location
of the rotor, is determined by the thickness
of the filler piece, shown in Figure T-2, and
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in Pigure T-8 between the base ring (5) and
the housing. The thickness of this filler
piece must be such that with the rotor barred
toward the exhaust end as far as it will go,
the clearance between thenozzle block snd the
first row of Curtis blades is as shown on_the
clearance diagram, Figure T-24.

6. The actual internal clearance of the bear-

. ing should be between .008 and .012 inch in

order to permit establishment of a proper oil
film between the collar and tbhe shoes. After
tbe filler piece of correct thickness (as
described previously) has been installed, the
proper running clearance is obtained by ad-
justing the thickness of the liner which is
located between the thrust ring and the tur-
bine bearing. This clearance should bechecked
by rolling the rotor and barring it from one
extreme axial position to the other, and then
measuring the end travel with a dial type in-
dicator.

7. If the bearing has been disassembled for

cleaning or repair, the following notes will
assist in simplifying reassembly.

8. Pirst clean and inspect all parts care-
fully. 011 the bearing surfaces when assem-
bling.

9. All bearing parts are to be assembled ra-
dially with the housing cover removed. See
Pigure T-8; with the shaft in position, first
rotate lower half of brass oil control ring
(14), into place under collar.

10. Place the leveling plates (6) and (11) and
four shoes in position on the split halves of
the base ring (5), and secure by screws, (12)
and cotter pins as shown. Rotate the lower
half of the base ring into place on inner
side of collar, with parts attached and follow
with upper half and its key (4).

11. Bolt under half (1) of oil control rings
to lower half (14)., the halves of the thrust
ring (168) and (17) are secured to the upper
and lower halves of the journal bearing. As-
semble end cover.

12. Turn basering (5) tobring joint vertical,
and test end-play by jacking shaft end-wise

and measuring the amount of movement with
feelers. Adjust thickness of one or both
filler pieces, by shimming or machining
make total end-play between.008 and.012 i
maintajining Curtis blade clearance as note

above. When found to be correct, turn bgse
ring tobring key (4), to top center, and J
housing cover down.

i

T 4RE

gl

13. Do not force when assembling. 1If
parts do not go together easily, somethin
out of place. *

To
1]

ROTOR POSITION INDICATOR

1. The rotor position indicator which
bolted to the end of the thrust bearing ho
ing is shown in Figure T-9. A readingils
taken by pushing lightly on the pad *A*"
the pointer (10), until the ball (4) mal
contact with the end of the rotor. Immediat
after installation, the rotor should be ba
toward the exhaust end and while in this
sition, the pointer should be set at zero,
loosening the clamp s.rew in the pointer to
adjust it and then tightening up securely,
and pinning. Thereafter when a reading is
taken, the displacement of the pointer from
zero, will indicate an axial displacement“of
the rotor, onedivision on the graduated sch
(13) representing a displacement of the ro
of .002 inch. A small spring (6) holds ths
ball out of contact with the turbine rof&s]
when the indicator is not being used. It
obvious that readings should be taken, eit
with the unit carrying load or with the ro
barred toward the exhaust end. Otherwi
the clearance in the thrust bearing may giye—"
an erroneous reading.

COUPLING
=

1. The turbine rotor and the reduction gear
pinion are connected by means of a coupll&ﬁ‘l

of the Sier-Bath type, illustrated in Fi P~
T-10. @"

| k) / ALENY

—~
2. As may be seen in detail in the 111ustr§£
tion thecoupling is of the internal, involu \3
toothed type. The coupling heads are pressed
and keyed to the turbine and pinion shafts

respectively and the two halves of the sleeve
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are bolted together to make the driving con-
nection.

3. Lubrication is supplied bymeans of sprays
of o0il directed into the lip of the sleeve,
from nipples inthe pinion and turbine bearing
ends and a positive circulation of oil, to
prevent sludging of the tooth clearances, is
maintained by virtue of s number of outlet
holes on the periphery of the sleeve flange.
Additional information will be found under
*Installation® and under "Maintenance”.

THROTTLE YALVE

1. Steam 1s admitted to the turbine by a
horizontally disposed throttle valve which is
showmn in FPigure T-11. This valve is manually
operated by a handwheel, but can be closed
automstically by a compression spring, when
the trip release latch istripped by the over-
speed trip mechanisa,

2. The valve is of the unbalanced, single
seat type. It is guided in a cylindrical re-
cess in the bonnet (10), and secured to the

spindle (18), by means of the stem (7) and a |

slotted coupling (15). Thrust washers (13)
and (14) serve to eliminate clearance in the
coupling.

3. The handwheel spindle (19) is threaded
through a sliding valve stem nut (17), sub-
jected to compression of the spring (18), and
prevented from turning by the guide (16),
which is welded to the yoke (20). The nut
(17). is normally held out agsinst the spring
force by the trigger shaft (30). which is con-
nected to the overspeed trip device.

4. When the overspeed trip functions, the
trigger shaft is rotated, thus freeing nut
(17) and permitting the spring to push the
valve stem in the closing direction, thus
closing the valve. '

5. To reset the device, it is necessary first
to turn the wheel all the way in the closing
direction, thus forcing the sliding nut (17),
outward unti) the trigger shaft (30), is re-
engaged through the tension of the relatch
spring (35).

6. The valve disc (3), and seat (2), are
provided withcobalt-chromium contact surfaces
to prevent erosion and the valve is held on
the stem (7)., by the disc flange (5). Leakage
along the valve stem isminimized by the leak-
off bushing (8).

7. The steam strainer basket (42), iscarried
in the body which is welded to the throttle
valve body (1). It is made of corrosion-re-
sistant steel and {s held in place by the
bomet (40).

STEAN CHEST

1. The governor and servo-motor d4perating
sechanism is shown in Figures T-12 and T-13,
the latter showing the connections for the
arrangement of the steam chest linkage. The
steam chest body is an integral part of the
turbine cylinder, and the cover serves also
as a linkage support. The turbine is provided
with four valves, which are arranged in par-
allel within the steam chest; that is all
valves are surrounded with steam at epproxi-
mately throttle pressure. The valves are
numbered, 1, 3. 2, and 4 beginning atthe stud
and continuing in aclockwise direction, look-
ing from the top of the valve stems. The
steam chest is shown in Pigure T-14.

2. These valves are of the single seated,
plug type. The sesting surfaces are sphericsl
and the seats are of the diffuser type. The
seats are pressed in the steam chest body and
seal welded, but can be renewed if necessary.
As shown in the illustration, the valves are
carried by s flange formed on the end of the
valve lifting rod. This lifting rod is con-
nected to the operating mechanism by the
trunnion and the links. It is guided in the
steam chest cover by the bushings, and is
held against rotation by the stud. As the
operating mechanism raises and lowers the
lifting rod, therod in turn raises the valves
by engaging the adjusting nuts. The adjusting
nuts are threaded on the valves and hence the
point at which each valve opens and the amount
of opening can be varied by means of these
adjusting nuts. Of course. there is an un-
balanced steam force, tending to close the
valves, but in addition, = positive closing
force 1s obtained by tbe lower edge of the
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lifting-rod flange, engaging the lower shoulder
on each valve,

3. For establishing the proper lifts for the
several valves a special fixture is provided,
the application of which is shown on the tool
illustration, Figure T-28. It cosprises a
temporary cover to be bolted in place on the
stean chest instead of the Steam chest cover;
.an indicator sounting rod; and a rod to be
set up on the valve stenm.

4. To use this fixture proceed as follows:

Disconnect the governor linkage and remove
the steam chest cover. Bolt in its place,
the valve setting fixture assembly as shown
in Pigure T-28, setting it so that four holes
in the cover come over the four valves, and
set up the rod (8). Drop the rod (6) through
the proper hole in cover plate (7), so that
it rests on top of No. 1 valve. Clamp two
dial indicators to the rod and set one against
the top of the valve lifting stem, and the
other against the topof the rod (6) compress-
ing them sufficiently to insure positive re-
sponse when the stem is lifted.

5. Bet both indicator dials at zero. Lift
the valve lifting stem until & reading shows
on each of the indicators. The difference of
the two readings will be the clearance for
No. 1 valve. Three or four check readings
should be taken and the differences should be
the same in every instance.

6. Next shift the rod (6) to No. 2 valve and
repeat the above process. Do this with each
of the four valves. Wewill then have a series
of differences, thus for exsmple:-

Reading No. 1 No. 2 No. 3 No. 4
Stem 0.022" 0.110" 0.181" 0.205"
Valve Rod 0.009" 0.018" 0.055" 0.050"
Difference ©.013* 0.092" 0.126" 0.155"

7. These differences are the clearances of
the several valves between the valve lifting

"plate and the valve nuts and should be the

same as listed in the tabulation of valve
settings under the serial number of the unit
in question.

8. The amount the valve lifting stemis raised
in the above operation is immaterisl as

as it is enough to obtain readings on n
indicators, and that successive trials s

the same difference betweenthe stem and va
readings.

FACTORY VALVE SETTINGS %
1. This is the clearance between the vnEé]

stes nut and valve lifting plate with e
turbine in a static condition.

2. The actualvalues deternminedduring fac
tests willbe found stamped on the plate (1
located on the governor lever (10) of Fi
T-14. The actual values may vary sligh
from the design values shown in Pig. T-14. R
5>
3. The opening, through which valve litthlg/
rod (41) extends into the steam chest;{
sealed against escape of steam to atmosphf
by the provision of close fitting bushi
(18) and (22) and two leakoffs, onme betw
the two bushings and one near the top of the
outer bushing, whence the leakage is carried
away. The steam from the inper leskoff is
led to a zone of lower pressure in the cyl-
inder, while the outer leakoff is connec%

[#%]

to the gland condenser.

AGDVERIOR @
<

Pigure T-12 is of the vertical shaft flyb

type, in which the revolving weights move y)

dially in response to changes in centritu%

force, resulting from changes in turbipe="

speeds. The changes in centrifugal force

thus the position of the weights, are tra$
&

1. The governor as shown in the illustrat@

mitted to & cup valve, in the sub-assenm
(10), the position of which determines
amount of H.P. oil that is permitted to pass
through the variable orifice to drain,
balance of the H.P. oil being directed to
operating servo-motor mechanism as "cont
ofl®.

9 53@‘&

2. H.P. 0il from the main pump discharge
from the suxiliary hand pump) is directed
through passages in the governor housing, to
the filter inlet, item (16) of Figure T-12;
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and through external pipingto the relay, iteam
(2) of Pigure T-13 entering the servomotor at
the flanged inlet as shown.

3. The H.P. oil passing through the filter,
Pigure T-12, §is directed hy internal passages
to the space just above the cup valve (10),
which forms a variable orifice permitting the
portion of oil that passes through the cup
valve to drain back to the oil reservoir, and
as mentioned earlier the balance passes to
the servo-motor mechanism in the capacity of
®control oil”.

4. The portion of the H.P. oil that is piped
to the servo-motor operating mechanism from
the pump discharge, enters the servo-motor
housing to a neutral position of the relay
(2). Examination of the Pigure T-13 shows
that this relay, seated on a spring (1), is
forced upward, but restrained through linkage
from moving except as permitted by a movement
of the bellows and stem assembly. Thus, the
control oil leaving the governor and entering
the servo-motor housing as shown, acts upon
this bellows and stem assembly: closing the
bellows and soving the stem upwards against

the actionof the spring (38) with an increase

in the pressure; and allowing the bellows to
expand with the spring action and moving the
Btexn downward with a decrease in oil pressure.

5. The movement of the stem and bellows as-
segbly permits tbe movement of the relay (2)
in a similar direction. The movement of tbe
relay allows the H.P., oil to flow through
passages to either the upper or lower surface
of the piston (7) causing the piston and pis-
ton rod (13) to move.

6. The piston rod (13), is connected by
linkage to the steam chest valves.

7. Referring toFigure T-12, the governor hub
which holds tbe weights assembly, is driven
fran the end of the main gear wheel shaft by
means of spiral gears. The governor weights
are secured toa strap of spring steel, mounted
across the diameter of the hub, tbat is in
the form of a ring. The spring is formed into
8 "U" at the center and the forces acting
upon the weights, flex the strap spring, thus
transmitting the forces through the spring

108

seat to the cup valve (10). When the governor
isat rest, the strap spring holds the governor
weights (8), in their innermost position.

8. The entire rotating element is carried in

four bearings. The governor bearings (4) and

(42) (Pigure T-12) are combined journal and
thrust bearings. The main oil pump bearings
(bushings) shown in Figure T-18 are journal
wear and allare mounted in the bearing bracket
and main oil pump housing. This bearing
bracket is located on, and bolted to the oil
reservoir base. The vertical position of the
governor hub (8) and thereby the proper posi-
tion of the follower gear (2), canbe adjusted
by tbe final sachining of the liner (40) so
that the designed clearances can be obtained
between tbe governor hub and the sleeve (43),
at the thrust bearings (4) and (42).

9. The cup valve rests upon a button sup-
ported in the center of the governor weight
strap.

10. The space within the cup valve seat is
supplied with H.P. oil as described above in
paragraph 3 and the cup valve proportions the
amount of oil permitted to drain, to the cen~
trifugal force of the goveror weights, and
thus controls the oil pressure acting under
the cup valve seat, and hence the pressure of
the ®control oil".

11. The balance of forces for any given op-
erating condition, consistsof the centrifugal
force of the governor weights acting upward,
through tbe strap, button and cup valve; op-
posed by the governor oil pressure acting
downward oo the cup valve. The value of the
governor oil pressure is determined by the
annular areaof the variable cup valve orifice
and the part of the centrifugal force of the
governor weights not balanced by the force of
the spring: hence, every turbine speed (and
consequent value of centrifugal force on the
governor weights) determines a defipite value
of governor oil pressure.

12. The operation of the governor and steam
cbest is a5 follows:

With the turbine at rest, the governor
weights (B) of Figure T-12 are held in their
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innermost position by the strap spring, and
the steam chest valves (26) and (27), of Pig-
ure T-14, are held closed through linkage
connected to the operating piston (7), of
Pigure T-13, which is held in its upperwost
position when no oil pressure is available,
by the action of the spring (38) pressing
downward in stem and bellows assembly, and by
the action of the spring (13) of Pig. T-14

, sgainst the lever (10). The Figure T-13 shows

the steam chest servo-motor operating mech-
aniso in a position with the turbine at rest.
The spring (38) in the stem and bellows as-
aembly has expanded the bellows to the maxi-
mnm with the stop nut (33) seating on the
cover (38). The operating piston (7) is held
in the uppermost position snd the relay (2),
is in a position just past neutral, with the
relay closingthe upper ported passage leading
to the upper surface of the piston (7). The
lower ported passage leading tothe lower sur-
face of the piston is open.

13. In order to start the unit, it is first
necessary to start the anxiliary hand oil puap
to insure turbine journal bearing lubrication.
This auxiliary oil pump, not being designed
to operate the governor and servo-motor mech-
anism should be operated until the main oil
pump can take over. The cam lever items (19),
(23) of Pigure T-14 should be raised to the
horizontal position, which will raise No. 1
steam chest valve (26) approximately .060
inch, sufficiently to allow steam to be ad-
mitted to the turbine. With the auxiliary
oil pump operating, the cam lever in the hor-
izontal position, the throttle valve hand
wheel can be slowly opened until the unit
starts to rotate.

14. As the turbine speed increases to approx-
imately 25% of the no-load value, the main
oil pump discharge oil pressure exceeds tbe
pressure of the auxiliary pump which may be

then shut down. As the main oil pump pressure -

increases, supplying the governor and servo-
motor mechanise with H.P. oil, the oil pres-
sure builds up in tbe space above the cup
valve (10) of Pigure T-12; and in the center
of the relay (2) of Figure T-13. The H.P.
o1l leaving the governor as "control oil® di-
rected to the servo-motor, surrounds the stem
and bellows assembly and as the o0il pressure

increases the bellows closes against the actian
of the spring (38). The H.P. oil that has
entered the relay cavity bleeds to the 1
side of the piston (7), but as the bel
and stem move upward, permitting the r
(2) to also move upward, the lower ported
passage closes and the upper ported pas
i5 opened allowing H.P. oil to flow tothe
upper side of the piston (7). As the
oil pressure increases, the bellows and
assembly move upward, the relay (2) also meves
upward and the plfton (7) moves downward.

V,

15. The action of the piston (7) moving d
ward results in the steam chest valves
opened by means of the connecting link
After the unit has been checked for satis
tory operation, the speed may be increaseg
further opening of the throttle valve.
the turbine approaches normal speed, the
trifugal forces will begin to move the goy
nor weights outward. The unit i{s now coag.tﬁ
under control of the governor as it approa
full, no load speed, the cam lever item

of Figure T-14, will then drop to the 1
position, clear of the steam chest operating
linkage,

st

16. As load is applied to the unit, the tur-
bine speed decreases, and the centrifugal f
acting on the governor weights is redu
The governor spring force being constant,
reduction in centrifugal force is balance@i
an increase in governor oil pressure. B
resultsin an upward movement of the cup valve
(10), reducing the annular opening of :B
variable orifice and increasing the pre:g{

of the ®control oil" to the servo-motor

anism. The increase in "control oil" pres

acts upon the bellows and stem assembly (3937

moving them upward, the relay (2) follo

in a similar direction in proportional am

and opens the upper ported passage permit

the H.P. oil to flow to the upper surface of

the piston (7), the movement of which

downward direction, opens the steam chés

valves (by means of connecting linkage)

ficiently to maintain the required speed. Q
ey

17. If the load decreases, the turbine s

accelerates, increasing the centrifugal fdfes

on the governor weights, and thus increases

the annular opening of the cup valve (10),
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which permits a greater amount of H.P. gov-
erning oil allowed to drain and hence a re~
duction in the "control oil® pressure. The
reduction in control oil pressure, reducing
the pressure upon the stem and bellows assem-
bly (39); permits the bellows to expand by
the action of the spring (38). Examination
of Pigure T-13 shows that the relay (2),
would then be moved in a downward direction
closing the upper ported passage and opening
the lower port, permitting H.P. oil to flow
to the lower surface of the piston (7)., the
movement of which in an upward direction
closes the steam chest valves (by means of
connecting linkage) sufficiently to maintain
the required speed.

18. Thus it can be seen by examination of
Figures T-12 and T-13 that the governor is
capable of closing the steam chest wvalves in
minimum time, in the event of total loss of
load. In the event of total loss of oil pres-
sure, the action of the stem and bellows as-
sembly (39), moving downward under forces
from the spring (38), and the action of the
spring (13) of Pig. T-14 upon the lever (10),
would also close the steam chest valves, by
means of the connecting linkage in sinimum
tirve,

SPEED CHANGER

1. The hand and motor-operated speed changer,
by means of which the speed or load of the
unit can be varied is shown in Pigure T-12.
The principal parts of the electrically op-
erated portion are:--The motor shafts, worms,
and wors wheels. The principal parts of the
hand operated portion are:--The hand-wheel
and shaft. Both the electrically operated
and hand operated portions act to regulate
the turbine speed by means of changing the
position of the valve seat (37).

2. The electric sotor, connected to the shaft
(53) drives the worm (54) which in turn drives
the worm gear (46) and worm gear (31). The
worm gear (31) drives the collar (27) by fric-
tion caused by the spring (33) acting against
spring seat (34). The collar (27) is secured
to the shaft (21) which is threaded in the

1o

bushing (25) in the top of the speed changer
housing (18). Since the bushing (25) is sta-
tionary, rotation of the shaft (21) by the
worm gear (31) screws the shaft either upward
or downward through the bushing (25) and hous-
ing (18); thus changing the position of the
valve seat (37), and hence the speed or load
corresponding to & given governor weight po-
sition,

3. Por hand operation, rotation of the hand
knob is transmitted directly through the shaft
(21) in the manner described above to the cup
valve seat (37) moving it upward or downward.
The clutch collar (27) with spring (33), and
washer (32) form a friction type clutch which
is held in engagement by the spring (33).
This clutch slips when the hand operated fea-
ture 1s used and also serves as a safety de-
vice, in the event of overtravel of the speed
changer motor.

4. The hand adjustment knob, (20) sounted on
the shaft (21) hasan indicating arrow direct-
ing counterclockwise rotation for an increase
in turbine speed or load and hence clockwise
rotation for a decrease in turbine speed or

.load. The adjustment of the shaft (21) by

the hand knob or speed changer motor is not
identical with the adjustment (or change in
position) of the valve seat (37). The shaft
(21) is threaded with R.H. threads 11-1/2
threads per inch at the bushing (25) and 11
threads per inch at the cup valve seat (37).
Hence, one revolution of the hand knob in a
counterclockwise direction causes the shaft
to travel upward approximately ,087 inch
through the bushing (25). (1.000 s+ 11.5° =
.087 inch:. The cup valve seat being pre-
vented from turning by the screw (12) will
move in a downward direction, with shaft move-
ment, approximately .091 inch., Thus the new
position of the cup valve seat is the differ-
ence between the two or a movement of .004
inch in the downward direction. The same
figures apply to the adjustment of the knob
in the opposite direction causing the cup
valve seat to move in the upward direction.
The amount of the cup valve seat travel is
identical per revolution of the shaft (21)
for the hand adjustment knob or for the speed
changer motor by remote control from the con-
trol panelboard.
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Section 1.2 Reduction Gear

GENERAL DESCRIPTION

1. The longftudinal section through the pin-
ifon shaft 1s shown in Pigure T-2 and the lon-~
gitudinal section through the reduction gear
is shown in Pigure T-15. The gear wheel is
pressed and keyed onto the gear shaft. The
shaft is carried in the gear bearings (Figure

* T-16) the bearing on the turbine end acting

also as the thrust bearing. Machined collars
on the shaft act as the thrust-bearing collars
and liners are provided by means of which the
axial location of the gear wheel may be ad-
justed. The gear wheel and generator rotor
are dynamically-balanced after being bolted
together,

2. The gear-housing base is mounted in the
bedplate and forms the oil reservoir for the
unit. An oil-level gage is provided to show
the amount of oil in the reservoir. The main
oil pump, which isdriven by the spiral gears,
takes its suction from the reservoir as shown.

3. Between the generator-end gear bearing
and the coupling, there is an oil thrower
collar on the shaft and an oil-ring, the leb-
yrinths of which drain back into the gear
houaing. Mounted on the coupling flange there
is a second oil-ring, the labyrinths of which
alsoc drain back into the gear housing, to
prevent the possibility of oil vapor escaping
into the engine room.

4. The gear teeth are lubricated by means of
oil sprays which discharge oil between the
pinion and gear teeth.

PINION AND GEAR BEARINGS

1. The pinion and gear bearings, shown in
Figure T-16, consistof steel shells, babbitt-
lined, similar in general design to the tur-
bine bearings described in paragraph 10 except
that the pinion bearings, being enclosed by
the gear housing do not require oil baffles,
as do the turbine bearings.

2. The pinion bearings have normal clearance
of .007 to .009 inch with mwaximum of .015 inch

before rebabbitting. The gear bearings Hfive
.006 to . 008-inch normal with maximum of .
inch before rebabbitting. The turbine
main gear bearing is provided with bolted-on
thrust rings at either end. 9

g

3. Shoulders on the gear shaft serw@\'
thrust collars so that this bearing is a

bined journal and thrust bearing. Split lineérs
between the bearing shell and the thryst
rings permit adjustment of the locatton@
the main gear wheel in the housing and of itfie
axial clesrance of the bearing. oC;
4. The pinion and gear bearings, if removist,
may be measured for wear by checking the ¢ ~
thickness in four specific longitudi
planes, 5/8 inch in from the end for the

fon bearings and one inch in from the end fo&
the gear bearings. Radial lines scribed

the bearing end, as shown in Pig. T-16, d
ignate the measuring planes. The value
these dimensions at the time of manufacture
is stamped on the ead of each bearing. Any
change in these measurements indicates wear
and if ive, the should be inves-

tigated. Z
ALIGNNENT OF PINION AND GEAR %
1. For proper operation of the unit,
pinion and gear shafts should be parall
This condition exists when thepinion and géatr-
shaft centerlines lie in the same plane
are equidistant at both ends. The criter
of proper alignment is uniform tooth cont
to ensure a balanced pinion-gear tooth log
ing. This condition may be checked by clamp
ing the pinion journals so that they will rfdy
hard down on the bottom half of the bearings.
The pinion teeth should be coated with P ‘x
sion Blue snd the pinion and gear rotated t .
gether. The resultant serking on the gefi_
teeth will indicate any adjustment that $&—
necessary to produce a uniform tooth conuc@
which may be made by carefully scraping t;ﬁg
or moreof the babbitt faced journal bearingssy—

This scraping should be limited to the toler-
ance of the bearing bore.
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NAIN OIL PUMP

1. The main oil pump, which is shown in Pig.
T-18 and in the reduction gear assembly, Pig-
ure T-15, is located in the turbine end of
the gear-housing base. It is of the gear-type
and is ‘driven from the governor body, which
in turn is driven from the main gear shaft
through spiral gears.

2. ‘The puep hody is bolted to an internal
bracket in the gear-housing base. The suction
is taken from close to the bottom of the res-
ervoir through a short intake pipe. The pump
is drivenby means of a vertical shaft splined
at both ends. The upper end engages the gov-
ernor body sleeve nut, which is secured to
the governor body. The lower end engages
splines in a hollow shaft or driving sleeve
to which the pump gear (driver) is keyed and
which rotates in the pusp-bearing bushings.
The driven pump gear is keyed to a short,
idler shaft. The bushings which serve as
bearings for the gears are made of tin-base
babbitt metal.

3. The pump takes oil from the reservoir and

discharges into a line leading to the duplex -

strainer and thence to the oil cooler.

01L SYSTEM

1. The arrangement of the oil system is shown
diagrammatically in Pigure T-17. This system
consists essentially of a reservoir formed by
the reduction-gear housing, a main oil pump
described above, a duplex strainer, a cooler,
& bhand-operated auxiliary pump for use when
starting and stopping the unit, and the con-
necting piping.

2. The level of the oil in the reservoir is
shown by the bayonet type gage which is lo-
cated on the turbine end of the gear housing.
The oil level should be maintained so that it
is between the high and low-limit marks on
the gage plate with the machine in operation.

3. In normal operation, the main pump dis-
charges at approximately 70 oounds per square
inch gage pressure. A part of this oil is
led through cored passeges to the governor

12

and servo-motor mechanisms to operate the
steam-chest valves. The remainder is led
through external piping through the strainer
and cooler to lubricate the bearings and re-
duction-gear teeth. The maximum permissible
temperature of oil leaving any bearing is
180°F. The temperature rise of oil passing
through any bearing is not to exceed S0°F.

4. The flow of the oil through the bearings
is regulated by orifices 1n§tuled in each of
the bearing oil supply passages in the hous-
ing.

5. A relief valve, connected to the bearing
oil supply line, is set to discharge a part
of the oil directly to the reservoir if the
pressure at the bearings exceeds 10 psig. A
by-pass valve, Pigure T-21, around the cooler,
is provided so that the cooler can be tem-
porarily taken out of service for cleaning or
repair while the unit is still running. CAU-
TION - THE VALVE IN THE OIL COOLER LINE MUST
BE OPEN WHEN THE BY-PASS VALVE IS IN OIL-TO-
COOLER POSITION, PIGURE T-17, OR OIL CAN-
NOT CIRCULATE THROUGH THE SYSTEM. The cooler
is normally by-passed when starting the unit,
until thenormal lube oil temperature has been
established.

6. The hand-operated auxiliary pump takes
its suction from the reservoir and discharges
through a check velve into the strainer and
thence to the lubricating system. This pump
should be operated when starting the unit
until the speed increases sufficiently for
the main pump to supply the lubricating re-
quirements. This pump should also be operated
when slowing down the unit until the shaft is
at rest.

AUXILIARY OIL PUMP

1. The manually operated auxiliary oil pump
which is used to supply oil for the system
when starting up is manufactured by the Black-
ser Pump Company of Grand Rapids, Michigan.
The pump is operated by turning the hand crank
in & clockwise direction and will deliver 10
gpa when operated at 115 rpa.

2. The crank is connected to a shaft upon
which is mounted a rotor enclosed within the
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pump cylinder. The rotor, which is eccentric
to the pump cylinder bore contains three spring
positioned, self-adjusting vanes which operate
with small axial clearance and follow the
inner surface of the pump cylinder, the vanes
being pressed radially outward by springs.
011 entering from the suction side is impris-
oned between consecutive vanes and is carried
sround to the discharge side. The saall
axial clearance between the vanes and the pump
‘cylinder prevent oil from returning to the
suction side except for a very small amount
of leakage.

OIL STRAINER

1. The oil strainer is shown in Pigure T-19.
It is of the duplex type and the basket,
through which the oil sust flow, is made with
sides of wire mesh and perforated sheet.

2. The flow of oil to the strainers is con-
trolled by the valve plug which is so designed
that when turned on its seat by means of the
changeover lever it will direct the oil to
either strainer, but will prevent the oil froam
being completely cutoff during changeover
from one strainer to the other. The indicator
on the changeover lever points toward the side
of the strainer which is in use,

3. 1In order to clean a strainer it is only
necessary to swing the changeover lever to
the opposite side, back off the handle, re-
move the cover, and 1ift out the strainer
basket.

QIL COOLER

1. Pigure T-20 shows the oil cooler with its
pipe connections. The oil enters the cooler
shell at the bottom and passes around the
outside of the tubes, being directed back and
forth across them by the baffles and leaves
the cooler by the outlet connection at the
top of the shell. The water enters the water

. bonnet and passes through the tubes on one

side to a reversing bonnet and back through
the tubes on the other side to the outlet.
The tubes are rolled into both tube sheets.

2. Provision is made in the shell, by means
of a "floating® reverse end tube plate for
relative expansion of the shell and tube bufi-
dle, the reverse end tube plate being sea
against leakage by twin ®0® ring seals ani
gland spacer. The gland spacer is fitted with ~
an annular groove and radial drain passag
hence any minute amount of oil or water wh
might bleed past the *0* ring seals is
mitted- to drain off rather than mix one w Jl
the other. Both water chambers are provided”
with zinc pencils:attached to pipe plu
These zinc pencil electrodes should be ex
ined at least once each month and cleaned
replaced if their condition so warrants,
moval of the zinc pencil from the reverse e
chamber cover permits full drainage from
tube side,

3. The dry weight of the complete cooler BG%
405 pounds. The cooler has 56 tubes and
designed to cool 24 gallons per minute of

from 143.3 to 130°P with §.5 psi pressure d

when supplied with 33 gallons per minute )
water at 85°Fwith 0.5 psi water-pressure drop.

LUBRICATING O1L

importance and its selection should be giv

1. A suitable lubricating oil is of utmogt
very careful consideration. O0Oils confomisg

- to the requirements of the following Specif,

cation may be purchased in the open mark
and have been found to perform satisfactoril

QUALITY OF 0IL @

1. The oil shall be a refined mineral oil

-highest quality and uniformity. It shs

contain no grit, inorganic acid, alkali, wat
soap, asphaltum, pitch, resinous substance
or any other substance which will lnterfe@
with the lubricating properties of the oiE®
or that will be detrimental to the oil, or to
the metals with which the 0il will come {h(;'\,
contact, in service.

C
2. The oil] shall be capable of preventiqg(_c:\
the formation of rust on steel parts bathew:~’
with oil, should small quantities of -ate@?
enter the oil during service. (See paragrapt
111, following, *Corrosion in Lubrication
Systems®).

pat-000382¢% 13



TURBINE-GENERATOR UNIT

1. For Circulation Systems (See Table)

NOTE i: The values shown in the table below
are based on tests made in accordance with
the latest approved standards of the American
Society for Testing Materials:

Bampling . . . . . .. ... ASTM D270
Plash Point . . . .. ... ASTM D92
Viscosity . . . . . . .. . ASTM D88
Carbon Regidue . . . . ., . . ASTM D189

Neutralization No. . . . . . ASTM D663
Sulphur Content . . . . . . ASTM D129
Corrosion Resistance . . . . ASTM D665

NOTE 2: There is a present trend on the part
of various interests in marine propulsion
geared units to specify viscosity at 130°F as
171 to 189, with a Dean & Davis Viscosity
Index of 50 minimum. Such oils are quite sat-
isfactory for this service.

NOTE 3: The recommended values in the table
apply, of course, to new oil only.

NOTE 4: Some Merchant Marine Interests spec- .

ify that the oil shall pass the corrosion
test with a synthetic sea water instead of
the distilled water normally used in this
test.

t1. Physical and Chemica) Properties
(See Table at bottom of page)
111, Corrosion in Lubrication Systems

In the operation of a steam turbine it is
impossible to entirely exclude moisture from
lubricating oil systess. The presence of
very spall quantities of moisture, in a system
using unsuitable oil, bas been found respon-
sible for serious corrosion, which interferes
with governor systes operation and jeopardizes
bearings. The ASTM has developed and pub-
lished the ASTM Specification D-665 (latest
revision or issue) entitled "Rust Preventing
Characteristics of Steas Turbine 0il in the
Presence of Water, Test for®. It i{s recom-
mended that turbine lubricating oil be pur-
chased to successfully pass this test, and
that the purchaser verify the oil prior to
its use.

IV. Inhibited Qils; Purification Systems

It is known that some types of oil puri-
fication systems using fuller's earth or
sisilar filter materials may remove the cor-
rosion or oxidation inhibitors that were added
to the oils by the supplier. It is reccamended
that before such systems are applied, the oil
supplier be consulted on this point.

DIRECT- SINGLE REDUCT. LARGE GEAR UNITS
CONNECTED GEARS TO 3000 MARINE PROPUL -
APPARATUS TURBINE UNITS HP (2250 Kw) SION UNITS
Flash Point, °F. . . . . . . . . 330 Min. 350 Min, 350 Min.
Baybolt viscosity
Seconds at: (Bee Note 2)
100°P . . . .. ... .... 140-to 250 250 to 350 350 to S$50
210°F . . . ... .. ..., 40 to 50 47 to 60 52 to 66
Carbon Residue . . . . . . . ., . 0. 10% Max. 1.0% Max. 1.0% Max.
Neutralization Number . . . . . . 0.10 Max. 0. 10 Max. 0. 10 Max.
Sulphur Content . . . . . . .. . = =-cmceeme eemeceean 0.50 Max.
Corrosion Resistance Test . . . . Shall Pass Shall Pass (See Note 4)
Shall Pass

Iy
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¥. Replace Parts

Some of the corrosion inhibitors added by
the suppliers are of the plating type, that
is they "plate out" from the oil to the metal
surfaces to form a.protective coating. It is
quite possible, then, to find that an o1l
which passes the rusting test before being
placed in the turbine, may after a short time
in service fail to pass the test due to its
do0ss of the inhibitor. Under such conditions,
should a new part be installed, for instance,
in the governor system, this part may rust if

water is present, due to the lack of proper
protection. It is recommended that new parts
be treeted by immersion in new inhibited J.%G
at a temperature of 140-150°F. for seve
hours before installing in order to start
development of 2 protective coating.

Yi. For Ball Bearings

Bl

Lubricate ball bearings on pumps afiC
similar equipsent with the same oil as used
in the main lubricating system.

AVA

(@]
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TURBINE-GENERATOR UNIT

.Section 1.3 Description of Safety Devices

OVERSPEED TRIP

1. The overspeed-trip mechaniss which trips
the throttle valve and thus shuts down the
turbine in case it overspeeds is shown in
Figure T-22. The actuating device consists
of & weight located transversely in a hole in
the body which is screwed onto the end of the
turbine rotor. The weight is located with
1ts center of mass slightly off the axis of
rotation and is held in place by the spring
and the retainer which is secured by the screw.
As the speed of the rotor increases the cen-
trifugal forceof the eccentric weight becomes
greater until at a pre-determined speed (10
to 12% above normal full-load speed) the cen-
trifugal force is sufficient to overcome the
resistance of the spring, whereupon the weight
moves outward radially until it comes into
contact with the trip lever. This lever is
struck sharply by the weight and the resulting
movement disengages the latch from the reset
handle, these latter pieces being held in
engagenent by the hardened plates. When the
reset handle is released the tension spring
pulls the trip rod ssartly toward the throttle-
valve trip lever, to which one end of the
spring is attached, and through which the
trip-rod end woves until the shoulder engages
the lever with a hammer-blow effect which is
sufficient to actuate the throttle valve trip-
ping mechanism and close the valve as described
in the section on throttle valve. The speed
at which the auto-stop will function can be
adjusted by means of the liners, Increasing
the thickness of the liners increases the
tripping speed. Decreasing the thickness of
the liners decreases the tripping speed.

2. A limitgwitch, (item (32) of Pigure T-11),
mounted on a switch bracket, (Item (33) of
Figure T-11) is actuated by the operation of
the throttle valve. The closing of the throt-
tle valve, either manually or by overspeed
tripping, results in the closing of the limit
switch which in turn is connected to a trip-
ping device for the main generator circuit
breakers. Thus the limit switch circuit is
open when the throttle valve is open and
closed when the throttle valve is closed.

3. When this mechanism has operated it must
be reset by hand. This is accomplished by
returning the reset handle to the horizontal
position when the latch plates will again be
engaged. This resetting cannot be done until
the turbine speed has decreased sufficiently
to allow the overspeed-trip weight to return
to its normal position which will occur at
slightly below normal turbine speed (approxi-
smately 1,000 rpm of generator).

4. A special wrench (5) is furnished. as
shown in Pigure T-28, by means of which the
overspeed-trip retainer may be removed when
making a change in the setting or overhauling
of these parts.

LOW OIL PRESSURE TR1IP

1. The function of this mechanism (shown in
FPigure T-23) is to shut down the turbine if,
for any reason, the oil pressure drops below
a predetermined minimum. It operates in con-
Junction with the overspeed trip linkage which

- is described previously.

2. As shown in the illustration, the mech-
anism is in its latched (or starting) posi-
tion, with no oil pressure established. The
latch pin (3) and latch (1) are engaged to
hold the piston (7) in its inner position,
compressing the spring (8).

3. The chamber in front of the piston (7) is
connected to-the bearing ofl supply line by
drilled passages as shown. AS pressure is
established in this chamber the piston moves
inward, further compressing the spring (8).
This piston movement also moves the latch (1)
inward and the pin (3) 1is moved upward by the
spring (2) thus disengaging the latch com-
pletely. The oil pressure now holds the pis-
ton (7) and latch (1) in the extreme inner
position.

4. 1If the bearing oil pressure drops to the
pointatwhich the mechanism isset to operate,
the oil pressure against the piston drops and
the spring (8) moves the piston and rod out-
ward, causing the latch (1) to strike the

aNE-0003%¢E
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overspeed trip lever. 'Movement of this trip
lever- shuts down the turbine as described
under "Qverspeed Trip Mechanism®,

5. After this mechaniss has tripped, the
oil trip latch and also the overspeed trip
linkage, must be reset by band.

STEP 1 Push the lateh (1) inward and push the
pin (3) downward unti]l the pin engages the

“latch to bold it in its inner position.

STEP 2 Reset the overspeed trip linkage as
described previously.

ATMOSPHERE RELIEF VALVE

1. The atmosphere relief valve shown in Pig-
ure T-25 is mounted on the cylinder cover at
the exhaust end, as shown in Pig. T-2. This
valve, when operating, peraits excess pressure
within the turbine cylinder to be discharged
to the atmosphere. The valve iswater sealed
and spring loaded, and is adjusted to start
opening when a pressure of 10 psig exists
within the turbine cylinder exhaust end. [t
will be wide open and release full throttle
flow at 30 lbs. gage. .

2. The spring loading of the valve is pre-
set at the factory and cannot be adjusted ex-
ternally.

3. ‘The handwheel (11) is provided to manually
check the operation of the wvalve. Remove the
locking pin (16) from stem lock (8) and the
valve stem (10) before turning the handwheel.
After the sanual operation check has been
performed; replace the locking pin in its
proper position.

TESTING OF SAFETY DEVICES

1. Overspeed say result fros a variety of
causes such as dirt or scale lodging under
the steam valve; damage to seats so that the
leakage is more than the steam requirement is
at light loads; excessive friction in the gov-
ernor parts due to foreign matter; or damage

to working parts. Consequently, all parts
should be kept in good condition at all tlnﬁg_x—_"]
Periodically, about once each month, the ep-n
eration of the safety devices should be chec%
as follows: (with generator disconnected from
the line and meters).

bal
C
2. The operstion of the overspeed trip shogJ

be tested as follows: EE‘

Referring the Figure T-14 (Steam Chestf
disconnect the stedm-chest valve-lifting pod
link from .the lever by removing pin,
block the valves in the open position by

151

and bushing. Then start the turbine
gradually increase the speed to the tripp
point. The overspeed trip should function
10 to 12% above normal generator speed (1,
to 1,350 rpm). The throttle valve should’
opened very gradually. During this test,
speed of the unit should be watched cont
uously with ahand tachometeron the genera

and the operator should be ready to trip tiis
valve instantly incase the overspeed govermor
does not trip at the proper speed.

3. The low oil pressure trip sechanism shown
in Pigure T-23, may also be checked when
shutting down the unit by noting the mve%
of the latch (1) when it moves outward un

the influence of the spring (8) and at

sape time observing the reading of the bear=
ing oil pressure gage. The low oil pressu@
trip mechanism has been adjusted at the f
tory, to operate when the decreasing beari A
supply oil pressure resches & value of 3}
psig.

4. The spring loading of the atmosphere r@"
lief valve can be tested with compressed ai
when the unit {s shut down. However, th
procedure requires that the valve be removéde
from the turbine cylinder. A more desirable
arrangement is to test the valve with the unfr—
operating atno load and a built up back pre
sure. The unit can be started without t
condensing equipment inoperation which allows™,
the back pressure to build up. Watch the ekz
baust pressure gage to see at what pressu{{j\:_;j
the relief valve starts to open.
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Section 1.4 Installation of Turbine

ALIGNMENT OF UNIT AND SETTING
OF TURBINE ROTOR

1. The bedplate of the unit is supported on,
and secured to, longitudinal seating pads that
are bolted to the ship’s structure by the
shipbuilder.

2. When erecting the unit at the factory,
the bedplate is set level and the gear-housing
base is set in place and supported on chocks.
The pinion and gear bearings are checked for
plane and parallelism by using mandrels. The
generator stator is then sst up and the gen-
erator outboard bearing 18 brought into align-
ment with the gear bearings. Next the tur-
bine-cylinder base iz set up and the turbine
bearing is aligned with the pinion bearings,
using liners under the turbine supports as
necessary.

3. The turbine rotor is then placed in the
turbine cylinder cover and is located axially
in order toobtain the proper clesrance dimen-

sion between the nozzle block and the first’

rotating row of impulse blades, as shown on
the rotor clearance diagram, Figure T-24. The
distance from the low-pressure end of the cyl-
inder cover (inside gland face), to the face
of the turbine rotor, is then measured. This
dimension is recorded and is also stamped on
the turbine cylinder-base horizontal-joint
flange at the low-pressure end. The turbine
rotor is then placed in the cylinder base.
The thrust bearing cover and the upper half
of the turbine bearing (pinion end) and the
bearing cover are assembled and bolted in
place. The rotor is then moved as may be nec-
essary toobtain the 1/8-inch dimension between
the coupling faces as shown in Pigure T-24
and tbe cylinder base is adjusted in an axial
direction, until the dimension from the face
of turbine rotor to the cylinder end is in
agreesent with that stamped on the cylinder-
base horizontal flange. The cylinder base is
then doweled and keyed to the bedplate in
this position. The thickness of the thrust
bearing filler piece (9) Fig. T-2 and also
shown in Pig. T-8, is machined to suit and
assembled. Then the thickness of the bearing
thrust ring liners shown in Figs. T-5 and T-8

is adjusted to maintain the clearance shown
in the diagram, Fig. T-24. The gear and pin-
ion are adjusted to drawing clearances by
shifting the liners (see Figure T-15) in back
of the gear bearing-thrust faces asnecessary.

4. If it should become necessary to install
a spare turbine rotor, the following procedure
should be followed: '

5. With the new rotor placed in the cylinder
cover, the dimension from the face of the
rotor to the cylinder-cover end should be
deternined as described above. Then install
the new rotor in the cylinder base and locate
it axially to agree with the dimension from
the cylinder end to°the face of the rotor, as
found in the cylinder cover. Then measure
the axial clearance at the outboard end of
the thrust bearing in order to obtain the
proper thickness for the rotor-locating filler
piece, shown in Figure T-2 and T-8. With this
filler piece installed, the turbine rotor will
be in its proper running position. Then
measure the thrust-bearing clearance and 1if

.this is not found to be within the prescribed

limits, change the thickness of the liners
behind the thrust ring to provide the proper
clearance.

6. With the rotor in place, check the align-
ment as outlined above.

7. The method of checking the internal
alignment of the reduction gear has been de-
scribed under "Reduction Gear". To check the
aligoment of the pinion and the turbine rotor,
disconnect the flexible coupling between them
and check the angular alignment by taking
feeler-gage readings between the faces of the
coupling hubs at top, bottom, and both sides.
Also check the horizontal and vertical align-
ment of the coupling hubs at the periphery on
top and at the sides. The pinion and turbine
should be in line.

8. Check the alignment of the gear and gen-
erator. To do this, roll out the bottom half
of the turbine-end gear bearing and measure
the amount that the gear shaft journal drops

1430~
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when not supported. This drop should be .0040
inch, measured on the shoulder just outside
the journal. Replace the turbine-end bearing
and roll out the generator-end gear bearing.
This journal should drop .0025 inch, measured
on the shoulder adjacent to this journal on
the generator side. Recheck these readings
by rolling the gear-shaft and generator rotor
over 180 degrees and repeating the operation.
Note: It is more important to obtain a correct
ratio of these deflections rather than a
specific value of either because the above
values are subject to a tolerance of plus or
minus .001 inch. The deflection of the gen-
erator-end gear shaft bearing. should be 61%
of tbe turbine-end gear shaft bearing deflec-
tion. If the proper values are not obtained,
the outboard geserator beering pedestal should
be adjusted upward or downward as necessary
to produce the desired value.

PIPE CONMECTIONS

1. The steam pipe connected to the turbine-
throttle valve must not be rigid because, if
it were, it might move the unit out of align-
ment. It should be made with long radius
bends and should be supported at a point near
the turbine. In making this condition, the
pipe should never be sprung into place. The
connection should be made so that the joints
match properly.

2. The exhaust line should have a flexible
expansion-joint close to the turbine, prefer-
ably at the turbine exhaust flange. The exf—)
haust pipe should be supported just beyon 4
the expansion-joint toprevent the weight !rnz
damaging the expansion-joint or the turbine,
The expansion-joint should have enough flexi ]
bility to insure that no undue strain will b@
imposed on the turbine exhaust.

3. Before coanecting the steam pipe to thg .
turbine, the line sh)ould be thoroughly blown
out with high-pressure steam to remove an,
foreign matter such asdirt, scale, joint com
pounds, etc., which if carried into the tur B
bine, might prevent the closing of the steam —
chest valves and cause over-speeding or plug hi
ap part of the nozzle throat, thus reducm@
the capacity and efficiency of the unit. .
E?D:

>

4. VWet steam is objectionable as it cause:
auch more rapid erosion of the blades an
nozzles than dry steam. It also reduces bot
efficiency and capacity of the unit. Slug
of water, whether from priming of the boiler
or the picking up of condensation in the pipe
line, if carried through the turbine causes
serious shocks, vibration and speed fluctua-
tions or may trip the overspeed trip mechanism.
If the pipe connections are such as to allo
condensation to collect in the turbine o
steam pipe, drains must be installed for us
when starting up.

BT JIOGUIOACRN
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TURBINE-GENERATOR UNIT

Section 1.5 Instructions for Operation of Turbine

TO START

STEP 1| BEee that circuit breaker and msin
switch ure open.

STEP 2 'cut in all resistance in the field
rheostat.

STEP 3 See that the throttle valve is in its
closed position with the throttle wvalve trip
latch in plsce. Make sure that the overspeed-
trip mechanisp is in operating conditiom.

STEP 4 Check the oil level in the reservoir
and make certain the valve in the oil cooler
line 18 OPEN 1f the by-pass valve is in oil-
to-cooler position.

STEP 5 Drain the steam and exhaust piping.

STEP 6 Open the throttle valve, steagstrain-
er, gland sea)l manifold and cylinder drainms.
These drains are shown in Figure T-7.

STEP 7 Turn steam on glands, using not more
than 3 pounds pressure.

SETEP 8 Start the circulating pump and the
condensate pusp.

STEP 9 Prime the unit thoroughly, with the
auxiliary oil pump before attempting to start
the turbine.

STEP 10 Open the steam-chest valve by means
of the jacking lever under the governor op-
ersting piston rod. Then open the throttle
valve, starting the turbinerolling immediately
8o that the turbine rotor will heat evenly.
Bring up to about 1,000 rpo on the generator,
in § to 10 minutes. Then bring speed up untfl
the govermor controls the speed. This can be
deterained by observing the steam-inlet gauge,
a8 the inlet pressure will drop when the gov-
ernor throttles steam to the turbine. See
that bearing oil pressure is maintained be-
tween 8 and 10 pounds.

STEP 11 Close all drain lipes.

STEP 12 Circulate water through the otl
cooler.

120

BTEP 13 Adjust the rheostat for normal volt-
age of the generator.

STEP 14 Coanect the generator to the line and
put on load.

TO PARALLEL

1. To put one machine on the line when the
other unit is in operation:

STEP 1 Bring the unit up to normal no-load
speed as described sbove.

STEP 2 With the speed-changer, bring the
speed down to the synchronous sperd of the
system.

BTEP 3 Observe the synchroscope and manipu-
late the speed-changer until synchroniss is
indicated.

STEP 4 Throw the unit on the line.-

STEP 5 Readjust the speed-changer until each
unit takes its share of the load at the proper

" speed.

STEP 6 The proper voltage to obtain before
throwing one generator in parallel with the
other, can be found best by trial. It may
vary slightly from line voltage, depending
upon local conditions.

TO SHUT DOWN

STEP 1| Reduce the load to practically zero
by manipulating the apeed-changer.

STEP 2 Throw off the load by opening circuit
bresker, and then open, finslly, the main
generator switch, if work is to be done on
the generator.

STEP 3 Close the turbine throttle valve.
This cen be done by striking the overspeed-
trip latch shown in Pigure T-22.

STEP 4 Operate the auxiliary oil pump when
slowing down unti) shaft is at rest.

MHE- 003828
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STEP 5 Bhut off the water to the oil cooler.

STEP 6 Shut off the steam to glands.

STEP 7 Clean the machine and put it in read-
iness for the next run, .

PRECAUTIONS

STEP 1 Avoid passing steam through the tur-
bine with the rotor at rest. With the throt-
tle and steam-chest valves closed, the steam-
strainer drain should be open.

STEP 2 Avoid air being drawn through the
glands with the rotor at rest.

GTEP 3 Periodically (about once each sonth)
inspect the overspeed-trip weight to see that
it works freely in the body. Also test all
safety devices to see that each one functions
properly.

STEP 4 Keep the throttle stem and the steanm-
chest valve-lifting rod clean, free nferosioH
or corrosion. (Do not paint these stems.)

STEP 5 Keep the bearing oil pressure betwe
8 pounds and 10 pounds gauge.

ETEP 6 Keep the oil level in the reservolgoj
between the limits indicated on the "0Oil-Leve
Gauge®. @

oo
STEP 7 Keep the ou strainer clean.

STEP 8 Keep the oil cooler clean. Note - mb
valve in the oil cooler line must beopen wh
the by-pass valve is in oil-to-cooler posi
tion, or oil camnot circulate through th@:‘"

systes. C:’\J

STEP 9 Leave all switches open when machin
is not running.

D

TR

STEP 10 At the least sign of trouble, sto
sschine {mmediately. Investigate and correc
the trouble before starting the machine again.

S
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TURBINE-GENERATOR UNIT

Section 1.6 Care and Maintenance of Turbine

INSPECTION

1. About once each year, depending on the
nature of the service, the unit should be
dismantled and thoroughly inspected and
cleaned. Erosion of the blades, nozzles and
valves, wear of bearings (including the Kings-
bury thrust bearing), and changes in clear-
ances, are the main points to be inspected.
The gear-case cover should be removed to per-
mit inspection of the gear teeth. 1If the
gear-tooth bearing is not well-distributed
over the tooth surfaces, the paralleliss of
the pinion and gear bearings should be checked.

2. The oil cooler, oil strainer, and stean
strainer should be cleaned. All oil piping
should be disconnected and thoroughly washed
and cleaned. A light coat of shellac should
be applied to the flange faces in making up
the joints.

WEIGHTS (APPROXINATE)
1. The approximate weights of the principsl

parts of the units, which may require handling
are as given in the table below:

Name of Part Pounds
One Unit (Asseambled Complete) . . . . 18,028
A-C Generator and Exciter

(Complete) . . . . . . . .. ... 8,825
Turbine (Complete) . . . . . . . . . 4,280
Turbine Rotor (Bladed) . . . . . . . 640
Cylinder Cover . . . . . . . . ... 1,100
Cylinder Base ., . . . . . . . . . . . 1,090
Gear-Housing Base and Bedplate . . . 2,610
Gear-Case Cover . . . . . . . . . . . 285
Gear-wheel and Shaft . . . . . . . . 675
Gen. and Exciter Rotors

(inc. Shatty . . . . . . .. .. . 3,310
Gen. and Exciter Stators . . . . . . 5,318
Govermor . . . . . . . . . .. . .. 131
Throttle Valve . . . . . . . . .. 240
0il Cooler . . . . . . . . .. . .. 405
0il Strainer . . . . . . e e e 87.5

122

2. The approximate weight of one complete
set of tools is 70 pounds.

3. Por the assistance of the operator in
checking the condition of the unit and in
perforaing such repairs as may become neces-
sary, the following information and materials
are furnished.

ROTOR-CLEARANCE DIAGRAN

1. Pigure T-24 shows the normal clearances
and the clearance limits throughout the tur-
bine. These clearances should be checked
whenever an inspection of the turbine is being
uade.

ROTOR-LIFTING GEAR

1. Pigure T-26 shows the arrangement of the
rotor-lifting gear. The lifting gear is fab-
ricated froa pipe and plate. The slings fit

" around the rotor as shown and then over the

collars. The hanger is welded to the pipe at
a point which balances the two ends and thus
keeps the rotor level while it is being 1ifted.

ROTOR LIFTING DEVICE (FOR REMOVING
BEARING SHELLS)

1. In order that the turbine bearings may be
resoved for examination or replacement with-
out the necessity of lifting the turbine cyl-
inder cover, two rotor lifting jacks are fur-
nished as shown in Pigure T-27. By slipping
these jacks into place as indicated in the
figure and setting up on the nuts, the rotor
may be raised sufficiently so that the lower
bhalves of the bearings may be rolled out.
Care should be taken when using these jacks
to make sure that the rotor is raised just
enough to take its weight off the bearings,
because with the use of these jacks, the rotor
might be lifted sufficiently to damage the
thin seal strips around the blading and dummy
seals.

MHE-030183%
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TURBINE AND REDUCTION GEAR

TOOLS AND WRENCHES

1. Pigure T-28 is shown for the purpose of
enabling the operator to familiarize himself
with the special wrenches and tools and the
purposes for which they are intended. Those
tools, the use of which is not immediately
obvious, are referred toat sppropriate points
in the foregoing text.

REPAIR PARTS

1. The lists, which face the several turbife
illustrations have been compiled to facilit
ordering spare or renewal parts by name
number. Whenever parts are ordered, it is of
utmost importance to give the serial numb
of the turbine or gear on which the parts afs
to be used.

o0
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TURBINE AND REDUCTION GEAR

List of Repair Parts
(Use Group 7)
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TURBINE~GENERATOR UNIT

List of Repair Parts (con't)
(Use Group 7)
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S e REFERENCE MATL Req;o.nron 1 SWip
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[
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TURBINE AND REDUCTION GEAR

List of Repair Parts (con't)
(Use Group 7)
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TUBINE-GENERATOR UNIT

List of Repair Parts (con't)
(Use Group 7)

e SPARE PARTS LIST SHEET & |[sue ows 640D 366
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TURBINE AND REDUCTION GEAR

List of Repair Parts (con't)
(Use Group 7)
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E a4 %45 il K 1 P A HIE B2
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MK ©
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143 >
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TURBINE-GENERATOR UNIT

List of Repair Parts (con't)

(Use Group 7)

e SPARE PARTS LIST SHEET & [sus. owa. 6400366
3 - REFERENCE maTL | REQ'D FOK L smip
NAME TTERN| gpec [ STV Tefnlel~T=
g a5 AHEEREEE
15| STEAM CHEST COVER € LINKAGE (CONTD FR ITEM-Q7)
16 NALVE . 98J118 |8 — {=]=I-i=]=-t1=12]-
il VALVE 283178 |9 - =f=j=1=1=]1- |2}~
] VALVE SEAT 984178 ji1o - [~]-]-]=1-}-l2]|-
79 VALVE SEAT 98J178 [il — |=l=]<l=]=T=i2(~
NOTES
-
NOTE A LOCATED IN HORIZONTAL JOINT OF W P CYLINDER.
NOTE B LOCATED INHORIZONTAL JOINT OF LP CYLINDER.
NOTE'CTHE FOLLOWING ITEMS TO BRE ORDERED BY
HEAT TRANSFER APPARATUS DIVISION.
169,170,1T71,172,173 € 174
130
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'_ - FIGURE T-2

(D LONGITUDINAL SECTION THROUGH TURBINE AND PINION

Item Name of Part

_Auto Stop Gov. Body

Bearing Turb. (Thrust End)
Bearing Turb. (Coupling End)
Bearing Pinion (Coupling End)
Bearing Pinion (Generator End)

Bearing Housing Cover
Bearing Housing Base
Bearing Cover (Pinion)
Filler Plate (Thrust End)
10 Bearing Thrust Ring

- I-- R B - ] O N e

11 Bearing (Thrust)

12 Bed Plate

13 Baffle - 1lst Stage

14 Blading - 1st Stage

15 Blading - Stages 2 thru 6

16 Blading - Tth Stage
17 Coupling

+ 18 Cylinder Base (L.P. End) -
19 Cylinder Cover (L.P. End)

- 20 Cylinder Base (H.P. End)

21 Cylinder Cover (H.P. End)
22 Turbine Support

23 Gear Housing Base

24 Gear Housing Cover

25 Nozzle Block

26 Nozzle Disphragm (2nd Stage)
27 Nozzle Diaphragm (3rd Stage)
28 Nozzle Diaphragm (4th Stage)
X ) 29 Nozzle Diaphragm (5th Stage)
‘ 30 Nozzle Diaphragm (6th Stage)

31 Nozzle Diaphragm (7th Stage)
32 0il Rings (Turbine)

: 33 0il1 Ring (Thrust Bearing)

‘ : 34 Pinion ’

: 36 Rotor

37 Rotor Glands (H.P. End, L.P. End, & Dummy)

k}:) Rotor Gland Cover (H.P. End)

39 Rotor Gland Cover (L.P. End)

40 Rotor Position Indicator End Cover -
41 Steam Chest Cover

42 Valve Stem Leakoff Pipe
: 43 Sentinel Valve (When Specified)
O 44 .Blank Flange (When Specified)
45 Atmospheric Relief Valve (When Specified)
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FIGURE T-8

TURBINE THRUST BEARING

Item Name of Part
1 011 Control Ring (Upper Half)
2 Collar
3 Base Ring Key Screw
4 Base Ring Key
5 Base Ring (In Halves)
6 Lower Leveling Plate
7 Base Ring Dowel Disc
8 . Shoe (Body)
9. Shoe (Babbitt)

10 8Shoe (Support)

11 Upper Leveling Plate

12 Leveling Plate Set Screw

13 Base Ring Shoe Dowel

- 14 0il Control Ring (Lower Half)

15 011 Control Ring Screw

16 Thrust Ring (Upper Half)

17 Thrust Ring (Lower Half)
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FIGURE T-9

ROTOR-POSITION INDICATOR

Item

1

© 0 3 O O b W N

| o o o
W N = O

Name of Part
Ead Cover
End Cover Bolt
End Plug
Contact Ball
Contact Ball Retainer
Contact Ball Retainer Spring
Spindle
Spindle Bushing
Spindle Bushing Set Screw
Pointer
Polinter Screw
Pointer Pin

Graduated Scale Plate
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FIGURE T-10

TURBINE - PINION COUPLING

ltem Name of Part
1 Flange Sleeve
2 Flange Sleeve
3 Special Hub
4 Retainer
5 Lock Ring
6 Shoulder Screw
T Hex Nut
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FIGURE T-11

THROTTLE VALVE ASSEMBLY

Name

Throttle Valve and Stream Strainer Body

Throttle Valve Seat
Throttle Valve Disc
Throttle Valve Disc Pin
Throttle Valve Disc Flange

Throttle Valve Disc Cap Screw
Throttle Valve Stem

Leakoff Bushing

Gasket

Bonnet

Hex Nut

Stud

Coupling Washer
Coupling Thrust Washer
Coupling

Coupling Guide
Sliding Nut
Spring

Screw Spindle
Yoke

Yoke Bushing
Key

Handwheel
Reference Plate
Washer

Hex Nut

Tripping Lever
Latch Insert

Latch Shaft Bushing
Latch Shaft

Cap Screws
Switch

Switch Bracket
Spring Pin
Spring

Hex Nut

Slotted Machine Screw
Stud ’
Hex Nut

Strainer Boannet

‘Gasket .

Steam Strainer
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FIGURE T-13

GOVERNOR SERVO-MOTOR

Name of Part Item

Name of Part

Spring (Relay) 26 Spacer Bolt

Relay 27 Nut

Base 28 Spacer

Socket Head Screw 29 Stem

Socket Head Screw 30 Locknut

Elastic Stop Nut, (piston rod) 31 Trunnion

Piston 32 Guide Stop

Piston Ring 33 Stop Nut N

Gasket 34 Socket Head Screw

Bushing, inner 385 Socket Head Screw

Cover, (piston cylinder) 36 Cover, (Bellows Assembly)

Bushing, outer 37 Gasket

Piston Rod 38 Spring, (Bellows)

Taper Pin 39 Bellows Assembly

Rod Extension 40 Body

Set Screw* 41 Flange -
" Taper Pin 42 Bearing

Bearing 43 Washer

Pin, shouldered 44 Spacer Bolt

Link 45 Cotter Pin

Link, (relay) 48 Relay Bushing (Assembly of Top,

Links, (slotted)
Roller

Bearing
Washer

Center and Bottom Bushings)
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FIGURE T-18

MAIN OIL PUMPS

Name of Part

0il Pump Assembly

Pump Body Complete

Cover

Pin .
Driver Gear and Shaft, Complete

* Gear, Driver

Shaft Driver
Key

Gear, Driven
Shaft, Driven

Driven Gear & Shaft, Complete
Shaft, Drive

Bushing

Set Screw

Spacer & Pin Complete

Spacer
Studs
Locknuts

T e ——— e v—
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FIGURE T-19

OIL - STRAINER

Name of Part

Body

Locat ing Pin

Valve Plug

Stop Pin

Straining Compartment Cover

Valve Bonnet

Stud and Hex Nut

Stop Pin for Jack Lever
Gland

Stud and Hex Nut

Jack Lever

Jack Bcrew

Washer

Hex Nut

Plug Turning Lever

Turning lever Cap
Machine Screw (Hex Head)
Packing

Packing Support Ring
Gasket

Gasket
Gasket
Clamp

-Set Screw

Vent Tsp and Plug
Vent Tap and Plug
Drain Tap and Plug

Item

16

16A
168
16C

16D

16F-G
163
16M
i6M8

16s

18
18A
19

20
21
22
23

SF

Name of Part

Support Collar

Sidewall (Perforated)

Bottom Plate

Handle Bail and Pressure
Spring Bow

Rivets

(United) Union Nut
Positioning Pins

' Sidewell (Wire Mesh)
Bottom Plate

Support Collar

Bottom Plug Cover
Stud and Hex Nut
Indicator Plate

Inlet Plate
Name Plate
Caution Plate
Drive Screws

Support Flange
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FIGURE T-23

LOW-OIL-PRESSURE TRIP

Name of Part
Trip Latch
Trip Latch Pin Spring
Trip Latch Pin
Trip Latch Bracket znd C;ver
Gasket
Trip Rod
Trip Piston
Trip Spring
Trip Cylinder

Trip Rod Nut

Trip Spring Seat

Trip Spring Adjusting Bolt locknut

Trip Spring Adjusting Bolt
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80% Power Factor

HAPTER 2 - 600 KW, 450 VOLT SHIP'S SERVICE A-C GENERATOR

=]
Z

Section 2.1 Descrxption of Generator

GERERAL I1NFORMATION
Purpose

1. These instructions are intended to de-
scribe the construction and to guide in the
installation, operation and maintenance of
the ship’s service generators.

Machine ldentification and Oata
RATING

1. These generators are rated 800 KW (750
KVA), 80% power factor; 450 volts, 961 amperes,
3 phase, 60 cycles, 1200 Rpn; Excitation 120
volts, 50.5 amperes d-c; teamperature rise per
Table I.

Table I
Temperature Rise
Item Degrees Centigrade
Thermometer Resistance
Arpature Windings 40 50
1nsulated Field
Windings 40 50
Collector Rings 55 -
Bearings 35 -

Cores & Mechanical
Parts in contact
with Insulation 40 -

NAMEPLATE DATA

600 KW (750 KVA) 3 Phase
450 Volts 60 Cycles
961 Amperes 1200 Rpa

120 Exciting Volts
50.5 Exciting Amperes

Stator Serisl - 18 - 25 - 58P316
Rotor Berial - IR - 2R - 58P316

1. It isrecommended that the nameplate regt]
ings of the pew equipment be reviewed and
fice copies of these readings be made ava é]
able. This information will be found usef8I®
in subsequent corregpondence on the equipoe

=3
2. Alwxys refer to the serial number stam
on the nameplate of the mechine when corrp—r:
sponding with the manufacturer for this.E\j
the number which identifies the machine. =

Generator Classification

v aret

() Reference Ambient Temperature . . . §
(b) Table snd Method of Measuring
Temperature Rise: . . . . . . Table
(¢) Class of Insulatijon . . . . . . Cla
(d) Degree of Enclosure . . Totally Enclose
(e) Method of Cooling - . . . . Water Cooler
(f) Manufacturer's Type
Designation . . . . . Bpecial 6-39-16
(8) MNeans of Bxcitation . 120 volt, 1200 R
. direct current exci Z
directly comnected to
) generator @
(h) Prime Mover . . Steam Turbine
South Philadelphia (I@

DESCRIPTION OF APPARATUS . @

IHustrations E

1. Reference to the outline drawing, PlJC—;'
G-6, will be found useful in supple-enth@
the following description. C'-g

A
1. ‘The a-c generator is coupled to the speed
reducing gear by a forged flange couplin C
The shaft is supported between the zenerno
and exciter by a split sleeve bearing mount
on the bracket of the generator and at thRZT
coupling end by the speed reducing gear cou S
pling. The stator frame is mounted om the
sub base. The rotor of the exciter is over-

General Arrangemsent

148-0001829¢
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" TURBINE-GEWERATOR UNIT . S -

hung on the shaft and the exciter frame is
connected to the generator bracket. The ex-
citer has its own shaft which has a pilot fit
and threads into the a-c generator shaft.

Frame and End '(;.cverl

1. The framse is formed of welded, hot-rolled
steel members. Removable covers on the upper
side of the stator frame furnisb access to
1iftiog lugs on the inside of the frame and
heavy steel feet are welded to the lower por-
tion of the frame. These feet are machined
parallel to the shaft and are drilled for
foundation bolts, dowels, and jackscrews..

‘2. The stator core laminations are stamped
‘from special silicon steel. They are stacked
on transverse bolts and are clamped by steel
end rings bolted together. Ventilating spaces
are provided by fingerplate spacers permitting
air to circulate through the core. Terminals
of the armature are brought out at the bottom
of the frame to s conduit box mounted on the
bottom of the frame.

3. Air shields and end cover, which are
bolted to the frame, enclose and direct the
ventilating air, and protect the armsture
winding. The front cover is split on the
horizontal center line. The upper half has a
removable window giving access to the brushes.
The rear end cover is split along the hori-
zontal centerline. A removable cover is pro-
vided around the coupling flange to give ac-
cess to coupling bolts.

Air Cooler

1. The air cooler for the a-c generator is
located at the top of the generator frame.
It is a double tube type of cooler furnished
by the Harrison Radiator Division of the Gen-
eral Motors Corporation.

2. The purpose of the double-tube construc-
tion {s to enable leaks in the water tubes to
be detected before serious failure of s tube
occurs. Esch double tube consists of a water
carrying tube surrounded by a close-fitting
outer tube., Axisl grooves in the inside suar-
face of the cuter tube extend the full length
of the cooler tubes.

202

3. The grooves in the outer tubes open into
s "tell-tale® chamber at each end of the
cooler. When a leak occurs in the sain water
carrying tube, the leakage runs into the
grooves in the outer tubes and into the afore-
mentioped "tell-tale® chamber. Tube leskage
can be detected only if the lower 1/8" pipe
plug is opened permanently to permit the leak-
age from the "tell-tale" chamber to be ob-
served. The upper 1/8" pipe plug should also
be persanently removed to vent the “tell-tale”
chamsber. Treat the upper and lower 1/4" pipe
plugs as conventional tube sheet header chamber
vents and drains. Flanged connections are
provided on .the inlet and outlet for connec-
tion to the sea water 1ines. Either connec-
tion may be used as the inlet. Care must be
used to install the piping in such a way that
the cooler will be full of water at all times
during operation. The cooler will not operate
properly if all tubes do not contain flowing
water.

4. Strainers or filters, 1if used to exclude
foreign matter or solids, must be installed
on the inlet side. The cooling water must be
free of foreign matter larger than .250 inch
screen openings. Strainers or filters are
essential 1f liquids circulated through the
cooler contsin foreign matter larger than
specified.

5. This cooler requires 35 gallon per minute
of water at 85°F. This water will cool the
air circulated in the cooler to S0°F.

Bearing {Fig. 6-6)

1. The shaft is supported by a bracket-type
split sleeve bearing at the collector end.
Lubrication is provided by the forced-feed
system of the prime mover. A fixed orifice
at the bearing inlet supplied hy the prime
mover limits the oil flow through the bearing
to 1/2 gallon per minute.

2. In addition to oil throwers machined on
the shaft, front and rear oil seals are pro-
vided to prevent leakage of 0il from the bear-
ing. The seals consist of ¢ semi-circular
washers of aluminum which are bolted to the
bracket and bearing cap. The sasll clearance
between the shaft and the inner periphery of

#iig-00039257
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the seals prevents leakage of oil] along the
shaft away froa the bearing.

Stator Core

1. The core of the machine is built up of
circular segmental laminations of silicon steel
stacked on njine transverse studs. Each cir-
cular laminstion consists of four and one
balf segments. Ventilating spaces are formed
‘between the frame rings and the ends of the
core by finger-plate spacers, and between the
psckages of punchings by vent-plate apacers
at seven positions along the length of the
core. This arrangement furnishes s means for
dissipating heat from the core by permitting
cooling air to enter the inner portion of the
core. The laminations are insulated from ome
another with a surface coating of sodium sil-
icate (water glass). Pinger-plates at each
end of the core prevent loosening of the teeth.
The stator punchings have 72 slots each hav-
ing & finished size, after stacking, of 0.555
inch wide by 2,585 inches deep.

Terninals
1. The a-c generator stator leads are brought

out at the bottom of the frame. The rotor
leads are brought out the bottos of the a-c

generator frame to a bottom-mounted conduit .

box.
Armature (Stator) Winding
Tabulation of Winding

4 Coils per group repeated
18 times - 1 Groupper pole
per phase - 3 Groups per
pole - 18 Groups total -
72 Coils

Coil Grouping:

Throw of Coils: Slots 1 to 12 - 6 Poles -
3 Phase - 6 Parallels -
Delta

1. The stationary armature has a bore of

. 27.5 inches and has 72 slots, each of which

has a finished size of 0.555 inches wide by
2.585 inches deep. The armature coil is of
the diamond-type and consists of 6 conductors,
each of which is two strands wide by two

strands deep of double cotton covered copper
wire. The strands are .072 inch thick;
width of the strands is .204 inch. E a

2. Micarta wedges are used to hold the co.

in place in the slots. The coils are roped
to an insulated steel ring on each end of %
winding to prevent distortion in case of shoks™

circuit.
Shaft and Spider oc
a

1. The shaft for the a-c generator is machi; »
from s steel forging and is provided with

to the speed reducing gear. The exciter sh
is threaded to the main shaft at the fro
end of the machine. The spider which carri}®
the field poles 1s built up of steel laminifiss
tions riveted together, the assembly beibs
pressed on and keyed to the shaft. The spi
laninations are punched with a dovetail sl
for mounting the field poles. @

Field (Rotor) Poles

1. The six poles are constructed of laminated
steel punchings which are securely bound to-
gether by through rivets. Each field pole is
fastened to the spider by a dovetail, Ihig
is held in place by four tapered keys.

2. Seven 1/2" diameter copper damper bar
extend axially just beneath the face of ea
pole. These bars are brazed at each end
the pole to an end ring. These end rings
all connected between poles.

=3

Blowers and Lower Coil Supports

are mounted on each end of the rotor asseamb
These blowers are suitable only for clockwi
rotation facing the collector end. Sheet
steel, slotted coil supportsare mounted under—"
each pole on both ends of the rotor assemb

to ensure a tightly fitting field coil. 1@

Field (Rotor) Winding &)@
1. Each field coil consists of one sectio%‘

coaposed of 177 turns of .162 x .182 inch
double cotton covered copper, woundon a mould.

1. 8ix, scoop type, unidirectional blowe@
)

H4B-0003879
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TURBIKE-GENERATOR UNIT B

The dimensians of the mould are 5-3/4 inches

in width by 17-1/2 inches in length with a
readius of 5/8 inch at the corners. As the
coil is wound, each layer is brushed with
synthetic resin and the coil is pressed in
both the turn and layer directions. The in-
side of the coil is blocked, and clamps are
applied during the pressing operations.

2. After the coil is removed from the mould,
the coil is insulated from the pole with U-
shaped piecesof reinforced mica placed inside
the coil and turned out over the topand bottom
edges of the coi)l. The coil is assembled on
the pole with Micarta washers; after assembly

1t is treated three times inmoisture and oil--

resisting varnish,

3. Bach coil is secured in its miuoﬁ nn :
the pole by the upper coll support, wedge -

washers and the lower coil support. The upper
coil support is made from slusinum laminations

and is riveted to the pole. The wedge washer

18 made of fishpapeir-and {s under the Micarta
bottom washer. The lower coil support is made
of steel and two slotted bolt holes allow it
to be pressed tightly against the bottom

washer. A Nicarta cofl brace is held to the’

spider with 2 insulated bolts between every
pole and its neighbor. ,

Collector

1. The collector assembly is shrunk on the
shaft between the rotor asseably and the front
journal. It consists of two bronze collector
rings shrunk onto s length of steel bushing
around which a sleeve of mica has been built
up with the entire bushing used as a sandrel.
Two brass studs, one thresded into each ring,
pass through Micarts insulating tubes connect-
ing the rings to their respective field leads.

Brush Rigging and Brushes

1. The two brushholders are supported on an
insulated steel stud mounted on the bracket
cap. Each brushholder contains two brushes
1-1/4 inch thick by 3/4 inch wide by 2 inches
long. Each generator requires four brushes.
Por replacement brushes, order by Westinghouse
Style No. 1295005.

doy

Mechanical Rotstion

1. The blowers ou the generator are sujtable
for clockwise rotation facing collector end.

Phase Rotation

1. When the mechanical rotation of the gen-
erator is clockwise as viewed from the collec-
tor end, the emf's inducted in the phases will
reach positive maximus valdes in the follow-
ing order:

’l - ,2 - Ta
Space Nesters

'

1. .Pour 250 watt, 115 volt (Style f1215854)

-space heaters are located in the bottom of

the machine frame. These heaters are con-
nected in parallel for 115 volt. single phase
operation. The total pover requirement is
1000 watts. The leads are brought out to a
conduit box located on the bottom of the gen-
erator.

Stator Temperature Detectors

1. The temperature detectors consist of ten
ohs resistance coils embedded between the
upper and lower coil sides in the stator slots.
The seven detectors are equally spaced around
the circumference of the generator. The leeds
are brought ocut to s conduit box located on
the bottom of the generator.

Spare Parts

1. The spare parts furnished for the a-c gen-
erator are given on the "List of Spare Parts
and Tools® which is Fig. G-7 of this Instruc-
tion Mamial.

Ordering Renewal Parts

1, When ordering renewal parts, give the name
of the part, the drawing and item numbers
which apply, and the nameplate reading of the
machine, including the serial number. The
stator serial number will be found stamped on
the nameplate, under the nameplate and on the
machine foot. The rotor serial is atamped on
the end of the shaft.

ME-00038299
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Communications

1. Should compunication be desirable or nec-
essary regarding the installation covered by
this Instruction Book, or an individual device
included in the installation, replies will be
greatly facilitated by citing the General Or-
der (G.0.) number for the complete equipment
snd the nameplate readings of the detail ap-
paratus involved.

2. Do not fail to give the stator and/or rotor
serial number and the complete nameplate read-
ing when information is desired for a rotat-
ing machine. The stator serial nnmber is

stamped on the machine nameplate and in the
metal under the nameplate and on the machin
foot. The rotor serial number is stampe

the end of the shaft.

3.

Should any particular information be de-

sired, be very careful to state clearly
fully the question for consideration, and
sssociated conditions.

4.

Cosmunications should be addressed toQfe

nearest Westinghouse Electric Corpora

an
Bales Office. Local sales, enzlneerin%
service representatives are usually availabTe

for quick consultation. .

-3
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Section 2.2 Inétallation of Generator

GENERAL INSTALLATION

Storage .

1. The generator is shipped with the windings
well protected from moisture. At the destina-
tion, ‘the rotor and stator should be placed
in locations protected from the weather and
from mechanical injury. Rain, snow, water or
steam from leaking pipes, or condensation
from the atmosphere should be excluded. It
is particularly important to keep the windings
dry for moisture lowers the insulation re-
sistance and increases the likelihood of &
breakdown. 1If the machine is brought from
cold surroundings into a warm room, it should
be kept covered until its temperature has
risen to roos temperature in order to prevent
the condensation of moisture on the windings
and other parts.

2. When storage over a period of time is

anticipated, the machine should be completely

enclosed by a tarpaulinor a covering of wood,
metal or roofing paper unless the smachine is
in a protected location. Also, the space
heaters should be energized.

Handling and Unpacking

1. It is easily possible, hy rough handling
or careless use of bars or hooks, to do more
damage to a machine before or during erection
than would be done in years of regular serv-
ice,

2. Care should be taken in transporting and
handling the machines to see that the windings
are not damaged. A blow upoa any part of the
windings is likely to injure the insulation
and result in the burning out of a coil. The
generator frame should be lifted by placing
hooks in the lifting lugs provided on the side
of the generators.

3. 1In lifting the rotor, it is preferable to
use rope slings looped around the shaft. If
chains are used, they should not be looped
around the journals unless the latter are
properly protected. 1In no case should the
ropes or chains be allowed to exert pressure
on the windings or collector rings.

206

INSTALLATION ARD ERECTION
&nehl_

1. The principal external dimensions of the
generator set and the provisions for sounting
it on the bsse of the prime mover are shown
on the cutline drawing, which appears as Pig.
G-6 of these instructioms. »

Examination of Bearing and Journal

1. Before the machine is placed in service,
the surfacesof the bearing and journal should
be examined for injuries accidentally sustained
during or after shipment. Scratches on the
surface of the babbitt should be smoothed out,
and acratches or rust on the journal should
be polished off before the machine is assem-
bled.

Cleaning of Collector Rings

1. Remove the protective compound covering
the rings. A cloth dipped in benzine or car-
bon tetrachloride will be useful in removing
this cospound.

Alignment of Equipment

1. Once the a-c generator has been approxi-
mately located on the turbine sub-base with
the coupling loosely fitted, the final align-
ment should be undertaken. The feet of the
generator are provided with jackscrews which
permit either side of the stator to be raised
80 that sheet-metal liners may be inserted
between the feet and the sub-base to correct
the alignment.

2. The fit at the face of the coupling is
the guide for the aligument of the electrical
equipment with the prime mover. Liners should
be inserted under the stator feet as needed
to cause the faces of the coupling to fit to-
gether as specified in the instructions for
the prime mover. The coupling bolts should
then be tightened.

3. The position of the generator should be
adjusted so that the following coaditions are

#46-0003830;
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met after the frame feet bolts are pulled
tight:

a. The proper axial clearances exist at the
journal between the journsl oil throwers and
the bearing. The clearances at the ends of
the bearing should be such that they will be
approximately equal after the coupling bolts
are tightened.

-b. The air gaps are equal around the bore
within 1/64 inch. It is particularly impor-
tant that the air gap between the armature
core and the pole faces be unifora, for aay
inequality in the gap will cause unnecessary
friction and heating in the bearings as well
as unequal heatingof the ironin the armature.

During these adjustments, the air gap should
be gaged from both ends of the machine at
different points around the rotor. Gages for
the purpose should extend to the center of the
core,

The feeler gage should be inserted along
the core between the poles and then moved
over into the space between the pole face and
the atator core. This procedure reduces the

- 1ikelihood of resding too small a value for

‘the air gap at a point near the end of the
machine where a high punching {s most likely
to exist. .

I1f accurate readings of the air gap are
required, the varnish should be resoved from
both the rotor and stator punchings at the
air-gap surface.

€. The coupling outage is less than .001 inch
as measured at the flange with a dial indica-
tor after the coupling bolts have been
tightened. The presence of burrs, nicks, or
other results of poar handling will be noticed
in this check.

d. The rotor should be centered axially in
the stator bore. That is, the pole tips on
the rotor must extend equal distances beyond
the stator core at both ends of the machine.

¥hen the proper alignment of all parts is ob-
tained, ream holes for dowels and install
dowels and foundation bolts.

Ventilation and Cooling

1. ‘The genmerator is ventilated with air [r]
culated through the machine by the blok
action of the field poles and blower van:

the rotor.

2. Air from the outer end bells is d@
axially into each end of the machine nea.
shaft. Part of the air ventilates the
turns of the stator and passes through ogep-
ing through the finger plates, into the space
between the statdr core and the frame c
The remainder of the air enters the spacelbe~
tween the field poles, crosses the air ﬁ
and flows radially through the stator cbrp) .
From there, all the air is directed “““'l;-r-.
cooler through an opening at the top of
generator frame. After passing throulh%-

cooler, the air is returned to the gener
through ducts which are integral parts ofnthe~
frame.

Power Connections (Stator Leads) @

1. The main generator terminals are brought
out to a conduit box located on the bottom of
the frame.

Control Wiring and Rotor Leads Z

1. The leads from the generator field
brought out to a conduit box located on@
bottom of the a-c generator frame. From t
they can be connected to the leads brou
out of the exciter conduit box. The s
heater and stator temperature detector 1
are brought out to separate conduit boxes%
cated on the bottomof the a-c generator frame-
=3
1. The bearing is connected to the forchay
feed lubrication system of the speed reducing
gear. An orifice at the bearing inlet ge=
duces the o0il pressure at the bearing t& s

value which permits an oil flow through @
bearing of 1/2 gallon per minute.

Lubrication

2

&2
2. The lubricant recommended is engine il -
oy

baving a viscosity of 180 to 250 seconds -’
bolt at 100°F.

ME-00038% 207
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" Section 2.3 Operation of Generator

PRELIMINARY STARTING
Brush Adjustment

1. Brushes and brushholders should be exam-
ined before the machine is started up to make
sure that the brushes are in the proper posi-
tion, ‘that there is a proper fit between the
collector and the brushes, and that the brushes
are free in the bolder. If the faces of the
brushes do not conform to the curvature of
the collector, it is necessary to grind thes
to shape. This operation is always required
when new brushes are installed.

2. When fitting new brushes or damaged
brushes, the operator should use sandpaper,
*Grade 1-1/2" for the roughing cut, and *Grade
0" for the final fitting. The sandpaper should
be drawn in the direction of rotation under
the brushes. Rounding of the brush edges can

be avoided by -eleasing pressure as the paper -

is drawn back and by being careful to keep
the ends of the paper as close to the collec-
tor as possible. Each brush should be treated
in turn, and it will be found that by this
means a satisfactory contact is quickly se-
cured.

3. An initial brush pressure of 2.4 lbs is
recoanended. Once the machine is in service,
the pressure may be altered as necessary.

Initial Check on insulation Resistance

1. The insulation resistanceof an electrical
machine gives an indication of whether the
machine is in a suitable condition for opera-
tion or potential tests. If the insulation
resistance of a winding is below the minimunm
acceptable value for a new machine, the wind-
ing should be dried out.

2. Once the windings are in a satisfactory
condition for operation, it is recommended
that initial readings be taken for both the
armature and field windings so as to provide
a basis for later comparison.

208

.3. PFurther information on insulation resist-

ance is given under the Section on “Maintenance

. of Generator®, page 215.

Drying-Out Windings

1. 1f the insulation resistance indicates
that the windings have absorbed moisture dur-
ing shipment, the generator should be dried
out before any high-potential test is made or
before the generator is initially run. Once
the windings have been dried out, the space
heaters should be placed in operation whenever
the machine is not running. The windings may
be dried either by the use of external heat
or by the circulation of current through the
winding themselves.

2. When external heat 18 to be applied, it
is advisable to use resistance heaters or
steam coils as sources of heat. The space
heaters located inside the generator are not
of sufficient capacity for use in drying out
the machine; so additional heaters are re-
quired. The space heaters may be used as
supplementary sources of heat. The machine
should be covered, and the heaters should be
placed near the bottom of the enclosure. Care
should be taken to protect the machine against
direct radiation from the heaters. Effective
drying cannot be accomplished unless means
are provided to circulate the air so as to
remove the moisture. The circulation of
heated air can be improved by the following:

a. PForcing lnr into the bottom of the enclo-
sure with saall fans.

b. Having the enclosure sufficiently close-
fitting to cause most of the heated air to
pass through the ventilating spaces in the
machine,

¢. Providing an opening at the top of the
enclosure for the escape of moisture-laden air.

3. Then the heating is to be accomplished by
the circulation of current, a d-c welding set
may be used to provide the current. The cur-

wB-00038303
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PHASE B

PHASE C

D-C WELDERS

FiG. 6~1 -- Connections for Drying-Out
Windings With D-c Weider

rent in any part of the winding should not
exceed the rated value. Refer to Fig. @-1.

4. Another method of circulating current

through the stator winding of the generator

without subjecting thems to full voltage is to
drive the sachine at a convenient speed with

the stator windings short-circuited and with.'

the proper value of excitation applied to the
field to give somewhat less than rated arma-
ture current.

5. Regardless of the method of heating used,
it is essential that the heat be brought up
gradually st first, the aim being to allow

.the water vapor to find its way out naturally

through the insulation. Too rapid heating is
likely todevelop such steam pressure in local
portions that escape passages are forced

' through the fnsulation, injuring it perma-

nently. It is generally desirable to consume
15 to 20 hours in bringing the temperature up
to the value required.

6. The total temperature of any part of the
machine should not exceed 75°C during the
early part of the drying-out period. Later,
after the insulation resistance has passed
its minisum value and has become nearly stable,
the temperature may be raised to 125°C or
slightly higher. If the windings are heated
by passing current through them, the tempera-
ture of the stator coils should be determined
by thermometers, and the temperature of the
field windings may be determined by coaparison
of the winding resistance with its resistance
at a known temperature. Refer to the para-
graph on "Temperature® page 215 for themethod

+ G-2. The initial drop in insulation res

IERRATION RENSTANCE -MEOOHIS

e

1]
L

Fi6. §-2 -- Typical Behavior of muuhti@
Resistance During a Dry-Qut Run

of -euurlng temperature by change of res
ance.

7. During the drying-out process, meas \@
ments of insulation resistance should be

at regular intervals and it is recomme
that the results be plotted in the form

curve of "Insulation Resistance vs. Time"
typical curve of this kind is shown as

ance canbe attributed to the effect of ri
temperature, and the subsequent rise in
sistance is caused by the removal of moist
The drying-out process should be conti
until the insulation resistance becomes ap-
proximately constant at a high value, D—_—_

Final Check Before First Start @)

1. Before the unit is started, the !olhﬁ@
checks should be made: @w.

'~

8. Be sure that all necessary work of in~
stallation and erection has been completed.
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b. Carefully examine the interior of the
generator for loose objects such as bolts,

nuts, and tools. Such items should be removed .

froa the machine, and care should be taken to
prevent their being drawn into it by magnetic
attraction.

c. Check to be sure that the brushes are
free in their holders and that the brush pres-
sure is about 2-1/2 psi (roughly 2.4 lb per
brush for this machine). Omce the machine is
in service, the pressure may be altered as

necessary.

d. Check the wiring and piping to be sure
that all connections have been msde properly.

e. Check to see that the proper electrical
clearances exist between conductors. Do not
allow brush shunts to touch each other.

f. Be sure that all moving parts have suffi-
cient clearance with respect to adjacent sta-
tionary parts.

g. Check to see that the windings are free
from dirt and moisture.

h. Measure the insulation resistance of the
windings, and dry out the windings if the test
shows this to be necessary.

i. Be sure that all cover plates have been
installed over the openings in the frame and
end bells.

STARTING GENERATOR
Check During First Start

1. When the unit {s first started, the fol-
lowing observations should be made:

a. Before starting the generator, the cool-
ing water valves to the generator sir cooler
must be opened to give the rated flow (35 GPM
of water at 85°P) of cooling water to the gen-
erator air cooler., The air cooler will not
operate satisfactorily if the flow of cooling
water is insufficient. Therefore, sny throt-
tling should be done on the cooling water out-
let piping only.

210

b. Watch temperature whenever possible to be.

sure that none is excessive.

¢. Check the brush rigging to be sure that
the brushes ride properly on the collector
rings. ’

General

1. VWhen generator units are to be parslleled,
the starting of subsequent &nits is similar
to that for a single generator, but additional
care is required in order to synchronize the
units.

2. In order that synchronous generators may
be connected to a system already in operaticn,
the voltage of the incoming sachine and that
of the systea aust be approximately the same
at each instant. .This requires that the two
voltages be of the same frequency, have the
ssee magnitude and phase rotation, and be in
phase with each other.

3. Volteeters indicate whether the magnitudes
of the voltages are the same, and frequency
meters or tachoseters indicate whether the
frequencies are approximately the same.
Whether the voltages are exactly in phase and
of exactly the same frequency is indicated by
& synchroscope or by a synchronizing lasp cir-
cuit.

Explanation of Synchronizing Lamp Circuits

1. Although the indication of synchronism
given by a synchronizing lamp circuit is less
precise than the indication given by a syn-
chroscope, the frequent use of the lamp cir-
cuit justifiesan explanationof its operation.

2. Lamps should be connected between the
leads which will be joined together when the
generators are synchroniged. The lamps should
be adapted for the highest voltage which they
will receive. This voltage will be twice the
norsal value and will occur when the machine
voltages are in phase-opposition. When the
voltage of the system is too high for tbe
synchronizing apparatus, it is usual to place

.voltage transformers between the main circuits

and the synchronizing circuits so as to re-
duce the voltage at the switchboard to s safe

#UB-0003230%
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BUS-BARS

S. When the frequencies of the incoming gen-
erator and the system are equal and the volt-
ages are equal but out-of-phase, the

glow with 8 steady brilliancy. The degr
brilliancy depends upon the amount of

displ t between the two voltages.

S o :,-,I——— SWITCHES e e ‘-']

LAMPS

3§ 0 0 3f |
. ___; Lamps 3%

™ voLTace ”/ 2
TRANSFORMERS

C&¥ p %a 3¢ g TR

N

Fi8. 6-3 -< Connections for Synchronizing
A-c Gensrators Using Lasps

N

value. Pigure G-3 shows such coanections be-
tween two of the phases of two 3-phase gen-
erators. One generator may be considered as
representing a system which is already in op-
eration.

3. As the voltage of the incoming generator

" and the voltage of the system change from a

condition of phase-coincidence to one of
phase-opposition, the flow of curreant through
the lamps changes frow a minimumto a maximum.
When the voltages are exactly equal and in
phase, the current through the lamps is zero.
A phase difference between the voltages causes
current to flow through the lamp circuit and
illuminate the lamps.

4. 1If there is a small difference between
the frequency of the incoaing generator and
that of the system, the lamps increase in
brilliancy until the voltage of the machine
and that of the system are in exact opposition.
Prom this condition, the lamps decrease in
brilliancy until they are completely dark (if
the voltages are equal in magnitude), indicat-
ing that the voltages are again in phase. The
frequency with which the laaps alternate be-
tween the bright and dim conditions is propor-
tional to the difference between the generator
and system frequencies.

6. ‘Wnen voltige transformers are requiredies
the lamp circuit because of high line

ages, it is possible for the transformer
nections to be made in such a manner thatoghe
lamps born Iith‘ maxisum brilliancy when the
two voltages in question are in-phase

than out-of-phase. It is preferable to[LxT
DARK LAMPS TO INDICATE SYNCHRONISM mstew
7. The following check can be used to H
certain that the lamps will be dark whe :
voltages are in phase.- Disconnect the
lesds of the incoming generator at the
erstor, and throw in the main switch of
generator so that its bus work will be eg@cs
gized from the system. Both voltage tr
formers will then be energized from the @
voltage source, snd the lamps will be dar)

the transformer connections are correct. If
the lamps burn brightly under these conditioas,
the two connections to one of the primaries
or to one of the secondaries of the voltage
transformers should be reversed. z

Determining Proper Phase Sequence @

1. Vhen a generator is to be synchron
with a system already in operation, the p
sequence of the generator must be the s

that of the system. To check the phase
quence, the following procedure is recomeng
Refer to Pig. G-3, and assume that gener

*D* 18 to be synchronized with the sy
represented by generator "E°. Note that -
chronizing equipaent is required inm
phases, when the phase sequence is t
checked. Check the two lamp circuits sepa-
rately, as described in the preceding sectfan:
to be sure that the lamps in each circuit ‘&re
dark when the voltages being compared @
equal and in phase. Once the circuits h
been checked, the proper phese sequence @
the incoming generator may be determined. @\;
2. To check the phase sequence, observe both
sets of laaps when the voltage and frequency

#uE-6003830¢ 211
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of the incoming generator have been made ap-
proximately equal to that of the system. 1If
both sets of lamps become bright and dark in
unison when the frequency of the incoming

generatar 1s slightly different from that of .

the system, the phase rotation of the generator
is the same as that of the system.

3. If one set of lamps is bright while the
other is dark, the phase sequence of the in-
coming generator is opposite to that of the
systes. To make the phase sequence of the
generator agree with that of the systes, in-
terchange any two of the three line connectors
between the generator and the bus. It is well
to make a confirming check on the phase se-
Quence after changing the connections, but
first the lamps should again be checked to be
sure that they will be dark when the corre-
sponding voltages are equal and in phase.

Synchronizing Generators with Lamps

1. Synchronizing lamps are recommended for
use 88 & check on the operation of the syn-
chroscope and for emergency use in case the
synchroscope is inoperative. Separate volt-

age transformers should be used for the syn-

chroscope and lamps. If the phase sequence
of the incoming machine is known to be correct,
lamps need to be connected between only one
phase of the generator and one phase of the
system.

2. The lamps should be connected so as to be
dark at synchronisa and to be at maximum
brilliancy when the generator and system volt-
ages are 180 degrees out-of-phase. Zero po-
tential is applied to the lampsat synchroniss.
However, an incandescent lamp appears dark
even though a considerable potential is ap-
plied. Por this reason, lsmps do not give as
definite and accurate an indication of syn-
chronisa as is obtained with a synchroscope.
Nevertheless, they wmay be used satisfactorily
if proper care is exercised.

3. With the generator frequency slightly
greater than that of the system, adjust the
speed of the generator so that the bright and
dim sequence of the lamps becomes slow and
constant. Anticipate the time required for
the breaker to close its contacts, and throw

212

Fl18. 6-4 -- Synchroscope

the breaker so that its contacts will close
at the middle of the dark period.

Synchronizing Generstors with a Synchroscope

1. A synchroscope is an instrument which is
used to indicate the instantaneous difference
in phase between the voltage of the incoming
generator and the voltage of the system with
which the generator is to be synchronized.
Refer to Fig. G-4. The voltage of the system
is usedas a reference, and its voltsge vector
can be represented as a stationary pointer in
the "12 o' clock" position on the dial of the
instrument. The voltage vector of the incom-
ing generator is represented by the movable
pointer. The number of mechanical degrees
between these “vectors® on the synchroscope
dial 1s the number of electrical degrees hy
which the generator and system voltages are
out of phase.

2. When the pointer is in the left-hand por-
tion of the dial, the voltage of the incoming
generator is considered to be lagging the
voltage of the system. When the pointer is
in the right-hand portion of the dial, the
voltage of the incoming generator is considered
to be leading the voltage of the system.

#4B-000383¢7
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3. The speed of rotation of the pointer is
proportional to the difference between the
frequency of the generator and that of the
system. 1f the generator frequency is higher
than the system frequency, the pointer will
rotate in the "PAST" (clockwise) direction,
indicating that the generator is running too
fast. If the generstor frequency is less than
the systes frequency, the pointer will rotate
in the "SLOW" (counter clockwise) direction,
indicating tbat the generator is running too
slowly.

4. Before the incoming generator is connected

to the system, a check should be made on the .

synchroscope to be sure that the pointer of
the instrument rotates when the generator
frequency is known to be somewhat different
from the systes frequency.

5. Wen the incoming ¢e§entor and the sys-
tem are in exsct synchronisa, the following
conditions exist:

a. The voltage of the generator is equal to
the voltage of the system. When this condi-
tion exists, the generator and system voltueter
readings are equal.

b. The frequency of the generator 1s equsl
to the frequency of the system. When this

condition exists, the pointer of the synchro-

scope remains stationary.

c. The voltage of the generator is in phase
with the voltage of the system. When this
condition exists, the pointer of the synchro-
scope is in the "12 o' clock" position.

6. In practice, the best results in syachro-
nizing a generator with a system are obtained
by closing the line breaker when the pointer
is rotating slowly in the "PAST" direction
and approaching the "12 o’clock® position.
By observing the synchroscope carefully and
timing the closing operation properly, the
circuit may be completed at the exact point
of synchronism, or at least within a very few
degrees of 1t. Faulty synchronizing will
cause a disturbance on the power system and
may result in sutomatic tripping of the cir-
cuit breakers.

.load,

OPERATION OF GENERATORS

Single Generator E :]
1. When a synchronous generator opez

alone and is not paralleled with other gen-
erators, the fjeld current must be adjﬁ
for each change in load in order to mai

rated voltage. This adjustment can be e
through manual control of the regulato

it is preferable for this to be done with The
regulator set far automstic operation
the voltage constant even though the
varies rapidly. No change in the power
of the generator can be affected by chafgy
the field current of the generator, a:
power factor for a single generator is dete
mined entirely by the characteristics ofS

Parsllel Generators

REQUIREMENTS FOR SUCCESSFUL PARALLE
OPERATION

1. The following paragraphs give the general
requirements for successful parsllel operation
of synchronous generators.

should be alike. That 18, the per cent
in speed for a given percent increase in
should be the same for all units. The
in speed from no-load to full-load may be
two percent or less, but ff it is the
for all of the generators which are in
allel, the total load will be divided be
thes in proportion to their ratings.

2. The speed regulation of the prime mgverg

a1 o9

3. The speed governors of the prime m
should be free from "hunting" and should [
the machines quickly to a steady speed.
oscillation of the governors will result @:
transfer of load back and forth between'Ed-
chines and a fluctuation of the voltage.

LY

LOAD DIVISION AND POWER FACTOR CONT@

1. When synchronous generators are opera
in parallel, the power factor of each depg;:
upon the relative excitation and upon me@@
vision of the total kilowatt-load between ké
sachines. It is preferable for all the gen-
erators to operate at the same power factor.
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2. In the following discussion, let it be
assumed that the total load is to be divided
between two generators of equal rating. In
addition, it will be assumed that the regulator
" 18 set for "MANUAL" operation. The kilowatt-
* load may be divided equally between the gen-
erators by sdjusting the governor settings of
the two prime msovers. When the two generators
are carrying equal loads, their wattmeter
readings will be equal. This redivision of
load may be affected without any appreciable
change in the frequency of the power systenm
(normally 60 cycles) by making each governmor
sdjustsent very slight and by making the ad-
Justments alternately on the two machines.

3, After the load is balanced, the power
_ factor and line current of the two generstars

say be equalized by properly adjusting the
sanual control unit of the regulator. - This
say be accomplished without apprecisble change
in the ship's service voltage (normally 450
volts) by slight and alternate adjustments of
the "MANUAL CONTROL® handles of the two reg-
ulators. Refer to the Chapter on "Voltage
Regulator®.

4. With the kilowatt-load divided equally -

between the two generators, the machine aop-
erating at the lower lagging power factor has
the higher line-current amseter reading. If
the "MANUAL CONTROL® handle for the generator
having the higher line current is turned
slightly toward the "LOWER" position (in order
to decrease excitation), the power factor of
this machine vill increase and the line-current
ammeter reading for this machine will decrease.

5. 1In an extreme condition of improper “MAN-
UAL CONTROL" setting, one generator may be op-
erating at a lov lagging power factor while
the other generator is operating at unity
power factor. Under this condition, the am-
meter reading of the lagging-power factor ma-
chine will be considerably higher than that
of the other machine. This is due to the fact
that the one generator is carrying all of the

v
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reactive-load whereas the other machine is
carrying only its share of the kilowatt-load.

6. When the voltage regulator is set for
sutomatic control, during the power-factor
adjustments, the same equalization of current
may be obtatned. In this case it is necessary
to vary the "VOLTAGE ADJUSTING" instead of
the “MANUAL CONTROL®. The regulators will
continue to maintain the proper division of
resctive-load by means of cross-current coe-
pensators, regardless of changes in load.
Refer to Chapter on "Voltage Regulator®.

. SHUTTING DOWX OF GENERATOR

Ruovifnq from Service

1. tWhen a generator is operating in parallel
with other generators of a aystem, and it is
desired to remove the generator from service,
the operstor should reduce the load on the
generator. When all the load has been shifted
to the other machines, disconnect the genera-
tor from the line, and turn on space heaters
to keep generator warm and dry.

Extended Shutdown

1. During an extended shutdown, the follow-
ing protective measures should be taken unless
the generator unit can be started periodically
and run for a few minutes:

&. Apply slushing compound to the shaft
journals to prevent rusting.

b. Reasove the brushes from the rings and
wipe the rings with paraffin as the machine
is coming toa stop with the rings still warm.
Be sure that the generator has first been dis-
connected from the line and that the excita-
tion has been removed before the brushes are
raised.

¢. Turn on the space heaters,

1¥B-00038309
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Section 2.4 Maintenance of Generator

GENERAL MAINTENAMCE IMPROPER BRUSHHOLDER SPRING TENSI!

Temperature . 1. The spring tension Bhould be sufficient
. to maintain contact between the brush and

1. The appearance of excessive temperature collector ring in spite of small vibrati

in any part of the machine is an indication of the brush rigging and collector rin

of trouble. The situation should be investi- However, the pressure should not be suchEiEn

sated imsedistely and the causeof the trouble to cause undue mechanical wear. It has bgep

resoved. Routine checks on temperature are found that a brush pressure of 2-1/2 psi of

recommended so that such conditions say be brush ares gives the best brush performanj

discovered before serious damage is done. This is equivalent to approximately 2.4

for this sachine.

v

2. The bearing thermostat warus of excessive Q0!
bearing temperature. If the alarm sounds, =

the oil supply should be checked. 5hut down BRUSHES REQUIRING REPLACEMENT

the unit if the temperature cannot be reduced . R

immediately. 1. As the brushes become shorter from we
the springs should be tightened so as to mafn-

3. The temperature of the field windings is tain the proper brush pressure. Brus

measured by the change in resistance of the shouldbe replaced before they reach the 1i

field winding itself. of their travel.

2

S

4. When the change of resistance of a copper UNEQUAL CURRENT DISTRIBUTION AMONG

winding is used to mesasure the average total BRUSHES

temperature of the winding, the following

equation can be used: 1. Sparking may result from an unequal dis-

’ tribution of current among the brushes on

one ring. The spring tension should be
lieved temporarily on the brush carrying

- 234.5 excessive current. Readjustment of the spr
tension may be necessary for all the brus

in which the resistance values (R) are both on the ring to cause each brush to carry

in the same units, and the total temperatures proper share of the current.

(t) are in degrees Centigrade. Subscript (1)

refers to the known condition. Subseript (2)

refers to the condition at which the resistance Dirty or Oily Collector Rings or Brush

is known but the temperature is to be calcu- Rigging

lated. This equation is satisfactory for the

range of temperatures normally obtained in 1. Imperfect contact results when dirt, o

electrical machines. or particles broken from the brushare pres@:"

between the brush and the ring. Furthermore,
Possible Sources of Coliector and Brush dust between the brush and the holder Y o
Trouble conduct sufficient current to fuse the br%-—

to the holder. @
1. One of the principal indications of im-
proper brush and collector performance is 2. The collector rings, brushes, and brus@
* sparking. The following list presents possi- holder should be kept clean and free fr -~
ble causes of brush and collector trouble. dirt, carbon dust, snd ofl. A piece of éanv&)
USE THIS INFORMATION TO PREVENT TROUBLE as dipped in a grease solvent is recommended for
well as to remsedy it. cleaning these parts.

tz = Rz (234.5 + ‘1)
B

qUUeBETK]

Qs
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IMPROPER BRUSHES

1. Brushes of the proper grade are furnished
with the machine. Other types may give un-
satisfactory performance. See "Brush Rigging
and Brushes”, page 204.

‘2. Brushes of the proper size must be used.
If the brushes are too small, they may becomwe
wedged at an angle in the holders. If they
are too large they will stick in the holders, )
but this can be remedied by rubbing the sides

of the brush with fine sandpaper.

IMPROPER ALIGNMENT OF BRUSHHOLDERS )

1. The alignaent of the brushes on the ring
should be checked occasionally to be sure that
& brush does not overhang the edge of the
ring. If the brush is allowed to overhang, -
the overhanging part develops a thin edge
which chips and breaks off.

VIBRATION OF THE BRUSH RIGGING

1. Any loose parts of the brush rigging should
be tightened.

UNBALANCE' IN THE ROTCR OR ECCENTRICITY
OF THE COLLECTOR RINGS

1. Either of these conditions can cause the
brushes to leave the rings and draw an arc
once every revolution. This repeated arcing
at the same place on the ring in time burms
the imprint of the brush on the ring.

2. The "truth® of the rings can be checked
with a dial indicator on the back of a brush
while the unit is running at low speed. If
the rings are eccentric on the shaft, they
should be turned, or ground, and polished.
These operations must be done when the rotor
is turning, for 1f they are done at standstill
or by hand, the eccentricity of the rings may
actually be increased.

ROUGH OR MARKED RINGS

1. Any hlack spots that appear on the surface
of the collector should be removed by palish-

26

" -than unbalance and eccentricity.

ing lightly with fine sandpaper. It is very
important that this be done: for while these

‘spots are not serious in themselves, they

will lead to pitting of the rings and the
necessity for regrinding. However, .no harm
is done to the rings if the condition is cor-:
rected at once. If the rings are very rough,

* they should be ground and polished with the

Totor turning. This should not be done at
standstill or by hand, for under these cir-
cumstances, the rings msay be sade eccentric
and uneven.

CORRODED RINGS

- 1. Brush isprints may be burned on the sur-

face of the rings as a result of causes other
This burn-
ing also occurs when the rings have been left
unprotected during an extended shutdown. This
usually occurs on & machine which 18 subjected
to corrosive fumes. When the machine is shut
down, the fumes act upon the surface of the
rings except where they are covered by the
brushes. The difference in surface caused by
this action produces a slight burning as the
rings rotate after the machine has been re-
turned to service. Brush imprints due to
corrosive fuses can appear at any point on
the rings, depending upon the position in
which the rotor happens to stop. Refer to
the instructions on "Extended Shutdown®, page
214, for protective measures.

2. Corroded rings may require grinding and
should always be polished before being re-
turned to service.

UNEVEN HARDNESS OF RING

1. If a ring is not of uniforo hardness
around the periphery, uneven wear results,
and the performance becomes unsatisfactory.

ELECTROLYTIC ACTION

1. Because there is an electrolytic action
at the surface of the rings, their performance
is improved by reversing their polarity occa-
sionally. In some cases, it has been found
useful to do this as often as once a week.

AE-0003E31L
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UNUSUAL OPERATING CONDITIONS
Excessive Current Densities Due to Overloads

1. The mechanical contact between the brush
snd the ring is never absolutely perfect, and
high current density at the contact surface
can cause sparking with brush fits that would
be sufficiently accurate for normal densities.

Extended Operation with a Low Value of Brush
Current

1. Brush “chatter®, accompanied by sparking,
has been found to result from this practice,
a8 when sachines are run without load in a
standhy capecity.

CORRECTIVE MAINTENANCE

tnsulation Resistance

GENERAL

1. The insulation resistance of a winding is
the resistance of the insulation to a d-c
voltage tending to produce leakage current
through the insulation and over its creepage
surfaces. Although it is not a measure of
the dielectric strength of the insulation,
the insulation resistance indicates whether
the machine is in a suitable condition for
operation or for high-potential tests.

2. Insulation resistance is affected by a
number of conditions, and often an apparent
inconsistency in a group of readings can be
attributed to varistions in one or more of

- _the test conditions which have been incorrectly

assumed as constant.

3. The actual insulation resistance is
lowered by the following conditions:

8. Aging of the insulation.
b. Mechanical damage to the insulation.
¢. Presence of dirt in the machine.

d. Increased moisture content of the insula-
tion.

e. Increased temperature of the insulation.
{The effect of tesmperature on insulation re-
sistince is great, the resistance at 25{&—)
being six to fourteen times that at 75°C,
pending upon the type of machine.)

4. Measurements of insulation resistance |
lowered by the following factors: o/

a. Increased magnitude of the test volt
used. (Variations of test voltage as smgld
a8 2:1or 3:1 make po appreciable difference).

b. Decreased time of application of t@
voltage.
og

SIGNIFICANCE OF TESTS

(@]

1. Insulation resistance varies widely
machines of different sizes and voltag
Therefore, measurements of this quantity
useful chiefly for comparison with mos;ﬁ
at other times on the sane machine. N
TESTS OF INSULATION RESISTANCE ARE REDO

for detecting changes in the insulation ma
rial or creepage surfaces. In order for these
tests to be correlated properly, each test
should be made under the same conditionms.

2. A 'trend toward lower insulation resist
is a marning that fajlure of the insulat
is possible. For this reason, the readi
obtained at any particular time should
compared with the previous readings in or
to be of maximum significance.

3. The behavior of insulation resista
while the windings of a machine are be
dried out is discussed in the section on *
ing cut Windings®, page 208. T

CONDITIONS FOR TEST

IOERS A

1. In order for all the tests to be made
under approximately equal conditions of ‘%
perature and moisture, it is suggested th

the insulation resistance be peasured i
diately after shutdown while tbe machine
still hot. It is preferable to use the sake—
Bethod and the same circuit for all test®\>
In any case, the records of insulatjon rh»e
sistance will be more valuable for future
reference if the conditions of temperature,
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’ soisture, etc., and the test circuit and voit-

age are noted along with the insulation re-.

sistance.
METHOD OF TEST

1. The insulation resistance of a winding

|ay be' measured by using either an instrument .

called a megger or a d-c test circuit. In
either case, one connection is made to the
frame (for stator windings) or to the shaft
(for rotor windings), and the other connection
is made to a common terminal to which all

leads of the winding in question are attached.

2. When the d-c circuit is used, readings
are takenwitha high resistance d-c voltseter,
first with the meter connected directly across

a 500 or 600 volt o-c power supply, snd next .

with the unknown insulation resistance in
series with the seter and power supply. A
recommended test consists of 500 volts d-c
applied for 60 seconds. Refer to Pig. G-5.

3. Theinsulation resistance may be calculated
from the following formuls when the d-c .test
circuit bhas been used:

' - BE') )
R = (1,000,000 E' ) "here

R = Insulation resistance in megohss

R'= Resistance of voltmeter in chms

E = Voltage of d-c power supply

E'= Voltage read on seter when insulation

resistance isin series with the voltaeter.

4. If the readings of insulation resistance
are low, the leads should be disconnected and
the measurement repeated separately on the
winding and on the leads in order to deter-
mine whether the trouble is in the winding or
in the leads.

Annual inspection
1. It is recommended that after one year of

operation, and once a year thereafter, the
generator be thoroughly inspected.

O-C CIRCUIT

500 TO 600 YOL TS

YOL TMETER
/

o
R]
TO RESISTANCE TO BE MEASURED

F16. 6-5 -- Diagram of Connections for
Measuring Insulation Resistance

THIS SWITCH CLOSED FOR
7 READING LINE VOLTAGE

2. Remove the end bells and the bearings.

3. Examine the stator core and stator coils
for loose wedges, coils, or coil bracing or
any other unusual condition. Check the ap-

"pearance of the coll insulatton.

4. Check the rotor for loose damper bars and
loose connections. If a field coil ia not
tight on the pole, the pole and coil should
be removed, and Nica plates inserted between
the coil and pole to take up space in width.
A collar the same size as the bottom coil
washer should be used to take up space in
depth.

5. Inspect the collector rings, being sure
that they are tight. 1If the rings are rough,
marked, or corroded, polish them as described
in the sectionon "Possible Sources of Collec-
tor and Brush Trouble”, page 215. 1If rings
are loose, the collector must be replaced.

8. 1Inspect the bearing and smooth out any
rough places in the babbitt. Inspect the
journal. 1Its surface MUST be smooth. Polish
out scratches which are found.

7. Bring to the attention of a Westinghouse
service representative any condition which
cannot be repajred by the maintenance crew.

H4B-00038313
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Cleaning Generator

1. At the annual shutdown period, the gen-
erator should be cleaned. It is advisable to
remove the dirt from all accessible parts of
the generator, but particularly from the wind-
ings, collector, brush rigging, ventildting
spaces, and parts adjacent to the electrical
windings and connections.

Cleaning Air Cooler

1. The strainers in the sea-water inlet line
should be cleaned as frequently as required
to provide unrestricted flow.

2. The inside of the water tubes should be
cleaned as frequently as necessary to provide
unrestricted flow of sea water. The unit
should be inspected at long intervals to see
if the fins on the outside of the tubes re-
quire cleaning from depositsof oil and grease
from leaky bearings, or csrbon froa brush
wear.

3. The cooler is provided with zinc electrodes
to centralize electrolysis. These electrodes
should be exsmined regularly at 30 day inter-
vals to see that size of electrode is still
adequate.

4. The following procedure should be used in
cleaning the air cooler:

Step 1 - Close valves in pipe connections to
and from the cooler; drain water, and remove
the unit from the piping.

Step 2 - Disconnect inlet and rear covers to
expose inside of tubes.

Step 3 - Clean inside of tubes by application
of stean jet and use rods where necessary.

Step 4 - Clean outside of tubes by use of
stean jet, drying with compressed air.

Step 5 - Clean any foreign matter from inside
of inlet and rear covers.

. the ends of the bearing shell to prevent

Btep 6 - Reassemble in reverse order, using
new gaskets where necessary.

Rebabbitting Bearing : z

1. In case it is necessary to rebabbitt an -
old bearing on a ship, melt out the old

bitt and prepare a suitable pandrel.

the bearing is split, each half shou
babbjtted individually. The mandrel sm
consist of a half-cylinder with shoulders Quh-
ning along its length so that the sides of
the bearing may rest on them and form a

fit. Pieces of felt should be placed uﬂ C

babbitt from running out at the ends. Re
bearing insulation and replace after be
is rebabbitted.

2. Only agood tin-base babbitt (Westin
Allay No. ¢6-1) or an approved lead-base

bitt (Westinghouse Alloy No. 25) shoual'%
used for such work. The melted babbitt

be poured into the gate until it begin
overflow. Sufficient time should elapse a

the pouring and before the mandrel is removed

from the bearing to allow the babbitt to be-
come quite hard.

4

3. The bearing should thenbe bored or
to the proper size. Holes for the intr

tion and draining of oil from the bea
should be drilled and the proper machi
done to provide grooves at the splits

eccentric chambers for the oil in the ce
of the bearing.  The finishing operations

be done with a suitable scraper. E
Repair of Air Cooler 5_4
1. 'The Harrison Radiation Division ukes%

following comment on emergency repair of
air cooler:

2. “Approximately 5% of the tubes nyk\.b_a_
blocked off and the generator air cooler
still operate efficiently. Thus a lea
tube may be blocked off by imsertimg pl@

into each end".
e
e
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TITLE Spi.RE PARTS LisT
owc;_L?_L__ﬁ_lQ_SUB 1
LisT OF SPARE PARTS AND TOOLS g:g
MANUFACTURER - WESTINGHOUSE ELECTRIC CORFE PZ{]
APPLIANCE - GENERATOR SPARES _
c/;\PPLlCATION- : ‘{Eﬂ
SEE, | et ol
2 |Zow ggjg € OF PARTS Ok TOOL SERIAL |DWG & PIECE NO. [
i 4 ORDERING DATA| P C. |DRAWING NO. %P
I | ¥ | 6 | FIELD COILS S$*163431 Ie-C4969 6'@
2 | 1 | | |BEARING S® 372P 954601 189175 |
31 Y% | 2 | BRUSH HOLDER S* 1359452-8 8BI1148 A
4 | % | 4 | BRUSH HOLDER SPRING s"2583.0 B 19D 7411 D@;
S| 1 | | |BRUSH RIGGING INSUL. 15 6,7, 412 380C678 |
¢ |1 |4 |BRrRUSH 5*1295005 290284 |
700 ZINCS AND GASKETS (COOLER) oD
FR HARRISON RADIATOR DIV.
OF GEN MOTORS E 8519632

A

\

=<

@
@ﬂ

@

=
GO.-BH-6918|- TP Sfé?&ﬁg‘m h
SPARE PARTS 'S0.S8P319 ' @>
SPARE PARTS FOR USE WITH | BRG. WHEN ORDERING ALWAYS REFER TO| > 4
AC TURBINE GENERATOR 3038R3j6| MACHINE SERIAL NUMBER &

\\:/

|71 A538]

List of Spare Parts and Tools -- Fl1G. G-7
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7.5-KW D-C EXCITER

Rating: Type 5K 6-83; 7.5 KW, 120 Volts: 62.5 Amps; 1200 RPM

. . Characteristics

Enclosure . . . .. ... ... .+ . . Dripproof Protected

Winding . . . . . . . .. .. ... ... , Shunt

Duty . . . . ... ... ... e b e e e Cont inuous

Rotatiom . . . . ... .. ... .. « +.e.. CN from Comm. End

Ambient Temperature . . . . .. ... ... .. B50°C

Temperature Rise ., . . . . . . . .. .« . .. 40°C 100% 24 hours
: $5°C 125% 2 hours

Class of Ingulatfen . . ... ... ... ... A

prive . . . ... . L .. .o e e . .« . Direct-Quill Type

Bearings . . . . . ... ... .. .. w + + « « None

fubricatton . . . . . . . .. ... ... ... None

Mounting . . . . . .. TS Horizontal

For Maintenance Instructions See EMS-141 following this page.

Outline Drawing is 21-C-8236 which follows EMS-141.
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AC to DC and/or DC to DC
MOTOR GENERATOR SETS and DC MOTORS

INDEX
General . ., ... ... ... . 1 Maintepance . . . . . . . .. . .. ...
Installation . . . . . . N .. 1 Insulation . . . . .. ... ... ..
Brush Position . . . . . . . . P
Unpacking . . ... . .. .. <. 1 Brushes. . . . . . .. . ..
Imspection . . . ... ....... .1 Commutator . . . . . . . . » . .
Handling . . . . ... ... ..... 1 Sparking at Brushes . . . . . . . ., .
Electrical Connectfons . . . . . . . .. 2 Flashover . . . . . . . . .. . ...
A-CMotors . . . «'v « o v « 4 .2 Bearings - Sleeve - Ball and Roller
D-CGenerators. . . . . . .. ... 2 Causes of Insufficient Voltage --
General. . . . . . .. s a4 & & 4 s - 2 Generators . . . . . . . . . ..
Connections - Fig. 1 . .. ... .. 2 Causes of Underspeed (Motors)
A-CMotors . . . . .. .. .. ..
Operation. . . . . ... ..., ..... 8 D-CMotors. . . . . . .. . ... @
Heating of: "
Before Starting . . . . . . . . ... 3 Field Coil. . . e e e e e e e
On D-C Generators . . . . .. ... 3 Armature . . . . .
OnD-CMotors . . . . ... .... 3 ROIOT . . & « v v o ¢ o o « ¢« o o™
Starting Generators . . . . . . . . . 3 Commutator....... .....
Starting Motor-Generator Sets . . . . 3 Cleanliness . . . . . [N
Starting D-C Motors. . . . . . . . . 3 Reassembly of wu:hines
Stopping Generators . . . . . . .. . 8 (on bedplate) . . . . .. .. ... . 8
Stopping Motor-Generator Sets . . . . 3 Disassembling of Machines
Stopping D-C Motors . . . . . . . 3 (on bedplate) . . . . ........ 8
GENERAL INSPECTION Z
To obtain long satisfactory service from ro- As soon as the apparatus 15 unpacked giv@
tating electrical equipment, it is necessary to it a thorough inspection. Look especially for
properly install, operate and maintain such any loose field connections, boits, covers@

equipment. The following gives the simple
precautions and instructions for such care.
Properly maintained equipment will require very
little care other than periodic inspections and
lubrication. The most important factor is to
keep the apparatus clean and free of oil, water

and other foreign material.
INSTALLATION
UNPACKING

When unpacking, be sure and protect any ex-
posed windings from damage. Never pry against
a winding nor strike it a blow with a hammer.
Do not allow sharp instruments to come in con-
tact with the coils. Avoid damage to theshaft.
Keep it free from bumping which will cause
burrs and interfere with the coupling or pulley
fit. Do not bend shaft as it will cause mis-
alignment.

broken brushes or brushholders and any no
ticeable damage to coil insulation. Repair lm@
mediately any damage found.. If machine ha!
been in storage some time or has been exposedé
to dampness, the insulation resistance should
be checked. See instructions under "Mamte-C—-"
nance' ~ Insulation. See that name plate read -
ing agrees with the voltage and frequency pro-@
vided for the motor. D:,-\
[}

HANDLING

A

Electrical equipment can be damaged wnle—'-—

dismantled. If the machine is dismantled and th S
windings are exposed, care is necessary to

properly protect these windings from damage. ’Q’E‘

In handling the armature, do not allow the com- =

mutator or coil ends to be bumped as this will@‘\:ﬁ
damage them. Support the rotor or armature
by rope slings about the shaft or steel punch-
ings. Use a spreader to keep the ropes from

Printed in U.S.A. (Jonery, 1951} Ravised (October, 1953} 1
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INSTALLATION—OPERATION—MAINTENANCE

pressing against the coil ends
or commutator. Never Sup-
port it by pressure on the
coil ends or on the commuta-
tor, either when using a rope
sling .or when resting on
blocks. Never use any sharp
instruments on any coils as
the insulation may be punc-
tured.

ELECTRICAL CONNECTIONS

AC Motors

Connection of Motor to
Power Circuit with Standard
Number of Terminals.

Three-Phase (Three Ter-
minals). Connect any lead
to any motor terminal. To
reverse the direction of the
motor, interchange any two
leads. .

Two - Phase, Four Wire
(Four Terminals). Connect
the leads from one phase to
motor terminals T1 and T3
and the leads from the other
phase to motor terminals T2
and T4. To reverse the di-
rection of the motor, inter-
change the leads of one phase.

Two - Phase, Three Wire
(Four Terminals). Connect
the two outside leadsto motor
terminals T1 and T2 and the
common lead to T3 and T4.
To reverse the rotation of the
motor, interchange the two
outside leads.

Connection of Motor with
more than Standard Number
of Terminals.

Refer to the connection
plate on the motor or to the
connection sheet filed in the
‘instruction envelope.

DC Motors
Connect the motor and
starter by referring to the
. diagrams furnished with the
starter and as given in dia-
grams 1, 2, 3 or 4.

DC Generators

Connect the generator and
field rheostat by referring to
diagrams furnished with the
field rheostat as given in dia-
grams 5 and 8.

Motor Connections—Rotation Facing Commutator End

DIAGRAM No. 1—-SHUNT WOUND MOTOR, WITHOUT COMPENSATING COILS

Crocxwisze Rotation
Ccu-etAlmd Flio— ne
ect Al to starung resintance. then to + line
Coullm Filw + ne
Couwrzr.CLocxwiss Rotarion

Conoect A2 and P21 to — line
Cenznect Al to starung resistance, then to + hine
Connect Fi to + line

Vizw or lom‘l‘uamuu“
WOURD MOTOR, WITH comnumo cotLs,
DIAGRAM No. 2—SHUNT OO UND WO AND
ch xwisz Roramon
Coanect 52 nnds P2t — line

m zmmmmuw—m
Coanect Fi to ¢

Visw ov MoToz Tsmnwaise
DIAGRAM Ro. —TYPE SK IL“ATOI MOTOR
'OUND—CLASSES 11

Visw oo llom TrraraLs™

indi the full eeries flald circuit,
running conditions mmﬁdduihmmud. 10 classes [ asd
be cut out in two staps by short-circuiting 52 aad 53, then §1 sad

Under normat
8!" mlhun-‘dd may

Generator Connections
DIAGRAM No. $S—COMPOUND WOUND GENERATOR
G.on:nm: Rotation

1081

iil EE’E'K’

Vizw or O:nnﬂn Teaannars™
DIAGRAM Ne. O—EBW‘I‘ WOUND GENERATOR

Connect A2 to +
Consect Al and P2 to ~ line
Connact P1 to Seld rheostat, thence to + kine

Covmancnnu Rotamion
=+ ling

muuhb—m
40 feld rheostat, thence o + Line.

Visw o o-mm TaramnarLsse

Above terminal locations ars for leads bend side
mm-umunm i ig st as commutator ed. 0 be
wpeids down.™
o
L0 ey e g 4
Mgy Fetvprs
. Y]
Comorrer Sustny Scsmay
core Locn mat

£
Towion Conowme Ao Conont
o 1—Msreon ov Comnmeroes MoTom 10 Lurs

NUB-00038319
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INSTALLATION—OPERATION—MAINTENANCE

General

Install all wiring and fusing in accordance
with the National Electric Code, and local re-
quirements.

A conduit box is supplied, but conduit and

" conduit fittings are not furnished with the ma-

chine. These items may be purchased from
any Electrical Dealer, or Plumber's Supply
House.

When the machine is mounted on a bedplate,

- or on slide rails for belt adjustment, flexible

metallic conduit should be used to protect the
leads. In making this connection a squeeze
connector should be used for attaching the flex-
ible conduit to the conduit box, as shown in
Fig. 1.

Squeeze connectors may be straight, 459, or

In order to connect a squeeze connector to
the conduit box first remove the cover of the
box. Run a Jocknut well down the threads of
the connector and place the connector in the
hole in the bottom of the conduit box. Screw
2 conduit bushing over the end of connector,
swing the connector to the desired position and
draw the locknut up tight against the box. Fol-
low the same procedure with rigid conduit or
reducing bushing. .

OPERA‘I’ION

BEFORE STARTING

Check to see that all connections are made
and all joints are tight. Examine the brushes
and brushholders. The brushes should be free
to slide in the holders and should be bearing
agzinst the surface of the commutator or slip
ring. I any brokem brushes are found they
should be replaced. (See instructions under
""Maintenance' - Brushes). The holders should
be providing approximately two pounds per
square inch pressure and should be located
1/16 to 1/8 inch from commutator surface. If
brush rig has been disturbed during installation
it should be returned to the correct position as
set at the factory and which is marked by
means of a dowel bolt. Always keep the rig
in this position. Examine air gaps and re-
move any foreign material found therein. See
that rotating members turn freely.

The following instructions cover various types
of electrical apparatus. Be sure to know which
type you have.

If you have:

D-C Motors use paragraphs 2, 3, 4

D-C Generators use paragraphs 1, 5, 6

A-C to D-C M-G Set use paragraphs 1, 5, 6
D-C to D-C M-G Set use paragraphs 1, 2, 5,6

@ On DC Generators

Keep field rheostat turned to the “all in" gov—y

sition (position of minimum voltage) and
line switches should be open.

ON DC MOTORS

Keep field rheostat (if there is one) tur O
to the "all out" position (position of minim
speed) and all line switches should be open;ﬁ‘

@ Starting ?cmmtor and Motor Generator S

On initial starting proceed slowly and note
especially for any evidence of rubbing. C
for heating in the bearings.

After set is up to speed raise voltage e}
turning field rheostat. I polarities are righ
adjust for rated voltage and close main switch—~—
Generator is then ready to be loaded. é\J“

After load is applied to d-c gemerators 'l
for evidence of sparking at the commutatori ,

The generator should carry rated load wi

little sparking. If severe sparking occurs,

comments under “Maintenance".

@ STARTING DC MOTORS @@
On initial starting proceed slowly and note

especially for any evidence of rubbing. Check

for heating in the bearings.

After motor is up to speed, check speed.
OK, motor is ready to be loaded.

After load is applied to DC motors Jook fo.
evidence of sparking at the commutator. Th
motor should carry rated load with little spark-
ing. If severe sparking occurs, see commen
under ‘"Maintenance"'.

@ Stopping Generator ond Motor Generator Sﬂ%

When stopping, gradually reduce load on gen
erator as much as possible before tripping cir
cuit breaker. Turn rheostat to minimum volit
age and stop prime mover. @

@sromno DC MOTORS

When stopping, gradually reduce load as much
as possible before tripping circuit breaker.

MAINTENANCE

INSULATION

Keep machine free of dirt, oil and water a@
all times. One of the greatest enemies of coil
insulation is dirt, and {f the equipment is kept@J
clean less trouble will result. The best way to
check for excessive dampness in the windings is
to make an insulation resistance measurement.

ol

@TE
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INSTALLATION—OGPERATION—MAINTENANCE

This can be done directly by a "megger". I
a megger is not available, the measurement
can be made using a 100 to 500 volt direct cur-
rent (the higher voltage available the more ac-
curate the results) and a direct current volt-
meter, of which the resistance in ohms is known
(generally marked on label inside the instrument
cover).

The method of making a resistance measure-
ment with the voltmeter is to first read the
voltage of the line, then connect the resistance
to be measured in series with the voltmeter and
take a second reading.

The measured resistance is calculated from
the formula:

_ P V-v) r
= Tv or g

(V-v)

R

V = First voltage reading.

v = Second voltage reading.

R = Resistance of insulation in ohms.
r = Resistance of voltmeter in ohms.

I 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. The voltmeter should be connected
between the windings and the other side of the
circuit. '

The insulation resistance with the machine
cold (at room temperature) should be at least:
one megohm (1, 000, 000 ohms). When the
windings are hot it should be at least:

3 (rated voltage) (In megohms)
TEKW < 1000

i the resistance is low, the generator should
be dried out before it is started into regular
service. It can be done by, (1) using a sep-
arate heater (such as a lamp bulb) inside the
generator (do not place too near the coils and
in general the machine should be partially en-
closed for the best results), (2) circulating
current through the windings, or (3) dismantling
and removing the armature and coils and baking
them in an oven (at not over 1059C). This
should be done in extreme cases.

If the second method is used, run the gener-
ator with a low voltage output, adjusting the
load to. a current value which will raise the
temperature to approximately 70°C. This tem-
perature should be maintained during the drying
process by raising or lowering the current as
required.

Careful attention should be given to the ma-
chine during this drying-out process. There

is always danger of overheating the windings
when drying by circulating current through them.
The inner parts which cannotquicklydissipate the
heat generated in them may get dangerously hot,
while the exposed and more easily cooled por-
tions are still at a comparatively moderate
temperature. Therefore, the temperature of
the hottest part accessible should always be
observed during the drying-out process. and
should not be allowed to exceed 80°C total tem-
perature.

If t is found that the generator is in a very
damp condition, it may require several hours
or even days to dry it out because the insula-
tion is. more easily injured when damp then
when it is comparatively dry. In such extreme
cases, it is better to bring up the tem-
perature slowly at first, not allowing the max-
imum temperature to be reached until part of
the moisture is expelled.

BRUSH POSITION

The correct brush position has been located
at the factory and the rocker ring is locked to
the magnet {rame to prevent any movement.
The brushholder should be adjusted to be ap-
proximately 1/16 inch from the face of the
commutator.

BRUSHES

The ends of all brushes should be fitted to
the commutator so that they make good contact
over their entire bearing face. This can best
be accomplished after the brushholders have
been adjusted and the brushes inserted.  Lift
a set of brushes sufficiently to permit a sheet
of sandpaper to be inserted. Draw the sand-
paper in the direction of rotation under the
brushes releasing the pressure as the paper is
drawn back. Be careful to keep the ends of
the paper as close to the commutator surface
as possible as this will avoid rounding the
edges of the brushes. It will be found that by
this means a satisfactory contact is quickly
secured. Use sandpaper grade 1-1/2 for the

-roughing out and grade 0 for the final fit.

Make frequent inspection to see that:

1. Brushes are not sticking in holders.

2. Shunts are properly attached to brushes
and holders.

3. Tension is changed as brush wears. Main-
tain approximately two pounds per square
inch.
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INSTALLATION—OPERATION—MAINTENANCE

4. Worn out brushes are replaced before they
reach their limit of travel and break contact
with the commutator.

5. Remove the free copper picked up by the
face of the brush.

COMMUTATOR

The commutator is perhaps the most impor-
fant part of the whole machine because it is
most sensitive to abuse. Under normal con-
ditions, it should require very little attention
beyond frequent inspection. The surface should
always be kept smooth. If, through extreme
carelessness, neglect or accident, it becomes
badly roughened, the armature should be re-
moved and the commutator turned down in an
engine lathe.

Sometimes a little sandpapering is all that
is necessary. Emery cloth or paper should
never be used for this purpose because of the
continued abrasive action of the emery which
becomes embedded in the copper bars and
brushed. Even when sandpaper is used the
brushes should be raised and the commutator
wiped clean with a piece of canvas. Cotton
waste should never be used.

All commutators are thoroughly baked and
tightened before leaving the factory, but if a
bar should work loose it should be attended to
promptly. The same may be said of flat spots
or "“flats” which will sometimes occur, due to
a loose bar, unusually soft copper or even too
sever flash or short circuit.

Under normal conditions the commutator
should become dark and highly polished after
a few weeks' operation, and remain unchanged
for years. There should never be any lubricant
used on the commutator.

Trouble is sometimes experienced from the
burning out of mica insulation between segments.
This is most commonly caused by allowing the
mica to become oil soaked or by the bars
loosening between them. It is rarely, if ever,
definitely traced to excessive voltage between
bars. When this burning does occur, it may
be effectively stopped by scraping out the burned
mica and filling the space with a solution of
sodium silicate (water glass) or other suitable
insulating cement.

Even with the most careful workmanship, high
mica sometimes develops and starts sparking,
which burns away the copper and aggravates the
difficulty. By prompt action, serious damage

can be prevented by cutting away the mica to
a depth of one-sixteenth of an inch below the
adjacent copper.

SPARKING AT BRUSHES ' !‘—_—7_2:;
Sparking at the brushes may be due to an
of the following causes:
a. Machines may be overloaded.
b. The brush may not be set exactly on neutralgz]
c. The brushes may be wedged in the holder
or have reached the end of their travel. I@El‘r_)'
d. The brushes may not be fitted to the cir
cumference of the commutator.
e. The brushes may not bear on the commu-
tator with sufficient pressure.
f. The brushes may be burned on the ends
g. A commutator may be rough; if so, it
should be smoothed off.
h. A commutator bar may be loose, or may,
project above the others.
i. The commutator may be dirty, oily or wor
out.
j. - The carbon brushes may be of an unsuitabl
grade. -
k. The brushes may not be equally spac
around the periphery of the commutator.
1. Some brushes may have extra pressure a
may be taking more than their share of th
current.
m. High mica.
n. Vibration of the brushes.
o. Incorrect brush angle.
There are other causes, but localized sparking
may be duetoan open circuit or loose connectiowzl
y

in the armature. This trouble is indicated b

a bright spark which appears to pass completel;
around the commutator and may be recog'niz

by the scarring of the commutator at the point

of open circuit. If a lead from the armatureq
winding to the commutator becomes loose or
broken it will draw a bright spark as the bre
passes the brush position. This trouble can
readily be located, as the bars adjacent to the
disconnected bar will be more or less pitted.

FLASHOVER @f
@

A flashover happens when arcing occurs be-
tween adjacent brushholder brackets. In general,
it is caused by excessive voltage, or by ab-
normally low surface resistance on the com-
mutator between brushholders of opposite polar- A
ity. Any condition tending to produce poor com-|—
mutation increases the danger of flashover.
Among other causes are the following: @
1. Rough or dirty commutator. @
2. A drop of water on the commutator from SnG\
leaky steam pipes or other source. &“J
3. Short circuits on the line producing ex-
cessive overload.
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INSTALLATION—OPERATION—MAINTENANCE

BEARINGS, SLEEVE

When machines are installed, put a2 good grade
of light dynamo oil in each bearing housing.
Use oil of a viscosity of from 185 to 212 sec-
onds at 40°C. This oil is satisfactory for
normal temperature down to 0°C or 32°F. For
oils suitable for .lower temperature secure
special engineering recommendations.

The correct level of the oil is one-eighth
inch below top of combination over gauge and
filling device. Close down cover when through
oiling.

When machines are first started, feel bear-
ing housings occasionally to see that bearings
are not overheating.

The frequency of bearing inspection depends
on the conditions surrounding your application,
Do not add oil unless the oil level has dropped
more than one-eighth inch below the top of the
combination overflow gauge and filling device.

Do not oil bearings while the motor {s running.

Do not flood with oil. Do not spill oil over
the housing or the bracket.

Old oil should be drained from the housing
once a year and replaced with new oil.

BALL AND ROLLER BEARINGS—
OPERATION AND CARE OF

Quietness and life of ball and roller bearings
depends largely on cleanliness and proper lu-
brication.

Inspection

1. When the machine is installed make certain
that the rotor turns easily, particularly if the
machine is not installed until some months after
being shipped.

2. Never open the bearing housing under con-
ditions which would permit entrance of dirt.

3. External inspection of the machine at the

" time ‘of the first greasing soon after it is put

into operation will determine whether the bear-
ings are operating quietly and without undue
heating. Further inspection will not be neces-
sary except at frequent intervals, probably at
greasing periods.

4. If practicable, it is desirable for the most
satisfactory service, to open the bearing hous-
ings once a year, or after every 5,000 hours'
operation, to check the condition of the bear-
ings and grease. If difficult to inspect the
pulley or pinion end bearing, the condition of
the bearing at the opposite end will usually be
representative of both.

S. If grease deterioration has occurred or if
dirt has gained entrance to the housing, the
bearing and housing parts should be thoroughly
cleaned out and new grease added.

Grease Lubrication

1. Grease is generally used as a lubricant.
Ordinary cup greases are not satisfactory be-
cause of great tendency to deteriorate under
the severe churning action of the bearings. To
be suitable for ball or roller bearing lubrication
a grease should be compounded from a pure
mineral oil and a sodium base soap. It should
be free from dirt and fillers, such as powdered
mica, flake graphite, etc. It should be free
from acid or alkali or from ingredients which
will form these compounds. It should not melt
at the highest operating temperature of the bear-
ings and it should maintain a fairly uniform con-
sistency over a large temperature range. West-
inghouse grease meets these requirements. Keep
grease clean by using only closed containers.

Do Not Over Lubricate

2. A small amount of lubricant is essential,
sufficient to maintain a film of lubricant over
the surface of the balls and races. Too much
grease will cause churning, overheating and
grease leakage. If grease leakage occurs the
bearing has been over filled, or the grease
used is not suitable for the particular applica-
tion,

If high pressure guns are used, great care
should be used to avoid over lubrication.

When shipped from the factory, grease lu-
bricated ball and roller bearing machines have
sufficient grease of the right grade to last for
a limited period. However, a charge of grease
should be added soon after the machine is put
in operation, and thereafter at suitable intervals,
as determined by experience. As a guide, it
is suggested that grease should be added every
three months of operation in amounts as indi-
cated in the following table. If experience in-
dicates that these quantities result in a surplus
of grease in the bearing, the quantity should
be reduced or the greasing periods lengthened
or both. The ideal condition is that the bear-
ing housing be from 1/3 to 1/2 full of grease.

As the shaft extension diameter is easily de-
termined and is roughly proportional to the
bearing size the following table for grease ad-
ditions is prepared on this basis.
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INSTALLATION—OPERATION—MAINTENANCE

Amount
Shaft Extension of Grease to
Diameter be added
3/4 to 1-1/4" 1 cu. in.
Above 1-1/4 to 1-7/8" 1-1/4 cu, in.
Above 1-7/8 to 2-3/8" 2-1/2 cu. in,
Above 2-3/8 to 3" 4 cu. in.
Above 3 to ¢4 7 cu. in.
Above 4 to 5 10 cu. in.

1 6z, = 1-1/4 cu. in.

3. When surplus grease sump below bearing
is supplied, this should be kept empty at all
times.

Regreasing (not pre-lubricated type)

4. When the bearing housing has been disas-
sembled and the bearing thoroughly cleaned
with a suitable solvent it should be immediately
regreased with Westinghouse grease after first
spraying or flushing with good lubricating oil.
Apply the new grease either from a tube or by
hand, over and between the balls or rollers.
Do not use more than the amount specified in
the table.

Westinghouse Grease - Ordering Data

8 oz. tube --- Style No. 1360876
1 Ib. can ---- Style No. 1248811
$ 1b. can ---- Style No. 1248912
10 b. can ---- Style No. 1248913
25 Ib. can ---- Style No. 1360877

Refer to the nearest district office of the
Company for Westinghouse Grease packed in
larger containers.

Cleanliness

Ball and roller bearings are especially sen-
sitive to even a small amount of dirt. Hence,
they must be protected from it at all times.
If necessary to disassemble the bearing housing,
first thoroughly remove dirt from all adjacent
parts so that dirt will not fall into bearing or
interior of housing.

PRELUBRICATED BEARINGS

Some motors are supplied with pre-lubricated
bearings which do not require servicing. These
motors are identified by a decal near the bearing
housing and usually by the omission of grease
{ittings and drains.

.

A grease having high stability is permanently
sealed in these bearings by the bearing manu-
facturer. Both laboratory tests and years
actual service have proved that this grease w
give long service. :

Bearings from several suppliers are used in
Life-Line motors; for a given size motor.
bearings of all suppliers are interchangeab‘l@
The details of the seal coanstruction varv someE n

O
what depending upon thebearing manufacturer (52’
but each type of seal is equally effective
keeping out foreign material and retaining the ©

lubricant.
CAUSES OF INSUFFICIENT VOLTAGES E ,
(GENERATORS) o0

The following causes may prevent generato:
from developing their normal voltage:
a. The speed of the generator mybebe
normal.
b. The switchboard instruments may be
correct and the voltage may be different fro
that indicated, or the current may be diffe:
from that shown by the readings.
¢. Part of the shunt field may be reversed o
short circuited.
d. Tbe brushes may be incorrectly set.
e. The part of the field rheostat or other un-
necessary resistance may be in the field cir-

s .

CAUSES OF UNDERSPEED (MOTORS) @
AC Motors

The switchboard instruments may be incor
rect,and the voltage and/or the frequency ma@
be different from that indicated,or the curre
may be different from that shown by the read
ings.

DC Motors @)——’J

a. The switchboard instruments may be m-@
correct and the voltage may be different Ix'ouﬂz'-dn
that indicated, or the current may be different

from that shown by the readings. "

b. 1f shunt field is separately excited the volt-
age and field current may be high. @

¢. The brushes may be incorrectly set. @
NG
d. If field rheostat is necessary for nted@

speed part of rheostat may not be in circuit
and as a result the field current is high.

N¥B-00038324



INSTALLATION—OPERATION—MAINTENANCE

HEATING OF FELD COits

Heating of field coils may develop from any
of the following causes:

a. Operating at too low a speed, requiring
more than nmormal field current.

b. Too high voltage.
¢. Partial short circuit of one coil.
d. Overload.

HEATING OF ARMATURE OR ROTOR

Heating of the armature may develop from
any of the following causes: -

a, Too great a Joad.

b. A partial short circuit of two coils with
heating of the two particular coils affected.

¢. 8hort circuits or grounds on armature or
commutator.

HEATING OF COMMUTATOR .

Heating of commutator may develop from any

of the following causes:

a. Overload.

b. Sparking at the brushes.
c. Too high brush pressure.

d. Lack of inherent lubrication of brushes.

CLEANLINESS

Particular care should be exercised towards
keeping all parts of the machine reasonably
clean. High rotative speed draws air into the
armatures and the other parts with a velocity
sufficient to carry with it particles of dirt or
ofl vapor that may be in the air. The rotating
part must be cleaned periodically or the ma-
chines will ultimately short circuit between com-
mutator necks or break down to ground over
insulation surfaces. Stationary windings should
be well cleaned for the same reason.

In extreme cases clean wachine using car-
bon-tetracholordie on a cloth. Use sparingly and
in a well ventilated place as the fumes are
toxic. Do not scrape coils with any instrument.

After several years of operation it is good
practice to coat all coils with a coat of good
insulating varnish. A baking varnish is much
superior to air-drying varnish, and should be
used if possible.

DISASSEMBLY OF MACHINES—
ON BEDPLATE

If, for any reason, a machine must be re-
moved from a bedplate, the following procedure
should be followed:

1. Remove coupling bolts to disenga‘ée shaft
from other umits.

2. Remove dowel in feet of machine to be re-
moved from bedplate by tightening nut on dowel
pin until entire dowel can be removed. There
should be two dowels per frame located diago-
nally opposite each other.

3. Remove holding-down bolts in feet, being

careful to observe and maintain correct shims
under each foot for reassembly.

REASSEMBLY OF MACHINES—
ON BEDPLATE

After a machine has been removed from a
bedplate, reassemble as follows:

1. Place machine on bedplate with same shims
under each foot as when disassembled.

2. Start holding-down bolts, but do not tighten.

3. Install dowel bolts, and drive down as far
as possible.

4. Tighten holding-down bolts, and drive
dowels all the way in.

S. Install coupling discs and bolts. Machine
is ready to run.

‘8. Observe the rules for starting as given

under "Operation"”.
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GENERAL INFORMATION

1A. FOREWORD

a) Careful reeding of these instructions will
provide information for the proper care

and handling of the generator voltage regulat-

-ing equipment and avoid damage to the equip-

ment which may impair its performance when

placed in operatijon.

b) When corresponding regarding the equipment

described herein refer to--Type "SRAN-3"
Voltage Regulating Equipment. Use Westinghouse
identification data given on title page. Com-
plete identification of parts is contained on
page II.

¢) Address inquiries to the nearest Westing-

house Service Pacility--see list at end
of this book--or to Westinghouse Electric Cor-
poration; Switchgear and Control Division;
East Pittsburgh, Pennsylvania, U.S.A.

1B. DESCRIPTION OF GENERATOR VOLTAGE
REGULATING EQUIPMENT

a) ‘The purpose of the automatic voltage regu-

lator is to maintain the terminal voltage
of the alternating-current generators at, or
very close to, rated volts regardless of load
variations.

b) The voltage regulator controls the voltage
of the alternating-current generator by
varying the resistance in the exciter field
circuit. This regulating action is of a semi-
static nature and hence the device operates
only whenacorrection in voltage is necessary.
Since the regulator acts directly on the ex-
citer field resistance, no intermediate con-
tactors, levers or linkages are necessary.’

¢) The "SRAN-3" type of voltage regulator has

two regulating resistance plates which can
be connected in parallel, series-parallel or
series. These in turn are connected directly
in the exciter field circuit. On some instal-

[

lations it is considered advisable, due to -
exciter field characteristics, to use an "
citer field resistor to limit the range
regulating resistance and improve the senEr.
ot

tivity.

L

(o]

c
d) The resistance.is varied by the value of
the current in the coil circuit. Nor

operating range of the coil current var
from .125 to .140 ampere d-c from the recfi—"
fier. toj;-f,

e) With this value of coil current in 8

regulator circuit, proper voltage regul‘a-\

tion will be obtained. M~
T

S

a) The regulator coil is wound with 3000 tu s
of No. 25 enameled copper wire with a re-
sistance of 65 ohms. It is identified by

Westinghouse Style No. 1173224.

series with the coil of the voltage re
lator to set the range covered by the voltage
adjusting rheostat, so that rated genera
voltage is obtained with the voltage adjust%
rheostat in the mid-position. This internally
mounted resjistance consists of two 750-o X
tubes esch fdentified by Westinghouse St
No. 1115103.

b) An sdjustable resistance is connected%‘]

lator is supported so that the armatu
passes within the fixed air gup in the magnes§
circuit. The pusher pins are located at (s
cuter end of the moving arm and arranged LQ
press against the silver buttons which are .
mounted at the free end of the leaf sDrinkr‘
made of conducting material. @

c) The spring-mounted moving armof the re%—l—

d) The fixed end of each silver-button ler/f‘
spring is attached to consecutive steps—

of the regulating resistance plates, The@c}

plates have resistive wire embedded in vitreous

MiE-0033833¢
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to prevent excessive voltage and hunting. When
the a-c voltage rises,the regulator operates,
due to increasing coil pull,to insert resist-
ance in the exciter field circuit and thereby
decrease the exciter field current and armature
voltage. The primary of the damping trans-
former is subject to this change and induces
& voltage in the secondary which causes a
momentary reduction in the normal regulator
coil current, Thus, the coil pull is reduced
by this impulse from the damping transformer,
and the regulated voltage is not decreased
excessively. Conversely, whenthe a-c voltage
falls and the regulator operates, due to de-
creasing coil pull, to short-out resistance
in the exciter field circuit,the impulse from
the damping transformer aids the normal coil
current. Thus the regulated voltage is not
increased excessively.

¢) The 3-phase, full wave, Rectox rectifier,

rectifies the 3-phase a-c voltage to pro-
vide d-c current for the main coil of the volt-
uge regulator coutrol element. The basic
element of the Rectox rectifier is a copper
disc, on one side of which a layer of cuprous
oxide hes been formed. This disc allows cur-
rent to pass freely in the oxide-to-copper
direction but with difficulty in the opposite
direction. In this installation the discs
are assembled on six separate supporting studs.
The six stacks of discs each identified by
westinghouse Style No. 1106396, are connected
so that all positive half-waves of the impressed
alternating-current energy will send current
to the regulator coil inone direction through
one half of the rectifier stacks; all negative
half-waves will return tothe potential trans-
former through the other helf-stack which
previously opposed passage of the positive
half waves. The result is a d-c output from
the rectifier to the control element coil.
This output depends on the average of the 3-
phase voltages.

1E. VOLTAGE ADJUSTING RHEOSTAT

a) Turning the handle of this rheostat raises
or lowers the value at which the regulator

‘holds the generator voltage. Changing the

resistance varies the current inthe coil cir-

GENERAL INFORMATION

cuit of the regulator,which changes the posi-
tion of the regulator moving arm and results
tnachange in resistance in the exciter fiehr=]
circuit. Hence the regulated value of een J
ator voltage can he adiusted by the positi

of this rheostat. This rheostat has approxi-

mately 203 equal steps of resistance, 225 ohlms A

total. (?9

1F, CROSS-CURRENT COMPENSATOR IE(“CJ!
o<

8} This piece of apparatus consists of an
adjustable auto-transformer connect
across a resistor-reactor combination, T?
insulating transformers transmit energy :
proper phase relation to the potential circu@,g
of the regulator. This causes the regulat 3
to droop the regulated voltage in proporti ’E)‘
to the magnitude and phase angle of the rés_
active load current. &

A

1G. A-C POTENTIAL TRANSFORMER c

a) Two potential transformers are used |

step down fromrated a-c generator voltngm
to approximately 115 volts, the voltage ap-
plied to the regulating equipment.

b) The potential transformers are connected

as follows: D:ZZ

PRIMARY - Connected open-delta receives
phase, 3-wire, 60-cycle, generat
volts.

3-wire, 60-cycle, 115 volts.

=
SECONDARY - Connected open-delte gives a-pha@
=
1H. CURRENT TRANSFORMERS

=3

a) One current transformer is supplied wit
each a-c generator that operates in paral S
lel with other generators. It is connecteB::

in line "B" of the generator and its energy
is supplied to the cross-current compensators__-

The ratio of this current transformer dependﬁ -
. Polpan

upon the kw rating of the generator. (e
o

1I. REGULATOR CUTOUT SWITCH N
R

a) The regulator cutout switch is of s

rotary type provided with three positions

w

HKWE-0003831¢



KM8 151

HANDLING-STORAGE-INSTALLATION

=H
K

a

2A. STORAGE

2) The regulating equipment was carefully
inspected and checked and then packed for
shipment with the object of providing protec-

" tioh during the necessary handling and storage.

The unit will withstand reasonable atmospheric
and temperature conditions. A metal case en-
closes the moving element of the regulator to
afford protection against dirt and dust. How-
ever it is recommended that the shipment should
be checked immediately for loss or damege. If
any such shortage or damage is found, it should
be reported tothe transportation company with-
out delay.

Z8. HANDLING AND UNPACKING

a) Care should be taken not to kink or bend

the hinge-spring essembly. The moving-arm
assembly should not be forced in any direction
otherwise the performance of the regulator is
likely to be unsatisfactory.

2C. INSTALLATION AND ERECTION

a) When the regulator is placed in position’

prior to the installation of other large
apparatus nearby, the electrical equipment
should be protected by box or crate parts, or
sections of plywood.

2D. TEMPERATURE AND VENTILATION

a) Provision for cooling has been made by

leaving the resistance plates exposed to
the atmosphere and yet protected from harm by
the use of a metel shield. These resistance
plates are vertically mounted which assures
rapid removal of heat from the unit., Free
movement of air around the unit should be per-
witted for uroper dissipation of the heat de-
veloped in the resistance plates,

2E. CONTROL CONNECTIONS

a) Each piece of apparatus has clearly marked
terminal blocks or studs for connections.

Leads should be connected as shown in the
schematic and connection diagram. Due refnT(-‘
should be given to the polarity of the damyifrig’
transformer otherwise the moving armaturd oL
the magnet will swing violently. té
oc

2F, ADJUSTING AND TESTING

15

a) The regulator has been carefully adJuM

and tested at the factory and no readj eT;'

sent should be required other than volt e-'

adjustment by means of the voltage adjusmr
theost.at. @

b) The following precautions are desira%
before actually operating the unit, Gm:k.
for the free operation of the moving armat a<
The clearances are approximately .013 + .
of an inch on each side of the moving nrmt@
This armature must be exactly centered for >
its travel inthe air gap of the magnet. Suf-
ficient clearance in the hinge spring holes
permits centering the armeture. If the arma-
ture should be out of center, thus causing a
binding or rubbing against the bumpers, i
necessary only to loosen the hinge-spr
screws, center thearmature with a feeler
to insure proper clearance and then tigh
the hinge-spring screw thus locking the ar
ture in position. Check to see that there a
no bent or kinked hinge springs, as this
cause the armature to shift out of positipa:
The leaf springs should under no condition{tm
loose or bent. ﬁ':“
(o
c) The limit of travel for the moving Ly
should be just sufficient to permit @9
silver buttons to open and close. This tragel
cah be adjusted by loosening the stop scréws
at the bottom of the woving arm, adjusting to_
permit all buttons to open and close,and tpes-
retightening the locknuts, o
s
2G. LUBRICATION ’f

a) Positively no form of ol or lubrlcatgg;
substances are required on this regulat
There are no bearings as all movement is ac-

complished through springs.

NWE-00038318
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CONTRACT {DENTIFICATION
Purchaser

INGALLS SHIPBUILOING CORP.

manufacturer
WESTINGHOUSE ELECTRIC CORP.
6.0. BH-63181-TY and BH-7104(-TY
S.0. 23-Y-2533

MACHINE IDEXTIFICATION AND RATINGS

A-C GENERATOR - 3.0. 57-P-994 and EB-P-316
75 KVA, 450 volts, 0.8 PF, 3 Phase, 60 Cycle, 1200 RPM

D-C EXCITER - 3.0. 67-P-995 and 68-P-317
7.5 KW, 120 Volt, 1200 RPM
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Internal Dimg. . . . . . . . . . .. Lo L e e e 1-D-4637
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Outline & Drilling Plan Pig. 3 & TLines 5 & 15 . . . . . . ., . 13-B-8976
CURRENT TRANSFORMER . . . . . . . . « v v v e v v et e e e v e u 81 1304227
Outline & Drillimg Plan . . . . . . . . . . . .. ... ... 88-C-763
POTENTIAL TRANSPORMER . . . . . . . . © ¢ v v« o v v e e e s e 54 1304463
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GENERAL INFORMATION

1A. FOREWORD

a) Careful reading of these instructions will

provide information for the proper care
and handling of the generator voltage regulat-
ing equipment and avoid damage to the equip-
ment which may impair its performance when
placed in operation.

b) When corresponding regarding the equipment

described herein refer to--Type *SRAN-4*
Voltage Regulating Equipment. Use Westinghouse
identification data given on title page. Com-
pléte identification of parts is contained on
page II.

¢) Address inquiries to the nearest Westing-

house Service Facility--see list at end
of this book--or toWestinghouse Elcctric Cor-
poration; Switchgear Division; East Pittsburgh,
Pennsylvania, U.5.A.

1B. DESCRIPTION OF GENERATOR VOLTAGE
REGULATING EQUIPMENT

a) The purpose of the automatic voltage regu-

lator is to maintain the terminal voltage
of the alternating-current generators at, or
very close to, rated volts regardless of load
variations,

b) The voltage regulator controls the voltage
of the alternating-current generator by
varying the resistance in the exciter field
circuit. This regulating action is of a semi-
static nature and hence the device operates
only when acorrection in voltage is necessary,
Since the regulator acts directly on the ex-
citer field resistance, no intermediate con-
tactors, levers or linkages are necessary.

c) The "SRAN-4" type of voltage regulator has

four regulating resistance plateswhich can
be connected in parallel, series-parallel or
series. These in turn are connected directly
in the exciter field circuit. On some instal-

lations it is considered advisable, due
exciter field characteristics, to use an
citer field resistor to limit the range
regulating resistance and improve the sen
tivity.

£l

ocC

d) The resistance .is varied by the value

the current in the coil circuit. No
operating range of the coil current veari} ]
from 0.145 to 0. 165 ampere d-c from the rect{G_"
fier.

ARG

(

e) With this value of coil current in i
regulator circuit, proper voltage regulk
tion will be obtained..

1C. VOLTAGE REGULATOR CONTROL EL

él

2) The regulator coil is wound with 3000 turns

of No. 25 enameled copper wire with a re-
sistance of 65 ohms. It is jdentified by
Westinghouse Style No. 1173224.

b) An adjustable resistance is connected
series with the coil of the voltage regu=
lator to set the range covered hy the voltage
adjusting rheostat, so that rated generatofn
voltage is obtained with thevoltage adjustihg
rheostat in the mid-position. This interna]@

ORI

mounted resistance consists of nine 750-olr
tubes identified by Westinghouse Style N

1115103. /

A

I

c¢) The spring-mounted moving arm of the regu—
lator is supported so that the armatufed
passes within the fixed air gap in the magnetac-
circuit, The pusher pins are located at tHed
outer end of the moving arm and arranged to
press against the silver buttons which afe—:
mounted at the free end of the leaf springs—,
made of conducting material. N

d) The fixed end of each silver-button ]ea\l/:
spring is attached to consecutive steﬁ.é,

of the regulating resistance plates. These

plates have resistive wire embedded invitreous

AuB-9003813: !
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GENERAL INFORMATION

to prevent excessive voltage and hunting. When
the a-c¢ voltage rises, the regulator operates,
due to imcreasing coil pull, to insert resist-
ance in the exciter field circuit and therehy
decrease the exciter field current and armature
voltage. The primary of the damping trans-
former is subject to this change and induces
a voltage in the secondary which causes a
momentary reduction in the normal regulator
coil current. Thus, the coil pull is reduced

-by this impulse from the damping transformer,

and the regulated voltage is not decreased
excessively.. Conversely, when the a-c voltage
falls and the regulator operates, due to de-
creesing coil pull, to short-out resistance
in the exciter field circuit, the impulse from
the damping transformer aids the normal coil
current. Thus the regulated voltage is not
increased excessively.

¢) The 3-phase, full wave, Rectox rectifier,

rectifies the 3-phase a-c voltage topro-
vide d-c current for the main coil of the volt-
age regulator control element. The basic
element of the Rectox rectifier is a copper
disc, on one side of which a layer of cuprous
oxide has been formed. This disc allows cur-
rent to pass freely in the oxide-to-copper
direction but with difficulty in the opposite
direction. 1In this installation the discs
are assembled on six separate supporting studs.
The six stacks of discs each jdentified by
Westinghouse Style No. 1253324, are connected
so that all positive half-waves of the impressed
alternating-current energy will send current
to the regulator coil inone direction through
one half of the rectifier stacks; all negative
half-waves will return to the potential trans-
former through the other half-stack which
previously opposed passage of the positive
half waves. The result is a d-c¢ output from
the rectifier to the control element coil.
This output depends on the average of the 3-
phase voltages.

IE. VOLTAGE ADJUSTING RHEOSTAT

a) Turning the handle of this rheostat raises

or lowers the value at which the regulator
holds the generator voltage. Changing the
resistance varies the current in the coil cir-

cuit of the regulator, which changes the posi-
tion of the regulator moving arm and results
in a change in resistance in the exciter f 4!
circuit., Hence the regulated value of ge =
ator voltage can be adjusted by the posi

of this rheostat. This rheostat has approxi-
mately 203 equel steps of resistance, 225 S~

total. Cj
IF. CROSS-CURRENT COMPENSATOR @fj

a) This piece of apparatus consists ofoaﬁ

adjustable auto-transformer connected\
across a resistor-reactor combination, %
insulating transformers transmit energyrin-
proper phase relation to the potential cird@G '
of the regulator. This causes the reguladir -
to droop the regulated voltage in propor
to the magnitude and phase angle of the
active load current.

1G. A-C POTENTIAL TRANSFORMER

a) 7Two potential transformers are use

step down from rated a-c generatorvolt.
to approximately 115 volts, the voltage ap-
plied to the regulating equipment.

b) The potential transformers are connected
as follows:

PRIMARY - Connected open-delta receive =
phase, 3-wire, 60-cycle, gener
volts.

G

SEOCONDARY - Connected open-delte gives3-
3-wire, 60-cycle, 115 volts.

1H. CURRENT TRANSFORMERS

a) One current transformer is supplied
each a-c generator that operates in pa

lel with other generators. It is conneckéd

in line "B" of the generator and its enefgy

is supplied to the cross-current compensator.

The ratio of this current transformer depefmts:

upon the kw rating of the generator.

@i e

11. REGULATOR CUTOUT SWITCH m=.

a) The regulator cutout switch is of h€
rotary type provided with three positi 5~

ME-0C0TEI2:
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LIST OF REPAIR PARTS
: MFGR'S DATA [%
5 Soutjoy NAME OF PIECE It
e T Fouital STYLE NO.{SHOP ORB,
_ TYPE_SRAN-4 CONTROL ELEMENT zsvassgg
v 1y ] a SWVER BUTTON ASSEMBLY 1313989 E::
2|1 |t | Man sPRING 1114610 P
3]) | 2| SHORT HINGE SPRING 1166944 [
41 ]2 LONG HINGE SPRING 1313985 LL‘}\
sl | ] mamcoi 1173224 s
€11 ] 2] RANGE SETTING RESI\STOR 15103 g:
711 | 4| REGULATING RESISTANCE PLATE 1296910 E;ﬂ,
) R/
_ VOLTAGE ADJUSTING RHEQSTAT [@B
8 \ t RWMEOSTAT 1736138 D=E-
<€
CROSS CUKRENT (OMPENSATOR R
911 ]t ] ReESISTOR 1115144 @
TYPE "W REGULATOR CONTROL SW.
10{1 | 3| CONTACT SEGMENT 1041505
iy 13 CONTACT SEGMENT S45626 =
2|1 | 2] STOPFINGER 1114883 Z %
131 | 12| CONTACT FINGER 1087205 a
)
§
@
Ez
2
“‘t:p7-
@
REPAIR PARTS LIST.FOR WHEN REORDERING REFER [
TYPE SRAN-A VOLTAGE TO STYLE NUMBER AND [ﬂ
REGULATING EQUIPMENT SHOP ORDER —
: &
c*‘:.
<

Spare Parts List
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Drawing 127-A-323-2
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WESTINGHOUSE REPRESENTATIVES IN FOREIGN

Nicaragua . . . . . .

CPeru ... ...

Philippine Islands .

Puerto Rico .
San Salvador
South Africa

Spain . . . .

Switzerland . . . . . . .

Trinidad . .

Turkey . . ..

Vepezuela . . . . . . . « « ¢« o o o o s

e s 4 s « . See Mexico
v s s s « « Bee Argentina
.+ ..... Cable Address--WEMCOEXPO

« e s+ o » Cable Address--WEMCOEXPO y

« + e+« . Bee Cuba
e « s s « + Bee Mexico
e s e s « . Cable Address--WEMCOEXPO (Johannesburg)

....... See Venezuela

e « « s+ « . Bee France

COUNTRIES--Cont'd

e s 4« o« See Mexico

Westinghouse Electric International Company,
Attention of Regional Representative

Casilla 1635, Avenida Wilson 8-950, 7th Floor,
Lima, Peru.

o
(4]

Westinghouse Electric Coampany, Ltd.
Attention of Regional Engineer

301 Myers Building,

Port Area,

Manila, Philippine Islands.

Westinghouse Electric Company, Ltd.
Attention of Regional Bupervisor,
P.0. Box 6067,

308 Union Corporaticn Building

78 Marshall St.,

Johannesburg, South Africa.

t + s+ . Cable Address--WENCOEXPO

Westinghouse Electric International Company,
Attention of Zone Director,

(Avda. Jose Antonio 7),

Madrid, Spain.

..+ . Bee France
...... See France

Cable Address--WEMCOEXPO

Westinghouse Elec. Intl. Co.

Attn: Project Representative c/o Tacico,
59 Bayindir Sokek Yenisehir, Aokara.

Cable Address--SERRACAS
westinghouse Elec. Intl. Co.
Attn: Regional Supervisor
c/o Serratosa g Castells, S. A
18 de Julio 1110,

Montevideo, Uruguay.

Cable Address--WEMCOEXPO

Westinghouse Electric Company, S. A.,
Attention of Zone Director,

Apartado 1888, Edeficio 1a Ceiba 3er Pisa
Bociedad a8 Ban Francisco 8,

Caracas, Vesezuela.

HOET ASQUISAORN

AWE-00I3BISC
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DOMESTIC PORTS (Continued)

Port Everglades . . . . . . . . Sales Office--731 Ingraham Bldg., Miami, Fla.

Portland, Me. . . . . .. ... Sales Office--9 Bowman Street, Augusta, Maine

*Portland, Ore. . . .. ... . PORT ENGINEER--309 §. W. Sixth Avenue, Portland 4, Oregon
Sales Office :

Providence . . .. ... . .. Sales Office--51 Empire St., Providence 3, R. I.

San Diego . . . . . . .. .. . Sales Office--861 Sixth Avenue, San Diego 1, Calif,
*San Francisco . . . . . . . . . PORT ENGINEER--1 Montgomery Street, San Prancisco 4,
: California .
Bales Office
Sales Office--1299 Northside Drive, N. W. P.0. Box 4808.
Atlanta 2, Georgia
®Seattle . . . . . . ... .. . PORT ENGINEER--345! East Marginal Way, Seattle 4, Wash,
) : Sales Office

PORT ENGINEER--1830 Pacific Avenue, Tacoma 2, Wash.
Bales Office--608 Tanps St., Tampa, Fla.
Sales Office--245 Bumit Street, Toledo 4, Ohio
PORT ENGINEER--600 St. Paul Ave., Los Angeles 17, Calif,
PORT ENGINEER--3001 Walnut Street, Philadelphia 4, Pa.
Sales Office--210 E. Sixth Street, Charlotte 1,
North Carolina

Tecoma . . . . .
Tampa . . . . . .
Toledo . . . ..
Wilmington, Cal.
Wilmington, Del,
Wilmington, N. C.

a0 s e s s
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WESTINGHOUSE REPRESENTATIVES IN FOREIGN COUNTRIES
Afrfca . . . . . <« « v ¢« ¢« v ¢ e ... . Bee Egypt and South Africa

Argentina . . ... .........,. Cable Address--WEMCOEXPO
Westinghouse Electric Company, §. A.,
Attention of Zone Director
Paseo Colon 221,
Buenos Aires, Argentina,

Australia . .. . ... e e+ s s+« . Cable Address--WEMCOEXPO (Sydney)
Westinghouse Electric International Company,
Attention of Zone Director,

Box 23, Waterloo, N. 8. W.,

(Joynton Avenue),

Sydoey, Australia.

Brazil . . . . ... ... .... ... Cable Address--WEMCOEXOP (Rio De Janeiro)
Westinghouse Electric Company of Brazil,
Attention of Zone Director,
Caixa Postal 1320,
(Av. Graca Aranha 182-10° Andar)
Rio de Janeiro, Brazil.

Cable Address--WEMCOEXPO (Sa0 Paulo)
Westinghouse Electric Company of Brazil,
Attention of Regional Engineer,

Caixa Postal 5156,

Rua 15 de Novembro 200-3° Andar - Sala 1
Seo Paulo, Brazil.

British Guiama . . . . . . . . . .. .. See Venezuela

Ceyloh . . .« v« « v « s 4 e s s o+ » « BSee India

Chile . ... ... e s s 4 e s o o+ . Bee Uruguay
China . . . . . . o v o i e e e Bee Philippine Islands
*Repair Shop
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