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— TANDEM COMPOUND, CONDENSING TURBINE

The steam turbine, like any other high grade machine, requires for
sustalned efficlency and continulty of operation a reasonable minimum of care
and attentlon on the part of the operator. In order that the unilt ‘may re-
celve such care and attentlon 1t 1s necessary that the operagiors become
thoroughly famillar, not only with the mechanlcal structure(lof”the turbine
parts, but also with thelr purpose, and, 1in a general wayanwlthfthe reasons
why they are so designed. The following brief instructionsWfor the care and
operation of the turblne have been prepared as an ald t© the attalnment of
thls desired information and 1t 1s hoped that they may be flound to be broad
enough 1n scope for that purpose.

General Description

This unilt ceonslsts of a two cyllinder, €andem compound, condensing
turbine, designed for high operating efficlencdes amd maximum reliability.
The steam conditions with which 1t 1s intended tolpoperate, the normal speed,
and the maximum load, are glven on the Tit%le Page, of the Instruction Book.

The construction of the entlre turblne 1s shown 1n the longlitudinal
section photograph., This 1llustration“is™amranged to show a side view below
the horlzontal centerlline and a longlbudinal section above the centerline.

The high pressure turblne 48 of'"the comblnatlon impulse and react-
lon type. The exhaust openlng 1s at the top of the cylinder and the steam
passes 1nto the low pressure turbime through a single cross-over plpe. The
low pressure turblne 1s a stralght reactlion, double flow machlne with steam
entering at the center of thefbladeWpath and flowlng toward an exhaust open-
ing at each end.

Openings are provided“d&n the cylinders through which steam may be
extracted for feed water heatIng. The slze and locatlion of these openings
are given on the "Outline/' Drawing.

Cylinders

The structyralwshapes of the cyllnders and thelr methods of sup-
port are carefully _deslgned to obtaln free but symmetrlical movements result-
ing from thermalychanges, and thereby reduce to a mlinimum the possibillity of
distortion. A feaburebof major importance 1n the accomplishment of this de-
sired conditlong@nder conditions of warming and starting 1s the provision
for an annularibelt) of steam extending around the entlre high pressure cy-
linder at the_inilet end which malntains equal temperatures in the base and
cover. Thlg chamber serves as a steam passage between one of the governing
valves amd 1tE nozzles which are located 1in the base. TUntll synchronous
speed has ‘been®reached, 1t therefore 1s fllled with high temperature steam
as sogn ag the throttle valve 1s opened. The flow through the balance pls-
ton malnfalns the condltlon after the machine has been warmed up and placed
on theWllnel.

The high pressure cylinder 1s made of cast steel (or a suiltable
alloy when the steam temperatures are unusually high) and 1s split on the
horlzontal centerplane to form a base and cover. Separate blade rings are
provided, whlle the balance plston rings are formed 1ntegrally 1in the cylind-
erhncastings.
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This cylinder 1s supported by four arms (or lugs) which are cast — )
Integrally at the top of the base, thus locating the polnt of support as
closely as possible to the horizontal centerline. At the exhaust end, these
arms rest on a pedestal, formed by the low pressure turblne cylinder base.
Transverse keys, one attached to the bottom of each arm by a single sleeve
type dowel and free to slide in 1its keyway cut 1in the pedestal, malntaln the
correct axlal posltlon of the cylinder with respect to the pedestal, but alk
low free expanslion 1n a transverse dlrection. At the thrust end, thé cylind-
er arms rest on a separate pedestal and llkewlse are free to expamnd ‘&Grans-
versely from the longltudinal centerline. At each end, the cylinder isfcon-
nected to the adjacent pedestal by a single vertlcal key placed ,on,the long-
1tudinal centerline, thus malntalning the correct transverse pogltliom of the
cylinder with relation to the pedestals. The exhaust end pedestal,/beling in-
tegral wilth the low pressure cylinder, deflndtely locates the axlal position
of the high pressure cylinder with relation to the low pressure.)The thrust
end pedestal 1s free to slide axlally on 1ts base, but 1s heldWwagalnst trans-
verse movement by an axlal key placed on the longltudlnalfcenterline between
1t and the base. Any tendency to tillt or 1ift 1s limitedWby slide gibs which
are fltted with ample clearance to allow free movementgaxially. Any tendency
of the cyllnder to rise off the pedestals 1s limited By 2 ®tud bolt through
each arm. These bolts are placed 1nslde the sleeveltype dowels and are fit-
ted with ample clearance under the nut and around the“bolt to allow free
movement of the c¢ylinder arms 1in response to tefiperature changes.

The low pressure cylinder 1s dividedytertilcally into two sectilons,
each belng split 1n the horlzontal plane to ferm%a ,base and cover. At the
time of 1nstallatlion, the vertical jolnt 1s made up permanently and there-
after the cover 1s handled as a single plece,. With the double flow arrange-
ment, steam enters at the center, flowlng foward each end and thence down-
ward into a comblned exhaust 1into the eondeunser. Hence the blading 1s identi- ”‘:)
cal in both ends, with the exception £hat oné side 1s right hand and the B
other 1s left hand. The blades are @arried in a separate blade ring which
1s supported in the cylinder by lugs, just below the horlzontal centerline.

The complete low pressurg@element 1s supported by a contilnuous
foot or skirt which 1is cast integfallywmand extends around the cylinder base.
This foot rests on seating plates, whiech are grouted to the foundation. Its
locatlon 1s maintained by four fkeys, between the cylinder foot and the seat-
Ing plates, located as folléws ), Two keys, one at each end, placed axlally
on the longitudinal centerliney d€flinltely locate the cylinder in a trans-
verse direction but permit £ree“expansion 1in an axilal direction. The other
two keys, one on each slde’, placed transversely on the transverse center-
line, definitely locate theycylinder 1n an axlal direction but permit free
expanslon 1n a transverge dlrection. Therefore, from a polnt at the center
of the exhaust opening {the gylinder can expand freely 1in any directilion in
the horlzontal plane mat“hhie top of the foundation seatling plates. The low
pressure cylinder forms8 ¢he housing for 1ts own bearings and also for the
exhaust end beardmg ‘of the high pressure turbline and the inboard bearing of
the generator.

Théjbase and cover of the high pressure section of the cylinder
are bolted together by large stud bolts (or studs). In order to obtain the
proper stress 1n each of these bolts, they must be 1nitlally tightened to
set up a definlite stress. The correct method to obtaln thls stress 1s
described 1in the Supplement on Bolt Tightenlng. The cylinder joint faces
are finighed to make a tight Jjolnt under the.standard hydrostatilic and
steam tests with the faces dry and metal to metal. When assembling the
machine for operation, triple bolled linseed oll should be used on the joint

facesdw 3
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Rotors

The high pressure turbine rotor 1s machined from a solid forging
of steel (or a sultable alloy for the higher temperatures). A separate stub
shaft 1s bolted to the inlet end to form the thrust bearing collar and to
carry the oll impellers and the overspeed trip.

The maln body of the low pressure rotor 1s likewlse machined from
a solld forging of alloy steel. ' If consldered necessary b¥,, desdgn condilt-
lons, the blades of one or more of the exhaust rows are carrled on separate
alloy steel discs which are shrunk onto the main body. fIn%addlition to the
heavy shrink fits, these dilscs are further secured by split dowel rings which
are, 1n turn, held by solld rings shrunk on them.

The entlre rotors are finish machined and, afiter belng completely
bladed, are glven a running test at 20% overspeed fand an accurate dynamic
balance.

A flanged rigld type couplling 18 usgd/between the hilgh pressure
and low pressure rotors and the low pressure,ls (located axlally by the high
pressure turblne thrust bearing. The low pressure rotor 18, in turn, con-
nected to the generator fleld by a rigdd coupling and the main rotating
element thus formed (consisting of highWpréssure turbine rotor, low press-
ure turbine rotor and generator rotor )W darried in six bearings.

Blading

The blade path includes apiimpulse element (eltherCurtis or Rateau)
operating with partial admissiong,control, followed by reaction blading in
the high pressure turbline and double“filow reactlon blading 1n the low press-
ure turbine. The exact bladefarpangement and the number of stages or rows
are glven on the Title Pageqof “the Instruction Book. Throughout the blade
path, the massive rotatlng andystationary parts are separated by relatively
large clearances and the reducedyclearances and the reduced clearances nec-
essary to control steam leakageyare malntalned by thin seal strips. These
strips are made of an alloy sfeel with excellent wearing qualitles so that
contacts may occur under abnormal conditions and the strips will rub away
without resulting 1n®any,damage to ma jor parts.

Balance Pistons

The 1nletWend”of the high pressure rotor 1s machined toforma two
stage balance plfton (Or dummy) which 1s designed to overbalance the thrust
on the bladlng and thus produce a thrust toward the 1inlet end of the machine
under all operating conditlions. With this arrangement, any floatlng of the
rotor, such ds 4'sy posslible 1in case of loss of load, can occur toward the
exhaust enid omly, thus temporarily increasing the axlal running clearance by
the amount ‘of ¢Tearance 1n the thrust bearing but malintalnling at least the
desired mlpimum clearance at all times.

The steam leakage past the balance piston seals 1s led through ex-
ternal plpes and 1s returned to the cylinder at lower pressure zones.

The balance plston labyrinth seals are of the axlal and radial clear-
ance type and are described lna separate leaflet. During starting and stopp-
ing perlods, in the first month of supervised operation of the unit, the rotor
ean\be moved (by means of the thrust bearing adjusting mechanism) to change
Bhe axlal clearance throughout the whole unit. During thilis time measurements
wlll be taken to determine the maximum relative movements of the turblne cy-
linder and rotor. After these movements have ©been established the thrust
bearing cage stops will be set (as described in the thrust bearing supple-
ment) and no further ad justment of the mechanism willl be required.
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The control and oil system diagram shows the various parts of th
control system and their relation to one another. The detail operation of
each particular part 1is described in its respective leaflet.

L 4
Sufficient 01l should be provided so that when the turbi is runn-
ing at full speed the oil level in the reservoir, as shown by the is
within the limits given on the indicator plate. Although there man -
ent filter in the oil system, it is desirable as a precaution t ain the
0il through a fine mesh screen or cloth just before putting i he re-

servoir,

The amount of water circulated through the oll cgole hould be
regulated to maintain the temperature of the oil leaving theycooler between

100 and 110° F. The correct criterion of oil cooler wa upply is, of
course, the temperature of the oil leaving the hottest aring. This temp-
erature will vary with different units and operating ions. However,
in general, oil return temperatures of 140 to 160° F, considered good
practice. When starting a turbine, the oill cool W should not be turn-
ed on until the oil temperature has increased to a oximate limits given
above.

spearate leaflet. While these instructio quite sepcific it 1s imposs-
ible to cover all details. Hence, they t“in any way relieve the oper-
ator of using sound judgment and exen e caution.

Operation and Maintenance \
A recommended procedure for opera% e turbine is given in a

Likewise, it 1is impossib
tenance work. It 1s believed tha
detaill parts as given in the Instr

Engineer to care for the apparat
0‘~Si' ’
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give any detailed procedure for main- et
1llustrations and descriptions of the
Book should enable the Maintenance
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