Westinghouse Steam Turbines—I.B. 6134

High Pressure, Non-Condensing Turbine
INTRODUCTION

The steam turbine, 1like any other high grade maching, requires,
for sustalned efficiency and continulty of operation, a reasonable minimum
of care and attention on the part of the operator.” In ofder that the unit
may recelve such care and attentlion, 1t 1s necessary, thatfthe operators be-
come thoroughly famillar, not only with the mechanlcal“gtrueture of the sev-
eral parts of the turbine, but also with thelr purpose amd, 1n a general
way, wlith the reasons why they are so designed. The following brief in-
structions for the care and operatlon of the turblne®have been prepared as
an ald to the attalnment of thls desired information,and 1t 1s hoped that
they may be found to be broad enough in scope fon, thatr purpose.

GENERAL DESCRIPTION

Thls turblne 1s a single cylinder,fcomblinatlion impulse-reaction
machine of the high pressure, non-condensdng’type. The normal speed 1s 3600
RPM and 1t 1s designed to operate with steam, cofiditions of 1200 1b/in2 ga.,
900° F. total temperature and 260 1b/inc ga\, maximum exhaust pressure. When
operating under these conditions, the 4firbine will carry 35,000 Kw. at 80%
power factor or a maximum load of 40,000%w. at 91.5% power factor.

In normal operation, thls machime 1s superposed on condensing
units. That 1s, the high pressure turbine exhausts 1nto a nomlnal pressure
header (which may or may not be supfliked also by nominal pressure boillers)
and supplles steam to the 1inlet of) gne or more condensing machines. When
operating in conjunction with thefnomisial pressure bollers, the high pres-
sure turblne operates with conStant exhaust pressure. If the nomlinal pres-
sure bollers are not used, the“high pressure turbine may operate with con-
stant exhaust pressure, or, b¥gywtaking the pressure regulator out of service,
i1t may be operated with the condensing turblnes as a cross compound unit
wlth varlable exhaust pressufre/on the high pressureelement.

The constructlong®f “the entire turbline 1s shown 1in Figure 1. (It
should be noted that thig 1llustration shows a side view below the hori-
zontal centerline and & dongdtudinal section above the centerline.)

Cylinder

The cylinder ITsfmade of cast carbon molybdenum steel and 1s split
in the horizontal cente®plane to form a base and cover. Blade ring elements
are cast lntegrally'and passages are provided for by-passing the Curtlis stage
at maximum load. A% Important feature of thls design 1s an annular steam
belt extending around the entire cylinder at the high pressure end which
equalizes the temper&tures of the base and cover and thus greatly decreases
the possibildty ofjcylinder distortion. This chamber serves as the steam
passage between the No. 1 inlet valve, located 1n the cover, and 1ts nozzles,
located 1in“the base, and therefore 1s filled completely with steam as soon
as the first valive 1s opened.

The method of supporting the turblne 1s arranged to allow the
various parts?to expand and contract freely without causing distortion. The
cylindery 1s supported by four arms or lugs which are cast integrally at the
top ofge,the base, thus locatlng the polnt of support as closely as possible
to the "horizontal centerline. These arms rest on separate pedestals on
which“they are free to slide, belng secured only loosely by bolts. At each
end, the cylinder 1s connected to the pedestal by a single vertical pin
plagcédilon the longitudinal centerline, thus maintalning the correct axial
and, transverse position of the cylinder with relation to the pedestals., The
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exhaust end pedestal 18 anchored to the foundatlion seating plates) by keys
and gibs and serves to anchor the entire unit. The inlet end pedestal is
free to slide axially on its base, but 1s held agalinst transverse movement
by an axlal key, placed on the longitudinal centerline, between 1t and the
base. Any tendency to tilt 1s limited by side gibs which are fitted with
ample clearance to allow free movement axially.

The base and cover of the cylinder are bolted tegether by large
studs. In order to obtaln the proper stress 1in each_of““these studs, they
must be tightened sufficiently to stretch them a deflnite amount. The cor-~
rect method to obtain this stretch 1s described in Supplement No. 102, Rev.
2.

The central portlion of the cover flange“fiace 1s recessed in order
to obtain higher unit pressures on the joint. (Townrellieve thermal stresses
in the thick flanges, transverse slits are édut to a depth determined by
thelr location.

Rotor

The turbine rotor 1s machined from a solid forging of chrome
nickel molybdenum steel with a centralinSpeetion hole drilled through its
entire length. A separate stub shaff,is “holted to the inlet end to form
the thrust bearing collar and to carry the oll impellers and overspeed trip.
The coupling end 1s connected to theggenerator fleld by a rigild coupling and
the main rotating element thus formed ds carried in four bearings.

Blading

The blading consists ofi'a single Curtis stage followed by 13 pairs
of rows of reaction type. Throughout the blade path, the massive rotating
and stationary parts are separatedyby relatively large clearances, and the
small clearances are malntalned by thin seal strips. These strips are made
of a speclal alloy material/withyexcellent wearing qualities and 1f contact
should occur, the strips wear( away without resulting in any damage to major
parts.

The various blade™types are described in the following I.B. leaf-
lets: -

Curtisagtage - - - - - - - - Supplement 273.
Reaction

Ist 9 pairs of rows - Supplement 302.
Last 4 pailrs of rows - Supplement 303.

Balance Pisgon

Thejlinlet end of the rotor 1s machined to form a single stage
dummy which 1s ‘designed to over-balance the thrust on the blading and thus
produce a thrust toward the 1nlet end of the machine under all operating
conditions. ,JWith thls arrangement, any floating of the rotor, such as 1s
possible in case of loss of load, can occur toward the exhaust end only,
thus temporarily increasing the axlal running clearance by the amount of
clearanee)ln the thrust bearing.

The steam leakage past the balance piston seals 1s led through an
exgernal pipe connecting to the turblne exhaust.

The balance piston labyrinth seals are of the axlal clearance
type and are described in Supplement 232, Rev. 1. During starting and
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stopping periods, the rotor must be moved (by means of the thrust/bearing
ad justing mechanism) to the start and stop position which increases the
clearance over these seals.

Control

Steam 1s admitted to the turbine through an invertedg™hydraulically
operated, combilnation hand throttle and automatic trip valve. 4Tt 1s located
below the floor, directly in front of the turbine, and 1s cémneeted to the
steam chest by two plpes, one on each side.

A cylindrical type strainer 1s bullt in the maln Wvalve bBody and is
accessible from the operating floor level,

This valve 1s described in I.B. 6110.

The steam flow to the blading i1s controlled'by seven, governor con-
trolled, plug type valves, located in the steam chegt, whichis cast integrally
with the cylinder cover. Valves No. 1 and No. 2 gdmitwvsteam through an an-
nular chamber surrounding the cylinder dummy rdng to flozzle groups located
in the cylinder base. Valves No. 3 to No. 6 inelusive admit steam to nozzle
groups located in the cylinder cover. Valve No.7, Wwhich 1s for overload
purposes, bypasses the Curtis stage and admi¥s s%eam directly to the reac-
tion blade group.

The governor, mounted on the thrust housing cover, i1s of the pres-
sure transformer type described in I.B. 6129%W, 011l i1s used as the control
and operating medium. The complete systém/ s, described in I.B. 6132.

Operation and Maintenance

A recommended procedure forWoperating the turblne 1s given in I.B.
6135. While these instructions are “guite specific, i1t is impossible to cov-
er all detalls. Hence, they do notgdn any way relleve the operator of using
sound judgment and exercising duelcaution.

Likewise, 1t 1s imposSlbke to give any detailled procedure for
maintenance work. It 1s beldeved that the 1llustrations and descriptions of
the detall parts as given 1n the Tnstruction Books should enable the Main-
tenance Engineer to care for/.the“apparatus properly.

There 1s one polintywhlich must be borne in mind and bears repe-
tition 1n this book. Befére,ralsing the cylinder cover, the rotor must be
moved toward the coupling end .040 Inch from the "Running position. This
addltIonal ¢learance Is_gbsolutely necessary to avold damaging the axial
seal strips on the bladings. The rotor should be moved by means of the
thrust bearing adjusting mechanism described in I.B. No. 6116.
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