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Fig. 4

Cross=sections of Two Cylinders of a 30,000~Ew,

Westinghouse Cross=Compound Turbine

PERPORMANCE

Kw, Steam Press, Superheat Vacuum Lbs.,per Eff,
Load Lbs, Gage Degrees ¥, In,Hg., Kw,=Ar. Ratio

26740 209 108,565 28.862 11,47 75,51
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STEAM TURBINE BEARINGS

WESTINGHOUSE

SELF-ALGHING BEARING
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STEAM TUEBINE SPINDLE GLANDS AND PACKING
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STEAM TURBINE SPINDLE GLANDS

Fig., 19

High-Pressure End Seal of Allis-Chalmers Turbine
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whereas, on the high-pressure balance piston, where the piston
is relatively near to where the thrust bearing is attached to
the structure and where consequently the difference in expans-
ion is almost negligible, the side-clearance type of packing

is used.
THRUST BEARINGS.

The General Electric Company employs a collar type
thrust bearing on its turbines.

Both the Viestinghouse Electric and Manufacturing
Company and the Allis-Chalmers Manufacturing Company employ
the Kingsbury type of thrust bearing. A cross-section view
of this bearing as employed on the Westinghouse turbines is
shown in Fig. 22. The bearing consists of an outer cage
whereby connection is made through an adjusting nut with the
turbine structure and a collar fitted to the shaft against
which bearing surfaces press. The bearing surfaces are station-
ary and are divided into a number of segments each centrally
pivoted on a self, aligning ring so that any individual seg-
ments may assume any angle it pleases, thus permitting the oil
film to be of wedge-like form. The segments press against both
sides of the collar so as to confine axial motion in either
direction and are themselves confined within the cage. They
consist of blocks of steel with babbitt faces which bear against
the steel collar. An adjusting worm is provided to turn the
previously mentioned adjusting nut, thereby moving the cage

axially and causing a corresponding movement of the entire

2]






STEAM TURBINE THRUST BEARING
KINGSBURY TYPE

FIG. 22




turbine spindle or shaft for adjustment when desired. This

is a very effective type of bearing as it permits the segments
to incline ver y slightly so that as the o0il is drawn across
their faces and between them and the collar the film thick-
ness decreases and the load is distributed over the entire

surface.
CYLINDER,

As will be noted to reference to Fig. 2, the cylinder
of large General Electric Company impulse turbines consists of
a large cylindrical central casting carrying the nozzle diaph-
ramg, to which is bolted the exhaust chamber. In some of these
machines the low-pressure end is made of cast iron and is
rigidly bolted to the concrete foundation and the high—pressure
section is made of cast steel and is bolted to the high-pressure
end of the low-pressure section. The entire cylinder is hung
free between the low-pressure casing and the bearing at the
high-pressure end of the turbine. This allows the cylinder
to expand freely in any radial direction while at the high=—
pressure end ther bearing is held in guides in such a waf that
it can slide longitudinally under varying temperatures.

Large Westinghouse turbines employ cast steel for
the high-pressure cylinder. The high-pressure cylinder is
so constructed that blading rings are bolted to it in order
that complicated steel castings may be avoided. The highe
pressure cylinder is supported at three pointé, one under the
governor or thrust end, and one on each side of the exhaust

near the center line., In the more recent two and three

-22-—






cylinder machines the low-pressure cylinder consists of a main
casing and the inner cast steel section. The staionary single-
flow reaction blading is carried in the cast steel section,
independent from the main casing and is made of steel. The
double-flow blading is carried in the exhaust ends which are
holted to the central portion. Two exhausts are provided for
the low-pressure cylinder, one at each end; If two low—pres-
sure cylinders are used, four exhausts will be employed., Four
supports are ugsed for the low-pmessure elements and are ap-
plied near the center line at each side of the exhaust chambers.
The entire cylinder is free to expand axially in both direct-
ions, sliding on these supports, the turbine being anchored
to the inboard generator pedestal., Radial and axial stays are
provided in the exhaust chambers to produce rigidity and to
minimize the possibility of distortion and sympathetic vib-
ration, After the exhaust ends and inner cast-steel section
of the low-pressure cylinder are bolted together the turbine
may be opened up 5long the longitudinal Joint but the upper
part of the exhaust chambers and the inner casing are lifted
as one piece and are not dismantled. The entire low-pressure
cylinder is constructed of steel so that in case the high-
pressure element is out of order the low-pressure elementi or
elements may be operated on steam from the main,

The Allis-Chalmers turbines are of the single-cylinder
construction in which the high-pressure, high-temperature end
is constructed of cast steel and the low-pressure end is con-

structed of cast iron.- Large flanges are cast on the lower

half of the high-pressure and low-pressure ends and by means

- R
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STEAM - TURBINE LUBRICATION

PARTIAL OlL- PURIFICATION

END ViEW
oF

STEAM TURBINE

AIN VALV B
ALWAYS CLOSED

H
3
:
n

DUFLEX STEAM
oI PUMP

FILTER

R-P OlL FILTER AS USED WI\TH
ALLIS-CHALMERS TURBIMNE

OVERFLOW GAUGE MAINTAING CONSTANT Ol LEVEL
N TURBINE RESERVOIR. O FLOWS TO FLTER BY
GRAVITY, 1S PURIFIED AND PUMPED BACK IMNTO THE
SYSTEM AGAIN - ALL AUTOMATICALLY.
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OPBRATLING HiStundnd AND CHARAULIBRISLIUS.
It seems that information concerning the operation
of the various turbines whose structurgl details have been

gompared in Part I of this report are logical at this time.
Although difficulty has been experienced in securing as much

of such information as was desired, yet considerable has

been collected and is here included,

INSTALLATIONS.

It was not until the year 1605 that machines of
5,000 kw.,, were generally manufactured and it has been only
recently, since about 1613, that units of 20,000 kw., capacity
and over have been installed in any appjreciable numbers.
Table I gives a number of central-station system
capacities and large unit installations as of May 1, 19019,
During 1920 the following large units were put into
operation:
Springdale Station, ‘VWest Pennl} Power Company
20,000-kw, Westinghouse units.
Delaware Station, Philadelphia Electric Company
30,000-kw. General Electric units,
West End Plant, Union Gas and Electric Company, Cincinnati.
25,000-kw. General Electric units.
Cheswick Power Co., Cheswick, Pa.
60,000-kw. Westinghouse unitc.
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Within the past year the following large units have
been installed:
Colfax Station, Dusquesne Light Company,
60,000-kw., Westinghouse Unit.

59th Street Station, Interborough Rapid Transit Company.
New York City,

30,000-kw., General Electric Unit.
Connors Creek Station, Detroit Edison Company,
80,000-kw., ,General Electric Unit.
Delaware Station, Philadelphia Electric Company,
30,000-kw., General Electric Units,
Following is a list of Allis-Chalmers turbines of
7,500 kw., capacity and over that have been put in operation
since 1917:
Universal Portland Ceument Company, Suffington, Indiana,
2 - 7,500 M, 80% P.,F., 1600 r.p.m. Units,
U. S. Gas Filling Plant, Edgewood, Maryland,
7,500 M, 80% P.,F., 1500 r.p.m. Unit.
Coluubus Power Co., Columbus, Georgia.
7,600 M, 80% P.F., 1800 r.p.m. Unit.
Public Serwice Electric Company, Perth Amboy, N. J.,
1&,000 M, 80% P.F., 1800 r.p.m. Unit.
City of Cleveland, Ohio.
10,000 M, 80% P.F., 1800 r.p.m. Unit.
Goodyear Tire & Rubber Company, Akron, Ohio.
2 - 10,000 A\, 80% P.F., 1800 r.p.m. Units,
Niagra, Lockport & Ontario Power Company, Lyons, N. Y.,
12,000 M, 805 P. F., 1500 r.p.m. Unit.






Edison Electric Illuminating Company, Brooklyn, N. Y.
12,500 M, 100% P.F., 1500 r.p.m. Unit.

‘San Joaquin Light & Power Company, Bakersfield, Cal.,
12,500 L, 1004 P.F., 1800 r.p.m. Unit.

OPERATTION,
General Electric Company.

In general the large unit installations of the General
Electric Company seem to have operated fairly well although
trouble has been experienced with wheel discs and diaphrams and
in some cases with shafts and casings.

On Feb. 14, 1917, trouble arose in a 35,000-kw., turbine
installed in the Q Street Station of the Boston Elevated Rail-
way Company in Boston. This machine was a 20-stage, horizontal,
single-cylinder unit. At this time the 18th diaphram became
distorted; that is, it dellected at its edge in the direction
of the 18th wheel, rubbed the buckets where they Jjoin the
wheel and stripped the buckets from the 18th and 19th wheels
seriously damaging the 18th and 19th diaphrams. This happened
when the machine was being given trial runs. Rubbing began
and the throttle was tripped, after which the damage to the
buckets and diaphrams followed. ihen the buckets let go the
speed was below the normal 1500 r.p.m., perhaps 1000 or 1200
r.p.ne. ’

*After the accident of February 14, 1917, the cap-

acity was reduced to 20,000 kw., from March 17 to May 23,

~45-



while repair parts were being made, by locking closed tlie
secondary valve, which admits steam to the 7th stage. The
repair parts in place and the machine in service, annoyance
wag given because the nachine would not carry the load with
its swings of 2500 kw., above the rated 35,000-kw., under

the operating conditions. ‘When the swings came, the cycles
dropped from the normal 25 to 24. The purchaser was most
anxious that the turbine carry the swings, and it was suggest-
ed that nineteen 1-1/8-in. holes be drilled in the eighth
diaphram in front of the eighth wheel. The holes were drilled
to allow high-pressure steam to that stage. The turbine then
carried the swings.

®*The machine was designed for 200 1lb. gage pressure
at the turbine throttle, 200 degrees F., superheat and 89 in.
vacuum at 30 in. barometer. There was a pressure drop of 4
pounds in the steam line between the boilers and the throttle,
or from 200 pounds to 196 pounds.; the drops through the
governor valves was also slightly more than normal. The
builder states that on August 15 lgst (August 15, 1917), with
188.7 pounds gage pressure at the throttle, ISZPF. superheat
and 28.7 in. vacuum, the turbine carried 36,500-kw., and
that based on these fijures the capacity would be 359,000-kw.,
under contract conditicns."*

On February 14, 1918 a second accident completely
wrecked the turbine. At the time of the accident the turbine
was carrying 32,000-kw., when the failure of another machine
of 10,000-kw. at the Central Station threw the additional

~llim
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