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Westinghouse

Small Geared Turbines

Introduction

The steam turbine is now in uni-
versal use for the operation of small
boiler room and engine room auxiliaries
as well as for the large generating
units.,  Development has taken place
at such a rate that at the present time
the most reliable and economical drive
for exciter sets in central stations, and
source of power in industrial and marine
plants is found in the small turbine,
either direct-connected or geared.

Several advantages of the turbine
over the reciprocating engine are to be
noted, among which the following may
be said to be outstanding: The steam
in passing from the inlet to the exhaust
of the turbine follows more closely the
curve of adiabatic expansion, which
gives more nearly ideal performance:
cylinder condensation is reduced to a
minimum since all parts of the turbine
are subjected to practically uniform
lemperature; there are no reciprocating
or rubbing parts. thus decreasing the
wear on the component parts and loss
of power due to friction; exhaust steam
is free from oil; foundations of excessive
size are not necessary since the vibra-
tion of a turbine unit is negligible; and
the floor space required is much less than

= Water Gland Impeller

Type HNC

that required for a reciprocating engine
of the same power.

Though the turbine is simple in con-
struction and reliable in operation, and
does not have parts that require con-
stant care and manipulation by the
operator, it is like any other piece of
high grade machinery in that intelligent
and careful attention must be given it
by its operators. All working parts
should be given a periodic inspection.
It is for the purpose of giving the tuss
bine operator a better opportunityfto
familiarize himself with the m@eghanical
details of the unit of which heWis in
charge, and also to furnish a convenieng
reference for the ordering ‘@f répair parts,
that this instruction boek hasybeen pre-
pared.

The turbine described hereingis of the
re-entry type and consists essentially
of a single wheel atryingone row of
impulse blading (and’ overhung on an
extension @gf“the pinion shaft. Steam
enters ghrough' the throttle
which, is ofgthe quick closing type and

valve,

is contrelledlby the automatic stop
govermer indsuch a manner that it will
closé instantly if the turbine overspeeds
The steam

a_predetepmined amount.
then passes through the governor valve

Water Thrower
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and enters the bowlof the nozzle block.
It expands ghroughgthe nozzles to the
exhaust pressute and.dcquires a high
velocity withy, whigh it impinges upon
the blade§ onthe periphery of the
turbine wheel! /After passing through
the blades, thefsteam is received in a
revessing chamber which changes its
direction,_of flow and again directs it
@ponythe turbine blades. After having
passed ‘through the blades two times.
pragtically all of the velocity caused by
the expansion of the steam through the
nozzles has been transferred to the
turbine wheel in the form of mechanical
work and the steam finds its way into
the turbine casing, passing out through
the exhaust line.

PFigures 1, 2, 3 and 4 will give the
reader a general idea of the construc-
tion of turbines of this type. The unit
will be described in detail in another part
of this book.

Installation
Foundation

It is deemed advisable to provide a
concrete foundation, though this is not
absolutely necessary. Extensive foun-
dations are not necessary since the
weight of the unit is not great. Tt is

0i! Governar Impeller
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desirable that the foundation be built
independently of the building, or at
least of such parts of the building as
may transmit vibration. The top of
the foundation should not be finished
until after erection of the unit, leaving
about one inch for grout. The founda-
tion bolt slceves should have an inside
diameter about 34" larger than the bolt
to allow for minor discrepancies. The
size of bolts may be obtained from the
official outline drawing.

Erection
Handling

The unit is shipped mounted on skids
and boxed. The skids should be left
in place until the final operation of
setting the unit on the foundation is
reached. Eyc bolts are furnished for
lifting the cylinder and gear cover only
and should not be used for lifting the
assembled unit. When handling the
complete machine care should be taken
to distribute the load properly upon
slings so as not to put undue strain on
any one part of the unit.

Soleplates made of steel and finished
on one side are furnished to be grouted
to the foundation, thus acting as seat-
ing plates for the unit. Turbine and
gear, generator and outhoard pedes-
tal are separately doweled to these steel
plates so that they may be removed and
replaced in the same position. After
the complete unit has been levelled on
thefoundation the grout may be poured.
The grout should consist of a thin one to
one mixture of high grade Portland
Cement and clean, sharp sand. It must
be well worked in under the seating
plates.

The grout must be allowed tapdry
thoroughly before tightening up“the
foundation bolts. In tightenifg " the
bolis care must again be exer@ised to
see that no part of the unit, is“being
subjected to undue strains,

If a steel foundatidn,is used the unit
should be levelled gearefully “B¥ means
of shims under the gear and,generator
feet. The stedm cllest must also be
levelled with careff so that no strain
will be imposed on thejpiping.

Piping

Steam and exhaust pipes should be
very cafefully installed, in order that
no straingy may be imposed on the
turbine, ‘proper with consequent mis-
alighment. In connecting the turbine
tothe steam and exhaust lines, begin
the “piping from the connecting line

and end at the turbine, making the
turbine connections the last in the line.
Never start piping from the turbine,
for doing so will undoubtedly distort
the casing or spring the turbine out of
line, inasmuch as the weight of the
piping will hang directly on the turbine.

If screwed fittings are used, the line
should be provided with swinging
joints. If flanged fittings are used,
long radius bends should be placed in
the piping to take care of the expansion
of the steam line. Support the piping
at a point near the turbine in such a
manner that the weight is taken by the
support. It should be arranged so that
the expansion will not have to be re-
sisted by the turbine. Muake sure that
the flanges are parallel and that no
force is necessary to bring them to-
gether or to match up the bolt Heles.
After installing the piping, heat up t@
full working temperature, break joints
and check.

The exhaust piping shduld beppro-
vided with an expansion join, located
next to the turbine exhaust flange.
A suitable expansion joint“@an be pur-
chased from the turbine manufacturer
if desired. Even though an¥expansion
joint is used, ghe“gumeleadtion in con-
necting up4should bc exercised. Be
sure that_thejexpansion joint is light
enough to be flexible.

In piping upda,turbine, make all pipe
support§ permanent. Bo not expect
a blockpoff wood, driven under a pipe,
to gaKe thegstrain from the turbine,
The best) method of supporting the
piping,isdo use an adjustable foot under
it“as near to the turbine as possible.
Another method is to hang it from the
Building by tie rods which connect
to the piping near the turbine. These
rods, however, to be satisfactory, must
be short. Always put in the supports
before actually making the connection
to the turbine.

In all cases where the turbine unit is
to be realigned, disconnect the steam
and exhaust piping, and in re-connect-
ing, be sure that the flanges line up
without putting a strain upon the
turbine when either hot or cold. If
they do not, change the piping.

When laying out the piping a stop
valve should be placed in the steam
line between the boiler and the turbine,
This valve is not necessary for the
operation of the turbine but is for use
when it is desired to inspect or make
repairs on the turbine throttle valve.

4

If exhausting to the atmosphere,_no
valve is needed in the cxhaustl line
unless the exhaust pipe is common
with that of other units, in which case
a stop valve should be supplied to
prevent backing up of steam when the
turbine is idle. If exhaustingto a
heater of any kind oo a condenscr,
a stop valve is requiredgflikewise when
condenser also serties angtheér unit.

Small pipes are required to convey
water to and/from“he oil cooling coil
and the glandy t0 carry away the leak-
off steam frém th@governor valve stem
packingg and te connect the cavity
outside they, gland to an open drain.
Thege pipes are so small that no special
prétautions’need be taken against im-
poesing@strains on the unit. The con-
nections for these pipes are shown on
the outline drawing, which gives suffi-
cient information concerning their
imstallation. Water pressure should be
five pounds greater than exhaust pres-
sure but should not exceed twenty-five
pounds.

The oil cooler should be supplied with
water through a half or three-quarter
inch pipe linc at a pressure of from
fifteen to sixty pounds. This water
may be obtained from any convenient
source and should be as cold as possible.
It may also be used for the gland.

Checking Installation
These units are carefully sct up and
inspected in the shop, all adjustments
made, and are operated under contract
conditions as nearly as possible. Usu-
ally no further adjustments are required.

Detailed Description
and Operation

Cylinder

The cylinder of this type turbine is
of rather unusual construction in that
it is split vertically in a plane normal
to its centerline, the outer part being
a single casting bolted to a machined
surface on the ends of the upper and
lower halves of the gear case. The gear
case is split on the horizontal centerline
forming the gear and cylinder cover and
base respectively. The upper half of the
combined turbine and gear housing can
beremoved without disturbing the steam
or exhaust connections. The cylinder
end cover is attached to the other part
of the cylinder in such a way that the
cylinder and gear case cover can be
taken off without removing the end

cover. In raising the gear cover, the

™
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bolts securing it to the evlinder end
cover and the gland must be removed
and the cover lifted straight up so that
the reversing chamber will clear the
turbine rotor. Before replacing, scrape
joints clean, and make up with shellac.
Be sure to pull the bolts up tight before
the shellac hardens.

Both the steam inlet and cxhaust
outlet are connected to the cylinder end
cover. This caver also carries the nozzles
and the nozzle control valve.

Rotating Element

The rotating clement, shown in
Figure 4, consists of the pinion shaft,
which rotor, aute-stop
governor and oil impeller, supported
by the two pinion beuarings. The
rotor is pressed on the shaft with a
tapered press fit and is held in place by
@ nut which is in turn held in place
by a lock washer. A loose rotor may
result from overspeeding of the tur-
bine and is evidenced by vibration. 1f
a loose rotor is suspected, it should be
pressed off and the fit examined. In
putting on a new rotor e sure that a
good fit is obtained. The rotor should
slide on the shaft until it is one inch from
the hub and must be pressed on the
remainder of the distance.

carrics  the

When the rotating element i3 to be
removed from the cylinder without
disturbing the c¢vlinder end cover, the
restraining ring forging must first be
unbolted and removed from the end
cover.  Since the restraining ring sur-
munds the rotor shaft cxtensio& it

valve “1137. By leakage past the
packing ring “757 full pressure is es-
tablished above the valve, thus greatly
unbalancing it and holding it firmly on
its seat.  The vidve stem “87" is con-
nected to the by-pass valve ‘114",
Consequently as the stem moves up-
ward to open the valve, this smaull by-
pass valve is lifted off its seat first, re-
licving the pressure in the cylinder
above. The main valve then becomes
practically  balanced and very little
force is required to lift it through its
full travel. The valve stem gland ‘95"
contains  standard “@.P.” commercial
packing.

The stem 87" is threaded in the
sliding nut 91" which is kept fro
turning by the pin “98”. The hard
steel latch plate “92” on the

to hold the nut in its uppermost
With the nut “91"" latel i
position, the valve c:
closed by the handwh
nary valve, When tl
by the latch plate, it 18
the closing spring
the nut, stem
shutting of

fore moves
ye  downward

in the closing direction
the nut “91” upward
engaged by the latch
Ive can then be opened
anner.

al operation, the latch ‘69"
in the position shown by the
“71". The lateh lever 66" is
ected to the auto-stop governor by
linkage shown in Figurc 13. There-

would otherwise be impossible to difty.c
the rotor out of the cvlinder.
fore when the auto-stop governor op-
n

Throttle Valve, Govern
Governor Valy,

The governor, throttle [v:
governor valves used o i
for capacities of from

) kw. are

shown in Figure s€ used on
units fer capagiti 00 to 500

They ure
operiate in the
same  mann th illustrations
are given in to facilitate the
ordering of repair parts for units of
different capacities.
The throttl’vulvc and governor valve
h carried in the steam chest body
. 108.
rottle valve is of the automatic
quickoclosing type. Referring to Figure
n, with the valve closed steam from the
iler completely surrounds the main

crates, the latch 66" is pulled outward
thus disengaging the latch plates “69”
and “92" and allowing the valve to
close as described above.

The governor is of the oil type, op-
erated by oil from the main impeller
on the pinion shaft. It consists pri-
marily of an oil cylinder 6" in which
the spring opposed piston “19” operates.
The piston is connected to the governor
valve ‘182" by the rod “24”, stem
“43" and couplings “25"” and “46".
Oil discharged from the impeller, the
pressure of which varies as the square
of the speed, acts against this position to
compress the spring ‘22" and close
the governor valve. Therefore, if the
speed decreuses, the oil pressure #bove
the piston ‘19" decreases, thus allowing
the spring ‘22" to raise the piston and

S

open the steam valve.
creases, the oil pressurc iner
moving the piston downwarc
the spring compression and closing the
steam valve.

The speed at which the govénor helds
the turbine can b ried while the unit
is operating by the handwheel
rotates  the

thus increcases or
decrenses ession of the spring.

Increa

tnor valve ‘182" is of the
ated, poppet tvpe. It operates

“he steam chest body.

Steam is kept from leaking by the
hrottle valve stem by means of the
picking Item No. 93. This forms a very
effective means for seuling against le -
age. Thereis no metallic packing used on
the governor valve stem, leakage being
prevented by serrations or grioves
cut in the governor valve stem ftem No.
43 where the stem passes through the
governor cylinder support gland Item
No. 8. This forms a series of labyrinth
packing strips and the steam which may
jeak by is carried off through the drain
in the packing gland Ttem No. 8. This
leuk-off should be led to an open drain
ar other point without back pressure,
such as an open feed water Leater.

The lists which follow the description
cf the component parts of the unit have
been compiled to facilitate the ordering
of repair parts by name and number
together with the serial number of the
turbine.

Spindle Gland

Since the turbine retor is overhung
from the pinion shaft, there being no
turbine beuarings, only one sealing gland
is required. Tt is of the combined water
scaled and labyrinth type and is shown
in Figure 7.

This gland consists of a bronze im-
peller which is mounted on the spindle
and rotates within a bron:sz casing
bolted to the turbine cylinder., Water
under a head, depending on the back
pressure, is introduced into the casing.
The rotation of the runner tends to
pump the water out of the casing, but
due to the restricted discharge there
results an annular ring of water around
the interior of the gland, which prevents
the passage of steam out of, or of air

into the cylinder. This gland will seal
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cequally well when the turbine is operit-
ing condensing or non-condensing, The
labyrinth packing is placed inside of
the gland runner so that when operating
against back pressures in  excess of
fifteen pounds, un effective seal mav be
had. This packing should be fitted very
carefullv.  Each ring consists of four
segments, A small spring is used back
of each segment to hold the segment
toward the shaft so that the shoulder
on the segment is, at all times, against
the corresponding shoulder in its groove.
The rings should have approximatelv
003" clearance sidewise in the grooves.

The following list is for the Governor
75 1o 100 kw. inclusive.

The springs should press the segments
firmly against their shoulders and, with
the gland assembled, the ends of the
segmients should just touch.  When
inserting new rings, their inside diameter
should be about .010” less than the
shaft diameter, this amount being left
to wear off during the first few minutes
of operation,

The water outlet valve should be ad-
justed so that the flow of water through
the gland will be enough to maintain
a temperature slightly below the boiling
point,

Excessive water leakage from the

. Stcam Chest and Throttle Valve show

gland may indicate that tl
water supplied to the gla
high and should be reduced.
also indicate that the gland is set up so
that the horizontal flanges inside the
gland cavity do not matcl np, thus
forming a sharp pgojection, which breaks
Too close a

o

spection of the gland,
ange bolts should be

Figure 5, and applics to units of from

Jtem Name Name

7 Governor Cylingier. rnor Valve Stem Coupling Guide,

8 Governor Cylinder Support Gasket, overnor Valve Stem Coupling Pin.

9 Governor Cvlinder Support Gland. hrottle Valve Dise Nut.

10 Governor Cylinder Support Gland  Lock X Throttle Valve  Dise Nut  Ieadless  Set
Nut. Screw,

13 Governor Cylinder Support Serew. 08 Throttle Valve Handwheel,

I+ Governor Cylinder Support Stud (To Cyl- 69 Throttle Valve Handwheel Nu.
inder -, 70 Throttle Valve Lateh.

15 Governor Cylinder Support Stud (1o 71 Throitle Valve Latch Fulerum Pin.
inder}. 72 Throttle Valve Latch Fulerum Pin Head-

18 Governor Handwheel.

19 Governor Handwheel Lock Nut. 73

20 Governor Operating Piston. 74
Governor Operaiing Screw., 75

22 Governor Operating Screw Thn . 76

23 Governor Opcerating Spring., 77

24 Jovernor Operating Spring 87

less Sct Screw.

Threttle Valve Latch Platc.
Throttle Valve Latch Plate Serew.
Throttle Valve Latch Spring.
Throttle Valve Spring.

Throttle Valve Spring Retainer,
Throttle Valve Stem.

25 Governor Operating Ste 88 Throttle Valve Stem Collar.
26 Governor Operating S oupling. 89 Throttle Valve Stem Collar Pin.
27 Governor Operating § Coupling Srraight 90 Throttle Valve Stem Key.
Pin. 91 Throitle Valve Stem Nut.
28 Governor Opers Nut. 92 Throttle Valve Stem Nut Laich Plate.
29 Governor  Op em Nnto Spring 23 Throttle Valve Stem Packing.
Cotter, 094 Throttle Valve Stem Packing Gland.
WGasket (Guov. Support . 93 Throttle Valve Stem Packing Gland Box.,
v Grasket (Theottle Valve 97 Throttle Valve Stem Packing Scat,
98 Throttle Valve Yoke Pin.
odyv Stud (Governor Sup- 99 Throttle Valve Yoke Stud (Latch Spring).
106 Governor Cylinder Support.
st Budy Stud (Throttle Valve 108 sSteam Chest Body.
109 Steam Chest Body Pipe Plug.
or Valve Cage Cover. 113 Throttle Valve Disc.
43 Governor Valve Cage Cover Serew, 4 Throttle Valve Disc Scat.
44 gnvcrnor Valve Stem. 113 Throttle Valve Yoke.
45 sovernor Valve Stem Caps. 178 Governor Valve,
16 Governor Valve Stem Caps Straight Pin. 179 Governor Valve Cage.

Governor Valve Stem Coupling. 187

-7

Circuit-Breaker Tripping Switch(Complete),



Westingheuse Snall Geared Turbines—Type IINC

28

27

25

43

Ll
Ll

‘\-

LLA AN

N

N/

w
o o
AN

i S S AN Y

L.

72
"3

109

T, 6~TuroTTLu Varve, Goversor axp Govirxor VALVE




Westinghouse Small Geared Turbines—Type IINC

The tollowing list is for the Governor, Steam Chest and Throttle Valve shown in Figure 0, and applics to units of
108 up to and ineluding 500 kw.:

> Item Name
g 6 Governor Cylinder.
7 Governor Cylinder Support Gasket,
8 Governor Cylinder Support Gland.
9 Jovernor Cylinder Support Gland Lock Nut.

12 Governor Cvlinder Support Screw,
13 Governor Cylinder Support Stna.
14 Governor Cylinder Support Stud.
17 Governor Handwheel.

18 Governor Handwheel Lock Nut.

L 4
19 Governor Operating Piston. \
20 Governor Operating Screw,
21 Governor Operating Screw Thrust Bearing.

sovernor Operating Spring.

23 Governor Operating Spring Scat.

24 Governor Operating Stem.

25 Governor Operating Stem Coupling,

20 Governor Operating Stem Conpling Straight Pin.
27 Governor Operating Stem Nut.

28 Governor Operating Stem Nut Spring Cotter.

Governor Valve Cage Cover Screw.
8

32 Steam Chest Body Gasket (Cover)

34 Steam Chest Body Gasket (Throttle Valve Yoke).

35 Steam Chest Body Stud.

37 Steam Chest Body Stud (Throttle Valve Yoke:.

41 Governor Valve Cage Cover, \
42 \

43 Governor Valve Stem.

44 Governor Valve Stem Cap.

45 Governor Valve Stem Cap Straight Pin.

16 Governor Valve Stem Coupling.

47 Governor Valve Stem Coupling G thad.
LV 48 Governor Valve Stem Coupling T

63 Throttle Valve By-pass Valve
64 Throttle Valve Handwheel.
65 Throttle Valve Handwhecel Nug )
66 Throttle Valve Latch.

67 Throttle Valve Latch Fulerur

69 Throttle Valve Latch Plafe.

71 Throttle Valve Latgh Spring.

72 Throttle Valve Nut.

74 Throttle Valve
75 Throttle Valv
70 Throttle Valve
77 Throttle Va
78 Threttle V
87 Throttle Va
88

em Collar.
Stem Collar Pin.

Stem Feather Key.

Stem Nut.
» Stem Nut Lateh Plate.
Stem Packing.

Stem Packing Gland.
Stem Packing Gland Box.
97 Throttle Valve Stem Packing Seat.

98 r's Throttle Valve Yoke Pin.

99 Throttle Valve Yoke Stud (Latch Spring).
166 Governor Cylinder Support.

08 Steam Chest Body.
109 Steam Chest Body Pipe Plug.
113 Throttle Valve,
114 Throttle Valve By-pass Valve,

115 Throttle Valve Seat,
116 Throttle Vaive Yoke.
182 Governor Valve.

183 Governor Valve Cage.

187 Circuit-Breaker Tripping Switch (Complcte).
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{n replacing, the joint should be made
up with shellac and should be pulled
tight before the shellac hardens.

The following list refers to Figure 7:

Item Name
1 Rotor Gland Case (Upper Haif)
2 Rotor Gland Case (Lower Half)
3 Rotor Gland Case Tap Bolt (Upper)
4 Rotor Gland Case Tap Bolt (Lower)
6 Rotor Gland Case Stud.

11 Rotor Gland Packing Ring Segment.
14 Rotor Gland Packing Ring Spring.
Bearings

The bearings are horizontally split
cast iron shells lined with genuine
babbitt. The pinion bearing is shown

in Figure 8, while the thrust bearing is
shown in Figure 9. The inboard geur
hearing is the same as the thrust bear-

WATER INLET
TO GLAND

ing with the exception of the babbitted
ends.

The shells are closely fitted into
eircular seats bored to receive them in
the gear case and cover. Rotation is
prevented by lugs on the bottom halves.
bearing against the cover. If it becomes
necessary to re-babbitt a bearing, the
lining used should be of the composition
known as ‘‘genuine babbitt” to insure
satisfactory service.  Care must be
taken to re-bore concentrically with the
turned outside diameters of the bearing
shells. If it is necessary to scrape the
bearing, scrape to a mandrel the size of
the bearing; do not scrape to the journal.
If new bearings are fitted in the machine
make sure they fit snugly in the gear
case housing.

The bearings are supplied with oil
through openings at each side feeding
the single oil groeve running lengthwise
above the journal. They are relieved
at the horizontal joint to insufe f6rma-

WATER QUTET
FROM GLAND

tion of the oil film necessary for efficient
fubrication. From the bearings fthe
oil drains into the gear casing which
Serves as a reservoir,

Thrust Bearings

The rotating elements are restrdthed
from axial movement bg making one
of the slow speed, gear beafings a com-
bination main dnd, thrust/’ bearing.

The following list, refers to Figure 8:
Item Name

1 Pinion Bearing (Upper Half)

2 Pinion Beating {(Lower Half)

The following Mist refers to Figure 9:

Item Name

3 4hrust Bearing (Upper Half)

4. Thriast Bearing (Lower Half)

6 /Thrust Bearing Ring.

7( Thrust Bearing Ring Screw.

9 W Thrust Bearing Liner.

10y, Thrust Bearing Liner.

11 Thrust Bearing Liner.

\\j‘ TURBINE
,\\&\‘“ ROTOR
AN L

SUPPLEMENTARY ! RN
LABYRINTH SEAL

Pis, 7 ~Roror (Graxp
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ROTOR BLADES

@

F16. 10—DEVELOPED SECTION

There are two collars turned integral
with the gear shaft which bear against
the end facings of the thrust bearing.
" The oil grooves for these faces are fed
from the relieved spaces at the horizontal
joint. Adjustment is made by means
of liners Item Nos. 9, 10, and 11 be-
hind the thrust rings Item No. 6 of
the bearing. To adjust: Lift gear wheel
from its bearings, remove screws [tem
No. 7 holding thrust rings, and change
liners as desired. There should be .005
ta .010 inch axial clearance in this

S e

REVERSING CHAMBDER

THROUGH NozzLi BLOCK axp REVERSING CHAMBER, SnowiING PATH OF STEAM

Nozzles and Reversing
Chamber

The steam nozzle, Item No. 40, Figure
14, is located in the cylinder end cover,
while the reversing chamber {tem NQJ1
is bolted to the cylinder and gear case
cover. A developed section of the nozzles
and reversing chamber is shown T 1gi0,

When making any scttingy onlpthe
turbine, adjust the rotor softhat there
will be one-sixteenth of am inch elear-
ance between the blades@and the
nozzles and one-sixteemth ofyan nch be-
tween the blades and fthe “reversing

approximagely one thirty-second of an
inch@en either side of the gland casing.
Phe, gland runner position may be
changed, on the shaft by removing
headlgss set screw and heating carefully
with'a gas torch. When in the position
desired, replace the set screw. With
these clearances correct, adjust the
thrust bearing to hold the rotor in this
position.

In setting new nozzles and reversing
chambers, refer to Figure 14 and note
that the reversing chamber should be set
flush with the nozzle. 1t is important

bearing. The axial play or freedom of chamber. Aftér sefting(thé rotor cen- that the reversing chamber be set
the pinion shaft relative to the gear trally, checkfthe pesition of the gland correctly so as to vcatch all steam
may be from .009 to .016 inch. runner to gee that it has a clearance of emerging from the blades.
RIGH PRESSURE OTENTO EIECTOR
STEAM
L
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Oiling System

The base of the gear case serves as a
reservoir for the lubricating oil.  On
one side of this reservoir there is a large
cover to permit ready access for cleaning
out any dirt or sludge which may de-
posit from the oil. To circulate the oil
for Inbrication and the supply to the
impeller, an ejector is mounted on the
gear case or reservoir below the oil level
and a portion of the high pressure oil
frem the governor impeller i1s passed
through this ejector so as to entrain a
much greater quantity of low pressure
oil. This oil then passes through a cooler
after which part of it goes directly to
the impeller and the remainder to the
strainer frcm which it is discharged
to the bearings at a pressure of five
to ten pounds and to the gear and
pinion teeth as they roll into contact.
The oil level in the reservoir should be
maintained near the center of the sight
glass. The oil should in no case be so
low that it cannot be seen in the glass,
nor should it be above the glass, for
the oil will be overheated by coming in
contact with the gear wheel. Oil from
all bearings except the outboard genera-
tor beuaring falls directly into the reser-
voir. Where pedestal type bearing
generators are furnished, the oil frem
the beuring is piped back to the reser-
Bracket type generators have
ring oiled beurings.

The oiling system diagram shown in
Figure 11, by means of which the path
cf the oil may be traced throughout itg
cycle of circulation, is for maghines
having pedestal type generators. ‘@il
pressure 1s built up before starting the
unit by means of the auxiliarygoil
pump, which draws oil from ¢he, resers
voir and primes the impeller. “Ehis
pump should be shut down whén the
turbine speed is such that the impeller
is delivering oil at aout forty pounds
pressure.

When assembling, theptfirbine, care
must be taken to seg,that the cored
passages are théroughly cleaned, and
thus insuredaplentifil supply of clean
oil to the beéarings when the unit is
in operation. Do not use waste or
steel wool anywhere around the unit
at any time.

voir,

Oilj Impeller and Automatic
Stop Governor

T he impeller, Item No. 14, Figure 12,

15 detually a small centrifugal pump and

is mounted on the end of the pinion

shaft. Oil from the ejector at about five

pounds pressure enters the impeller at
the center and is discharged at its peri-
phery, at eighty to one hundred pounds
pressure. The pressure at the impeller
periphery varies as the square of the
speed of the unit just as the centrifugal
force acting on the weights of an or-
dinary flvball governor varies as the
square of the speed. Thus the oil,
discharged by the impeller, furnishes a
suitable working force for the valve
mechanism in the same way and with
the same speed characteristics as the
weights of the flyball type governer.

The clearance between the impeller
and the impeller guide Item No. 17
should be approximately " axially
and 14’ radially.

The automatic stop governor igfats
tached directly to the piniongshaft, At
consists of a weight Item No.\tijFigure
12, which operates against a spring-ltem
No. 3 held in place by/@mmetaining nut
Item No. 4.

The function of thedauto-step is to
shut the turbine downghf fépany reason,
the main governor should fail'to operate
and allew the turbine toleverspeed.

The auto-stofy is/'set_to operate ut
about 10%pmoverspeed) and should not
require Any adjustmént after the tur-
bine i¢{put into service.

When théturbine overspeeds the auto-
stop weight 1sjforced out by centrifugal
forcemeompesses the spring, and comes
into contaet with the trip lever Item No.
3, ‘Figure '13. This movement, thirough
the series of links shown in Figure 13,
closes the throttle valve, thus stopping
thefflow of steam to the turbine.

The clearance between the auto-stop
weight and trip lever, with trip gear

set, should be from 3% to .

Operation
To Start

Start auxiliary oil pump to furnish
bearing oil, motive oil for ejector and
priming oil for impeller. Open drains
on steam and exhaust lines. Open
exhaust valve. Crack the steam valve
and when live steam appears at the
drains, close them. Bring the turbine
up to speed slowly, and when it is under
control of the governor, open throttle
valve wide. Turn on gland water.
Stop auxiliary oil pump.

With the unit under way, the speed
may be checked by means of the tacho-
meter furnished on the turbine. 1If
the speed is not correct it should be
made so at this time. To decrease the

13

speed, turn the governor Mandwlieel
counter-clockwise so as tQ, decrease
the compression on the govern@mgspring
and vice versa to increase the speed.
The normal speed is approximately
the speed at full load. "Fhe no-load
speed will be aboutp4 % higher.

To Shiit Down

Shut off gland ‘water. Strike hand
trip leverfsharply,dwhich will close the
throttle (valve Vand indicate that the
automatic (tripl mechanism is. working
properlyp Close throttle valve with
the@ghandwheel and reset automatic
trip. Qpen steam and exhaust drains.
Closeyexhaust valve.

Maintenance
Care of the Turbine

1. Keep machine clean.

Keep the proper amount of good

quality, clean oil in the reservoir.

3. If steam is contaminated with
boiler compound or sludge, clean
off governor valve stem as often
as necessary to keep it working
freely.

4. Before starting a unit that has
been idle for some months, dis-
mantle governor operating mech-
anism and steam chest governor
valve to see that all parts are free
and in good working condition.

5. The automatic stop should be
tripped periodically; say once a
month, by actual overspeeding of
machine to see that it is in proper
working condition. See that it
shuts machine down.

™o

Operating Trouble
Governor Hunting
1. Sticking of governor valve in
guides or stem gland or oil operat-
ing parts.

Turbine Fails to Come Up
to Speed

1. Low boiler pressure.

2. Steam line clogged.

3. Dirty steam strainer.

4. Nozzle throat plugged by foreign

matter.
5. Governor speed set too low.
0. Wet steam.

Gland Leaking Steam

1. Packing rings stuck in gland.

2. Water passages clogged with dirt
or scale.

3. Recesses in gland runner clogged
with scale.
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No water in gland.
Gland joint made up improperly.

Gland Leaking Water

1. Too high a head of water on gland.

Obstruction or burrs in gland

runner passage.

3. Gland runner rubbing on side of
casing.

W A

[

Inspection

A thorough inspection of all parts of
the turbine should be made once a

vear, renewing stich parts as may show
undue wear. H heavy wear of any part
is evidenced, the cause of the wear
should be ascertained if possible, and
in any case replacement of the part
should be made before failure, as this
will be cheaper than a future shut down.

Renewal Parts
Repairing

Repair work ¢an be done most satis-
factorily at our nearest Service Shop.

()

However, interchangeable renewal pa
can be furnished to customers, wh
equipped for doing repair work.

Ordering Instructions

When ordering renewal parts,%ive
the name plate informatiéfl. Always give

the name of the also the
serial number of t Hpa s on which
the part is to be_us efer to the
back of this book the nearest Sales

Office from wh

N

er parts,

For sectional views and lists of parts, refer to the following p
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WHEN RETAINER 1S SCREWED
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The following, listireters to Figure 12:

Name

AutoStop Governor Spring.
Autd Stop Governor Spring Retainer.

Auto Stop Governor Spring Retainer Lock Washer.,
Auto Stop Governor Spring Adjusting Liners,
Auto Stop Governor Weight.

01! Governor lmpeller.

0il Governor Impeller Balile.

0il Governor Impeller Baffle Ring.

0il Governor Impeller Guide.

0il Governor lmpeller Guide Gasket.

0i! Governor Impeller Flange Tap Bolt.

0il Governor Impeller Flange Gasket.
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The following list refers to Figure 13:

Item Name

3Auto Stop Governor Trip Lever.

: Auto Stop Governor Trip Lever Bracket.

5 Auto Stop Governor Trip Lever Bracket Bushing.

6 Auto Stop Governor Trip Lever Bracket Taper Dowel.
7 Auto Stop Governor Trip Lever Bracket Tap Bolt.
8

Auto Stop Governor Trip Lever Feather Key.
10 Auto Stop Governor Trip Lever Extension.
i1 Auto Stop Governor Trip Lever Extension Feather Key.
12 Auto Stop Governor Trip Lever Extension Feather Key Spring.
13 Auto Stop Governor Trip Lever Extensien Feather Key Spring Serew.
14 Auto Stop Governor Trip Lever Extension Tip.
17 Auto Stop Governor Trip Lever Fulerum Pin.
18 Auto Stap Governor Trip Lever Fulerum Pin Nut.
19 Auto Stop Governor Trip Lever Fulerum Lock Washer.
24 Auto Stop Governor Trip Release Lever.
25 Auto Stop Governor Trip Release Lever Bushing. @
26 Auto Stop Governor Trip Release Lever Round Head Shc ’1
27 Auto Stop Governor Trip Release Lever Tip.

28 Auto Stop Governor Trip Rod (Throttle Valve).
29 Auto Stop Governor Trip Rod Head.

30 Auto Stop Governor Trip Rod Head Fulerum Pi
31 Auto Stop Governor Trip Rod Head Pin.
35 Auto Stop Governor Trip Shaft.

36 Auto Stop Governor Trip Shaft Fulerum.
37 Auto Stop Governor Trip Shaft Fule
38 Auto Stop Governor Trip Shaft Fe;
39 Auto Stop Governor Trip Shaft
40 Auto Stop Governor Trip Shafg Nut
44 Auto Stop Governor Trip Weigh

45 Auto Stop Governor Trip Weig
46 Auto Stop Governor Trip W
47 Auto Stop Governor Trip W
48 Auto Stop Governor Tri rike Lever Bracket.

49 Auto Stop Governor Trip Weight Strike Lever Bracket Shoulder Pin.
50 Auto Stop Governor &ripWeight Strike Lever Bracket Tap Bolt.

51 Auto Stop Governc Neight Strike Lever Bushing.

52 Auto Stop Goye rip Weight Strike Lever Rod.

53 Auto Stop Gey ip Weight Strike Lever Rod Head.

54 Auto Stop Gewern ip Weight Strike Lever Rod Head Fulcrum Pin.
55 Auto Stop Gover rip Weight Strike Lever Rod Head Pin.

Q>®

inish Pin.
1ke Lever.

DT
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A
The following list refers to Figure 14:
Item Name

1 Auto Stop Governor Spring Retainer. *

2 Auto Stop Governor Weight.

3 Auto Stop Governor Trip Lever Bracket.

4 Auto Stop Governor Trip Lever Bracket Bushing.

5 Auto Stop Governor Trip Lever Extension.

6 Auto Stop Governor Trip Lever.

7 Auto Stop Governor Trip Weight Rod.

8 Auto Stop Governor Trip Weight Strike Lever.

9 Auto Stop Governor Trip Weight Strike Lever Rod.
10 Auto Stop Governor Trip Weight Strike Lever Rod Head.
11 Auto Stop Governor Trip Weight Strike Lever Rod Head Pin.
12 Gear Pinion Shalft.

13 Gear Pinion Shaft Bearing (Upper Half).
14 Gear Pinion Shaft Bearing (Lower Half).
15 Gear Pinion Shaft Bearing Oil Ring (Upper Half).
16 Gear Pinion Shaft Bearing Oil Ring (Lower Half).
17 Gear Pinion Shaft Oil Thrower.
19 01l Governor Impeller.
20 0il Governor Impeller Batile.
21 Oil Governor Impeller Batfle Ring.
22 Oil Governor Impeller Guide.
24 0il Governor Impeller Flange Tap Bolt.
25 Oil Governor Impeller Flange Gasket.
26 Turbine Auxiliary Valve (Complete).

P 27 Turbine Restraining Ring.

gz 28 Turbine Restraining Ring Stu
29 Turbine Restraining Ring Stu
30 Turbine Rotor.
31 Turbine Rotor Nut.
32 Turbine Rotor Nut Lock
33 Turbine Rotor Blade.
34 Turbine End Cover.
35 Turbine End Cover ¢ .
36 Turbine End Cdver ¢ xiliary Valve).
37 Turbine End Coy u rough Bolt.
38 Turbine and Gear Ca over.
39 Turbine a eariCase Base,
40 Turbine NM .
41 Turbine TS1 hamber.
42 Turbine (Gland Casing.

43 Turbi land Casing Tap Bolt.

%




Westinghouse Products

Homes—Farms

Air Heaters
Auto Engine Heaters
Automatic Irons
Automatic Percolators
Automatic Ranges
Cozy Glow Heaters
Curling lrons
Fans
Hot Plates
Light and Power Plants
Lighting Equipment
Mazda Lamps
Motors for
Buffery and Grinders
Ice Cream Freezers
Ironers and Washers
Refrigerators
Sewing Machines
Vacuum Cleaners

Newel Posts

Panelboards

Radio Equipment

Rectigon Chargers
Automobiles and
Radio  Batteries

Rectox Trickle Charger

Refrigerators, Electrical

Safety Switches

Sollaire Luminaires

Sol-Lux Luminaires

Solar Glow Heaters

Table Stoves

Tumbler Water Heaters

Turnover Toasters
acuum Cleaners

Wall-Type Heatern

Waffle Irons

Warming Pads

Water Heaters

for

Buildinga

Arc Welding Equip.
Circuit-Breakers
Elevators and Control
Glue and Solder Pots
Instruments and Relays
Kitchen Equipment
Bake Oventg
Hot Plates, Rangcs
Lighting Equipment
Brackets, Newels
and Lanterns
Reflectors & Lamps
Sol-Lux Luminaires
Lightning Arresters
Micarta Trays
Meters
Meter Service Switches

Motor Generators

Motors and Control for:
Coal and Ash-Han-
dling Equipment
Compressors
Elevators
Fans and Blowers
Laundry Equipment
Refrigerating Equip.
Vacuum Cleaners
Water & Sump Pumps

Panclboards

Radio Equipment

Synchronous Converters

Safety Switches

Sotar Glow Heatcrs

Stokers

Switchgear

Transformers

City Improvementa

Airport Floodlights

Automatic Substations

Constant Current Reg-
ulators

Control Apparatus

Elec. Railway Equip.

Ligbting Units
Mazda Lamps
Ornamcptal Standdrds
Parkway €ables
Street, Brackets
Streéthoods

Offices and Stores

Air Heaters
Bread- baking \Oven,
Elevators and Control
Fans, Dcékigand “Ex-
haust
Cuses
lighting, Equipment
Hazda)Lamps
deters
Ticatta, Desk Tops
&otors for
Adding Machines
Addressing Machines

Motors for
Coffee and Meat
Grinders, etc.
Wictaphones
Envelope Sealers
Fans and Blowers
Pumps
Refrigerating Ma-
chines
Panclboards
Safety Switches
Swirches
Tumbler Water Heaters

Aviation
Approach, Boundary, Mazda Lamps
Hangar, and Obstruc- Micarta

tion Lights ga'blin'gnmg Plate
Arc Welding Equip. Hai‘t{g‘::a gemngs
Floodlight Projectors Propellers
Motor-Generators Pulleys
Reflectors Tailwheels
Transformers Radio Equipment

Shipa

Micarta Trays

Motors and Controllers

Oveng, Ranges and
Galley Equipment

Panelboards

Propulsion Equipment
Diesel-Eleetric

Circuit-Breakers
Condensing Equipment
Beck Winch Motors
Elec. Heating Appar,
Eng. Room Auxiliaries
Fans and Blowers

Fuses . . Geared Turbing!
Generating Equipment Turbine Electric
Instruments

Radio Equipm@ént
Safety Switches
Switchgear

Light and Power Plants
Lighting Equipment

AT I S, 5
kit ReE )
= PTRr o g

777

Electric JRailways

Arc Welding Eqdip. Line Material
Automatic Subgtations“Manual Substations
Babbitt, Solder| & Pots| Mazda Lamps

Baking vens Meters
Circuit-Bregkers Motors and Control
Elec. Trolley Coaghes Panelboards

Fans Portable Substations
Gas™ Electrigy, Coaches Relays

Gears “‘and Pinions Signal Equipment

Gederators; Supervisory Control
Ingulating Material Switchgear
Insulators Synchronous Convert’s

Transformers

Lightingp Fixtures
Trolley Poles

Lightning” Arresters

Railroads
Arc Welding Equipment Lightning Arresters

Line Material
Locomotives—Electric
Gas-Elec., Oil-Elec,
Manual Substations
Mazda Lamps
Micarta Gears
Motors and Control
Outdoor Substations
Panelboards
P

Automatic Substations
Babbitt, Solder & Pots
Baking Ovens
Battery Charging Equip.
Cars—Multiple-Unit.
Gas-Elec., Oil-Elec.
Circuit-Breakers
Control Apparatus
Elcc. Heating Apparatus

Fans ower House Apparatus
Gears and Pinions Radio Equipment
Generators Safety Switches

. . Signal Equipment
Headlight Equipment Stokers
Instruments Supervisory Control
Insulating Materials Switchgear
Insulators Transformers

Lighting Equipment

¥ard Lighting Eeuip.
ar ighting Leuip v

H

Automatic Switching
Equipment

Circuit-breakerz

Condensers

Cutouty

Fans

Frequency-converters

Fuses

Generators

Instruments & Meterg

Insulating Material

Insulators

Line Material

Lighting Equipment

Lightning Arresters

Micarta

Motors and €ontrol

Motor«Generators

Arc Welding Equip.
Automatic Starters

and Controllers
Babbitt & Babbitt Pots
Capacitors
Circuit-Breakers
Condensers
Fans, Desk and Exhaust
Furnaces and Ovens
Fuses
Generating Equipment
Insulating Materials
Knife Switches
Larry Car Equipment
Lighting Equipment
Lightning Arresters

Arc Welding Equip.

Auto. Fceder Equip.

Automatic Starters
and Controllers

Automatic Substations

Battery Charging Equip.

Circuit-Breakers

Clamps

Elec. Heating Apparatus

Fans

Gears and Pinions

Headlights

Insulating Materials

Insulators

Larry Car Equipment

Lightning Arresters

Line Material

Arc Welding Equip.
Change House Heaters
Floodlight Projectors
Gear Units

Insulators

Mazda Lamps

Motors and Control

Electric Setrvice Compdhies

Network Protégtors
NetworkAransformers
QilgTesting and Purify-
ing JEquipment
Qutdoor j€ubstations

Panelboards
Porcelain, Insulators
Rélaya

Safety! Switchew

Stedm Turbines
Stokers

Supervisory Control
Switchgear
Synchronous Conden’'ra
Synchronous Conv'ters
Transformers

Turbine Generato:s
Voltage Regulators

Mills and factories

Locomotives—Electric
Gas-Elec., Oil Elec.

Mazda Lamps

Meters and Relays

Micarta Gears

Motors and Controllers

Panelboards

Pipe Fittings {Struct'al)

Power House Apparatus

Safety Switches

Solder & Glue Pots

Space Heaters

Stokers

Switchgear

Transformera

Turbines

Mines

Locomotives

Manual Substations

Mazda Lamps

Meters & Instruments

Micarta

Motor Generators

Motors for Hoists,
Pumps, Tipples,
and Breakers

Panclboards

Portable Substations

Relays

Safety Switchea

Switchgear

Synchronous Conv'tera

Transformers

Ventilating Outfits

Qil Fields

Panelboards
Reflectors

Rig Lighters

Safety Switches
Small Light Plants
Transformers

VYapor Proof Fixtures
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Westinghouse

Small Geared Turbines

Introduction

The stcam turbine is now in uni-
versal use for the opcration of small
boiler room and cngine room auxiliaries
as well as for the large generating
units. Development has taken place
at such a rate that at the present time
the most reliable and cconomical drive
for exciter sets in central stations, and
source of power in industrial and marine
plants is found in the small turbine,
either direct-connected or gearcd.

Several advantages of the turbine
over the reciprocating enginc are to be
noted, among which the following may
be said to be outstanding: The steam
in passing {rom the inlct Lo the exhaust
of the turbine follows more closely the
curve of adiabatic cxpansion, which
gives morc nearly ideal performance;
cvlinder condensation is reduced to a
minimum since all parts of the turbine
arc subjected to practically uniform
temperature; there are no reciprocating
or rubbing parts, thus decreasing the
wear o1 the component parts and loss
of power due to friction; exhaust steam
is free from oil; foundations of excessive
size are not necessary since the vibras
tion of a turbine unit is negligible: and
the floor space required is much less ghan

Type HNC

that required for a reciprocating enginc
of the samc power.

Though the turbinc is simple in con-
struction and reliable in operation, and
does not have parts that require con-
stant care and manipulation by the
operator, it is like any other piece of
high grade machinery in that intelligent
and carcful attention must be given it
by its operators. All working parts
that are not at all times visible shétild
be given a periodic inspection. (It fis
for the purpose of giving ¢he, turbine
opcrator a better opportunitvjtodfamil-
iarize  himself with ghe meghanieal
details of the unit of “Sghichwhe)is in
charge, and also to {arnish ajeonvenient
reference for the ordesinglof repair parts,
that this instructiombook has been pre-
pared.

The turbine described herein is of thc
re-entry type land’ comnsists essentially
of a sigle Wheel jeafrving one row of
impuléc blading and overhung on an
extensiomp®f the pinion shaft. Steam
enter§y through thc throttle valve,
which 15s%f the quick closing type and
isl controllcd by the automatic stop

govegrnor in such a manner that it will
Closeyigstantly if the turbine overspeeds
a predetermined amount.  The steam
then passes through the governor valve

Water Gland Impeller

Water Thrower

FiG. 4-—CeMPLETE ROTOR, WITH RESTRAINING RING
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and cntlersythe Bowl of the nozzle block.
It expands through™ the nozzles to the
cxhaust gpréssurefgand acquires a high
velocity| with\aghich it impinges upon
the Alades. on the periphery of the
turbinelpwheel. After passing through
thg, blades) the steam is received in a
reversing chamber which changes its
diréetion of flow and again directs it
upen the turbine blades. After having
passcd through the blades two times,
practically all of the velocity caused by
the expansion of the steam through the
nozzles has been transferred to the
turbine wheel in the form of mechanical
work and the stcam finds its way into
the turbine casing, passing out through
the exhaust line.

Figures 1, 2, 3 and 4 will give the
reader a general idea of the construc-
tion of turbines of this type. The unit
will be described in detail in another part
of this book.

Installation
Foundation

It is deemed advisable to provide a
concrete foundation, though this is not
absolutely necessary. Extensive foun-
dations are not necessary since the
weight of the unit is not great. It is

0i! Governor Impefler

Overspeed Governor
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desirable that the foundation be built
independently of the building, or at
least of such parts of the building as
may transmit vibration. The top of
the foundation should not be finished
until after erection of the unit, leaving
about one inch for grout. The founda-
tion bolt slecves should have an inside
diameter about 3§ larger than the bolt
to allow for minor discrepancics. The
size of bolts may be obtained from the
official outline drawing.

Erection
Handling

The unit is shipped mounted on skids
and boxed. The skids should be left
in place until the final operation of
setting the unit on thc foundation is
reached. Tye bolts are furnished for
lifting the cvlinder and gear cover only
and should not be usced for lifting the
assembled unit. When handling the
complete machine care should be taken
to distribute the load properly up»n
slings so as not to put unduc strain on
any ong part of the unit.

Soleplates made of steel and finished
on onc side are furnished to be grouted
to the foundation. thus acting as
seating plates for the unit. Turbine
and gear, generator and outboard pedes-
tal are separately doweled to these steel
plates so that they may be removed and
replaced in the same position.  After
the complcte unit has becn levelled on
the foundation the grout may be pouregl.
The grout should consist of a thin onc to

onc mixture of high grade Portland
“ement and clean, sharp sand. |t must

be well worked in under the seating
plates.

The grout must be allowed to dry
thoroughly before tighteningQup the
foundation bolts. In tighténing the
bolts carc must again be @Xereised to
sec that no part ot “the unitg#s being
subjected to undiie straing.

Il a stecl foindatiéon is used the unit
should be carefully levelled by means
of shims under thepgear and generator
feet. The steam chest must also be
levelled up with care so that no strain
will be imposed gn the piping.

Piping

Steatigand cxhaust pipes should be
{eny, ‘carefully installed, in order that
no strains may be imposed on the
turbine proper with consequent mis-
alignment. In connecting the turbinc
to the steam and exhaust lines, begin
the piping from the connscting line

and end at the turbinc, making the
turbine connections the last in the line.
Never start piping from the turbinc,
for doing so will undoubtedly distort
the casing or spring the turbine out of
line, inasmuch as the wecight of the
piping will hang directly on the turbine,

If screwed fittings are used, the line
should be provided with swinging
joints. If flanged fittings are uscd,
long radius bends should be placed in
the piping to take care of the cxpansion
of the steam linc. Support the piping
at a point near the turbine in such a
manner that the weight is taken by the
support. It should bc so arranged that
the expansion will not have to be re-
sisted by the turbine. Make surc that
the flanges are parallel and thag, no
force is necessary to bring them), “tos
gether or to match up thegbolt halcs.
After installing the piping, ‘heat®ap, to
full working temperaturcipbreakipjoints
and check.

The exhaust piping ghould Be pro-
vided with an expansion Joint located
next to the turbide oxhaust flange.
A suitable expansion joint can be pur-
chased fromftheJturbinef manufacturer
if desired Even though an expansion
joint is susedjthe same caution in con-
necting upy, showld be cxcrcised.  Be
sure that thelpexpansion joint is light
cnough to be_ficxible.

In_piping Ap a turbine, make all pipe
s@pportg, “permancnt. Do not expect
dblock Jof wood, driven under a pipe,
to take the strain from the turbine.
The, best method of supporting  the
pining is to use an adiustable foot under
it as ncar to the turbine as possible.
Another method is to hang it from the
building by tic rods which connect
to the piping near the turbine. These
rods, however, to be satistactory, must
be short. Always put in the supports
before actually making the conncction
to the turbine.

In all cases where the turbine numt is
to be realigned, disconnect the steam
and cxhaust piping, and in re.conncct-
ing, be sure that the flanges line up
without putting a strain upon the
turbine when cither hot or cold. If
they do not, change the piping.

When laying out thc piping a stop
valve should be placed in the steam
line between the boiler and the turbine.
This valve 1s not necessary for the
operation of the turbine but is for use
when it is desired to inspect or make
repairs on the turbine throttle valve.

4

If exhausting to the atmosphere, no
valve is nceded in the exhaust “ific
unless the exhaust pipe is common
with that of other units, in which case
a stop valve should be supplled to
prevent backing up @f¥stcam when the
turbine is idle. If eghausting to a
heater of any Kimd or, tef’a condenscr,
a stop valve is_requised; likewise when
condenser algo segves another unit.

Small pipes fre required to convey
water to “and “ffom the cooling coil
and the glandiyto carry away the leak-
off stcamifrom the governor valve stem
pagkingy and to connect the cavity
olitside {He gland to an open drain.
Thes@ypipes are so small that no special
preeautions necd be taken against im-
posing strains on the unit. The con-
nections for these pipes are shown on
the outline drawing, which gives suffi-
cient information concerning their
installation. Water pressure should be
five pounds greater than exhaust pres-
sure but should not cxcecd twenty-five
pounds.

The oil cooler should be supplied witl
water through a half or three-quarter
inch pipc linc at a pressure of from
fiftecn to sixty pounds. This watcer
may bc obtained from any convenient
source and should be as cold as possible.
It may also be used for the gland.

Checking Installation
These nnits are carefully scet up and
inspected in the shop, all adjustments
made, and are operated under contract
cenditions as ncarly as possible.  As a
usual case the unit requires no further
adjustments.

Detailed Description
and Operation

Cylinder

The eylinder of this type turbine is
of rather unusnal construction in that
it is split vertically in a planc normal
to its centerline, the outer part being
a single casting bolted to a machined
surface on the cnds of the upper and
lower halves of the gear case. The gear
case is split on the horizontal centerline
forming the gear and cylinder cover and
base respectively.  The upper half of the
combined turbinz and gear housing can
be removed without disturbing the steam
or exhaust connections. The cyiinder
end cover is attached to the other part
of the cylinder in such a way that the
cylinder and gcar case cover can be
taken off without removing the end

2
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cover.  In raising the gear cover, the
bolts sccuring it to the cylinder end
cover and the gland must be removed
and the cover lifted straight up so that
the reversing chamber will clear the
turbine rotor. Bcefore replacing, scrape
joints clcan, and make up with shellac.
When high back pressures are used,
place a fine linen thread around the
flangc inside of bolts, Be sure to pull
the bolts up tight before the shellac
hardcens.

Both the steam inlet and exhaust
outlet are connccted to the cylinder end
cover. This cover also carries  the
nozzles and the nozzle control valve.

Rotating Element

The rotating element, shown in
Figurc 4, consists of the pinion shaft,
which carrics the rotor, auto-stop
governor and oil impeller, supported
by the two pinion bearings. The
rotOr i1s pressed on the shaft with a
tapered press fit and is held in placc
by a nut which is in turn held in place
by a Jock washer. A loosc rotor may
result from overspeeding of the tur-
bine and is evidenced by vibration, If
a loose 1otor is suspected, it should be
pressed off and the fit examined. In
putting on a ncw rotor be sure that a
good fit is obtained. The rotor should
slide on the shaft until it is one inch from
the hub and must be pressed on the
remainder of the distance.

When the rotating element is to be
removed  from  the cylinder  withditt
disturbing the cylinder end cover, t
restraining ring forging must first
unbolted and removed from
cover.  Since the restraining ri
rounds the rotor shaft cxt
would otherwise be impossil
the rotor out of the cvli

and
Ste

The gover
sicam  chest

ott valve and
s (ype unit
for capacities o to 100 kw. is
shown in Figurc that used on
units for capacitics of from 108 to 300
kw. is shown in Figure 6. They are
of the same tﬂc and operatc in the
anner, but both illustrations
in order to facilitate the
repair parts for units of
capacities.

The governor is of the oil operated
wpe, recciving its oil from the impeller
escribed herein, and consists of an oil
ylinder Item No. 6 (Figurc 6) in which

same

there is mounted a spring opposed piston
[tem No. 19 direct-connccted to the
governor valve Item No. 182, il dis-
charged from the impeller, the pressure
ol which varies as the square of
the change in speed, acts against
this piston to compress the spring
and put the governor valve in the po-
sition to admit the amount of stcam
necessary to maintain the turbinc at the
desired speed for the load it is then
carrying.

The spced of the turbinc can be
changed by increasing or  decrcasing
the compression on the governor spring
Item No. 22 by means of the handwheel
Item No. 17 furnished for the purposc.

Alfter the governor has been adjust
on the factory test floor it does n
require: any further adjustment
opcrator.

The throttle valve and
arc contained in a commgn ¢
steam chest consisting of a el
valve cage mounted within asing
and carrying the gove valve; the
throttle valve occet opposite
end of the casting ottle valve
is of the

nected to overnor through
the 'n in Figure 13, and
having bronze valve disc at-
tached to cr end of the valve
sten. and scat arc made

»except in cases where the

of ni
nitd ature is cxceedingly high,

Stcam is kept from leaking by the
throttle valve stem by means of the
acking Tten No. 93. This forms a very
effective means for sealingagainst leakage.
There is no metallic packing used on
the governor valve stem, leakage being
prevented by serrations or grooves
cut in the governor valve stem Item No.
43 wherc the stem passes through the
governor cvlinder support gland Ttem No.
8. Thisformsascriesof labyrinth packing
strips and the steam which may leak
by is carricd off through the drain in
the packing gland Item No. 8. Thisleak-
of should be led to an open drain or other
point without back pressure, such as
an open feed water hcatcer.

The lists which follow the description
of the component parts of the unit are
compiled to facilitate the ordering of
repair parts by name and number
together with the serial number of the
turbine.

Spindle Gland

Since the turbine rotor is ove
from the pinion shaft, there being no
turbine bearings, only one sealing gland
is required. It is of the combinéd water
sealed and labyrinthgtiype and is shown
in Figure 7.

This gland ¢
peller which i
and rotates bronze casing

e cylinder. Water

under a ending on thc back
pressure, is oduced into the casing.
The r i of the runncr tends to

ter out of the casing, but
¢ restricted discharge therc
s an annular ring of water around
rior of the gland, which prevents
yassage of steam out of, or of air
the cvlinder. This gland will scal
equally well when the turbine is opcrat-
ing condensing or non-condensing. The
labyrinth packing is placed inside of
the gland runner so that for cases of
operation at back pressures in excess
of fiftzen pounds, an effective seal may be
had. This packing should be fitted very
carefully in the gland, allowing it to
havc about thrce-thousandths of an
inch side clearance in its groove so that
it may be frce to move forward and
backward under the action of the shaft
and the packing ring springs. The
ends of packing pieces should come to-
gether when they shoulder in the gland
casing. The inside diameter of the
packing ring should be slightly smaller
than shaft to allow for wearing in.
When first fitted up they may cause the
turbine to run rough by bearing hard, in
which case they will have to be scraped.

The water outlet valve should be so
adjusted that the flow of water through
the gland will be cnough to maintain
a temperature slightly bclow that of
the boiling point.

Excessive water leakage from the
gland may indicate that the head of
water supplied to the gland is too
high and should be reduced. It may
also indicate that the gland is set up so
that the horizontal flanges inside of
the gland cavity do not match up,
thus forming a sharp projection, which
breaks up the flow of the water. Too
close clearance on either side of the
gland runner may also cause a consider-
able leakage of water.

In making an inspection of the gland,
the horizontal flange bolts should be
rcmoved and the gear case cover lifted.
The gland may then be taken apart.
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The following list is for the (Governor, Steam Chest and Throttle Valve shown in Figure 5, and applies to units of &
s 75 to 100 kw. inclusive:

. Item Name
7 (Governor Cylinder.
8 Governor Cylinder Support Gasket.
9 Governor Cylinder Support Gland.
10 Governor Cylinder Support Gland Lock Nut.
13 Governor Cylinder Support Screw.

14 Governor Cylinder Support Stud (To Cylinder)
15 Governor Cylinder Support Stud (To Cylinder)

L 4
18 Governor Handwheel. \
19 Governor Handwheel Lock Nut.
20 Governor Operating Piston.

Governor Operating Screw.

22 Governor Operating Screw Thrust Bearing.

23 Governor Operating Spring.

21 Governor Operating Spring Seat.

25 Governor Operating Stem.

20 Governor Operating Stem Coupling.

27 Governor Operating Stem Coupling Straight Pin.

28 Governor Operating Stem Nut.

29 Governor Operating Stem Nut Spring Cotter,

33 Steam Chest Body Gasket (Gov. Support)

35 Steam Chest Body Gasket (Throttle Valve Yoke)

36 Steam Chest Body Stud (Governor Support)

38 Steam Chest Body Stud (Throttle Valve Yoke) \
42 Steam Chest Governor Valve Cage Cover. K
43 Steam Chest Governor Valve Cage Cover Screw.

44 Steam Chest Governor Valve Stem.

45 Steam Chest Governor Valve Stem

46 Steam Chest Governor Valve Ste tr Pin
47 Steam Chest Governor Valve Stg

48 Steam Chest Governor Valve Ste

49 Steam Chest Governor Valve ¢

606 Steam Chest Throttle Valve Disc !

67 Steam Chest Throttle ValveDiseiN

68 Steam Chest Throttle Valvel

69 Steam Chest Throttle V,

70 Steam Chest Throttle Valve [Fatch.

71 Steam Chest Thr& tch Fulcrum Pin.

72 Steam Chest Thr N& .atch Fulcrum Pin Headless Set Screw.
73 Steam Chest Th le Valve Latch Plate

74 Steam Chest ott alve Latch Plate Screw.

75 Steam Ches alve Latch Spring.
76 Steam Chést Throettle Valve Spring.
77 Steam Chest Throttle Valve Spring Retainer.
87 Stea ottle Valve Stem.
88 Stea stAThrottle Valve Stem Collar.
89 a. est Throttle Valve Stem Collar Pin.
90 est Throttle Valve Stem Key.
91 est Throttle Valve Stem Nut.
92 hest Throttle Valve Stem Nut Latch Plate.
93 Chest Throttle Valve Stem Packing.
94 am Chest Throttle Valve Stem Packing Gland.
95 Steam Chest Throttle Valve Stem Packing Gland Box.
97 Steam Chest Throttle Valve Stem Packing Seat.
98 L 4 Steam Chest Throttle Valve Yoke Pin.
99 Steam Chest Throttle Valve Yoke Stud (Latch Spring)
Governor Cylinder Support.
Steam Chest Body.
09 Steam Chest Body Pipe Plug.
113 Steam Chest Throttle Valve Disc.
114 Steam Chest Throttle Valve Disc Seat.
115 Steam Chest Throttle Valve Yoke.
178 Steam Chest Governor Valve,
179 Steam Chest Governor Valve Cage,
187 Circuit Breaker Tripping Switch (Complete)

7
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Item Name
- 0 Governor Cylinder.
k}_, 7 Governor Cylinder Support Gasket.
Governor Cylinder Support Gland.
9 Governor Cylinder Support Gland Lock Nut.
12 Governor Cylinder Support Screw.
13 Governor Cylinder Support Stud. L 4
14 Governor Cylinder Support Stud.
17 Governor Handwhecl.
14 Governor Handwheel Loek Nut.
19 Governor Operating Piston.
20 Governor (perating Screw.
21 Governor Operating Screw Thrust Bearing.
22 Governor Operating Spring.
23 Governor (perating Spring Scat.
24 Governor Operating Stem.
25 Governor Operating Stem Coupling.
26 Governor Operating Stem Coupling Straight Pin.
27 Governor Operating Stem Nut!
28 (GGovernor Uperating Stem Nut Spring Cotter.
32 Steam Chest Body Gasket (Cover)
34 Steam Chest Body Gasket (Throttle Valve Yoke)
35 Steam Chest Body Stud.
37 Steam Chest Body Stud (Throttle Valve Yokc
11 Steam Chest Governor Valve Cage Cover.
42 Steam Chest Governor Valve Cage Cover Se
43 Steam Chest Governor Valve Stem.
44 Steam Chest Governor Valve Stem Cap.
45 Steam Chest Governor Valve Stem Cap, >in.
46 Steam Chest Governor Valve Stem C
47 Steam Chest Governor Valve Ste
18 Steam Chest Governor Valve
03 Steam Chest Throttle Valve
R o4 Steam Chest Throttle Val
065 Steam Chest Throttle Valve
60 Steam Chest Throttle Va,
67 Steam Chest Throttle V,
69 Steam Chest Throttle V
71 Steam Chest Throt .atch Spring.
72 Steam Chest Throt Nut.
74 Steam Chest T Nut Headless Set Screw,
75 Steam Chest Thrott alve Packing Ring.
76 Steam Ches ttle Valve Spring (Upper).
77 Steam Cm e Valve Spring (Lower)
78 Steam st tle Valve Spring Retainer.
87 Stecam|Chest Throttle Valve Stem.
88 Steam st4Throttle Valve Stem Collar.
%9 1est Throttle Valve Stem Collar Pin.
0 Chest Throttle Valve Stem Feather Key
91 west Throttle Valve Stem Nut.

Q2 Chest Throttle Valve Stem INut Latch Plate.
am Chest Throttle Valve Stem Packing.

9 am Chest Throttle Valve Stem Packing Gland.
95 Steam Chest Throttle Valve Stem Packing Gland Box.
97 Steam Chest Throttle Valve Stem Packing Seat.
98 Steam Chest Throttle Valve Yoke Pin.
99 & Steam Chest Throttle Valve Yoke Stud (Latch Spring)
106 Governor Cylinder Support.
108 Steam Chest Body
109 Steam Chest Body Pipe Plug.
113 Steam Chest Throttle Valve.
114 Steam Chest Throttle Valve By-pass Valve.
115 Steam Chest Throttle Valve Seat.
116 Steam Chest Throttle Valve Yoke.
182 Steam Chest Governor Valve.
183 Stecam Chest Governor Valve Cage.
187 Cireuit Breaker Tripping Switch (Complete)

9
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In replacing, the joint should be made
up with shellac and a finc linen thread
placed on the outside of the gland
runner and the packing rings, and the
joint should be made before the shellac
hardens.

The following list refers to Figure 7:

Item Name

1 Rotor Gland Casc (Upper Half)
Rotor Gland Case (Lower Half)
Rotor Gland Case Tap Bolt (Upper)
Rotor Gland Case Tap Bolt (Lower)
6 Rotor Gland Case Stud.

11 Rotor Gland Packing Ring Segment.
14  Rotor Gland Packing Ring Spring.

PN

Bearings
The bearings are horizontally split
cast iron shells lined with genuine
babbitt. The pinion bearing is shown
in Figure 8, while the thrust bearing is
shown in Figure 9. The inboard gecar
bearing is the same as the thrust bear-

WATER OUTLET

FROM GLAND

ing with the exception of the babbitted
ends.

The closcly fitted into
circular secats bored to receive them in
the gear casc and cover. Rotation is
prevented by lugs on the bottom halves,
bearing against the cover. If it becomes
necessary to re-babbitt a bearing, the
lining used should be of the composition
known as ‘‘genuinc babbitt” to insurc
satisfactory service. Care must be
taken to re-bore concentrically with the
turned outside diameters of the bearing
shells.  If it is necessary to scrape the
bearing, scrape to a mandrel the size of
the bearing; do not scrape to the journal.
If new bearings are fittedin the machine
make sure they fit snug in the gear case
housing.

The bearings are supplied with ‘o1l
through openings at each side fecding
the single oil groove running len@shywise
above the journal.  They are relieved
at the horizontal joint to allow ‘fefination

shells  are

WRTER INLET
/'!:O GLAND.

of the oil
lubrication.
gear casing

film necessary for eflicient
Used oil drains into the
which serves as a reservoir.

Thrust Bearing

The rotating elements are resirained
from axial movement by making one
of the slow specd g@ar bearings a com-
bhination main and “@hrifst” bearing.

The following Jist réfers to Figure 8:

Item Name

1 Pinion Bearing, (Upper Half)
2 Pinion Bearing (l.ower Half)
The following 1ist refers to Figure 9:

Item Name

o

3 PhrustdBearing (Upper Half)
Thritst Bearing (l.ower Half)

6 (Thrust Bearing Ring.

7. Thrust Bearing Ring Screw.

9 “WThrust Bearing Liner.

10 Thrust Bearing Liner

11 Thrust Bearing lLiner.

Fic. 7—Roror GLAND

10
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ROTOR BLADES
-

O R T

-

REVERBING CHAMBER

Fuci, 10— DEVELOPED SECTION THROUGH No2ZeE BLooR ann ReversiNg Crnasanr, SHOWING PATH oF Steav

There are {wo circular collar plates
turned integral with the gearshaft which
bear against the end facings of the
bearing. The oil grooves for these
faces are fed from the relieved spaces at
the horizontal joint. Adjustment is made
by means of liners Item Nos. 9, 10, 11
behind the thrust rings Item No. 6 of
the bearing,  To adjust: Lift gear wheel
from its bearings, remove screws [tem
No. 7 holding thrust rings, and change
liners as desired. Therce should be 005
to .010 inch

The axial play or freedom of

axial clearance in this
bearing.
the pinion shaft relative to the gear

may be from .009 to .01& inches.

Nozzles and Reversing
Chamber

The steam nozzle, [tem No. 40, Figure
14, is located in the cyhnder end\cawer,
while the reversing chamber Item Neo, 41
is bolted to the cylinder amtygear case
cover. A developed scction of the nozzles
andrcversing chamber isshow in Kig. 10.

When making any  séftinglpon, the
turbine, adjust the rotdr o that there
will be one-sixteenthgof, andinch clear-
ance between  thed blades, and  the
nozzles and one=sixteenth of an inch be-
tween  the gdbhlades and®the reversing
chamber. “Afterdsetting the rotor cen-
trally, check “the position of the gland
runner to sée, thathit has a clearance of

HIGH FRESSURE OIT 7 EJECTOR

approximaltely one thirty-second of an
inch omyeither side of the gland casing.
Theggland runner position may  be
changed on the shaft by removing
headless set screw and heating carefully
with a gas toreh.  When in the position
desired, replace the set screw. With
these  clearances correct, adjust the
thrust bearing to hold the rotor in this
position,

fn setting new nozzles and reversing
chambers, refer to Figurce 14 and note
that the reversing chamber should be set
flush with the nozzle. It is important
that the reversing chamber be set
correctly  so catch all steam
emerging from the blades.

as to

STEAM
— OIL COOLER £JECTOR
AUXILIARY 01LPUMP. | T o sreainen
A 4 - Y
——¢ A
PINION L
Oit PAN  ®  PINION BEARING ]
R
IMPEUER
! CORED
! I PASSAGES
RESERVOIR
GEN. BEARINGY  §
5
GEAR BEARING
- e DRAIN
1~
HIGH PRESSURE QJiL T® GOVERNOR
GOVERNOR

Fra. 1 1—Dracram oF HNC TureiNe OiNe SysTEM
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Oiling System

The basc of the gear case serves as a
reservoir for the lubricating oil. On
one side of this reservoir there is a large
cover to permit ready access for cleaning
out any dirt or sludgc which may de-
posit from the oil.  To circulate the eil
for lubrication and the supply to the
impeller, an ejector is mounted on the
gear case or reservoir below the oil level
and a pertion of the high pressure oil
from the governor impeller is passed
through this ejector so as to entrain a
much greater quantity of low pressure oil,
This oil then passes through a cooler
after which part of it goes directly to
the impeller and the remainder 1o the
strainer from which it is discharged
to the bearings at a pressure of five
to ten pounds and to the gear and
pinion teeth as they roll into contact.
The oil level in the reservoir should be
maintained near the center of the sight
glass. The oil should in no case be so
low that it cannot bc seen in the glass,
nor should it be above the glass, for
the oil will be overheated by coming in
contact with the gear wheel.  Oil {rom
all bearings except the outboard genera-
tor bearing falls directly into the rescr-
voir. Where pedestal type bearing
generators are furnished, the oil from
the bearing is piped back to the reser-
voir. Bracket typce generators have
ring oiled bearings.

The oiling system diagram shown in
Figure 11, by means of which the,path
of the oil may be traced throughoutdts
cycle of circulation, is for machitnes
having pedestal type generatorSS0il
pressure is built up before starting the
unit by means of the ausiliarviyeil
pump, which draws oil from the gcser-
voir and primes the impeller. / This
pump should be shutgdowm when the
turbine spced is such{that the impeller
is delivering ojl atpabout_ferly pounds
pressure.

When asSemblitg  the” {urbine, carc
must be takenfto se€ that the cored
passages are thoro@ghly cleaned out,
and thus insurc @ plentiful supply of

clean oil to the bearings when the
unit is in operation. Do not use waste
or gsteel wool anyvwhere around the

unitfat any time.

Oil, Impeller and Automatic
Stop Governor

The impeller, Item No. 14, Figure 12, is
actually a small centrifugal pump and is
mounted on the end of the pinion shaft.
Oil from the ejector at about five pounds

pressure enters the impeller at the
center and is discharged at its periphery,
through holes dritled in the impeller, at
eighty to one hundred pounds pressure.
The pressure at the impeller periphery
varies as the square of the change in
speed of the unit just as the centrifugal
force acting on the weights of an or-
dinary flyball governor varies as the
square of the change in speed. Thus
the oil, discharged by the impeller,
furnishes suitable working force to the
valve mechanism in the same way and
with the same speed characteristics as
the weights of the flyball type governor.

The clearance between the impeller and
theimpeller guide Item No. 17 shouldgh@
approximatcly & axially and (144
radially.

The automatic stop governor, 1Shat-
tached directly to the pifiien shaft, and
consists of a weight Ttem Noubl, Figure 12,
which operates against agpring ltem No. 3
held in place by aretainifg mi, Item No. 4.

The function of the, auto-stop is to
shut the turbine demm, 1f'fer any reason,
the main governg@r shotild fail to operate
and allow gthe, turbine to overspeccl.

The duto-stop is set to operate at,
about 10%, ©Overspeed and should not
require, anyadjustment after the tur-
bine is pugintokervice.

Whenmthe ttirbine overspeeds the auto-
stop weight is forced out by centrifugal
force) compresses the spring, and comes
into€ontact with the trip iever Item No.
3, Figurc 13. This movement, through
the series of links shown tn TFigure 13,
closcs the throttle valve, thus stopping
the flow of steam to the turbine,

The clearance between the auto-stop
weight and trip lever, with trip gear
set, should be from " to #&”.

Operation
To Start

Start auxiliary oil pump to furnish
bearing oil, motive oil for ejector and
priming oil for impeller. Open drains
on stcam and exhaust lines. Open
exhaust valve. Crack the steam valve
and when live steam appears at the
drains, close them. Bring the turbine
slowly up to speed, and when it is under
control of the governor, open throttle
valve wide; turn on gland walter; stop
auxiliary oil pump.

With the unit under way, the speed
may be checked by means of the tacho-
meter furnished on the turbine. If
the speed is not correct it should be

13

made so at this time. To deepeascithe
speed, turn the governor handwheel
counter-clockwise so as to dccreasce
the compression on the govegnor spring
and vice versa to increasc the specd
The normal spéed _is approximately
the speed @t full@load! The no-load

speed will beQaboutyd®; higher.

To )Shut Down

Shut off fgland water. Strike hand
trip lever, shaFply, which will close the
threttle valvie and indicate that theauto-
stop mechanism is working properly.
Close, throttle valve with the hand-
wheel and re-set automatic trip. Open
steam and exhaust drains: close exhaust
valve.

Maintenance
Care of the Turbine

1. Keep machine clean.

2. Keep the proper amount of good
quality, clean oil in the reservoir.

3. If steam is contaminated with
boiler compound or sludge, clean
off governor valve stem as often
as necessary to keep it working
ireely.

4. Before starting a unit that has
been idle for some months, dis-
mantle governor operating mech-
anism and steam chest governor
valve to see that all parts are frec
and in good working condition.

5. The automatic stop should be
tripped periodically; say once a
month, by actual overspeeding of
machine to see that it is in proper
working condition. See that it
shuts machine down.

Operating Trouble
Governor Hunting
1. Sticking of governor valve in
guides or stem gland or oil operat -
ing parts.

Turbine Fails to Come up
to Speed

1. Low boiler pressure.

2. Steam line clogged,

3. Dirty steam strainer.

4. Nezzle throat plugged by foreign
matter,

5. Governor speed set too low.

6. Wet steam.

Gland Leaking Steam

1. Packing rings stuck in gland.

Water passages clogged with dirt -

or scale,

3. Recesses in gland runner clogged
with scale.

~



Westinghouse Small Geared Turbines—1ype HNC

4. Nowateringland.
5. Gland joint made up improperly.

Gland Leaking Water

1. Toe higha head of water on gland.

Obstruction or burrs in gland

runner passage.

3. Gland runner rubbing on side of
casing,

[~

Inspection

A thorough inspection of all parts of
the turbine should be made once a

year, renewing such parts as may show
undue wear. If heavy wear of any part
is evidenced, the cause of the wear
should be ascertained if possible, and
in any case replacement of the part
should be made before failure, as this
will be cheaper than a future shut down.

Renewal Parts
Repairing

Repair work can be done most satis-
factorily at our nearest Service Shop.

t.
can be furnished to customers, th

However, interchangeable renewal
equipped for doing repair work.

Ordering lnstructions.
When ordering re rts, give
the name plate inf tion, aysgive

the name of the
serial order m
on which the part
to the back i
District Office fr

nted, also the
€ apparatus
e used. Refer
k for the nearest
which to order parts.

D

For sectional views and lists of parts, refer to the follo Qs:

14
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7
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Frci. 12-—01. IMPELLER AND AUTOMATIC STer GeVEERNOR

The following Hst refers to Figure 12:

Name

Auto Stop Governor Spring.

Auto Stop Governor Spring Retainer.
Auto Stop Governor Spring Retainer Lock Washer.
Auto Stop Governor Weight.

0il Governor Impeller.

Oil Governor Impeller Baffle.

0Oil Governor Impeller Bafile Ring.

Oil Governor Impeller Guide.

0il Governor Impeller Flange.

0il Governor Impeller Flange Tap Bolt.
Oil Governor Impeller Flange Gasket.

15
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e The following list refers to Figure 13:
Item Name
3 Auto Stop Governor Trip Lever. L 4
4 Auto Stop Governor Trip Lever Bracket.
5

Auto Stop Governor Trip Lever Bracket Tap Boit.

: Auto Stop Governor Trip Lever Bracket Bushing.
0 Auto Stop Governor Trip Lever Bracket Taper Dowel. \
7

2 Auto Stop Governor Trip Lever Feather Key.
10 Auto Stop Governor Trip Lever Extension.
11 Auto Stop Governor Trip Lever Extension Feather Key.
12 Auto Stop Governor Trip Lever Extension Feather Key Spring.
13 Auto Stop Governor Trip Lever Extension Feather Key Spring Screw.
14 Auto Stop Governor Trip Lever Extension Tip.
17 Anto Stop Governor Trip Lever Fulerum Pin.
18 Auto Stop Governor Trip Lever Fulerum Pin Nut.
19 Aute Stop Governor Trip Lever Fulerum Lock Washer.
24 Auto Stop Governor Trip Release Lever.
25 Auto Stop Governor Trip Release Lever Bushing.
20 Auto Stop Governor Trip Release Lever Round Head S Pin
27 Auto Stop Governor Trip Release Lever Tim.
28 Auto Stop Governor Trip Rod (Throttle Valve
29 Auto Stop Governor Trip Rod Head.
30 Auto Stop Governor Trip Rod Head FulerungPin:
31 Auto Stop Governor Trip Rod Head Pin.
35 Auto Stop Governor Trip Shaft.
36 Auto Stop Governor Trip Shaft Fuleru
37 Auto Stop Governor Trip Shatt §

38 Auto Stop Governor Trip Shaf

39 Auto Stop Governor Trip Shal
S 40 Auto Stop Governor Trip S

44 Auto Stop Governor Trip Wei

45 Auto Stop Governor Trip

10 Auto Stop Governor TripfW

Strike Lever.

17 Auto Stop Governor Tri
48 Auto Stop Governor Strike Lever Bracket.
19 Auto Stop Govépnor Strike Lever Bracket Shoulder Pin,
50 Auto Stop Gover, Strike Lever Bracket Tap Bolt.
51 Awo Stop Govgrnor Taip Weight Strike Lever Bushing.
2 Auto Stog crnor Trip Weight Strike Lever Rod.
53 Auto Stop rnordTrip Weight Strike Lever Rod Head. )
54 Auto St ove Trip Weight Strike Lever Rod Head Fulerum Pin.
35 Auto Stop Governor Trip Weight Strike Lever Rod Head Pin.

Q>®
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The following list refers te Figure 14:

Item Name

1 Auto Stop Governor Spring Retainer. 4

2 Auto Stop Governor Weight.

3 Auto Stop Governor Trip Lever Bracket.

4 Auto Stop Governor Trip Lever Brackct Bushing.

S Auto Stop Governor Trip Lever Extension.

6 Auto Stop Governor Trip Lever.

7 Auto Stop Governor Trip Weight Rod.

8 Auto Stop Governor Trip Weight Strike Lever.

9 Auto Stop Governor Trip Weight Strike Lever Rod.
10 Auto Stop Governor Trip Weight Strike Lever Rod Head.
11 Auto Stop Governor Trip Weight Strike Lever Rod Head Pin.
12 Gear Pinion Shalft.

13 Gear Pinion Shaft Bearing (Upper Half)
14 Gear Pinion Shaft Bearing (Lower Half)
15 Gear Pinion Shaft Bearing Oil Ring (Upper Half)
10 Gear Pinion Shaft Bearing Oil Ring (l.ower Half)
17 Gear Pinion Shaft Oil Thrower.

18 Gear Pinion Shaft Oil Thrower Headless Set Scre
19 Oil Governor Impeller.

20 O3l Governor Impeller Baftle.

21 0il Governor Impeller Baftle Ring.

22 il Governor Impeller Guide.

23 011 Governor Impeller Flange.

24 01il Governor Impeller Flange Tap Bolt.
25 01l Governor Impeller Flange Gask

20 Turbine Auxiliary Valve {(Comple

27 Turbine Restraining Ring.

28 Turbine Restraining Ring Stu

29 Turbine Restraining Ring Stud Nit.

3e Turbine Rotor.

31 Turbine Rotor Nut.

32 Turbine Rotor Nut Lock Wasl

33 Turbine Rotor Blade.

34 Turbine End Cover.

33 Turbine End Cover Stuc )

30 Turbine End Cov uxiliary Valve)
37 Turbine Enc hrough Bolt.
38 Turbine and over.

39 Turbine an Base

10 Turbine Nozzle

41 Turbine Reversing Chamber.

42 Turbi, ‘asing.

43 urb! ater Gland Casing Tap Bolt.

19



South Philadelphia Works

Westinghouse Products

A few of the Westinghouse Products are listed belgw and will furnish some idea of
the great variety of electrical apparatus manufactuzed by the Company and the many ex-

tensive fields for their use.

For Industrial Use

Instruments

Motors and controllers for every
application, the more important of
which are: Machine shops, wood-
working plants, textile mills, steel
mills, flour mills, cement mills, brick
and clay plants, printing plants,
bakeries, laundries, irrigation, ele-
vators and pumps.

Welding outfits

Gears

Industrial heating devices, sdch
as: Glue pots, immersion heaters,
solder pots, hat-making machineky
and electric ovens.

Lighting systems

Safety switches

For Power Plants andgTransmission
Lines

Carrier current eqaipment
Circuit-bfeakersihand“switches
Condegisers

Contfollers

Contraol, switches

Frequencyy, chdngers

Fuses and fii§e blocks
Generators

Insulating material
Instruments

Lamps, incandescent and arc
Lightning arresters

Line material

Locomotives

Meters

Motors

Motor-generators

Portable Power Stands, 110 volts
Rectifiers

Repulators

Relays

Soldegfand saldermg fiuids
Stokérs

Substation§, pertable and
matic

Switchbdards
Syfnchironods converters
Transformers
Turbinesgenerators

auto-

For Transportation
Logomotives
Rdilway equipment
Marine equipment

For Mines

Automatic substations
Lamps

Locomotives

Motors for hoists and pumps
Motor-generators

Portable substations
Switchboards

Line material

Ventilating outfits

For Farms

Fans

Household appliances

Motors for driving churns, cream
separators, corn shellers, feed grind-
ers, pumps, air compressors, grind-
stones, fruit cleaning machines and
sorting machines.

Generators for light, power and
heating apparatus.

Portable Power Stands, 32 Volts

Radio Apparatus

Transformers

For Office and Store

Electric radiators
Fans

Arc lamps

Incandescent lamps

Sol-Lux lighting fixtures

Small motors for driving address-
ing machines, dictaphones, adding
machines, cash carriers, moving win-
dow displays, signs, flashers, envel
ope sealers, duplicators, etc.

Ventilating outfits

For Electric and Gasoline Automo-
biles and the Garage

Battery charging outfits

Charging plugs and receptacles

Lamps

Instruments

Motors and controllers

Small motors for driving lathes,
tire pumps, machine tools, polish-
ing and grinding lathes.

Solder and soldering fluids

Tire vulcanizers

For the Home

Electric ware, including: Table
stoves, toasters, irons, warming
pads, curling irons, coffee percola-
+ors, chafing dishes, disc stoves,
radiators and sterilizers.

Automatic electric ranges

Fans

Incandescent lamps

Radio apparatus

Sol-Lux lighting fixtures

Small motors for driving coffee
grinders, ice cream freezers, ironing
machines, washing machines, vac-
uum cleaners, sewing machines,
small lathes, polishing and grinding
wheels, pumps and piano players.

Sew-motors.





