Superseding Westinghouse Steam Turbines—I. B. 6163; Rev. 4
I. B. 6163, Rev. 3

GOVERNOR
(Vertical Flyball, With Pressure Transformer)

Thils mechanlsm consists essentlally of three parts, each of which
has a deflnite functlon. These parts are:

(1) Governor, consisting of the flyball mechanilism whi€h, due tocentrif-
ugal force, moves 1n response to changes 1n Turbln€é speed.

(2) Pressure transformer, consisting of a cup vdlvégeperating within a
ported bushing. Thils mechanism transforms the changes 1n force re-
celved from the governor welghts 1nto olIWpressure changes acting
on the servo motor relay.

(3) Hydraullc servo motor for operating thé Steam valves. Thls mecha~
nism 1s of the conventlonal type of relday controlled operatlng pils-
ton, utllizing oll as the motlive fluld.

Governor

The governor 1s of the vertlcal shaf®, centrifugal type 1n which
the centrifugal force of the welghts 18 ©ppel3ed by the compression force of
the governor spring plus the oll pressureWactling on top of the cup valve.
The governor hub which holds the welghts,is“driven from the end of the tur-
bilne rotor shaft by splral bevel gearg. Thé governor welghts are secured to
a strap of spring steel mounted acrossWythe dlameter of a ring held by the
governor hub. This spring 1s formed dnto an Inverted U shape at the center
and movements of the weights flex (the 'strap thus transmitting movements
through the spring seat "11" togfhe cup valve "25".

The upper bearing "12% 4s a combined radial and thrust bearing and
1s centered 1n and bolted to “Ghe maln turblne bearing houslng. The vertilcal
posltion of the governor and alsS@,the clearance 1n this thrust bearing can
be ad justed by means of the Mfers "14" which are provided back of thethrust
collars. In addition, liners /18" are provided back of the governor gear
(driver) for the purpose ofmobtdlining correct allgnment of the two gears.
The lower bearing (not shdwn fn the accompanying 1llustration) i1s located at
the lower end of the governergdspindle, in the o0ll pump case.

Pressure Transformer

The essentlalWparts of the pressure transformer are the cup valve
"25", the housing "24",qand the cup valve seat "60". It 1s difficult to
show clearly the various oll passages to and from this cup valve in the main
11lustration. Consequently, these parts are shown dlagrammatically at the
left hand side off the\Figure 1.

High pressure oll enters the central chamber (or hole) of the seat
"60" through a mmetering orifice formed on the cup valve. The cup valve seats
over thils dent#ralfchamber and controls the flow of oll to the draln, there-
by controlling,the pressure malntalned 1n the central chamber. This pressure
thus malntalned™by the cup valve 1s the secondary governlng pressure, denoted
by "z", and 1s connected to the chamber above the servo motor relay piston
"25-A" to regulate the steam valve opening. Since there 1sa continuous flow
of high,pressure oll 1into the cup valve seat there wlll alsobea contlnuous
flow pas®, the cup valve to the drain 1n order to maintaln squilibrium.

From the above, 1t 1s evlident that upward movement of the cupvalve

decrieases’ the flow to the draln, thereby 1lncreasing the secondary governing
presstire "Z". Conversely, downward movement of the cup valve lncreases the
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flow to the draln, thus decreasing the pressure "Z". As described bef6rejthe
posltlon of the cup valve 1s determined by the posltlon of the governor welghts.
Therefore, movements of the cup valve, and hence the secondary governlng

pressure 'Z" respond to changes 1n turbine speed. In followlng the opera-

tion of thls mechanism, 1t 1s Important to bear in mind that the pressure "Z"
exerts a downward force on the cup valve at all times, and any changeé 1n this
pressure results 1n a change 1n the force acting downward on _the cup valve.

In normal operatlon, the cup valve 1s balanced by the force exerted
by the governor welghts acting 1n an upward directlon and the, force exerted
by the secondary governlng pressure "z" on top of the cupfvalve plus the gov-
ernor sprlng actlng 1n a downward direction.

In normal operatlon, thls governor wlll have the, customary regu-
lation (or frequency change) between no load and full®ioad. However, by open-
ing the needle valve thls regulation can be reduced gwo, 8“small figure and
the governor made practlcally 1sochronous. By connectlng the passage at the
top of the cup valve to the chamber at the bottom, the effect of the second-
ary governlng pressure upon the cup valve 1s neutgaiized, and the secondary
governling pressures requlred for varlous loads apre/balanced by the same pre-
determlned speed of the turblne. Thils 1s accompllished by admlttlng pressure
"Z" through the needle valve and air bell to the “bottom of the cup valve.

In order to malntaln stablllty of “eperation, the change 1n pres-
sure "Z" cannot be applied below the cup valveWdmmediately, a certain time
lag belng essential. This tlime lag 1s obfalmed by an alr bell and needle
valve. The functlon of thls tlme lag 1s4to allow the normal speed change,
due to load change, to move the governlnggvalwe to 1ts proper position filrst,
and then by slowly applying the change An/ Pmessure "Z" below the cup valve,
the posltlon of the governlng valve l1s further changed untll the same speed
which exlsted before the load changé 18 re-established.

Openlng the needle valve renders the governor 1sochronous. Clos-
lng the valve causes the governor tooperate with 1ts normal regulation char-
acterlstics. When changlng overgfrom one type of operation to the other,
the needle valve should be moved/slomwmly a part of 1ts travel, and then, to
compensate for the change 1n speed, gorrect 1t wlith the speed changer. Re-
peat this operatlon 1n relatlvgely,Small steps, untll the needle valve 1s ad-
Justed to glve the deslred gegulation.

Servo Motor

The princlpal parts “0f the servo motor used to operate the gov-
erning valves are the operat¥fig piston "56", the relay "33", and the servo
motor relay piston "35-A". 4The governor lever 1s fulcrumed so that downward
movement of the operating,piston opens the steam 1lnlet valves and upward move-
ment closes them. Thé upper land on thls relay controls ports whlch admilt
high pressure oll to \the 8pace above the operatlng plston, the lower land
controls ports whilch,admit high pressure oll to the chamber below the plston,
and the central dand centrols ports which connect elther slde of the opera-
ting plston to fhefdraln. Consequently, upward movement of thils relay causes
the operatlng plston £o0 move downward, whlle downward movement of the relay
causes the plston Tefmove upward. In normal operatlon, thls relay 1s bal-
anced 1n 1ts neutral position by the force of the compression spring "30",
plus the force of the tension spring "41" acting 1in an upward direction and
the force exerted®by the secondary governing pressure "Z'above the servomo-
tor relay plston (plus the force of the compression spring "41-A" when the
turbine 1sg,an\extraction type) acting 1n a downward direction. Note: For
certain applfédtions the compression spring "41-A" 1s not required and is o-
mitted tdgether with the spring seat "38-A".
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Followlng any movement of thls servo motor relayf the ‘operating
plston moves inthe opposite direction. The follow-up lever "48%, which con-
nects the operating piston rod and the servo motor relay spring 41", 1s ful-
crumed so that followlng any relay movement, the resulting plston movement
changes the tenslon in spring "41", so as to return the relay fo 1ts neutral
position untll another change 1n speed (or load) occurs.

On those turblnes which do not have an auxillae§y oll pump, a spring
"55" 13 provided above the operating piston to hold 1t™in #%ts lower position
which 1in turn holds the governing valves open durilng gjohe “Starting period.
This spring holds the valves open untll the speed increases to the polnt where
the governor takes control.

Operation

Briefly, a complete cycle of thils control,1s as follows: If the
load decreases, the turblne speed 1lncreases an@ithe 1lncreased centrifugal
force of the governor welghts mcves the springgseat and cup valve upward. Up-
ward movement of this cup valve 1ncreases thé seeondary governlng pressure
"z", until the increased oll pressure actfng on ALop of the cup valve is suf-
ficlent to balance the 1ncreased centrifugalyforce of the governor welghts.

The increased pressure "Z2" thus™esBablished by the cup valve has,
at the same time, increased the downward ferce on the servo motor relay pls-
ton. Downward movement of thils relay piston moves the servo motor relay
downward, thus admitting high pressurg oll " below the operating piston, which
moves the plston upward and closes the“governing valves. The upward movement
of the operating piston, acting through, the follow-ug lever, 1ncreases the
tension in spring "41" until the ineyeased pressure 'Z" acting above the re-
lay piston 1s balanced and the @ervo‘motor relay agaln returns to 1ts neutral
position.

If the load 1ncreasesg, the turblne speed decreases, and the de-
creased centrifugal force of theWwelghts allows the o0ll pressure above the
cup valve to move 1t downward. §Downward movement of thls cupvalve decreases
the pressure "2", until thesdecreased oll pressure acting ontop of the cup
valve balances the decreasgd force exerted by the welghts.

This decreasé&dysseendary governing pressure "Z" thus established
by the cup valve has at@the,same time, decreased the downward force on the
servo motor relay pistém, thus allowing the servo motor relay spring "30" to
move the relay upwards., Upward movement of thls relay admits high pressure
011l above the operatingpdston, thus moving the piston downward and opening
the governing valveg8. @®ownward movement of the operating plston, acting
through the follow-up lever, decreases the tension in the spring "41" suffi-
clently to compens@be for the decreased pressure acting above the relay pils-
ton, thus allowing/the relay to return to 1its neutral position agailn.

Speed Changer

The/hand or motor operated speed changer, by means of whlch the
speed (or loddy. £an be varied, consists essentially of a worm wheel "2" which
1s threaded on the transformer cup valve houslng and acts dilrectly on the
governor spring. This worm wheel forms the upper support for the governor spring
and consequently downward movement of the worm wheel on 1ts threads increases
the governor spring compresslion and thereby 1ncreases the turbine speed. Con-
versely,yupward movement of the worm wheel on 1ts threads decreases the com-
presslemmof the governor spring and decreases the turbine speed. A sultable
mechanlsm 1s provided by means of which this worm wheel can be operated elther
by hand or by motor. The hand operated mechanism 1s shown 1in Section "C-C".
Thewh&nd wheel "68" 1s connected directly to the worm "1", which meshes with
theNworm wheel "2". The motor driven worm "62" meshes with the sleeve "75"
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and drives through this sleeve, the collar "70" and the hand wheeld "68" to
the second worm "1" and worm wheel "2". The faces of the hand wheel Y68"
and the collar "70" with the plate "69" form a friction typeclutch whfch is
held in engagement by the spring "76". This clutch slips when the hand op-
erated feature 1s used.

Pressure Regulators

When pressure regulators, suchas exhaust and ptmp  preéssure, are
used in conjunction with thils governor, the regulators are of, the hydraulic
type and are connected to the chamber below the servo moforgyrelay plston as
indicated on the illustration. Consequently, changes 1in)pressure delivered
by the regulators act on the servo motor relay in the sameammanner as thesec-
ondary governing pressure dellvered by the transformer tojchange the gov-
erning valve opening, and hence, the speed (or load) 6f, the turbine.

Adjustments of Governor

The governor 1s thoroughly tested and adjusted at the factory and
should operate satisfactorlly as received. However, when re-assembling the
parts after an inspection, or if 1t should become mecessary tocheck the ac-
curacy of the adjustments, the followling points, sheuld be noted:

(1) The bevel gears "15" and "17" are Tapped together in the finishing
process, and three mating teeth are marked. When re-assembling the
governor, it 1s Important to seefthatdthe single marked tooth on one
gear 1s meshed between the two magked teeth on the other gear. (An
access hole 1s provided 1n theghous%®ng through which thesemarks can
be observed.)

(2) Adjust the thickness of liners "I4" back of the upper collar "13"
and liners "18" to bringéthel bevel gears "15" and "17" into correct
alignment. This alignment 48 correct when the ends of the teeth (at
point Y) are flush with 3“0 5 mils backlash in the gear teeth.

(3) Adjust the thickness of liners "14" back of the lower collar "13"
to obtain 3 to 5 mils_yertdcal clearance 1n the governor spindle
thrust bearing. Thefraddal clearance of this bearing also should
be between 3 and 5 mills on the dilameter.

(4) Move the speed changerwto its low speed 1limit of travel. This will
relieve the compreSsion of the governor spring "s".

(5) Remove the govgPhar*housing "58".

(6) Screw the stop serew "22" downward making sure that there is clear-
ance betweed the screw and the spring seat button socket "23".

(7) In order to,oBftain the correct setting of the cup valve "25" check
the followingwmeasurements:

Dimefsdon/"A": With cup valve "25" against its seat "60" measure
the distance from the lower flange face of the governor housing
"58" to the end of the cup valve stem "25". TUse a steel straight
edge and inside micrometers to obtain this dimension.

Bimension "B": Measure the distance from the top of the governor
spring seat ball "23-A" to the top flange face of the governor
pedestal. Use the same method as above for obtaining this meas-
urement. The adjustment 1is correct when: Dimension "B" = Di-
mension "A" plus .015 (plus or minus .005). Liners are provided
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below the governor hub to obtaln thls correct relatign i1fga change
1s necessary. In the event that the cup valve stemyls/too long
after removing all liners, grind a small amount off the end of
the stem, notlng that the end must be true and perpendicular to

the axis.

It 1s 1important to note that no gasket 1s used®in the jolnt be-
tween the governor housing "58" and the governor 4pedestal. A gas-
ket at thls polnt wlll cause 1ncorrect settdng of the cup valve.

The above measurements are difficult to obtaln accurately wilthout
speclal micrometers and block gauges, and thilg§ work should not be
attempted except by an experilenced serviceWengineer.

(8) Screw the stop screw "22" upward until 1t™just touches the socket
"23". Then screw 1t downward three quafters of a turn and lock in
place. This should glve a clearance «©f 50"mils between the stop
screw and the socket.

(9) Set the governin% valve 1i1fts agcording to Instructlions glven 1n
the "Steam Chest” description.

(10) Adjust the length of the conne@Pdoen ‘to the governor valve lever so
that all governing valves are clesed tightly when the piston "56"
1s 1/4 inch away from 1ts upper,limit of travel.

(11) If the mechanism is dismantledy, it 1s important to re-assemble the
follow-up lever fulcrum pinM™44"™ in the same hole as found origil-
nally 1in order to maintaln( the|8ame regulatlion. Changing the ful-
crum piln so as to increase the spring (or relay) movement per unit
of plston movement willl lncrease the regulation, and vice versa.

(12) The speed changer limit stops are shown as items "28" and "29". To
set the 1limit stops, preceed as follows:

A - Operate the turblnejat no load, and malntaln normal full load
speed by partlallyslosing the throttle valve.

B - Holding this,speed/ by means of the throttle valve, tivrn the speed
changer 1n g'facrease’ direction until all governing valves are
wide open.qThlsVis determined by measuring the 11fts, and check-
ing agaip8t the 11fts glven on the Valve-Settlng Dlagram. Thils
representsWthe full load position.

C - Shut the maechine down. Turn the worm wheel "2" one turn more
in them MCrease" directlon and lock the 1imit stop in this po-
sitifné 4§ The ring "26" 1s saw cut 1n the horizontal plane so
that Wightening the cap screws locks the stop "29" securely.

Since the upper and lower lugs on the stop "29" are a constant
ddstance apart, the speed changer range 1s fixed, and no further
ad justment of the lower stop 1s possible.

The followlng 1list has been complled to facllltate ordering spare
or renewal papts by 1tem number and name, together wilth the serlial number of
the turbine:

Item
No. Name

1 Speed Changer Worm (Low Speed)
2 Speed Changer Worm Wheel (Low Speed)
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Name

Speed Changer Worm Wheel Ball Bearing
Governor Spring Seat (Upper)

Governor Spring

Governor Case

Cup Valve Stem Bushing

Governor Weights

Governor Welghts Support (Complete)
Governor Hub Lock Nut

Governor Spring Seat (Lower)

Governor Spindle Bearing (Upper)
Governor Spindle Thrust Collars
Governor Spindle Thrust Collar Liners
Governor Gear (Driven)

Governor Spindle

Governor Gear (Driver)

Governor Gear Liners

Governor Hub Spacer

Governor Hub Spacer Liners

Governor Hub

Governor Spring Seat Butten “Stiop Screw
Governor Spring Seat Button
Transformer Cup Valve Bal®, and Retalner Washer
Transformer Cup Valve Houslng
Transformer Cup Valve

Speed Changer Worm Whegel

Stop Lock Ring

Speed Changer Worm Wheel Stop Plate

Speed Changer Wofm Wheel

Stop

Gasket (1/32 Thdck)

Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor

RelayEpring
ReTay Spring
Relay ‘Bushing
Relay

Relay Piston Cover
Relay Piston Nut

Seat

Gasket (1/32 Thick)

Servo-Moter
Servo-Mofor
Servo-Motor
Servo-Metor
Servos=Mo tor
Servo-Motor

Relay Piston

€ylinder Cover

Relay Piston Rod

Relay Piston Spring Nut

Relay Piston Compression Spring Seat
Relay Piston Spring Case (Inner)

Spring, Compressing - Studs

Servo-Motor
Servo-Motor
Serwo=Motor
Seryo-Motor
Senvo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor
Servo-Motor

Relay Piston Spring Case (Outer)
Relay Piston Spring

Relay Piston Compression Spring
Relay Piston Spring Adjusting Bolt
Follow-up Lever Support

Follow-up Lever Fulcrum Pin

Spring Bolt Crosshead

Spring Bolt Crosshead Ball Bearing
Follow-up Lever Spacer Bolt
Follow-up Lever (In Pairs)
Follow-up Lever Pin (Upper)
Follow-up Lever Link

Follow-up Lever Link Spacer Bushing
Follow-up Lever Link Pin (Lower)
Piston Rod

Piston Rod Bushing Retainer
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68 Speed Changer Hand Wheel

69 Speed Changer Hand Wheel Clu ate
70 Speed Changer Hand Wheel c ollar
71 Speed Changer Cover
72 Gasket
73 Speed Changer Cover Bus
T4 Speed Changer Worm Wh% ing

1

gh Speed)

75 Speed Changer Worm Wh
76 Speed Changer Handwh Clutch Spring
1

77 Speed Changer Handw
78 Speed Changer ShaftfC r
79 Speed Changer S t 1ng

80 Gasket
81 Hand Hold C
82 Washer

lutch Spring Seat

ov

83 Blank FlangeN
84 Blank Flange

S
S

N
&

U.S.A. (Rev. 12-39)

O

&

&

4

J



Westinghouse Steam Turbines—I'B. 6163

Governor
(Vertical Flyball, with Pressure Transformer)

This mechanism consists essentlially of three parts, each of which
has a definite function. These parts are:

(1) Governor, consisting of the flyball mechanism,which, due to
centrifugal force, moves in response to changesmin turbine
speed.

(2) Pressure Transformer, consisting of a relay operating within
a ported bushing. This mechanism transforms’ the changes 1in
force received from the governor weilghts Winto 0ll pressure
changes acting on the servo motor relay.

(3) Hydraulic Servo Motor for operating’ thépnsteam valves. This
mechanism 1s of the conventionalptype /of relay controlled
operating piston, utilizing oil ashthé motive fluid.

GOVERNOR:

The governor is of the vertical shaft, centrifugal type in which
the centrifugal force of the weights 18 opp6sed by the compression force of
the governor ‘spring plus the oll pressure acting on top of the transformer
relay. The governor hub which holdsYthe’weights 1s driven from the end of
the turbine rotor shaft by bevel gears. Three weights are used, placed 120
deg. apart. This construction makes 1t mnnecessary to gulde the spring seat,
because the governing forces are applied 1in three planes 1nstead of one.
Each weight 1s fulcrumed on a ball bearing, thus eliminating knife edges and
reducing friction to a minimum, The complete rotating element 1s carried in
two bearings.

The upper bearing 12"1s a combined radial and thrust bearing and
1s centered in and bolted to, the maln turbine bearing housing. The vertical
poslition of the governor and dlso the clearance 1n this thrust bearing can
be adjusted by means ofy the, liners "14" which are provided back of the thrust
collars. In addition, ., “hiners "18" are provided back of the governor gear
(driver) for the purpose of ¥ obtaining correct alignment of the two gears,
The lower bearing (noi» shewn in the accompanying illustration) is located at
the lower end of the governor spindle, in the oil pump case.

PRESSURE TRANSFORMER:

The essentiml parts of the pressure transformer are the relay "25"
and the bushing "24", It 1s difficult to show the various oil passages to
and from this relay in the main illustration. Consequently, these parts are
shown dlagrammaticeally at the left-hand side of the Figure 1.

Thef upper land on the relay controls ports which admit high pres-
sure oll to theycentral annulus around the relay, while the lower land con-
trols ports which connect this central annulus to the drain. The central an-
nulus between the two relay lands 1s connected to the chamber 1inside the
servo motor bBellows "34", and also to the chamber above the relay. This cen-
tral anhulus contains oil under the regulating (or transformed) pressure,
denoted By "Z", which pressure varies with movements of the relay and exerts
a downward force on the relay at all times.
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From the above, 1t can readlly be seen that upward movement of \the
relay closes the drain ports and opens the high pressure ports, thus increas-
ing the regulating pressure "Z". Conversely, downward movement of the gelay
closes the high pressure ports and opens the drain ports, thus decreasing
the regulating pressure "Z". In following the operation of this me€Hanism,
it 1s important to bear in mind that whatever pressure "Z" exists in the an-
nular chamber between the two relay lands 1s transmitted also to the chamber
above the relay, and any change in this pressure results 1n a change 1n the
force acting downward on the top of the relay.

In normal operation, the transformer relay 1s balanced in its neu-
tral position by the force exerted by the governor actin% inhan upward dir-
ection and the force exerted by the regulating pressure /Z!nabove the relay
acting in a downward direction. Any change from this neutral position changes
the regulating pressure "Z" above the relay so as to returnyit to its neutral
position and restore the balanced condition.

In normal operation, this governor will hawe the customary regula-
tion (or frequency change) between no load and full lodd@. However, by open-
ing the needle valve (indicated in the diagram) th¥s, regulation can be re-
duced to a small figure and the governor made practically isochronous. As
described above, the regulating pressure "Z", whieh 18 controlled by movement
of the relay "25", acts on top of the relay %o return i1t to its neutral
position. By connecting the top of this relay 25" to the bottom, the ef-
fect of the regulating pressure on top of ghe, relay 1s eliminated, and the
relay does not return to 1ts neutral positien, until the oll pressure above
the bellows "34" and hence the speed of thé tu®bine return to theilr respec-
tive normal values.

In order to maintain stabllityp,of%eperation, the change 1n pres-
sure "Z" cannot be applied below the relaypimmediately, a certaln time lag
beilng essential. This time lag 1s,obtained by an air bell and needle valve
which are placed in the passage between the chambers above and below the re-
lay. The function of this time{lag is to allow the normal speed change,
due to load change, to move the,Zgoverning valves to thelr proper positions
first, and then by slowly applyingythe¥change in pressure "Z" below the re-
lay, the motion of the governinggvalwes is further increased until the same
speed which existed before the loadiehange 1s re-established.

The top of the relay 1s connected to the chamber at the bottom (as
shown in the diagram), and this passage 1s opened or closed manually, as de-
sired, by the needle valve. Opening the valve renders the governor 1isoch-
ronous. Closing the valvé causes the governor to operate with its normal
regulation characteristics. When changing over from one type of operation
to the other, the needle valve should be moved slowly a part of 1ts travel,
and then, to compensatesfor’the change 1n speed, correct 1t with the speed
changer. Repeat thls operation, in relatively small steps, until the needle
valve 1s fully open or ‘¢losed as the case may be.

SERVO MOTOR:

The principal parts of the servo motor wused to operate the valves
are the operatdngf/piston "56", the relay "33", and the flexible bellows "34",
The governor leweér 18 fulcrumed so that downward movement of the operating
plston opens the “steam inlet valves and upward movement closes them. The
upper land on thls relay controls ports which admit high pressure o0il to the
space above the operating piston, the lower land controls ports which admit
high pressure oil to the chamber below the piston, and the central land con-
trols ports which connect elther side of the operating piston to the drain.
Consequently, upward movement of thils relay causes the operating piston to
move downward; while downward movement of the relay causes the piston to
move upwards In normal operation, this relay 1s balanced in 1ts neutral
position, by the force of the compression spring "30", plus the force of the
tensiGnmspring "4#1" acting in an upward direction and the force exerted by
the seegulating pressure "Z" inside the bellows "34" acting in a downward di-
rection:
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Following any movement of this servo motor relay, thefoperating
piston moves in the opposite direction. The follow-up lever "48{!, which con-
nects the operating piston rod and the servo motor relay spring “41", 1s ful-
crumed so that followlng any relay movement, the resulting piston movement
changes the tension in spring "41" so as to return the relay to its neutral
position until another change in speed (or load) occurs.

On those turbines which do not have an auxiliary o#l pump, a spring
"55" 1s provided above the operating piston to hold ity inwdts lower position
which in turn holds the governing valves wide open during®the starting
period. This spring holds the valves open until the speed dncreases to the
point where the governor takes control.

OPERATION:

Briefly, a complete cycle of this control %sfas follows: If the
load deécreases, the turbine speed increases and theWincreased centrifugal
force of the governor welghts moves the spring seat and transformer relay up-
ward. Upward movement of this relay increasesmthe“regulating pressure 2",
until the increased oll pressure acting on top of "the relay is sufficient to
overcome the increased centrifugal force of, the governor weights and return
the relay to its neutral position.

The increased regulating pressurem2’' thus established by the trans-
former relay has, at the same time. lngreased the downward force inside the
servo motor bellows. Downward movementiof thls bellows moves the servo motor
relay downward, thus admitting high pressure oil below the operating piston,
which moves the piston upward and closes,the governing valves. The upward
movement of the operating piston, acfing through the follow-up 1lever, in-
creases the tension in spring "41" until“the increased regulating pressure
"Z" inside the bellows 1s balancéd@yand,the servo motor relay again returns
to neutral.

If the load increasées, the turbine speed decreases, and the de-
creased centrifugal force of theWwelghts allows the oll pressure above the
transformer relay to move 1t downward. Downward movement of thils relay de-
creases the regulating pressure "Z", until the decreased oil pressure act-
ing on top of the relay balancesfthe decreased force exerted by the weilghts
and again returns the relay to(its neutral position.

This decreased, regulating pressure "Z" thus established by the
transformer relay, has at the same time, decreased the downward force inside
the servo motor bellows, thus allowing the servo motor relay spring "30" to
move the relay upward. Upward movement of this relay admits high pressure
oll above the operating ;piston, thus moving the piston downward and opening
the governing valves, Downward movement of the operating piston, acting
through the follow-up “¥€ver, decreases the tension in the spring "41" suffi-
clently to compenSate{for the decreased regulating pressure within the bel-
lows, thus allewlng the relay to return to its neutral position again.

SPEED CHANGER:

Thethand or motor operated speed changer, by means of which the
speed (or load)®an be varied, consists essentially of a worm wheel "2",
which 1s threaded on the transformer relay bushing and acts directly on the
governor spring. This worm wheel forms the upper support for the governor
spring, and consequently downward movement of the worm wheel on 1ts threads
increases the governor spring compression and thereby increases the turbine
speed.g€onversely, upward movement of the worm wheel on its threads decreas-
es the ‘eompression of the governor spring and decreases the turbine speed. A
sultab¥esmechanism 1s provided by means of which this worm wheel can be op-
erated, elther by hand or by motor. The hand operated mechanism is shown in
"Sectton C-C". The hand wheel "68" 1s connected directly to the worm "1"
which meshes with the worm wheel "2", The motor driven worm "62" meshes with
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the sleeve "75" and drives through this sleeve, the collar "70" and “the’ hand
wheel "68" to the second worm "1" and worm wheel "2". The faces of the hand
wheel "68" and the collar "70" with the plate "69" form a friction type
clutch which 1s held in engagement by the spring "76". This clutch slips
when the hand operated feature 1s used.

PRESSURE REGULATORS:

When pressure regulators such as exhaust pressure,€xtractlion pres-
sure, and pump pressure, are used 1in conjunction with%y, this’ governor, the
regulators are of the hydraullc type and are connected to the chamber below
the servo motor bellows as indicated in the 1llustration. "t 1s obvious that
an increased pressure below the bellows 1s equivalent to/a decreased regu-
lating pressure "Z" above the bellows and vice versa.gConsequently, changes
in pressure dellvered by the regulators act on the servoymotor relay in the
same manner as the regulating pressure dellvered by the /transformer relay to
change the governing valve opening, and hence, the,speed (or load) of the
turbine.

ADJUSTMENTS :

The governor 1s thoroughly tested‘and adjusted at the factory and
should operate satisfactory as recelved. However, when re-assembling the
parts after an inspection, or if 1t should,become necessary to check the ac-
curacy of the adjustments, the following peints”should be noted:

(1) The bevel gears "15" and "17" aréylapped together in the fin-
i1shing process, and three matding teeth are punched marked.
When re-assembling the governor,hait 1s lmportant to see that
the single marked tooth on /onefgear 1s meshed between the two
marked teeth on the other gear. (An access hole 1s provided
in the housing through hleh these punch marks can be observed.)

(2) Adjust the thickness,of Winers "14" back of the upper collar
"13" and liners "18" te,bring the bevel gears "15" and "17"in-
to correct alignment.m This alignment 1s correct when the ends
of the teeth (at point/ %) are flush and with 3 to 5 mils back-
lash in the gear teeth.

(3) Adjust the thickness of liners "14" back of the lower collar
"13" to obtaln 33to™5 mils vertical clearance in the governor
spindle thrust (bearing. The radial clearance of thils bearing
also should ,be“between 3 and 5 mils on the diameter.

(4) With the tupbinéw8hut down and the governor welghts in their
inner position,) the upper edge of the lower land on the trans-
former relaw,"25" should be 87 mils below the corresponding
edge of tH&pannulus in the bushing "24",

This can besdetermined from the followlng measurements:

A 4 DiStance from upper edge of drain port in bushing "24"
to bottom flange face of governor housing.

B - Distance from upper edge of lower land of relay "25" to
lower end of relay stem.

C - Distance from top of relay ball "23" to governor hous-
ing flange face (that 1s, to top of gasket "22") with
governor welghts in thelr innermost position.

Then the correct relation is:
A - 87 mils = B + C.

4




(5)
(6)

(7)

(8)

Governor

Liners "20" are provided below the governor hub to
obtain this correct relation if a change 1s neces-
sary.

However, the above measurements are difficult to ob-
tain accurately without special micrometers and
block gauges, and thils work should not be attempted
except by an experienced service engineer.

Set the governing valve 1lifts according to instructlens given
in the "Steam Chest" description.

Adjust the length of the connection to the govepnor valve le-
ver so that all governing valves are closed tightly when the
piston "56" is 154 inch away from 1ts upper, limdt of travel.

If the mechanism 1s dismantled, 1t i1s impor¥fant to re-assemble
the follow-up lever fulerum pin "44" ,in the same hole as

found originally, 1n order to malntain_ the same regulation.
Moving this fulcrum pin to the right givesya wider regulation,
and moving it to the left gives a closen regulation.

The speed changer limit stops are shown%as items "28" and
"29", To set the 1limit stops, préceed as follows:

A - Operate the turblne at no load, and maintaln normal
full load speed by partlally clkosing the throttle
valve.

B - Holding this speed by meansiof the throttle valve,
turn the speed changemr,in( "Increase" direction un-
t1l all governing valdves are wide open. This 1s
determined by measuring’ the 1lifts, and checking
against the 1ifts 4qgiven on the Valve Setting Dia-
gram. This represents, the full load position,

C - Shut the machine down.™ Turn the worm wheel "2" one
turn more in the_"Increase" direction and lock the
limit stop in tHis position. The ring "26" 1s saw
cut in the herizontal plane so that tightening the
cap screws locks the stop "29" securely.

Since the jupper and lower lugs on the stop "29" are
a constant{distance apart, the speed changer range
1s fixed,gand no further adjustment of the 1lower
stop 1s possible.

The following list has been complled to facilitate ordering spare
or renewal parts by item/ number and name, together with the serial number of

the turbine.

Item No. Neme

Speed Changer Worm (low speed)

Speed Changer Worm Wheel (low speed)
Speed Changer Worm Wheel Ball Bearing
Governor Spring Seat (upper)

Governor Spring

Governor Case

Transformer Relay Stem Bushing (lower)
Governor Weights

Governor Weight Ball Bearing
Governor Weight Ball Bearing Pin
Governor Spring Seat (lower

5
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Name

Governor Spindle Bearing (upper)
Governor Spindle Thrust Collars
Governor Spindle Thrust Collar Liners
Governor Gear (Driven)

Governor Spindle

Governor Gear (Driver)

Governor Gear Liners

Governor Hub Spacer

Governor Hub Spacer Liners

Governor Hub

Gasket

Transformer Relay Ball

Transformer Relay Bushing

Transformer Relay

Transformer Relay BushinggRetainer
Transformer Relay Stem Bushing (upper)
Speed Changer Worm Wheel Stop Plate
Speed Changer Worm WheglhStop
Servo-Motor Relay Spring

Servo-Motor Relay Spring,Seat
Servo-Motor Relay Bushing

Servo-Motor Relay

Servo-Motor Bellows

Gasket

Servo-Motor Cylinder,Cover

Servo-Motor Bellows Rod

Servo-Motor Bellows Spring Nut
Servo-Motor Bellows Spring Case éinnerg
Servo-Motor Bellows Spring Case {ocuter
Servo-Motor\Bellows Spring

Servo-Motor Bellows Spring Adjusting Bolt
Servo-Moter Follow-Up Lever Support
Servo-Moetor¥ollow-Up Lever Fulcrum Pin
Servo-Motor, Spring Bolt Crosshead
ServosMotoer Spring Bolt Crosshead Ball Bearing
Servo-Motor Follow-Up Lever Spacer Bolt
Sery¥0-Motor Follow-Up Lever (in pairs)
Servo-Motor Follow-Up Lever Pin (upper)
Serve=Motor Follow-Up Lever Link
Servo-Motor Follow-Up Lever Link Pin (lower)
Servo-Motor Piston Rod

Servo-Motor Piston Rod Bushing Retainer
Sefvo-Motor Piston Rod Bushings (upper)
Servo-Motor Piston Spring

Servo-Motor Piston

Servo-Motor Piston Ring

Governor Housing

Servo-Motor Piston Rod Bushing (lower)
Transformer Relay Stop Nut

Speed Changer Shaft Bushing (inner)
Speed Changer Worm (high speed)

Speed Changer Shaft Pushing (outer)
Speed Changer Shaft (high speed)

Speed Changer Motor Shaft Bushing
Speed Changer Motor

Speed Changer Shaft (low speed)

Speed Changer Handwheel

Speed Changer Handwheel Clutch Plate
Speed Changer Handwheel Clutch Collar
Speed Changer Cover

Gasket

Speed Changer Cover Bushing

Speed Changer Worm Wheel Bushing




Governor

Item No. Name
75 Speed Changer Worm Wheel (high speed)
76 Speed Changer Hand Wheel Clutech Spring
T7 Speed Changer Hand Wheel Clutch Spring Seat
78 Speed Changer Shaft Collar :
79 Speed Changer Shaft Bushing
80 Gasket
81 Hand Hole Cover
82 Washer
83 Blank Flange Bolt
84 Blank Flange
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