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ABSTRACT OF THE DISCLOSURE

Apparatus disclosed includes a steam turbine driven re-
versible ship propulsion system having respective ahead
and astern control valves driven by separate servo 5ys-
tems, which are in turn driven by an operational amplifier
whose input responds to a summation of signals represent-
ing actual and desired propeller speeds. A speed controller
in the stop position applies a low value “ahead” signal to
the operational amplifier, and the ahead valve is alternate-
Iy opened and closed in response to see-saw of dominance
between the ahead and the speed feedback signals. Thus
the turbine is cyclically started-stopped-started-stopped,
and so on to prevent bowing of the turbine rotor. With
the speed controller in the stop position, the operational
amplifier has a negative feedback circuit that is operative
when the input to the amplifier is in the ahead sense and
inoperative when the input to the amplifier is in the oppo-
site sense.

A —— A TR T e,

This invention relates to control systems for steam tur-
bines and the like, and more particularly to a stand-by
control for marine steam turbines wherein the turbine is
stopped and started periodically while the ship is not
moving to maintain turbine rotor straightness.

When steam turbines used in marine propulsion- sys-
tems are at rest, uneven heating of the turbine parts en-
.sues.. This uneven heating, if not prevented, will cause
the turbine rotor to become bowed, a condition which
obviously cannot be tolerated. Accordingly, it becomes
necessary to .start and stop the turbine every few mo-
ments to intermittently rotate the rotor and maintain its
straightness.

As an overall object, the present invention seeks to
provide apparatus for automatically starting and stopping
a steam turbine periodically in order to maintain straight-
ness of the turbine rotor.

More specifically, an object of the invention is to pro-
vide stand-by control for a marine propulsion system
wherein a steam valve controlling admission of steam to
a turbine is periodically opened just wide enough and long
enough to start the turbine rotor turning, and then shut
Iong enough for the rotor to coast to a stop and remain
stopped until the cycle is repeated in a short time.

The above and other objects and features of the inven-
tion .will become apparent from the following detailed
description taken in connection with the accompanying
single figure drawing which schematically illustrates one
embodiment of the invention.

The steam propulsion control system as shown herein
is described in detail in copending application’ Ser. No.
540,566 (Westinghouse Electric Corporation) filed con-
currently herewith and assigned to the assignee of the
present application. For a full and: detailed description
of the overall control system, reference may be had to
that application, the present description being limited to
those elements which effect stand-by operation of the tur-
bine to maintain rotor straightness:

With reference now to the drawing, a ship propeller 10
is driven through a gear reducer 12 by ‘means of high
pressure and low pressure steam turbines 14 and 16, re-
spectively. Turbine 14 is connected to gear-reducer 12
and; hence, to the propeller 19 through rotatable shaft 18,
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In a similar manner, the low pressure turbine. 16 js con-
nected to the gear reducer 12 through shaft 20 having
conventional reversing turbine blades 22 thereon.

Steam for the turbines 14, 16 and 22 is supplied by
means of a boiler, not shown, connected to a common
header 28. From header 28, the steam can flow through
a main ahead valve 30 to the high pressure side of tur-
bine 14; thence from the low pressure side of turbine 14
and through header 32 to the high pressure side of tur-
bine 16. Finally, the steam at low pressure passes from
the low pressure side of turbine 1§ through header 34
to a condenser 36, Under the circumstances just described,
the ship is moving in the ahead direction.

In order to reverse the propeller 16 and cause the ship
to move in the astern direction, the valve 30 is closed
and a main astern valve 38 opened, whereupon steam will
flow to the reversing blades 22 on shaft 29 and thence
through header 34 to the condenser 3. The arrangement
just described is, of course, a common and well-known
marine propulsion system.

The main ahead valve 30, for example, is. controlled
by means of a servomotor, schematically illustrated at 39
and described in detail in the aforesaid copending applica-
tion Serial No. 540,566, For purposes of the present ap-
plication, however, it will be sufficient to state that the
servomotor includes a magnetically permeable core, sche-
matically illustrated by the arrow 48, which can be ro-
tated about a center point in one direction or the other
by means of two windings 42 and 44 connected to the out-
put of an ahead servo amplifier 46 in a push-pull arrange-
ment. The input to the servo amplifier 46 on lead 48, com-
prising a speed control, will cause the servo amplifier
to rotale the core 49 in one direction and open valve 30
when the control voltage on lead 48 is of negative polarity
and increasing magnitude. When the control voltage on
lead 48 is still of negative polarity but decreasing in mag-
nitude, the core wiil rotate in the opposite - direction to
close valve 39. Whenever the control voltage on lead 48
is not changing, the output from the servo amplifier 46
will remain constant while the core 49 and valve 39 re-
main in their previously-established position by virtue of
a negative feedback path 58 around the amplifier 46 pro-
viding a conventional servo loop.” The servomotor 39 is
mechanically connected to the valve 3§ by means of a
conventional servomechanism; schematically iHustrated
by the broken line 41,

The-astern valve 38 is controlled by a similar servo-
motor 82 connected to the output of an astern SEervo am-
plifier 54, also provided with a negative feedback path
§6. Whereas the ahead servo amplifier 46 and servomotor
39 respond to negative control voltages on lead 48, the
astern servo amplifier 54 and servomotor 52 respond to
positive control voltages. In this respect, when a positive
control voltage on lead 48 is increasing in magnitude, the
servomotor 52 will cause the valve 38 to open  further;
whereas a positive control voltage on lead 48 of decreas-
ing magnitude will cause the servomotor 52 to close the
astern valve 38.

Connected to the main ahead valve 36 is a limit switch
58 which is closed when the ahead valve is completely
closed ‘(ie., shut). In a similar manner, a second limit
switch 60 becomes closed when the astern valve 38 is com-
pletely closed. When valve 3¢ is completely closed and
limit switch 58 closed, relay H becomes energized to close
its normally open contacts H1. Similarly, when the astern
valve 38 is completely closed, closure of limit switch 69
causes. energization of relay I to close its contacts I1.

The main control for the propulsion system comprises
a throttle control lever 62 movable from a central or stop
position to an ahead position where the ship moves ahead;
and movable backwardly from the stop position for the
astern direction. The throttle lever 62 is connected to a
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reference divider or potentiometer 64 such il

put of a2 movable tap on the potentiomeler ap ng on
lead 66 will have a polarity dependent upen v the
throttle lever 62 is moved to an ahead po an
astern position, and a magnitude dey the

amount of movement of the throttle lever in cuhfx dire
tion from its center or stop position. In the particular con
trol system shewn herein, the cuiput on u,nd 55 will bc
positive with respect to ground when the throitie lever is
moved to an ahead position and negative with res ncct to
eround when it is moved to an astern positi s
more, its magnitude will increase in the positi !
when the throltie lever is moved further in a clockwise

)-‘)

direction from the step position as shown, and will in-
crease in magnitude in the negative direction as it is moved

in a counterclockwise direction from the stop positoin.
The output on lead 84 is proportional to desired speed and
its polarity indicative of the desired direction of move-
ment of the ship. Hence, the signal on lead €6 can be
referred to as a “desired speed signal.”

The desired speed signal on icad 6§ is added ia series
with the output of a tachometer generator ’7 wmch is
raechanically connected to the propeller 6 of the ship by
suitable means, not shown herein. Hence, .hP output of
the tachometer generator §7 Is proportional (o the *mtuai
speed cf the propeller, and the polarity of the signal across
the output terminals of generater 67 is indicative of the
direction of actual movement, either astern or ahead.
Hence, the output of tachometer veaeraiol 67 can be re-
ferred to as the “actual speed signal.”

The actual speed signal across tachometer generator 67
normally has a polarity opposing that on lead ¢5 when-
ever the lever €2 is moved from a previously established
position, Whenever the actual speed of the ship coincides
with the desired speed as determined by the position of
throttle lever $2, the ouiput of reference divider 64 com-
prising the desired speed signal will be equal to, and op-
posite in polarity to, the actual speed s.nnal p;ocuved by
tachometer generator &7 such that the volitage betwees
lead 68 and ground will be zere. However, wienever the
desired speed signal differs from the actual speed signal,
a speed error signal or voltage will be produced between
lead 63 and ground. This volige is applicd across a volt-
age divider comprising resistors 79, 72 and 74 in series.
The resistor 72 is provided with a movable tap 76 which
is connected through resistor 78 to the input of an opera-
tional amplifier €0, the output of a"ﬂpifﬁer 80 being ap-

plied through rcsmtor 32 to the lead 48, Hence, the output

01 the operational Fmph‘iPr comprises the aforesaid speed
control voltage which is applied to amplifiers 46 and 54
and which is effective, when negative, to actuate the servo-

motor 39 and effective, when positive, to actu
servomotor 52.

The operational amplifier 89 is provided with a first
feedback path including a capacitor &4 which filters out

ate the

24
any ripple appearing in the input direct current countrol
voltage. A second feedback path includes capacitor ¢ and
resistor €8 in series with normally closed contacts Ci of
a relay C. This second feedback path including capacitor
86 and resistor 83 provides proporticnal plus integral
contrel action. That is, in response to an abrupt change
in the voltage on lead 68, there will be a step cutput or
abrupt increase in voltage on lead 48, followed by
gradual change. As an example, assume a sudden speed
crror of one propeller 1evolmoq per minute. This will
produce an error voltage on lead €§; and almost immedi-
ately after the appearance of the error voltage, the output
of amplifier 8% on lead 48 will change abruptly. However,
after this abrupt change in output, the integral action of
the amplifier will cause the output to continue to change
after the transient step change resujting from the propor-
ticnal response to the sudden error.

The throttle control lever 62 has connecied therelo a
wiper brush 9§ which ener gues lead 92 when, and only
when, the throttle lever 62 is in its central or stop posi-
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tion. Thus, whenever the ship is at rest, the Jead 92 will
be encrgized. Assuming that both the ahead valve 3¢ and
astern vailve 38 are closed, refays H and I will be ener-

=d ic close contacts Hi 'mfi 1i. Conseguently, relay C
witl now become energized and will remain energized
through contacts CZ even t! 1011011 the ahead valve 3§ opens
and relay H becomes decnergized, Thus, once the relay
C becomes energized, it will remain energized until the
throttle lever $2 is moved from its central or stop posi—
tion, or until the astern valve 38 opens to deenergize
rglay L

When relay C becomes energized, contacts C1 open to
hereby interrupt the feedback path compm ng capacitor
6 and resistor 88 in series. At the same time, closure of

ontacts C3 short out capacitor 86 and remove any resid-

-ual charge thereon. This insures that once the throttle
lever 62 is moved from its stop position and relay C
becomes deenergized, no residual charge will exist on the
capacitor 8¢ to impede the response characteristics of the
sy"{e .

T addition to
scribed, there is
cana I‘ AN SV
the thretile lever 62 is not in
and the relay Cis dezn

3

o

(3 (‘;‘

back paths p c‘/lous]y de-~
back path ~5 comprisi
crs 6% and 184, °
central or stop posiiion
d, contacis C4 will be closed,
therel -] grounding feedback path 24, When, however, the
relay C becomes cneig with tne ship at rest and

13 closed, the contacts C4 will open and

valves 2§ and 32
coniacts C5 will cigse, thereby connecting the junction
ae

oL capacitor 96 and resistor 28 to ground through diode
Wl en the throttle lever 62 is placed in the stop position,

{he mancuvering \slv"
will ¢! Crnce both
and r"—wr ive]y, re
38 and 6%, the relay C

so long

36 or 35 which has been open
the ahead and astern valves 38
¢ closed as sensed by limit switches
is energized and remains energized
as the threttle lever is left in the stop position.
tioned above, relay C disconnects the normal feed-
ack circuit around the amplifier &3 by vivtue of contacts
, which now open, and connects the higher gain feed-
between the input and cutput of amplifier 88.
hrottie Jever &2 Is in its center or stop position,
WE ive voltage is px'oduccd on lead 66 as is
aforesaid copending applica-

tion Ser. Mo,
is not grounded but ather is slightly positive with re-
o 2 Ed t=3 y

spect to ‘ground This pos itive voltage, when applied to
the amplifier 88, causes its cutput on lead 4§ to 1“1Legrate
slowly from positive to negative p\mluy Vhen the volt-
age on lead 48 is sufficie enthy negative, the servomotor
39 cpens steamn valve 30. D‘l ring this process, capacitor
¢5 changes its charge from the polarity shown to opposite
polarity.

Once the valve 3¢ is opened, the p"one‘ler 1§ rotates
in the forward direction, thereby causing the {achometer
generater 67 to produce a voltage with the polarity

shown on the drawing. This voltage, applied to amplifier
80, causes the negative cutput on lead 42 to swing fully
pesitive abruptly, because ¢ liodz 20Z discharges capacitor
es to ground (via contact C3) and thereby effectively
pl‘f"VSﬂ“‘ the high gain feedback path through resistors
28 and 150 {rom acting as a result the ahead valve 3§
is closed. This positive voltage on lead 48, however, can-
nct actuate the 52 reason that

w}

astern servomotor 52 for the
the output of amplifier 54 is now grounded via contacts
Cé& which are now closed. After the valve 38 closes, the
prepeller 18 stops, and the voltage output of the tachom-
eter 67 drops te zero, whereupon the slight positive voit-
age on lead 66 will cause the aforesaid cycle to repeat
Thus, by the action of the circuit, valve 38 is opened
just long enough for the propeller I8 to be accelerated to
some value ordinarily less than three revoluticns per
minute. At this poiat, the speed of the propetler is quickly
sensed by the tachometer 67 with the cutput of amplifier
&% on lead 48 quickly changing from a negative volta%




3,361,108

5

necessary for opening the ahead valve 30 to a positive
voltage causing “hard closing” of the ahead valve. If
the ship has no headway, the turbine speed will gradually
reduce to zero and the amplifier 86 with feedback path
94 will begin to integrate from the positive “hard closed”
region back into the negative region necessary for the
next steam pulse,

It can be seen, therefore, that the present invention
provides a means for periodically rotating the rotor of
a steam turbine while it is at rest to prevent uneven heat-
ing of the rotor and to maintain its straightness. Al-
though the inventicn has been shown in connection with
a certain specific embodiment, it will be readily apparent
to those skilled in the art that various changes in form
and arrangement of parts may be made to suit Tequire-
ments without departing from the spirit and scope of the
invention.

I claim as my invention:

1. In control apparatus for a ship propulsion system
including a valve for admitting fluid under pressure to
turbine means having a rotor mechanically coupled to
the ship’s propeller; the combination of means for in-
termittently rotating said rotor and propeller while the
ship is stopped, comprising servomotor means: for open-
ing and closing said valve, tachometer generator means
coupled to said propeller and adapted to produce a direct
current voltage when said rotor and propeller rotate; a
source of direct current voltage in series with said
tachometer generator means and having a polarity op-
posing the direct current voltage produced by the tachom-
eter generator means when said valve is open, operational
amplifier means operable in response to the voltage re-
sulting from the series addition of said direct current
voltages and having its cutput connected to said servo-
motor means, and a negative feedback path for said opera-
tional amplifier means such that said source of direct-
current voltage will cause the operational amplifier means
to produce an output voltage which opens said valve,
the valve remaining open until the rotor and propeller
accelerate to the point where the voltage produced by
the tachometer generator means overrides said source of
direct current voltage and causes said valve to close,
and means operable only when the tachometer generator
voltage overrides said source of direct current voltage
for reducing the effectiveness of said negative feedback
path whereby to increase the gain of the amplifier means
and thus accelerate the closing of said valve.

2. The combination of claim 1 wherein the output of
said operational amplifier means is applied to said servo-
motor means through a servo amplifier having. a negative
feedback path.

3. The combination of claim 2 wherein said servomotor
means will open said valve when the output of the opera-
tional amplifier means is. of one polarity and increasing
in magnitude, and wherein the servomotor means will
cause said valve to close when the output of the opera-
tional amplifier means is of said one polarity and de-
creasing in magnitude.

4. The combination of claim 1 wherein said valve com-
prises an ahead valve which causes the ship to move
in the ahead direction when it is opened, the ship pro-
pulsion system also including an astern valve for ad-
mitting fluid under pressure to the turbine means to
rotate the propeller such that the ship moves in the astern
direction, servomotor means for actuating said astern
valve, and means initially responsive to said ahead valve
being in closed position for disabling said latter-men-
tioned servomotor means when the ship is stopped and for
maintaining said disablement even after said ahead valve
is opened to initiate said intermittent operation.

5. The combination of claim 1 wherein said operational

10

15

20

30

35

40

45

50

55

60

65

70

6

amplifier means includes a second feedback path including
a capacitor and a resistance element, which second feed-
back path causes the amplifier to operate as a propor-
tional plus integral controller, means for interrupting
said second feedback path when the ship is stopped, and
means for disabling said first-mentioned feedback path
when the ship is moving.

6. The combination of claim 1 wherein said feedback
path includes a capacitor in series with a resistance ele-
ment, and a unidirectional curent device connecting the
junction of said capacitor and resistance element to
ground.

7. In control apparatus for a ship propulsion system
including a valve for admitting fleid under pressure ‘to
turbine means having a rotor mechanically coupled to
the ship’s propeller; the combination of means for in-
termittently rotating said rotor and propeller while the
ship is stopped comprising operational amplifier means
having a negative feedback path, means responsive to the
output of said amplifier means for controlling said valve,
means for applying a voltage of ong polarity to said
amplifier means to cause said valve to open, means
operable when said propeller rotates for applying a volt-
age of the other polarity to said amplifier means to cause
said valve to close, and means operable only when the
voltage of said other polarity is applied to said amplifier
means for reducing the effectiveness of said negative
feedback path whereby to increase the gain of the ampli-
fier means thus to accelerate the closing of said valve.

§. The combination of claim 7 wherein said feedback
path includes a capacitor, and said means for reducing
the effectiveness of said feedback path comprises means
for discharging said capacitor,

9. The combination of claim 7 wherein said valve com-
prises an ahead valve which causes the ship to move in
the ahead direction when it is opened, the ship propulsion
system also including an astern valve for admitting fluid
under pressure to the turbine means to rotate the propeller
such that the ship moves in the astern direction, servo-
motor means for actuating said astern valve, and means
initially responsive to said ahead valve being in closed
position for disabling said latter-mentioned servomotor
means when the ship is stopped and for maintaining said
disablement even after said ahead valve is opened to
initiate said intermittent operation.

16. The combination of claim 7 wherein said opera-
tional amplifier means includes a second feedback path
including a capacitor and a resistance element, which
second feedback path causes the amplifier to operate as
a propertional plus integral controller, means for inter-
rupting said second -feedback path when the ship is
stopped, and means for disabling said first-mentioned
feedback path when the ship is moving.

1%, The combination of claim 7 wherein said feedback
path includes a capacitor in series with a resistance ele-
ment, and said means for reducing the effectiveness of
said feedback path comprises a unidirectional current de-
vice connecting the junction of said capacitor and re- -
sistance element to ground.

12. The combination of claim 1 wherein said feed-
back path includes a capactior, and said means for re-
ducing the effectiveness of said feedback path comprises
means for discharging said capacitor.
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