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ASTRACT OF TETE DESCLCBSURE 
Apparatus disclosed includes a steam turbine driven re 

versible ship propulsion system having respective ahead 
and astern control valves driven by separate servo Sys 
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 
ly 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. 
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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 
long 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 4 and 16, re 
spectively. Turbine 4 is connected to gear reducer 12 
and, hence, to the propeller 10 through rotatable shaft 18. 
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In a similar manner, the low pressure turbine 16 is 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 
O 
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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 16 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 10 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 20 and thence 
through header 34 to the condenser 36. 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 40, 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 45 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 rotate the core 40 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 will 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 40 and valve 30 re 
main in their previously-established position by virtue of 
a negative feedback path 50 around the amplifier 46 pro 
viding a conventional servo loop. The servomotor 39 is 
mechanically connected to the valve 36 by means of a 
conventional servornechanism, schematically illustrated 
by the broken line 41. 
The astern valve 38 is controlled by a similar servo 

motor 52 connected to the output of an astern servoam 
plifier 54, also provided with a negative feedback path 
56. Whereas the ahead servo amplifier 46 and servomotor 
33 respond to negative control voltages on lead 43, 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 30 is a limit switch 

58 which is closed when the ahead valve is completely 
closed (i.e., shut). In a similar manner, a second limit 
Switch 60 becomes closed when the astern valve 38 is com 
pletely closed. When valve 30 is completely closed and 
limit switch 58 closed, relay H becomes emergized to close 
its normally open contacts H1. Similarly, when the astern 
valve 38 is completely closed, closure of limit switch 6) 
causes energization of relay I to close its contacts I. 
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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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 80 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 invention 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 require 
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 output 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 
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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 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 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 one 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. 

8. 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. 

10. 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 proportional 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. 

11. 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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