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ABSTRACT OF THE DISCLOSURE 
Apparatus disclosed includes a steam turbine driven 

reversible ship propulsion system having respective ahead 
and astern control valves driven by separate servo sys 
tems, which are in turn selectively driven by a propor 
tional plus integral operational amplifier whose input 
responds to a summation of signals representing actual 
and desired propeller speeds. Apparatus responsive to off 
normal conditions, such as low boiler pressure, produce 
“off-normal” signals which modify the speed control sig 
nals applied to the servo systems in a manner to limit 
the valve openings so that the capability of the system 
cannot be exceeded. Means is also provided to restrict 
the integrating capability of the operational amplifier so 
that it integrates only when the desired speed signal 
dominates the actual speed signal. 

SSSS 

This invention relates to control systems for steam 
turbines and the like, and more particularly to a steam 
turbine propulsion control system for ships wherein the 
ship can be controlled directly from the bridge. 

In the past, ship propulsion turbines have normally 
been controlled by steam valves manually adjusted in the 
engine room is response to signals from the bridge. For 
example, if it were desired to reverse the ship's propeller 
from ahead to astern as in docking, an order was trans 
mitted from the bridge to the engine room operator who 
would then manually close the ahead valve and there 
after manually open the astern valve. In addition to fol 
lowing commands from the bridge, the engine room 
operator has also been responsible for limiting the propul 
sion turbine's transient steam requirements to within the 
capability of the boiler. That is, he has been responsible 
for protecting the complete power system from undesira 
ble modes of operation such as overpressure or under 
pressure conditions and high or low water levels in the 
boiler. Needless to say, this method for ship control, 
while used extensively, leaves much to be desired partic 
ularly as regards the maneuverability of the ship. 
As an overall object, the present invention provides 

an automatic propulsion control system for ships and the 
like wherein the ship turbines are controlled automatically 
from the bridge, and without the assistance of personnel 
in the engine room. As will be understood, this places the 
ship under the direct control of the bridge and facilitates 
much faster response characteristics in the control of the 
ship as are needed, for example, when the ship is being 
docked. 
Another object of the invention is to provide a ship 

propulsion control system of the type described incorpo 
rating means for sensing off-normal conditions or equip 
ment failures, and wherein off-normal conditions or equip 
ment failures will override the normal automatic func 
tion of the system and prevent damage to any part of the 
propulsion equipment. 

In accordance with the invention, a servo system is 
provided including means under the control of the bridge 
for producing a desired speed signal, means for produc 
ing an actual speed signal proportional in magnitude to 
the speed of rotation of the ship's propeller, apparatus 
for comparing the actual and desired speed signals to 
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2 
produce a speed error signal when the desired and actual 
speed signals are not of the same magnitude, and appara 
tus responsive to the speed error signal for controlling 
the admission of steam to the ship's turbines. In the em 
bodiment of the invention shown herein, the desired speed 
signal is produced by means of a potentiometer adapted 
to produce a direct current voltage of one polarity for 
the ahead direction and a direct current voltage of the 
opposite polarity for the astern direction, the magnitude 
of the voltage being proportional to the desired speed 
in either the ahead or astern direction. The actual speed 
signal is generated by means of a tachometer generator 
connected to the ship's propeller; and the actual and 
desired speed signals or voltages are added in series to 
produce the speed error signal which is applied through 
operational amplifiers to servomotors which control the 
main ahead and astern steam valves for the ship's turbines. 

Further, in accordance with the invention, off-normal 
conditions such as low boiler pressure are sensed to gen 
erate an off-normal signal which reduces or limits the 
steam valve opening when an off-normal condition occurs 
such that the capability of the system cannot be exceeded. 
Thus, the system not only provides for normal control 
of the propulsion system, but also eliminates the need 
for system monitoring by engine room personnel. 
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 
drawings which form a part of this specification, and in 
which: 
FIGURE 1 is a schematic diagram of the overall pro 

pulsion and control system of the invention; 
FIG. 2 comprises a detailed schematic diagram of 

various components of the electrical control system shown 
in FIG. 1; and 
FIG. 3 is a graph illustrating certain of the control 

characteristics of the system of FIGS. 1 and 2. 
General overall description of system, FIG. I. 

With reference now to the drawings, and particularly 
to FIG. 1, a ship propeller 10 is driven through a gear 
reducer 12 by means of high pressure and low pressure 
steam turbines 14 and 16, respectively. Turbine 14 is con 
nected to gear reducer 12 and, hence, to the propeller 10 
through rotatable shaft 18. In a similar manner, the low 
pressure turbine 16 is connected 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 pair of boilers 24 and 26 connected to a com 
mon header 28. From header 28, the steam can flow 
through a main ahead valve 30 to the high pressure side 
of turbine 14; thence from the low pressure side of tur 
bine 14 and through header 32 to the high pressure side 
of turbine 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 de 
scribed, 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. As was explained above, the 
valves 30 and 38 have, in the past, been controlled manu 
ally by the ship's engine room operator in response to 
signals from the bridge. 

While two boilers 24 and 26 are shown in the specific 
example of FIG. 1, it will be understood, of course, that a 
single boiler could be utilized if desired, depending upon 
the requirements of the system. If the water level in the 



3 
boilers 24 and 26 should exceed a certain maximum limit, 
water will pass into the turbines 14 and 16. Conversely, 
enough water must be maintained in the boilers 24 and 
26 to prevent them from burning up. Accordingly, each 
boiler is provided with level transmitters 40 and 42. The 
transmitters 40 and 42 may be of the type manufactured 
by the Bailey Meter Company and identified as Model 
LJ-2330B. Essentially, such transmitters are adapted to 
convert a water level indication into a pneumatic pressure. 

Pressures from either of the respective transmitters 40 
and 42 are, in turn, applied through a three-way valve 44 
to a pneumatic diaphragm 46. The diaphragm 46 for 
boiler 24, for example, is mechanically connected to a 
movable core 48 in a first electromechanical transducer 
50. In a similar manner, the diaphragm 46 for boiler 26 
is mechanically connected to the movable core 52 for a 
second electromechanical transducer 54. Each of the 
transducers 50 and 54 includes a primary winding 56 con 
nected across the output of a carrier oscillator 58 such that 
the output signal appearing across the secondary winding 
60 of either transducer is an oscillatory signal having a 
magnitude and phase dependent upon the position of the 
movable core 48 or 52, as the case may be. The signal 
across winding 60 of transducer 50, for example, is recti 
fied and filtered in demodulator circuit 61. Similarly, the 
signal across winding 60 of transducer 54 is rectified and 
filtered in demodulator circuit 62. The direct current out 
puts of circuits 61 and 62 are applied to an override ad 
justment circuit 64 which will produce an output when 
ever the direct current signals at the outputs of circuits 
61 or 62 exceed a predetermined level. 

Thus, if the water level within boiler 24 should move 
above the maximum permissible level, the core 48 may 
move upwardly, for example, to the point where the signal 
applied to override adjustment circuit 64 from the de 
modulator 61 causes an output from circuit 64. Similarly, 
when the water level in boiler 24 falls below the minimum 
desired level, movement of the core 48 downwardly will 
again cause an output from the overriding adjustment 
circuit 64. The operation of transducer 54 and circuit 62 
is the same for boiler 26 and, hence, it can be said that 
whenever the water level within either boiler 24 or 26 
rises above or below predetermined set limits as deter 
mined by the override adjustment circuit 64, an output 
signal will be applied to an override controller 66. 

Reverting again to the boilers 24 and 26, the output 
pressure from the boilers 24 and 26 in header 28 is sensed 
by a diaphragm 68 which, in turn, actuates a movable 
core 70 in a third electromechanical transducer 72. The 
transducer 72, like transducers 50 and 54, is provided with 
a primary winding 74 connected across the output of 
carrier oscillator 58. The transducer 72, however, is pro 
vided with two output windings 76 and 78. With this ar 
rangement, and assuming that the core 70 moves in one 
direction, the magnitude of the signal appearing across 
one winding 76, for example, will increase while that 
across the other winding decreases. Conversely, upon 
downward movement of the core 70, the reverse situation 
exists. 
The signals appearing across windings 76 and 78 are 

rectified and filtered in circuits 80 and 82, respectively, 
the outputs of these circuits being combined and applied 
to the override adjustment circuit 64. Whenever the pres 
sure in header 28 falls below a predetermined limit as 
determined by the override adjustment circuit 64, an out 
put will be applied to the override controller 66. Although 
the override adjustment circuit 64 may take various forms, 
conventionally it will comprise diodes which are biased in 
the reverse direction such that they will conduct to pro 
duce an output signal to circuit 66 only when the bias 
voltage is exceeded. This bias voltage is preferably ad 
justable such that the maximum and minimum pressures, 
and the upper and lower levels of the water within boilers 
24 and 26, can be adjusted. Thus, the override adjustment 
circuit 64 will produce an output signal whenever an off 
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normal boiler condition occurs such as reduced pressure, 
low water level, or high water level. Of course, the other 
off-normal conditions could be utilized to trigger the over 
ride adjustment circuit 64; and, in this respect, the output 
of the circuit 64 will hereinafter be referred to in the 
specification and claims as an "off-normal signal” which 
is produced when any one of a number of different off 
normal conditions occur. ? 
The main control for the propulsion system comprises 

a throttle control lever 84 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 84 is connected to a 
reference divider or potentiometer 88, hereinafter de 
scribed in detail, such that the output of the movable tap 
on the potentiometer appearing on, lead 90 will have a 
polarity dependent upon whether the throttle lever 84 is 
moved to an ahead position or an astern position, and a 
magnitude dependent upon the amount of the movement 
of the throttle lever in either direction from its central 
or stop position. In the particular control system here 
inafter described in detail, the output on lead 90 will be 
positive with respect to ground when the throttle lever 
is moved to an ahead position and negative with respect 
to ground when it is moved to an astern position. Further 
more, its magnitude will increase in the positive direction 
when the throttle lever is moved further in a clockwise 
direction from the stop position as shown in FIG. 1, and 
will increase in magnitude in the negative direction as it 
is moved in a counterclockwise direction from the stop 
position. The output on lead 90 is proportional to de 
sired speed, and its polarity indicative of the desired di 
rection of movement of the ship. Hence, it will herein 
after be referred to in the specification and claims as the 
"desired speed signal.” 
The desired speed signal on lead 90 is added in series 

with the output of a tachometer generator 92 mechanical 
ly connected to the propeller 10, of the ship. Hence, the 
output of the tachometer generator 92 is proportional to 
the actual speed of the propeller, and the polarity of the 
signal across the output terminals of generator 92 is in 
dicative of the direction of actual propeller rotation, 
either astern or ahead. Hence, the output of tachometer 
generator 92 will hereinafter be referred to in the specifi 
cation and claims as the "actual speed signal.” 
The actual speed signal across tachometer generator 92 

normally has a polarity opposing that on lead 90 when 
ever the lever 84 is moved from a previously set position. 
As will be seen, whenever the actual speed of the propel 
ler coincides with the desired speed as determined by the 
position of throttle lever 84, the output of reference di 
vider 88 comprising the desired speed signal will be equal 
to, and opposite in polarity to, the actual speed signal 
produced by the tachometer generator 92 such that the 
input to speed control amplifier 94 will be zero. How 
ever, whenever the desired speed signal differs from the 
actual speed signal, an error signal will be produced which 
is applied to the speed control amplifier 94 to vary the 
steam input to the turbines 14 and 16 and thereby adjust 
the speed of the propeller such that it coincides with the 
desired speed. 
The speed control amplifier will hereinafter be described 

in detail; however, for purposes of the present general 
description, it will be sufficient to state that it applies a 
"speed control signal” to lead 96 which is applied to an 
ahead servo amplifier 98 as well as to an astern servo 
amplifier 100. Whenever an astern control signal appears 
on lead 96, it will be positive with respect to ground; 
whereas an ahead control signal will be negative with re 
spect to ground. 
An output lead 102 from the override controller 66 is 

connected directly to the lead 96. The output of the over 
ride controller 66 is also applied to an override inverter 
104 via lead 105. It will be noted that the lead 102 con 
tains a diode 106 and that the output of the override in 
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verter 104 as applied to lead 96 is provided with a diode 
108, the diodes 106 and 108 being connected in opposing 
polarity relationship. As will hereinafter be explained, the 
override controller 66 and inverter 104 comprise, in es 
sence, devices for biasing the diodes 106 and 108 in the 
reverse direction. Normally, the reverse bias on each diode 
106 or 108 is about 12 volts; whereas the magnitude of the 
error signal on lead 96, whether it be positive or nega 
tive, is much less than this. Consequently, under normal 
conditions, neither one of the diodes 106 nor 108 will 
conduct. However, should an off-normal signal appear 
at the output of circuit 64 due to one of the off-normal 
conditions heretofore described, the reverse bias on the 
diodes 108 and 106 will be lowered. If, under these con 
ditions, the magnitude of the speed control signal on lead 
96 should exceed the reverse bias, the diode 106 or 108 
will conduct to effectively "bleed off” or modify the speed 
control signal on lead 96 such that its magnitude is lim 
ited. For example, if the throttle lever 84 should be ro 
tated in a clockwise direction from the stop position to 
the full speed ahead position while the boiler pressure 
is low, the position of the core 70 in transducer 72 will 
cause an output off-normal signal from circuit 64 which 
will lower the reverse bias on diodes 108 and 106. Assum 
ing that the output speed control signal of the speed con 
trol amplifier 94 is larger than the reverse bias on diodes 
106 and 108, the magnitude of the speed control signal 
as applied to circuits 98 and 100 will be limited. This, of 
course, prevents any attempts to admit large quantities 
of steam into the turbines when one of the aforesaid off 
normal conditions occur. 
The ahead servo amplifier 98 is part of an ahead servo 

motor system which also includes a first servo motor 110 
coupled to the output of amplifier 98. The servo motor 
110 may comprise a core 112 of magnetically permeable 
material having two windings 114 and 116 thereon and 
wound in opposite directions. Magnetic fields are applied 
transversely across the ends of core 112 by means of 
C-shaped magnets 117 and 119. The output of the ahead 
servo amplifier 98 is applied to the windings 114 and 116 
in a push-pull arrangement such that when the speed con 
trol signal on lead 96 is negative and increasing in the 
negative direction, the core 112 will be rotated about pivot 
point 118 in one direction. When the signal on lead 96 is 
negative but decreasing, the core 112 will rotate in the 
opposite direction. The core 112, in turn, is mechanically 
coupled to the valve 30 such that as the magnitude of the 
negative speed control signal on lead 96 increases, the 
core 112 will rotate in one direction to open valve 30 
further; while when the magnitude of the negative signal 
on lead 96 decreases, the core 112 will rotate in the oppo 
site direction to thereby cause the valve 30 to close fur 
ther. The core 112 is connected to valve 30 through a 
suitable hydro-mechanical servo mechanism, schemati 
cally illustrated by broken line 113. When a negative 
voltage on lead 96 is neither increasing nor decreasing, 
the core 112 and valve 30 will remain in their previously 
established conditions due to the negative feedback path 
121 around amplifier 98 providing a conventional serv 
loop. 
The astern servo amplifier 100 is part of an astern servo 

motor system which also includes a second servo motor 
120 coupled to the output of amplifier 100. Like motor 
110, servo motor 120 has a pair of windings 122 and 124 
connected in a push-pull arrangement together with a 
movable core 126 mechanically connected to the astern 
valve 38 through a suitable hydro-mechanical servo mech 
anism schematically illustrated by the broken line 127, 
so as to open or close this valve in response to a positive 
speed control signal on lead 96. That is, positive control 
signals which are increasing in the positive direction will 
cause valve 38 to open further; while decreasing positive 
control signals will cause the valve 38 to close. Whenever 
a positive control signal on lead 96 is not changing, the 
valve 38 will remain in its previously established position 
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6 
due to the negative feedback path 127" around amplifier 
100 providing a conventional servo loop. As will be under 
stood, the valves 30 and 38 are of the type which can also 
be operated manually. 
The operation of the system of FIG. 1 can be summar 

ized as follows: Assuming, for example, that it is desired 
to move in the ahead direction from a stop position, the 
throttle lever 84 is rotated in a clockwise direction, there 
by producing a desired speed signal on lead 90. Since, at 
this particular time, the propeller 10 is not rotating, the 
voltage across tachometer generator 92 will be zero, and a 
speed control signal appears at the output of amplifier 94. 
This speed control signal will be of negative polarity and 
of increasing magnitude. Hence, it will actuate the servo 
motor 110 through amplifier 98 to open the ahead steam 
valve 30. Once the voltage at the output of reference 
divider 88 matches that produced by tachometer 92, the 
voltage on lead 96 of negative polarity remains constant 
at a fixed level roughly proportional to the desired speed 
setting of the control lever 84. The servo amplifier 98, 
however, will open the valve 30 only to effect the desired 
speed setting, whereupon the output of the servo ampli 
fier will remain fixed by virtue of negative feedback path 
121 in accordance with usual practice. Of course, the feed 
back path 121 can be replaced by a mechanical-type feed 
back arrangement connected to the core 112 or other parts 
of the valve 30. Now, if it is assumed that it is desired to 
reduce the speed of the ship, throttle lever 84 will be 
rotated in a counterclockwise direction. In this case, the 
magnitude of the voltage on lead 96 will decrease, where 
upon the valve 30 will close further to reduce the amount 
of steam supplied to the turbines 14 and 16. The operation 
for the astern servo amplifier and servo motor 120 is, of 
course, the same except that in this case the polarity of the 
voltage on lead 96 is positive rather than negative, 

Reference divider 
With reference now to FIG. 2, the detailed circuitry of 

the invention is shown. The reference divider 88 comprises 
a voltage divider 132 having its center point grounded and 
its opposite ends connected to the positive and negative 
terminals of direct current voltage sources, in this case 
voltage sources of about 24 volts. Various points on the 
voltage divider 132 are connected to contacts identified as 
1C through 12C adapted to be engaged by a rotary wiper 
brush 134 which is connected to the throttle lever 84 and 
rotatable therewith. Wiper brush 134, in turn, is connected 
to the lead 90. It will be understood that as the wiper 
brush 134 rotates in a counterclockwise direction from its 
center or stop position, the voltage on lead 90 (i.e., the 
desired speed signal) will be negative with respect to 
ground. Furthermore, the further the wiper. brush 134 
rotates in a counterclockwise direction from its stop posi 
tion, the greater the magnitude of the negative voltage 
on lead 90. Conversely, as the wiper brush 134 rotates in 
a clockwise direction from its center or stop position, the 
voltage or desired speed signal on lead 90 will be positive 
with respect to ground and will increase in magnitude as 
the wiper brush 134 rotates further from its center posi 
tion. Thus, the reference divider 88 can be positioned at 
any one of five ahead speed positions, five astern speed 
positions, and a stop position. As will be seen, each 
throttle switch position provides closure of a number of 
independent circuits which will fulfill all necessary logic 
and information functions associated with the speed 
throttle and propulsion plant operation. It will be noted, 
however, that when the wiper brush 134 is at the center or 
stop position, the contact 12C to which it is connected is 
not at ground potential (i.e., zero voltage), but rather is 
connected through lead 136 to a tap on variable resistor 
138 in the voltage divider 132. Hence, depending upon the 
position of the movable tap on resistor 138, a slight posi 
tive voltage will exist on lead 90, even when the throttle 
lever 84 is at the center or stop position. 
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Logic control-transfer between engine room and bridge 
In order for the bridge of the ship to assume control 

of the turbines 14 and 16, certain equipment conditions 
must first be met. Relay A senses the existence of these 
required conditions before permitting control and opera 
tion of the propulsion turbines from the bridge. In this 
respect, the output of ahead servo amplifier 98 is normally 
grounded through normally closed contacts A1 of the 
relay A. Similarly, the output of the astern servo ampli 
fier 100 is normally grounded through normally closed 
contacts A2 of the relay A. Hence, as long as the relay 
A is not energized, the valves 30 and .38 cannot be con 
trolled by the throttle lever 84 directly from the bridge. 

- Control may be transferred from the engine room to the 
bridge only when a master switch 140 is closed and cer 
tain other conditions are met. These certain other condi 
tions are represented in FIG. 2 by the logic circuit 142 
which, in essence, comprises a plurality of contacts, all of 
which must be closed to complete a circuit to the relay A 
upon closure of switch 140 before the relay can become 
energized. However, once relay. A becomes energized, it 
is maintained energized by its own contacts A3 until the 
switch 140 is opened. The switches which are closed to 
complete the circuit through the logic circuit 142 need not 
be described herein in detail. It will be sufficient to state 
that when all of the necessary conditions for bridge con 
trol are met, the contacts within circuit 142 will close to 
thereby initially energize relay A and permit bridge control 
to take over. 

Reverting again to the throttle lever 84, it is provided 
with additional wiper brushes 148 and 150 which rotate 
with the wiper brush 134. With the throttle lever 84 in 
its central or stop position, wiper brush 148 will act to 
energize a relay F; and, assuming that contacts H1 and I1 
are closed, it will also energize relay C. Relay contacts H1 
and I1 are on relays H and I, respectively, which relays 
are energized by closure of limit switches 152 and 154 
respectively. Limit switch 152 is closed when the ahead 
valve 30 is completely closed; whereas limit switch 154 is 
closed when the astern valve 38 is completely closed. It 
can be seen, therefore, that the relay C will become en 
ergized only when the throttle lever 84 is at its center or 
stop position and both the ahead and the astern valves 30 
and 38 are closed. Once the relay C becomes energized, it 
will remain energized through contacts C1, just so long 
as the astern valves 38 remains closed and the contacts 
I1 are closed. The overall effect of this is that once the 
relay C is energized, it will remain energized even through 
the ahead valve 30 is opened. 
When the throttle lever 84 is moved counterclockwise 

to an astern position, the wiper brush 148 will engage 
arcuate contact 156 to thereby energize relay B. Hence, re 
lay B will be energized whenever the throttle lever is in 
an astern position. Finally, the wiper brush 150 will en 
gage contact point 158 to energize relay E only when the 
throttle lever 84 is in its maximum astern position (i.e., 
on contact 5C). At all other times, the relay E is deener 
gized. 

Speed control amplifier 
The output of the tachometer generator 92 is con 

nected to ground through two parallel current paths, each 
of which includes three diodes 144-146 connected to con 
duct current in opposite directions. The purpose of these 
diodes is to clamp the speed error signal at the output of 
the tachometer 92 such that it will not exceed the capabili 
ties of the system. Assume, for example, that the throttle 
lever 84 is suddenly moved from the stop position to 
contact 7C (i.e., maximum speed ahead). Under these 
conditions, the signal on lead 90 will approach plus 24 
volts; and since the output of the tachometer 92 is essen 
tially zero at this time, a voltage of almost 24 volts, as 
attenuated by resistor 91 and tachometer 92, would be 
applied to the input of the speed control amplifier 94 
exceeding the system capability. Accordingly, the clamp 

10 

25 

30 

40 

50 

55 

60 

65 

70 

75 

8 
comprising the diodes 144 and 146 clamps the output 
from the wiper brush 134 and tachometer 92 to plus or 
minus about 1.8 volts. This is well within the capability of 
the speed control amplifier 94. Of course, as the speed of 
of the propeller is gradually brought up to maximum 
speed ahead, the voltage generated by the tachometer 92 
will gradually approach that on the wiper brush 134 un 
til the two are equal and the input to the speed control 
amplifier 94 is zero. • ‘ , 
The speed error signal at the output of tachometer 

92, as clamped by the diodes 144 and 146 is applied 
across a voltage divider in amplifier 94 comprising three 
resistors 160, 162 and 164 connected in series. Resistor 
162 is provided with a variable tap which is connected 
through a fixed resistor 166 to the input of an operational 
amplifier. 168. A capacitor 170 is connected in shunt with 
the operational amplifier 168 to filter ripple out of the 
tachometer generator output. The output of the opera 
tional amplifier is applied through a resistor 172 to the 
lead 96 and hence to the ahead servo amplifier.98 and 
astern servo amplifier 100. - . . ." 
The operational amplifier arrangement in speed. con 

troller 94 acts as a proportional, plus integral controller; 
and in this respect it is provided with a first feedback 
path including resistor 174 and capacitor. 176 in series. 
The output of the controller for a step input error signal 
will appear as in FIG. 3. Thus, when the input error sig 
nal to the amplifier 94 changes abruptly about zero as 
when wiper brush 134 is moved from contact 12C to 
contact 11C, the output will also change abruptly at time 
t; lowering the voltage at the output of amplifier 168 by 
the amount equal to V. However, after this initial step 
or proportional output, the amplifier will integrate be 
tween the times t1 and t2, thereby changing the output 
Voltage by an amount equal to V2, but over a longer pe 
riod of time. Thus, assuming that the propeller speed 
has reached equilibrium with the throttle setting, and 
that the throttle lever 84 is moved from one contact point 
to the next, steam valve 30 will open abruptly during the 
proportional step function operation of amplifier 168 and 
thereafter open relatively slowly between the timest and 
t2. The proportional control feature is, of course, neces 
Sary to give the ship initial fast response characteristics 
as are necessary, for example, during docking. 

In shunt with the capacitor 176 is a first current path 
including diode 178, normally closed contacts F1 of the 
relay F and normally closed contacts B1 of relay B. A 
second current path in shunt with the capacitor 176 
includes a second diode 180 and normally open contacts 
B2 of the relay B. As was mentioned above, when the ship 
is moving in the ahead direction, the output voltage on 
lead 96 as applied to the servo amplifiers 98 and 100 will 
be negative with respect to ground; whereas it will be 
positive with respect to ground when the ship is moving 
in the astern direction. When the throttle lever 84 is in 
an ahead position, neither of the relays B nor F will be 
energized. Consequently, current can flow through diode 
178, assuming that its anode (i.e., lead 96) is positive 
with respect to its cathode. It may happen that when the 
throttle lever 84 is rotated in a counterclockwise direction 
to produce a lower desired speed signal on lead 90 the 
output of tachometer will overrun the desired speed 
signal until the ship slows down to the point where the 
Speed is again at the desired speed. Under these condi 
tions, and assuming that the diode 178 was not included 
in the circuit, the operational amplifier 168 would 
integrate into the opposite region when the speed of the 
propeller exceeds the desired speed. That is, the capacitor 
176 would charge in the opposite direction; and if it were 
then desired to again increase the speed of the ship in the 
ahead direction, an unreasonable amount of delay time 
Would be involved. This, however, is prevented by means 
of the diode 178. If the throttle lever 84 is at its center 
or stop position, relay F becomes energized, contacts F1 
open, and diode 178 is no longer effective. 
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The diode 180 functions in a similar manner, except 

that it is operative by virtue of closure of contacts B2 
only when the throttle lever is in an astern position such 
that the voltage on lead 96 is positive with respect to 
ground. During this time, contacts B1 are open to disable 
the diode 178. 

Rate adjustment potentiometers 
The rate at which the ahead valve 30 opens or closes 

is adjusted by means of a pair of potentiometers 182 and 
184. The potentiometer 182, for example, is connected 
in series with resistor 186 between ground and a source of 
positive potential. Similarly, the potentiometer 184 is 
connected in series with resistor 188 between ground and 
a source of negative potential. The movable tap on 
potentiometer 182 is connected through diode 192 and 
normally closed contacts B3 of relay B to the junction of 
resistors 160 and 162 at the input to the speed control 
amplifier 160. Likewise, the movable tap on potentiometer 
184 is connected through diode 194, normally closed a 
contacts F2 of relay F and normally closed contacts B4 
of relay B to the junction of resistors 160 and 162. If the 
throttle lever 84 is rotated to the ahead position, the relays 
B and F will be deenergized. Consequently, the relay 
contacts B3, B4 and F2 will also be closed. If the signal 
input to the speed control amplifier 94 should exceed the 
bias on diode 192 when the throttle lever 84 is in an ahead 
position and the voltage input to the amplifier 94 nega 
tive, the diode 192 will serve to limit the magnitude of the 
input signal to the amplifier 94 and, hence, the rate 
at which the ahead valve 30 is closed. Similarly, with 
the throttle lever 84 in an ahead position and assuming 
that the input to amplifier 94 is positive, diode 194 will 
serve to limit the magnitude of the input to amplifier 94 
as' determined by the bias voltage established by the 
setting of the movable tap on potentiometer 184. This 
limits the rate at which the ahead valve is opened. . . . 
The rate of opening of the astern valve 38 is controlled 

by means of a similar arrangement including potentio 
meters 196 and 198, these potentiometers being con 
nected in series with resistors 200 and 202, respectively. 
The movable tap. on potentiometer 196 is adapted for 
connection to the input to amplifier 94 through diode 
204, normally closed contacts E1 of relay E, and either 
normally open contacts B5 of relay B or normally open 
contacts F3 of relay F. The movable tap on potentiometer 
198 is adapted for connection to the input to operational 
amplifier 94 through diode 206, normally closed contacts 
E2 of relay E and normally open contacts B6 of relay B. 
When the throttle lever 84 is in an astern position, 

the contacts B5 will be closed as will contacts, E1, 
assuming that the lever is not in the maximum astern 
position. Similarly, contacts B6 and E2 will be closed. 
Hence, the diodes 204 and 206 will limit the negative and 
positive input signals to amplifier 94 and, hence, the rate 
of opening or closing of valve 38. Relay contacts E1 and 
E2 are provided in the system for the reason that when 
the throttle lever is moved to the maximum astern posi 
tion, it is usually in an effort to prevent a collision. For 
this reason, no limit is imposed on the rate of opening 
of the astern valve 38 when the throttle lever is in the 
extreme astern position. Relay contacts F3 are included 
in the circuit since if the throttle lever is moved from an 
astern position to a stop position, for example, the astern 
valve may still be closing and the previously established 
limit will still be in effect. 

Interlocking of servo amplifiers 
With reference to the servo amplifiers 98 and 100, 

it will be noted that in addition to contacts A1 and A2, a 
number of other contacts are provided for grounding the 
output of the servo amplifiers to prevent operation of the 
valves 30 and 38. Thus, the ahead servo amplifier 98 is 
provided with normally closed contacts I2 of the relay I 
which is energized whenever the astern valve 38 is closed. 
If the astern valve is open, the contacts 12 will be closed 
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and the ahead valve cannot be opened. A similar arrange 
ment is provided for servo amplifier 100 wherein contacts 
H2, which are normally closed, are in that position when 
valve 30 is open to prevent opening of the astern valve 
38. In this manner, it will be appreciated that both valves 
30 and 38 cannot be open at the same time. The ahead 
servo amplifier 98 is provided with normally open relay 
contacts B7 which close only when the throttle lever 84 
is in an astern position. Thus, the valve 30 cannot open 
when the throttle lever 84 is in an astern position. 
Similarly, when the throttle lever is in an ahead position, 
contacts B8 for servo amplifier 100 will close, thereby 
preventing opening of the astern valve 38, even though 
relay F is energized to open contacts F4 and relay C 
is deemergized such that contacts C2 are open. This con 
dition will occur when the throttle lever is at its central 
or stop position and the astern valve is open. 

Override controller 

With reference now to the override controller 66, it 
comprises an operational amplifier 208 which operates as 
a proportional amplifier with a time constant. Normally, 
the output of the operational amplifier is set at about 
minus 12 volts as by means of a potentiometer 210 con 
nected between ground and a source of positive poten 
tial, the movable tap on the potentiometer 210 being con 
nected to the input of the amplifier 208 through resistor 
212. The amplifier 208 is provided with two feedback 
paths, one of which includes a diode 214 and the other 
of which includes a resistor 216 and capacitor 218 in 
parallel, these latter circuit elements acting as a filter. 
The override error signal from the override adjustment 
circuit 64 is applied to the input of the amplifier 208 
through a resistor 220, the arrangement being such that 
the override signal, being of negative polarity, will reduce 
the magnitude of the negative output signal of the oper 
ational amplifier 208. This reduction in the output from 
the operational amplifier 208 reduces the bias on diode 
106. 
The output of the operational amplifier 208 is applied 

to the input of an operational amplifier 222 in the over 
ride inverter 104 through a resistor 224. A bias may be 
applied to the amplifier 222 by means of potentiometer 
226 having its movable tap also connected to the input of 
amplifier 222 through resistor 228. Amplifier 222, like 
amplifier 208, is provided with two feedback paths one 
of which includes a diode 230 and the other of which in 
cludes a resistor 232. The output from the amplifier 222 
will be a positive voltage of magnitude equal to the neg 
ative voltage at the output of amplifier 208 plus any bias 
voltage applied to resistor 226. The output of amplifier 
208, in turn, serves to bias the diode 108 in the reverse 
direction. 
The operation of the override controller can perhaps 

best be understood by reference to FIG. 3. Thus, the nor 
mal bias on the diodes 106 and 108 is minus 12 volts and 
plus 12 volts, respectively, as represented by the lines 
234 and 236. Should the control signal applied to the 
servo amplifiers 100 and 98 rise above plus 12 volts or 
below minus 12 volts, respectively, diode 106 or 108 will 
conduct to effectively "bleed off” or modify the control 
signal on lead 96 such that it does not exceed 12 volts. 
Now, if an off-normal condition should occur, the bias 
voltage on the diodes 106 and 108 may be reduced to 
eight volts as represented by the lines 238 and 240. Such 
a condition might occur, for example, because of low 
boiler pressure. Under these circumstances, the magni 
tude of the control signal applied to the servo amplifiers 
98 and 100 is limited to plus or minus 8 volts. Hence, 
the opening of valves 30 and 38 is also limited. 

Roll-over circuit 

When the throttle lever 84 is at its central or stop 
position and the ship is at rest, it is necessary for the 
turbines 14 and 16 to be started and stopped every few 
minutes in order that rotor straightness can be main 
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tained. That is, due to uneven heating of the turbines, the 
rotors will become warped if they are not rotated from 
time-to-time. Therefore, a "roll-over' control is provided 
in conjunction with the normal control circuitry hereto 
fore described in order to rotate the turbines from time 
to-time. 
When the throttle lever 84 is at its central position and 

the astern valve 38 and ahead valve 30 are both closed, 
the relays H and I will become energized. This closes the 
contacts H1 and I1 to energize relay C. When relay C 
becomes energized, relay contacts C3 in the speed con 
trol amplifier 94 are closed and relay contacts. C4 open. 
Closure of contacts C3 shorts the capacitor 176 and in 
sures that when throttle lever 84 is again moved from its 
central or stop position, no residual charge will exist on 
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the capacitor 176. Opening of the contacts C4, of course, 
prevents normal operation of amplifier 168 since the feed 
back path containing capacitor 176 is now interrupted. 
When relay C becomes energized, it opens contacts C5 
and closes contacts C6. A second feedback path 242 is 
now connected between the input, and output of ampli 
fier 168. 
As was mentioned above, when the throttle lever 84 is 

in its central or stop position, a slight positive voltage 
will appear on lead 90 by virtue of the fact that contact 
12C is connected to the movable tap on variable resistor 
138. Feedback path 242 is a high gain feedback circuit 
capable of providing a roll-over or intermittent pulsing 
of the ahead valve 30. That is, by the action of the circuit, 
the valve 30 is opened just long enough for the propeller 
to be accelerated to some value less than 3 revolutions 
per minute. At this point, the speed is sensed by the ta 
chometer 92 to counteract with a light positive Voltage 
on lead 90, and the speed controller output on lead 96 
quickly changes from about minus 1 to minus 2 volts 
necessary for just opening the ahead valve, to the maxi 
mum positive voltage permitted by the override inverter 
causing a “hard closing” of the ahead valve. If the ship 
has no headway, the turbine speed will gradually reduce 
to zero and the speed controller will begin to integrate 
from the positive "hard closed' region back into the neg 
ative region necessary for the next roll-over pulse. This 
is achieved by means of capacitor 243 in series with re 
sistors 244 and 246 in feedback path 242. The roll-over 
repetition rate is adjusted by variable resistor 138. The 
roll-over circuitry per se is the subject of copending ap 
plication Ser. No. 540,567, filed concurrently herewith 
and assigned to the assignee of the present application. 
While 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. 
We clim as our invention: 
1. In a speed control system for a fluid-driven ship 

propulsion turbine, the combination of means for produc 
ing a desired propeller speed signal, means for producing 
an actual propeller speed signal, means for comparing the 
desired and actual speed signals to derive a speed error 
signal when the desired and actual speed signals differ, 
valve means for controlling the admission of fluid under 
pressure to said turbine, servo motor means for actuating 
said valve means, and apparatus including integrating 
means responsive to said speed error signal for driving 
said servo motor means to adjust the valve means in re 
sponse to a speed error signal, said integrating means 
being operative to integrate when the desired speed signal 
dominates the actual speed signal and inoperative to 
integrate when the actual speed signal dominates the 
desired speed signal. 

2. In speed control apparatus for a ship propulsion sys 
tem including a main ahead valve for admitting fluid under 
pressure to turbine means to rotate the ship's propeller in 
one direction and a main astern valve for admitting fluid 
under pressure to said turbine means to rotate the ship's 
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propeller in the opposite direction; the combination of 
ahead servo motor means for actuating the main ahead 
valve, astern servo motor means for actuating the main 
astern valve, means for producing a desired propeller 
speed signal having a first characteristic indicative of the 
desired direction of movement and a second characteristic 
indicative of the desired speed in either direction, means 
for producing an actual propeller speed signal having a 
first characteristic indicative of the actual direction of 
movement of the ship. and a second characteristic indica 
tive of the actual speed of the propeller, in the desired 
direction, means for comparing the desired, and actual 
speed signals to produce a speed error signal when the 
desired and actual speed signals differ, means including 
integrating means responsive to said speed-error signal 
for producing a direct current control voltage which has 
one polarity when the characteristics of the desired speed 
signal dictate an ahead direction and the opposite polarity 
when the characteristics of the desired speed signal dictate 
an astern direction, said integrating means being operative 
to integrate when the error signal is in the same direction 
as the desired speed signal, means for rendering the in 
tegrating means inoperative to integrate when the error 
signal is in the same direction as the actual speed signal, 
servo amplifier means responsive to said direct current 
control voltage for causing the ahead servo motor means 
to actuate the main ahead valve when the direct current 
control voltage is of one polarity, and servo amplifier 
means responsive to said direct current control voltage for 
causing the astern servo motor means to actuate the main 
astern valve when the direct current control voltage is of 
the opposite polarity. 

3. In speed control apparatus for a ship propulsion 
system including a main ahead valve for admitting fluid 
under pressure to turbine means to rotate the ship's 
propeller in one direction and a main astern valve for 
admitting fluid under pressure to said turbine means to 
rotate the ship's propeller in the opposite direction; the 
combination of ahead servo. motor means for actuating 
the main ahead valve, astern servo motor means for 
actuating the main astern valve, means for producing a 
desired propeller speed signal having a first characteristic 
indicative of the desired direction of movement and a 
Second characteristic indicative of the desired speed in 
either direction, means for producing an actual propeller 
Speed signal having a first characteristic indicative of the 
actual direction of movement of the ship and a second 
characteristic indicative of the actual speed of the pro 
peller in the desired direction, means for comparing the 
desired and actual speed signals to produce a speed error 
signal when the desired and actual speed signals differ, 
means responsive to said speed error signal for producing 
a direct current control voltage which has one polarity 
when the characteristics of the desired speed signal dictate 
an ahead direction and the opposite polarity when the 
characteristics of the desired speed signal dictate an astern 
direction, serv6 amplifier means responsive to said direct 
current control voltage for driving the ahead servo motor 
means to actuate the main ahead valve when the direct 
current control voltage is of one polarity, servo amplifier 
means responsive to said direct current control voltage for 
driving the astern servo motor means to actuate the main 
astern valve when the direct current control voltage is of 
the opposite polarity, means for preventing opening of the 
astern valve when the ahead valve is open, and means for 
preventing opening of the ahead valve when the astern 
valve is open. 

4. In speed control apparatus for a ship propulsion 
System including a main ahead valve for admitting fluid 
under pressure to turbine means to rotate the ship's 
propeller in one direction and a main astern valve for 
admitting fluid under pressure to said turbine means to 
rotate the ship's propeller in the opposite direction; the 
combination of ahead servo motor means for actuating 
the main ahead valve, astern servo motor means for 
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actuating the main astern valve, means for producing a 
desired propeller speed signal having a first characteristic 
indicative of the desired direction of movement and a 
second characteristic indicative of the desired speed in 
either direction, means for producing an actual propeller 
speed signal having a first characteristic indicative of the 
actual direction of movement of the ship and a second 
characteristic is indicative of the actual speed of the pro 
peller in the desired direction, means for comparing the 
desired and actual speed signals to produce a speed error 
signal when the desired and actual speed signals differ, 
means responsive to said speed error signal for producing 
a direct current control voltage which has one polarity 
when the characteristics of the desired speed signal dictate 
an ahead direction and the opposite polarity when the 
characteristics of the desired speed signal dictate an astern 
direction, servo, amplifier means responsive to said direct 
current control voltage for causing said ahead servo motor 
means to actuate the main ahead valve when the direct 
current control voltage is of one polarity, servo amplifier 
means responsive to said direct current control voltage for 
causing the astern servo motor means to actuate the main 
astern valve when the direct current control voltage is of 
the opposite polarity, and means for preventing opening 
of theastern valve when a characteristic of the desired 
speed signal indicates an ahead direction, and means for 
preventing opening of the ahead valve when a character 
istic of the desired speed signal indicates an astern 
direction. 

5. In a speed control system for a fluid-driven ship 
propulsion turbine, the combination of means for produc 
ring a desired propeller speed signal, means for producing 
an actual propeller speed signal, means for comparing 
the desired and actual speed signals to derive a speed 
error signal when the desired and actual speed signals 
differ, valve means for controlling the admission of fluid 
under pressure to said turbine, servo motor means for 
actuating said valve means, apparatus including integrat 
ing means responsive to said speed error signal for driving 
said servo motor means to adjust the valve means in re 

... sponse to a speed error signal, said apparatus for driving 
the servo motor means having an output supplying a di 
rect current control voltage to said servo motor means, 
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circuit means including reverse-biased diodes connected 
to the output of said apparatus for limiting the magnitude 
of said direct current control voltage as applied to the 
servo motor means, and means for lowering the bias on 
said diodes in response to the occurrence of an off-normal 
condition in the propulsion system for said ship whereby 
the maximum magnitude of the direct current control 
voltage as applied to the servo motor means is correspond 
ingly lowered: - 

6. The control system of claim 5 including electro 
mechanical transducer means for sensing an off-normal 
condition in the propulsion system of said ship, a source 
of oscillatory voltage for energizing said electromechan 
ical transducer means, means for rectifying the output 
of said electromechanical transducer means, and means 
including an operational amplifier operable in response to 
the rectified output of the transducer means for regulating 
the reverse bias on said diodes. 

7. The control system of claim 5 wherein there are 
two reverse-biased diodes connected to the output of said 
apparatus, a first of said diodes having its cathode con 
nected to the output of said apparatus and a second of the 
diodes having its anode connected to the output of said 
apparatus, a first operational amplifier having its output 
connected to the anode of said first diode, a second opera 
tional amplifier having its output connected to the cathode 
of said second diode, means for producing an off-normal 
signal when an off-normal condition occurs in the propul 
sion system of said ship, means for applying said off 
normal signal to the input of said first operational ampli 
fier, and means for applying the output of said first 
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operational amplifier to the input of said second opera 
tional amplifier. 

8. In a speed control system for a fluid-driven ship 
propulsion turbine, the combination of means for pro 
ducing a desired propeller speed signal, means for pro 
ducing an actual propeller speed signal, means for com 
paring the desired and actual speed signals to derive a 
speed error signal when the desired and actual speed sig 
nals differ, valve means for controlling the admission of 
fluid under pressure to said turbine, servo motor means 
for actuating said valve means, and apparatus responsive 
to said speed error signal for driving said servo motor 
means to adjust the valve means in response to a speed 
error signal, said apparatus comprising an operational 
amplifier having a negative feedback path including a 
resistor and a capacitor in series whereby the output of 
the operational amplifier in response to a step input will 
be a proportional step output followed by an integrating 
output. 

9. The control system of claim 8 wherein the desired 
speed signal comprises a direct current voltage the magni 
tude and polarity of which are varied manually under the 
control of the bridge of the ship, the actual speed signal 
comprises a direct current voltage generated by a tachom 
eter generator mechanically coupled to the ship's propel 
ler, and means for adding said desired and actual speed 
signals in series to produce a direct current voltage com 
prising said speed error signal. 

10. The combination of claim 8 wherein said capacitor 
is shunted by a unidirectional device poled in the direction 
of negative feedback occurring when said error signal is 
in the same direction as the actual speed signal. 

11. In speed control apparatus for a ship propulsion 
system including a main ahead valve for admitting fluid 
under pressure to turbine means to rotate the ship's pro 
peller in one direction and a main astern valve for ad 
mitting fluid under pressure to said turbine means to ro 
tate the ship's propeller in the opposite direction; the 
combination of ahead servo motor means for actuating 
the main ahead valve, astern servo motor means for ac 
tuating the main astern valve, means for producing a de 
sired propeller speed signal having a first characteristic 
indicative of the desired direction of movement and a 
second characteristic indicative of the desired speed in 
either direction, means for producing an actual propeller 
speed signal having a first characteristic indicative of the 
actual direction of movement of the ship and a second 
characteristic indicative of the actual speed of the pro 
peller in the desired direction, means for comparing the 
desired and actual speed signals to produce a speed error 
signal when the desired and actual speed signals differ, 
means including integrating means responsive to said 
speed error signal for producing a direct current control 
voltage which has one polarity when the characteristics 
of the desired speed signal dictate an ahead direction and 
the opposite polarity when the characteristics of the de 
sired speed signal dictate an astern direction, servo ampli 
fier means responsive to Said direct current control volt 
age for causing the ahead servo motor means to actuate 
the main ahead valve when the direct current control volt 
age is of said one polarity, direct current control voltage 
of said one polarity and increasing magnitude causing 
said main ahead valve to open, direct current control 
voltage of said one polarity but of decreasing magnitude 
causing said main ahead valve to close, and servo ampli 
fier means responsive to said direct current control volt 
age for causing the astern servo motor means to actuate 
the main astern valve when the direct current control 
voltage is of said opposite polarity, direct current control 
voltage of said opposite polarity and increasing magnitude 
causing said main astern valve to open, and direct current 
control voltage of said opposite polarity but of decreas 
ing magnitude causing said main astern valve to close. 

12. In a speed control system for a fluid-driven ship 
propulsion turbine, the combination of: 
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(a) means for producing a desired propeller speed sig 
nal comprising voltage divider means connected be 
tween the output terminals of a source of direct cur 
rent voltage and having an intermediate grounded 
tap and a plurality of contact points on both sides 
of the tap, whereby the voltage on contact points 
on one side of the tap will be positive with respect 
to ground and the voltage on contact points on the 
other side of the tap will be negative with respect to 
ground, and a wiper brush engageable with said con 
tact points in succession whereby the voltage appear 
ing between said wiper brush and ground will com 
prise said desired speed signal, the magnitude and 
polarity of the desired speed signal being dependent 
upon the contact point which the wiper brush en 
gageS; 

(b) means for producing an actual propeller speed 
signal, said actual speed signal comprising a direct 
current voltage; and said means for producing said 
actual speed signal comprising tachometer generator 
means mechanically coupled to the ship's propeller, 
said tachometer generator means having first and 
second output terminals; 

(c) error generating means for comparing the desired 
and actual speed signals to derive a speed error sig 
nal when the desired and actual speed signals differ, 
said error generating means comprising means con 
necting said wiper brush to one of said tachometer 
generator terminals, and circuit means including re 
sistance means connecting the other of said tachom 
eter generator terminals through said resistance 
means to ground, said circuit means having a cir 
cuit point, at least a portion of said resistance means 
being included between said circuit point and 
ground; whereby said circuit point provides a volt 
age representing said error; 

(d) valve means for controlling the admission of fluid 
under pressure to said turbine; 

(e) servo motor means for actuating said valve means; 
(f) apparatus including integrating means responsive 

to said speed error signal for driving said servo mo 
tor means to adjust the valve means in response to 
a speed error signal, said apparatus having input 
means connected to Said circuit point; and 

(g) first unidirectional current means for conducting 
current from said other terminal of the tachometer 
generator means to ground in one direction, and sec 
ond unidirectional current means connected to said 
other terminal of the tachometer generator means 
for conducting current to ground in the other direc 
tion, said first and second unidirectional current 
means serving to limit the magnitude of the error 
signal applied to said apparatus for driving the servo 
motor means. 

13. In speed control apparatus for a ship propulsion 
system including a main ahead valve for admitting fluid 
under pressure to turbine means to rotate the ship's pro 
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peller in one direction and a main astern valve for ad 
mitting fluid under pressure to said turbine means to ro 
tate the ship's propeller in the opposite direction; the 
combination of ahead servo motor means for actuating 
the main ahead valve, astern servo motor means for ac 
tuating the main astern valve, means for producing a de 
sired propeller speed signal having a first characteristic 
indicative of the desired direction of movement and a 
second characteristic indicative of the desired speed in 
either direction, means for producing an actual propeller 
speed signal having a first characteristic indicative of the 
actual direction of movement of the ship and a second 
characteristic indicative of the actual speed of the "pro 
peller in the desired direction, means for comparing the 
desired and actual speed signals to produce a speed error 
signal when the desired and actual speed signals differ, 
means including an operational amplifier responsive to 
said speed error signal for producing a direct current 
control voltage which has one polarity when the char 
acteristics of the desired speed signal dictate an ahead 
direction and the opposite polarity when the characteris 
tics of the desired speed signal dictate an astern direc 
tion, said operational amplifier having a negative feed 
back circuit including in series a resistor and a capacitor, 
means for unidirectionally shunting the capacitor in the 
same direction as that of the negative feedback that oc 
curs when the actual speed signal dominates the desired 
speed signal, servo amplifier means responsive to said di 
rect current control voltage for causing the ahead servo 
motor means to actuate the main ahead valve when the 
'direct current control voltage is of said one polarity, and 
servo amplifier means responsive to said direct current 
control voltage for causing the astern servo motor means 
to actuate the main astern valve when the direct current 
control voltage is of said opposite polarity. . . . 

14. The combination of claim 11 wherein said means 
responsive to said speed error signal includes proportional 
plus integral controller means. 
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