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This invention pertains to a novel device or system to 
anchor a marine vessel dynamically over a particular lo 
cation on the floor of a body of water and to provide a 
vessel with a high degree of maneuverability. 

in offshore drilling operations it is desirable to be able 
to drill from a floating vessel which is merely maintained 
over the spot on the ocean floor and is not required to be 
anchored or otherwise fastened to the ocean floor. In 
the past, it has been the practice to either erect a tower 
over the desired location and drill from a fixed platform 
on the tower or anchor a floating vessel over the spot 
and drill from the anchored vessel. In either case, the 
drilling platform or vessel has been attached to or an 
chored to the ocean foor in order to maintain it in a 
fixed location. While these methods are satisfactory they 
have several disadvantages. For example, the use of a 
fixed tower is limited to rather shallow depths while 
the use of an anchored vessel requires the placement of 
suitable anchors in a plurality of directions to maintain 
the vessel in position. The placement of these achors 
requires a considerable amount of time which greatly in 
creases the cost of drilling and is, of course, impossible 
in deep water. 

In addition to driiling vessels many other vessels must 
be maintained over a fixed spot or maneuvered in narrow 
channels. For example, oceanographic, weather, salvage 
and radar vessels must be maintained in fixed locations. 
Similarly, fire boats and tugboats must be maneuvered in 
limited areas. Thus, while this invention is described be 
low as applied to a drilling vessel, it can be used to anchor 
dynamically any vessel or to maneuver any type of vessel. 
The high cost of the prior methods of operation could 

be avoided if it were possible to maintain a floating vessel 
over the desired drilling spot without the use of anchors 
or other fastening means. In such an operation, it would 
only be recessary to move the drilling vessel to the desired 
location and hold it in position while the drilling opera 
tion is performed and then move on to the next spot. 
Such an operation would have considerable advantage 
especially during the early stages of offshore operations 
when only shallow core wells are to be drilled. 

Accordingly, it is the principal object of this invention 
to provide a unique method and apparatus for dynamical 
ly anchoring a vessel in a desired location and orientation 
or for providing a high degree of vessel maneuverability. 
A further object of this invention is to provide a novel 

control apparatus for automatically positioning a vessel 
over a desired location or maneuvering a vessel along a 
desired course. 
A further object of this invention is to provide a novel 

method and apparatus by which an operator may manual 
ly position a single control device to maintain a vessel 
over a desired location or to maneuver the vessel over a 
desired course. 
Another object of the present invention is to provide a 

vessel with a plurality of propulsion units having variable 
thrust and a vairable direction of thrust through a full 
circle with a novel control system which separately varies 
the magnitude of the thrust and its direction for each of 
the units to maintain the vessel over a desired position or 
to maneuver the vessel over a desired course, 
A still further object of the present invention is to pro 

vide a vessel having a plurality of propulsion units with an 
automatic system for varying the thrust and direction of 
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thrust of the propulsion units to maintain the floating 
vessel over a desired position. 
A still further object of the present invention is to pro 

vide a unique control system for controlling the magni 
tude of the thrust and the direction of thrust of a plu 
rality of propulsion units displaced from the center of ro 
tation of a vessel to maintain the vessel over a desired 
position. The control system utilizes information indi 
cating the measured horizontal position of the vessel to 
compare with the desired position as well as the measured 
eading of the vessel to compare with the desired heading 

to provide signals for controlling the magnitude of the 
thrust and the direction of the thrust of the propulsion 
units. 
A still further object of this invention is to provide a 

novel control system for controlling the magnitude of the 
thrust and direction of the thrust of a plurality of pro 
pulsion units displaced from the center of rotation of the 
vessel to maintain the vessel over a desired position or 
maneuver the vessel along a desired course. The control 
system utilizes a vector resolving unit which provides for 
the gang operation of the propulsion units to provide sub 
stantially parallel thrust vectors to obtain a resultant hori 
Zontal thrust vector and to modify the individual thrust 
vector of each propulsion unit by the vector addition of 
rotational vectors substantially tangential to the circum 
ference of a circle drawn through each propulsion unit 
about the center of rotation of the vessel. 
A still further object of this invention is to provide a 

vector resolving unit that accepts command signals indi 
cating desired resultant net horizontal and rotational 
thrust to be provided to the vessel. 
A still further object of this invention is to provide a 

vector resolving unit that accepts command signals from 
a single natural and comprehensible manual control to 
provide a high degree of manual maneuverability for a 
vesse. 
A still further object of this invention is to provide a 

vector resolving unit that accepts command signals from 
automatic controllers that indicate the desired movement 
of vessel in two directions at an angle to each other and 
the desired rotation of a vessel. 
The above objects and advantages of this invention are 

achieved by providing multiple propulsion units mounted 
on a vessel and displaced from its center of rotation. 
Each propulsion unit is provided with a means for vary 
ing the magnitude of its thrust as well as the direction of 
the thrust in much the same manner as one varies the 
magnitude or direction of thrust of an outboard motor. 
A means is provided for determining the horizontal or 
angular displacement of the vessel from its desired loca 
tion, such as the use of visual or electronic inspection of 
reference points, mechanical or electrical measurements 
of displacement from a desired location, and a compass 
heading. These position signals are compared either 
manually or by automatic controllers with the desired 
position, and corrective command signals are sent to the 
vector resolving unit. The vector resolving unit provides 
gang operation of the propulsion units to provide parallel 
thrust vectors to obtain a resultant horizontal thrust vec 
tor and to modify the individual thrust vector of each 
propulsion unit by vector addition of a rotational vector. 

In order to prevent the control system from frequent 
radical changes in the direction of the thrust of the pro 
pulsion units when the propulsion units are operating at 
near zero magnitude of thrust, it is desirable to provide 
a differential bias system which results in a bias vector 
for each propulsion unit, the vector sum of all the indi 
vidual bias vectors being equal to zero. 

From the description, it is clear that the control system 
of this invention permits most efficient use of the pro 
pulsion units with minimum interference between various 



desired corrective actions. For example, the vessel may 
be rotated about its rotational axis without requiring addi 
tional corrective actions to eliminate the erroneous inter 
jection of translation vectors. Similarly, the vessel may 
be translated without requiring corrective action to prevent 
rotation. 
The above objects and advantages of this invention will 

be more easily understood from the following detailed 
description when taken in conjunction with the attached 
drawings, in which: 
FIGURE 1 is a schematic representation showing the 

location of the two propulsion units on the floating vessel 
and a means for determining its displacement from a de 
sired position; 
FIGURE 2 is a block diagram illustrating one embodi 

ment of the control system of this invention; 
FIGURE 3 is a pictorial representation of a mechanical 

vector resolving unit which permits either manual or 
automatic control of a vessel; and, 
FIGURE 4 is a vector diagram illustrating the vector 

resolving for the bow and stern propulsion units. 
Referring to FIGURE 1, there is shown a vessel E8 

having a propulsion unit 11 located at its stern and 
a second propulsion unit 2 located at its bow. The 
two propulsion units are located along the central axis 
of the vessel 10 and each rotates about a vertical axis 
intersecting this axis. Each of the propulsion units is 
provided with a means for individually varying their direc 
tion of thrust as well as the magnitude of their thrust. 
Suitable units are electrically driven outboard motor type 
units in which the speed of rotation of the propellers may 
be varied to vary the thrust supplied and the complete unit 
rotated about a vertical axis to vary the direction of 
thrust. 

Also shown in FIGURE 1 is a method for utilizing a 
taut guide line 13 to determine the displacement of the 
vessel from its desired location. The guide line E3 is 
connected to the vessel 10 at its upper end and to an anchor 
14 at its lower end with the anchor 4 being disposed at 
the desired location of the vessel. The angular defection 
of the guide line from the vertical is measured in two 
vertical planes at right angles to each other as indicated 
by the angles x and y in FIGURE 1. The deflection of 
the guide line may be measured by various means, for 
example, a pair of potentiometers i5 and 16 disposed at 
right angles to each other and operated by a gimbal 
mounted pendulum 17. A tiltmeter of this general con 
struction and suitable for measuring the angular deflection 
of a taut line is disclosed and claimed in a copending ap 
plication of Kenneth Foster, Serial No. 830,604, filed 
July 30, 1959. In addition to measuring the angular displacement of 
the vessel from its desired location the compass heading 
of the vessel is determined. This, of course, may be ac 
complished by any known type of compass but preferably 
a gyrocompass is used in order to obtain an electrical 
signal which is related to the compass heading. 

Referring to FIGURE 2, there is shown a block dia 
gram of one embodiment of this invention. Two pro 
pulsion units 11 and 12 are disposed at the bow and 
stern of the floating vessel, respectively. The disposition 
of the propulsion units is shown in FIGURE 1 in which 
the units are illustrated as being disposed in wells formed 
in the bow and stern of the vessel 10, respectively. The 
propulsion units are provided with a thrust generating 
means such as propellers 20 and 21 driven by a variable 
speed drive means, for example an electric motor of the 
induction type coupled to the propellers through eddy 
current couplings 22 and 23. Similarly, the propulsion 
units may be rotated about their vertical axes 24 and 25 
in order to vary the direction of the thrust. 
From the above description it can be appreciated that 

the propulsion units are very similar to outboard motors 
except for the fact that they are driven by an electrical 
means and their propellers may be rotated through 360 
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degrees. Several types of propulsion units fulfilling these 
requirements are available. 
The propulsion units are provided with synchro-trans 

mitters 26 and 27 which provide a signal indicating the 
direction of thrust of the propulsion unit relative to the 
vessel. The synchro-transmitters 26 and 27 are coupled 
to synchro-receivers 38 and 3, respectively, by means of 
circuits 32 and 33. The synchro-receivers 3G and 32 form 
a part of the vector resolving unit 34 which receives in 
formation from various sources and provides signals for 
controlling the stern and bow propulsion units. The 
vector resolving unit 34 will be described in greater detail 
below. 
The vector resolving unit 34 provides four signals which 

are schematically illustrated by the lines 35, 36, 37 and 33. 
The lines 35 and 38 represent control signals suitable for 
controlling the thrust of the propulsion units. These lines 
are shown as being connected to eddy current couplings 
2.2 and 23 of the propulsion units 5 and 52, respectively. 
The lines 35 and 37 represent signals which are used to 
control the direction of the thrust of the two propulsion 
units A1 and 12, respectively. The signals represented by 
the lines 36 and 37 are supplied to the steering motor 
reversing starters 46 and 41 which in turn start, stop and 
reverse the steering motors 42 and 4.3, respectively. 
The vector resolving unit 34 receives signals represent 

ing the desired thrust to be supplied in the x and y planes 
as well as the rotational thrust required of the propulsion 
units. The desired thrust in the x and y planes is deter 
mined by controllers 44 and 45. Each of these controllers 
receives a separate signal from the tiltmeter potentiom 
eters 46 and 47 which measure deflections in the vertical 
planes disposed at right angles as explained above. The 
controllers 44 and 45 can be commercial controllers that 
have, in addition to set point adjustments 50 and Sil, con 
ventional control response adjustments such as propor 
tional, reset and derivative actions. In addition, the con 
troller 44 is supplied with an input 59 which supplies an 
anti-oscillation vector as described more fully below. 
The rotational controller 52 receives a signal from gyro 
compass 53 and is similar to controllers 44 and 45 in its 
actions. 
The vector resolver can also receive signals from a 

single manual input 54. The manual input provides three 
output signals comparable to those supplied by controllers 
44, 45 and 52. In addition, the manual controller has a 
handle S5 which may be moved by an operator in the 
direction in which he desires the vessel to move or rotate 
the handle to rotate the ship without a change in hori 
Zontal thrust vector. Both the manual control 54 and 
the controllers 44, 45 and 52 supply signals illustrated 
by the lines 56, 57 and 58 which are vectorially combined 
in the vector resolving unit 34. A three-pole switch 60 is 
provided for coupling either the controllers 44, 45 and 
52 or the manual controller 54 to the resolver 34. 
From the above discussion it can be appreciated that 

naeans have been provided by which two propulsion units 
located in the bow and stern of the vessel may be posi 
tioned in order to maintain the vessel over its desired 
position or move it along a desired course. The pro 
pulsion units are provided with a variable thrust means 
as well as a means for varying the direction of the thrust 
in order that the vessel may be maintained over its de 
sired location or moved over a course. The vector re 
solving unit 34 provides signals for controlling both the 
magnitude of the thrust supplied by each of the pro 
pulsion units as well as the direction of the thrust. In 
order to provide the required control signals the vector 
resolving unit receives signals indicating the direction 
in which each of the propulsion units must be directed 
and the thrust required of each unit to move the vessel 
back to its desired location. 

Referring now to FiGURE 3, there is shown an elec 
tromechanical controller for performing the operations 
of the vector resolving unit 34 described above. The 
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vector resolving unit consists of the two synchro-receivers 
30 and 31 described above which drive potential disks 
7G and 7. Each of the synchro-receivers drives a simi 
lar potential disk and only the one related to the re 
ceiver 30 will be described in detail. The synchro-re 
ceiver 30 has a rotating shaft 72 which is connected to 
the potential disk 70. The disk 70 is divided into two 
halves 73 and 74 by means of insulating strips 75 and 
75 with the insulating strip 75 being of relatively narrow 
width while insulating strip 75 is of more Substantial i 
width. The exact width of the two insulating strips 75 
and 76 may vary, the only requirement being that the 
pick-up or brush 77 described below should bridge the 
strip 75 but fail to bridge the strip 75. Thus, when the 
pick-up means 77 is disposed along insulating strip 76 : 
no current will flow through the lead 33 connected thare 
to. The lead 39 is coupled to a power Supply 85 and 
to one side of a series of relay coils 82, 83, 84 and 35. 
The pick-up of the disk 71 is coupled in paraliel with 
the pick-up 77 by leads 86 and 87. The leads 90 and 
$93 from the halves 73 and 74 of the potential disk 7) 
are coupled to the other ends of the relay coils 82 and 
83. The leads from the two halves of the potential disk 
75 are similarly coupled to the other ends of relay coils 
84 and 35. The relay coils 82-83 operate relay contacts 
92-95, respectively, to control the flow of current from 
a source 500 through the coils 96-99. 
The relay contacts S2 and 93 operate the coils, 96 

and 97 respectively, in the steering motor reversing 
starter 48 which causes the steering motor 42 to rotate 
either counterclockwise or ciockwise. In a like manner, 
the contacts S4 and 95 operate the coils, 93 and 99 
respectively, in the steering motor reversing starter 41 
which causes the steering motor 43 to rotate either 
counterclockwise or clockwise. disposed in series with 
the relay coils 83 and 35 are normally closed contacts 
a 3-1 and 1.82 which are operated by the relay coils 32 
and 84, respectively. 

In order to best understand the operation of the po 
tential disk pick-up combination, only the operation of 
the disk 70 and pick-up 77 will be described. As the 
pick-up 77 is moved from the wide insulating strip 75 
it will cause the relay coil 32 or 33 to be energized de 
pending into which half of the disk 70 the pick-up is 
moved. To prevent an ambiguity as the pick-up is moved 
over the narrow insulating strip 75 the normally closed 
contacts (; are inserted in series with the coil 83 and 
operated by the coil 82. Thus, the contacts 16A will 
remain closed as the pick-up passes from the half 74 
until the pick-up makes contact with the half 73 at which 
time the contacts 263 will cpen. It can also be seen 
from the above description that when the pick-up is in 
contact with the half 74 the relay coil 83 will be ener 
gized to close contact 93, thus energizing the starter coil 
97 from source 180. Relay coil 82 is similarly ener 
gized when the pick-up is in contact with half 73 to 
close contacts 92 and energize coil 96. Of course, coil 
96 should cause rotation of the steering motor 42 in one 
direction while coil 57 energizes the steering motor 42 
to rotate in the opposite direction. The circuits asso 
ciated with the potential disk 71 cause the steering motor 
43 to operate in the same manner. 
From the above discussion it is appreciated that if 

the pick-up 77 is moved in the direction that one wishes 
the stern propulsion unit to be directed the circuits will 
cause the steering motor 42 to rotate the propulsion 
unit to this direction. The steering motor 42 will rotate 
the propulsion unit until the wide insulating strip. 76 of 
the potential disk is again aligned with the pick-up. The 
potential disk is, of course, rotated by the synchrc-trans 
mitter receiver combination 26 and 30. In order to 
provide a means for changing the thrust of the pro 
pulsion unit a displacement type actuator 203 is used. 
The actuator C3 is coupled to the pick-up 77 by means 
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of a flexible cable (64 that passes through a bushing 
165 located at the central axis of the disk 73. Thus, 
the farther the pick-up 77 is noved from the center of the 
disk 70 the greater will be the thrust supplied by the pro 
pulsion unit. 
The single potential disk 73 provides a means for re 

Solving the displacement of the pick-up 77 in two di 
rections to obtain the desired direction of the propul 
sion unit and the desired thrust of the propulsion unit. 
Of course, the potential disk 7 will similarly resolve 
the displacement of its associated pick-up to control 
the direction and thrust of the bow propulsion unit 2. 
It is thus easily seen that if the pick-ups associated with 
the potential disks 78 and '72 were moved in unison 
that the vessel 0 of FIGURE 1 could be moved longi 
tudinally, laterally or merely rotated about its center of 
rotation. 

in order to move the pick-ups in unison the pick-up 
77 is attached to an arm member 10 which extends 
litwardly from a channel-shaped support A. The arm 
member 116 and Support Sii are disposed for sliding 
movement in a slot ii.2 formed in one of the flanges of 
a charinel-shaped base 13. The pick-up associated with 
the disk 7i is connected to a similar arm E4 attached 
to a channel-shaped Support 115. The arm g4 is also 
disposed for sliding movement in a slot 16 formed in 
the other flange of the channel-shaped base 153. 
A rack member 117 is formed on or attached to the 

Surface of the Support 25 opposite the surface to which 
the arm ig4 is attached with a similar rack being dis 
posed on the Support 15. A pinion member 26 is 
cisposed between the rack 7 and the second rack 
notinted on the Support 131. The pinion 29 is held 
in Position by fianges which extend out over the rack 
i7 and similar flanges formed on the Support , 
A rotational actuator 12, which is controlled by the 

signal 56 of FIGURE 2 is secured to the bracket 5. 
The actuator 12 must be an actuator which may be 
controlled by the signal 55 or the signal must be con 
Verted. For example, in the case of a hydraulic actua. 
tor and an electrical signal, the signal would have to 
be converted before they could be used to control the 
movement of the actuator. The piston rod 22 of the 
actuater i2i is coupled to an arm 23 by means of a 
Pin With the arm 23 being secured to the Support A.5. 
From the above description it can be appreciated that 

as the piston rod of the actuator 2 reciprocates, it will 
cause the rack i7 and support 5 to move longitudinally 
along the face of the flange on the channel-shaped base 
ii. As the Support 115 moves in one direction the 
SPport iii will move in the opposite direction. Thus 
the pick-up 77 and the pick-up associated with the poten. 
tial dis 7 will move in opposite directions across the face of the two potential disks. 
The y actuator 130 is rigidly Secured to the bottom of 

the channel-shaped base 3. The piston rod 33 of the 
actitiator 36 is rotatably connected to a shaft 32 which 
extends tipwardly from the pinion 120. Thus, as the 
piston rod 13 of the actuator 130 reciprocates it OWeS 
the pinion 129 and the two racks as a unit in a direction 
parallel to the axis of the base E3. They actuator 3 
is positioned by the signal 58 of FIGURE 2 and it may 
be necessary to convert the signal 58 to operate the actu 
ator 39. 
The actuator 140 is fastened to a Way 4, which 

Supports one end of the base 13, with the other end of 
the base being Supported in a similar manner by a way 
i42. The piston rod 343 of the actuator 4) is rigidly 
Secured to the supporting base 13, thus as the piston 
rod moves it will move the supporting base 113 along the 
ways 14i and 42. This movement will cause the pick 
ups associated with the potential disk to move in unison 
in a direction at right angles to the movement of the 
pick-ups by the actuator 36. 
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The shaft 132 which extends from the pinion 220 is 
used as a manual control since it may be used to Inoye 
the two pick-ups in two directions at right angles to each 
cther and to nove them in opposite directions. The first 
two movements are obtained by moving the shaft 32 
in the desired directions whiie the last movement is 
obtained by rotating the shaft 32. Of course, it is 
necessary to inactivate the actuators :28, 132 and 46 
when the pick-ups are manually positioned. 

in addition to the above-described method for effecting 
manual control of the propulsion units, one could use 
the system shown in FIGURE 2 in combination with the 
vector resolver shown in Fig Ui 3. if the systein of 
F: 6 JRi 2 is to be combined with the systern shown in 
FEGURE 3, the manual control device 54 should consist 
of a series of three potentiometers for supplying electric 
signals such as would be supplied to the control isrs 44, 
45 and 52. These potentioneters would all be operate 
by a single control handle 55 which could be moved in 
the direction in which it was desired to move the vessel 
and rotated to rotate the vessel with Sibstantially to 
trailslation movement. The control handie 55 moves two 
potentiometers disposed at right angles to each other to 
Supply the x and y signals and when rotated it positions 
a third potentiometer to supply a rotational signal. The 
three signals supplied from the manual control 54 are 
Supplied to the actuators A25, 33 aid i463 in the same 
manner as the signals from the controllers 44, 45 and 52 
are supplied. Thus, the maitial contro: provides an easy 
1means by which one can exert manual control over the 
Systein to direct the vessel along a desired course or 
maintain it dynamically anchored over a fixed position. 
When the two propulsion units are run at substantially 

zero speed the vector resolving unit of FIGURE 3 will 
call for frequent and large rotational movements of the 
propulsion units in order to maintain the vessel dynami 
cally anchored over the fixed position. in crder to 
prevent these frequent and large rotations of the pro 
pulsion units a turn buckle arrangement is provided on 
the vector resolver. The turn buckie consists of a 
threaded tubular raember 156 and two threaded shafts 
5; and 52. 
member 453 and are securely attached to the two synchro 
receiving units 33 and 31. A groove 153 is formed in 
the center of the tubular member 259 with a support 
Elenaber 156 being disposed to engage the groove. Thus, 
when the tubular member is rotated it will move the 
synchro-receiving units 30 and 131 closer or farther 
apart. As the pick-ups for the two potential disks 70 
and 7a are displaced from the center of the disks by the 
turn buckie arrangement they will cause the units to ro 
tate at slow speeds while facing in opposite directions. 
This will introduce a biasing or anti-oscillation effect to 
the system and prevent the frequent and large rotational 
changes described above. 

in order to both understand the operation of the vector 
resolving unit, reference is now made to FIGURE 4 
showing a two vector diagrafin 68 and $6. The vector 
diagram E.65 shows the vector resolution for the stern 
propulsion unit 55 while the diagram 6 illustrates the 
ector resolution for the bow propulsion unit A2. In 

both of the vector diagrams the vectors x and y represent 
the signals supplied by the x and y controllers 44 and 45 
of FIGURE 2. As explained above, these controllers 
receive signals from a tiltmeter which are related to the 
displacement of the vessel from its desired location. The 
signals are the angle between a taut line and the vertical 
in two planes at an angle to each other. The controllers 
compare the signals received from the tiltmeter with pre 
set vallies aid supply related signals to the vector resolv 
ing unit. In addition, the controllers should be capable 
of supplying a derivative or proportional action in order 
that they may prevent the control systein from over cor 
recting and thus hunting or oscillating. The term qs repre 
sents the signal supplied by the rotation of controller 52. 

The threaded shafts thread into the tubular 
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shown in FIGURE 4, the x and y vectors are added by 
the resolving unit of FIGURE 3 while the rotational 
vectors b are added for one propulsion unit and sub 
tracted for the other. This, of course, provides for the 
irrest efficient use of the propulision effect of two units 
since the units will work together in the x and y direction 
to move the beat lateral to return it to its desired position 
while they work in parallel directions to rotate the boat 
with substantially ho lateral displacement. In addition, 
a fourth vector b is shown in FGURE 4 which repre 
sents the biasing or anti-oscillation effect supplied by the 
turn buckle arrangement described above. The vector 
resolving unit resolves the vectors as shown in FGURE 
4 and supplies two vectors Rs and Rb related to the 
magnitude of the thrust required cf the stern and bow 
propulsion units and the direction of thrust for the stern 
and bow propulsion units. The vector resolving unit in 
FEGURE 3 supplies the magnitude of this vector by 
means of the displacement type actuator i03 while it 
supplies a direction of the thrust by displacing the pick 
up 77 radially around the potential disk 76. s 

From the above description, it is seen that the vector 
resolving unit of Fig URE 3 purely resolves the vectors 
which are proportional to the desired lateral displacement 
of the vessel and the rotational displacement of the ves 
sel. By purely resolving these vectors the unit provides 
two resulting vectors which describe the magnitude of tile 
thrust required of each propulsion unit as well as the 
direction of thrust for each propulsion unit. While the 
system is described as applied to two propulsion units it 
could, of course, be used with any number of propulsion 
units merely by utilizing additional potential disks and 
pickup arrangements. Likewise, the propulsion units could 
be located anywhere on the vessel other than at the 
center of rotation of the vessel and the resolving unit 
would still provide for the most efficient use of the thrust 
available from the propulsion units. Of course, it would 
be necessary to adjust the signals supplied from the re 
solving unit to each of the propulsion units to correct for 
the different distances between the propulsion units and 
the center of rotation of the vessel. 

While the above description has been related solely to 
the mechanical vector resolving unit shown in FIGURE 
3, it is readily apparent that other means may be utilized 
for purely resolving the vectors. For example, a com 
pletely electrical analog could be constructed to replace 
the mechanical system shown in FEGURE 3. 

In an electrical analog, the bias or anti-oscillation vec 
tor b could be added to the vector x for one propulsion 
unit and subtracted for the other propulsion unit from 
the vector by means of summing amplifiers and similarly, 
the rotational vector g) could be added to the vectory 
for one propulsion unit and subtracted from the vector 
y for the other propulsion unit. The Cartesian coordi 
nates represented by the vectors x and y, thus modified, 
could then be converted to the polar coordinates or vec 
tors representing propulsion unit thrust magnitude and 
direction by means of electrical resolvers. The scalar 
magnitude of the resultant could be used directly to con 
trol the propulsion unit thrust, and the direction of the 
resultant could be compared electrically with the pro 
pulsion unit direction by means of synchros and the 
difference used to redirect the propulsion unit. 

Also, it can be appreciated from the above description 
that the control system of this invention can utilize in 
puts other than the x and y displacement vectors and the 
compass heading vector shown in FIGURES 1 and 2. 
For example, the system could use inputs from electronic 
locating devices, such as radar, loran or shoran equip 
ment. Such inputs would indicate the displacement of 
the vessel from its desired location in the form of two 
vectors and a vector which would indicate the difference 
between the actual heading of the vessel and its desired 
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heading. The vector resolving unit of FiGURE 3 would 
then resolve these vectors to determine what corrective 
action should be taken with regard to the propulsion units. 
Similarly, one could merely utilize an operator to visually 
observe the position of the vessel with relation to its de 
sired position or course or then move the manual control 
handle 55 of FIGURE 2 in the direction required to re 
turn the vessel to its desired position or course. This 
type of manual operation would be advantageous when 
it is desired to move a vessel along a narrow WaterWay 
or maneuver a vessel in confined space. 

Accordingly, while but a single embodiment of this 
invention has been described in detail, it obviously is 
susceptible to many modifications and changes within 
its broad spirit and scope. Thus, this invention should 
not be limited to the specific details described herein but 
only its broad spirit and Scope. 
We claim as our invention: 
1. A marine vessel positioning system comprising: at 

least two propulsion means located on Said vessel at Sep 
arate positions spaced from the center of rotation of 
said vessel, first control means coupled to each of Said 
separate propulsion units for directing the thrust effect 
of said propulsion units in a horizontal plane, second 
control means coupled to each of said separate propul 
sion units to vary the thrust effect of said propulsion 
units; locating means disposed on the vessel for deter 
mining its actual location and heading relative to its 
desired location and heading; a third control means coll 
pled to said locating means to determine the difference 
between the actual location and heading of the vessel 
and the desired location and heading, said third control 
means generating control signals related to said differ 
ence; actuating means coupled to said third control neans 
to actuate said first and second control means for posi 
tioning said first and second control means in response 
to the control signals. 

2. A system for maintaining a marine vessel over a 
desired position comprising: separate propulsion means 
located at the bow and stern of the vessel, each propul 
sion means having a first control means to vary the direc 
tion of its thrust and a second control means to vary the 
magnitude of its thrust; a first position detecting means 
disposed on said vessel for detecting the horizontal posi 
tion of the vessel in two directions at an angle to each 
other and for supplying analog signals of said detected 
position; a second position detecting means for detecting 
the heading of the vessel and Supplying an analog signal 
of said detected heading; a controller means coupled to 
said first and second detecting means for comparing 
said analog defiection signals and said analog heading 
signal with signals representing desired values of the 
deflection and heading signals, said controller means also 
being coupled to a vector resolving unit to determine the 
required thrust vector of each propulsion unit; said vec 
tor resolving unit providing output signals indicating the 
desired direction of the thrust of each propulsion unit 
and separate output signals representing the magnitude 
of the thrust of each propulsion unit required to return 
the difference between the actual values of said deflec 
tion and heading signals and their desired values to zero. 

3. A system for maintaining a floating vessel over a 
desired location on the ocean floor comprising: separate 
propulsion means located at the bow and the stern of said 
vessel, each propulsion means comprising a propeller 
driven by a variable torque motor means and a rotation 
means for rotating the thrust direction of each drive unit 
through 360° about a vertical axis; first detector means 
disposed on a guide line anchored to the said location 
on the ocean floor at one end and on the vessel at the 
other end, said detector means measuring the angle be 
tween said guide line and the vertical in two planes at an 
angle to each other and supplying output signals propor 
tional to each of Said measured angles; a synchro unit 
coupled to each propulsion unit to determine the direc 
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tion of the thrust effect of each propulsion unit; a conn 
pass means positioned on said vessel to determine the 
geographical heading of the vessel; a control device com 
prising two spaced disks formed of conducting material, 
with each disk being divided into halves by separate 
insulating strips on each side of the center of said disk, 
one of said insulating strips being narrow and the other 
wide, a separate pick-up being of insufficient width to 
bridge the wide insulating strip on one side of the center 
of the disk but of sufficient width to bridge the narrow 
insulating strip on the other side of the center of the 
disk; circuit means for applying an electrical potential 
to both halves of each disk; the synchro unit of one pro 
pulsion unit being coupled to a synchro-receiving unit 
disposed to rotate one of said disks, the synchro unit of 
the other propulsion unit being coupled to a Synchro 
receiving unit disposed to rotate the other of said disks; 
a first actuator coupled to the compass means and dis 
posed to move the pick-ups of both disks in opposite 
directions in relation to the difference between the actual 
and desired headings; second and third actuators coupled 
to said first detecting means and disposed to move said 
pick-ups in unison in two directions at an angle to each 
other; the pick-up of one disk being coupled to the ro 
tation means of the propulsion unit whose synchro unit 
is coupled to the synchro-receiver of said one disk and 
the other pick-up being coupled to the rotation means 
of the other propulsion unit whereby said rotation means 
will rotate the propulsion units to align the pick-ups of 
both disks with the wide insulating strips on each disk; 
and control means coupled to the variable thrust drive 
means of each propulsion unit and to the pick-up of each 
disk to generate a signal to control said variable thrust 
drive means of each propulsion unit in proportion to the 
displacement of the pick-up from the center of the disk. 

4. A system for controlling the movement of a vessel 
comprising: at least two propulsion units disposed on 
Said vessel in a spaced relationship and at locations spaced 
from the center of rotation of said vessel; detecting means 
disposed on the vessel for determining the horizontal posi 
tion of the vessel along two axes at an angle to each other; 
compass means disposed on the vessel to determine the 
heading of the vessel; a first means for comparing the 
horizontal position of the vessel with the desired position 
and for converting the difference into two thrust vectors 
at an angle to each other; second means for comparing the 
compass heading with the desired heading of the vessel 
and converting the difference into a rotational couple; 
said first and second means being coupled to a vector 
resolving unit, said vector resolving unit resolving said 
vectors to obtain a separate thrust vector for each propul 
sion unit indicating the thrust and direction anywhere in a 
full circle to be supplied by each unit and said vector 
resolving unit being coupled to a control means disposed 
on each propulsion unit whereby the thrust and the 
thrust direction of each propulsion unit is controlled to 
return the vessel to its desired position. 

5. The system of claim 4 wherein the detecting means 
determines the translational displacement of the vessel in 
a direction parallel to the longitudinal axis of the vessel 
and in a direction normal to the longitudinal axis of the 
vessel. 

6. The system of claim 5 wherein the vector resolving 
unit adds the translational thrust vectors for all propul 
sion units and subtracts the rotational thrust vector from 
the sum of the translational thrust vectors for some 
propulsion units and adds the rotational thrust vector to 
the sum of the translational thrust vectors for the remain 
ing propulsion units. 

7. The system of claim 4 in which a third means is 
coupled to the vector resolving unit to supply a differen 
tial anti-oscillation vector to the vector resolving unit. 

8. A method for controlling the position of a vessel 
comprising: measuring the horizontal position of the vessel 
along two axes at an angle to each other, comparing the 
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measured vessel position along each axis with the desired 
vessel position along each axis and generating position 
correction components for each axis, the vector sum of 
said components representing the basic thrust and direc 
tion of thrust required of a plurality of propulsion units; 
measuring the heading of the vessel, comparing the meas 
ured vessel heading with the desired vessel heading and 
generating heading correction vector couple components 
along said axes; adding scalarly for each axis said position 
correction components to said heading correction couple 
components, the sign of the said heading correction coin 
ponents being chosen for said addition for each propulsion 
unit such that a minimum of interference will be caused 
between position correction and heading correction; re 
solving the sum of all axial components for each propul 
sion unit into a polar vector representing the required 
thrust magnitude and direction for that propulsion unit 
and controlling each propulsion unit to obtain the Said 
required thrust and direction. 

9. A system for controlling the position of a vessel 
comprising: measurement means for determining the posi 
tion of the vessel in coordinates with axes in a horizon 
tal plane and at some angie with each other; controller 
means for each of the two separate axes of said coordi 
nates, each controller means having adjustable means for 
setting the desired position value along each axis, and 
for setting the gain and other controller actions, said 
controller means comparing the measured position value 
with the desired position value along each axis and pro 
viding a control output signal for each of the axis being 
controlled necessary to restore any displacement from the 
desired position value for that axis; vector resolving means 
to convert said axis control signals into a resulting polar 
vector representing thrust magnitude and direction re 
quired to restore the desired position of the vessel and 
propulsion means capable of providing variable thrust in 
any required direction in a full horizontal circle and ar 
ranged and controlled to provide the thrust and direction 
represented by said polar vector. 

10. The system of claim 9 in which vessel heading is 
measured and the value of that heading is Supplied to a 
third controller having adjustable means for setting the 
desired heading value and for setting the gain and other 
controller actions, the output of said third controller pro 
viding a signal which is proportional to the rotational 
couple required to restore desired vessel heading, said 
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third controller being coupled to said vector resolving 
means, at least two propulsion units, said vector resolv 
ing means resolving said rotational couple and said polar 
vector separately for each propulsion unit, at least two 
of Said propulsion units being disposed away from the 
vessel's center of rotation to provide said rotational couple 
and the rotational vectors of said rotational couple being 
aligned normal to a line drawn from each propulsion unit 
through the vessel's center of rotation. 

51. A method for controlling the movement of a vessel 
comprising: - 

determining the actual location and heading of the 
vessel relative to the desired location and heading of 
the vessel; 

utilizing the determined location and heading of the 
vessel to generate vectors representing for a plurality 
of propulsion units the rotational and translational 
thrust required to move the vessel to the desired posi 
tion and heading; 

generating an anti-oscillation vector; 
vectorially resolving the rotational, translational and 

anti-oscillation vectors to obtain a propulsion vector 
for each propulsion unit representing the required 
thrust and direction of thrust for the propulsion unit; 
and 

controlling the propulsion units in response to said 
propulsion vectors to obtain the required thrust and 
direction of thrust for each propulsion unit. 
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