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This invention relates to improvements in stabilizing apparatus for ships, submarines, 
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airships and the like. More specifically it re 
lates to, and has as an object to provide, a 
new method and means for timing the action 
of the stabilizing equipment in response to 
the combined effect of the deviation of the 
system to be stabilized from its normal non 
disturbed position in space on the one hand, 
and to the angular velocity, angular accelera 
tion and still higher time derivatives charac 

0. 

terizing the development of the deviation in 
time, on the other hand. Owing to the pres 
ence of the higher time derivatives in the 
stabilizing control, to wit: the first time 
derivative being angular velocity and the 
second, the angular acceleration, it is possi 
ble to obtain a dead beat damping of free 
oscillations and to reduce considerably the 
amplitude of forced oscillations of the body 
to be stabilized, whereby a very close stabil 
ization is obtained and the securing of these. 
effects is included among the objects of this 
invention. 
- As a preferred embodiment of this inven 
tion I show the application of this method to antirolling stabilization of the ship by means 
of a moving weight shifted athwartships by 
a source of external EN" and exerting a 
stabilizing moment about the longitudinal 
axis of the ship so as to compensate for the 
disturbing effect of the wave slope tending 
to produce the rolling. It is well known that 
the method of shifting the weight athwart 
ships is due to Sir J. Thornycroft who ap 
plied this means for stabilization of a yacht 
Cecile (and published his results in the Pro 
ceedings of the Institution of Naval Archi 
tects in 1893). The Thornycroft method of 
timing the motion of the weight was derived 
from the angle of deviation of the ship from 
its upright position obtained by means of two 
pendulums of which one had the short and 
the other the long periods. The first men 
tioned pendulum was following the direc 
tion of the apparent and the second of the true gravity. The Thornycroft equipment 

' could quench only about one half of the roll 
owing to the inherent limitations of his equip 
ment. To obviate the deficiency of the 
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Thornycroft system is among the objects of 
this invention. . 
The present invention is an improvement 

in and differs essentially from the Thorny 
croft idea in that in addition to the purely 
positional control responsive to the angle of 
deviation of the ship from its upright posi 
tion, it possesses, owing to the introduction 
of controlling means responsive to the high 
er time derivatives of the disturbing angular 
motion, an advance of the phase of the sta 
bilizing action whereby a more accurate sta 
bilizing effect is obtained. This last men 

55. 
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tioned part of control is designated in the 
following as dynamical and its action can be 
understood from the following elementary 
consideration: when the ship on rolling 
passes momentarily through its upright po 
sition, for example, from starboard to port, 
the angle of deviation is zero at this instant 
and the weight controlled from this angle, 
as in case of a purely positional control of 
the gravity stabilizing equipment, is amid 
ships and hence exerts no stabilizing effect. Owing to the kinetic energy of rolling the 
ship swings further to port. In the present 
invention the presence of the angular veloc 
ity control will already have moved the 
weight to starboard so that when the ship 
reaches its upright position it has no, or only 
small angular velocity whereby a dead beat 
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stabilization is obtained. Likewise the ad 
vantage of the accelerational control can be 
appreciated from the following: assume that 
initially the ship is at rest and in the vertical 
position and that a disturbance, such as soli 
tary wave, for example, begins to act at a 
given instant. According to dynamics the 
angular acceleration will develop in propor 
tion to the instantaneous value of the disturb 
ing moment since the other effects due to 
buoyancy and skin friction can be neglected 
for the conditions assumed i. e. at the very 
beginning of the disturbance. Both the E. 
and angular velocity are small enough at this 
point but the angular acceleration generally 
is proportional to the disturbance and hence 
is of the first order assuming a parabolic 
approximation about the initial instant. An 
angular acceleration responsive means in this 0. 
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case theoretically affords a finite controlling 
action whereas both the angle and the angu 
lar velocity responsive means offer actions 
of smaller or negligible magnitude; it of 
fers thus a truly anticipatory action where 
by the equipment is made to respond to the 
cause (i.e., disturbing moment) rather than 
to the effect, which is the developed angular 
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motion. The accelerational control permits 
thus to control directly the inertial proper 
ties of the system to be controlled-ship in 
this instance--and hence is particularly val 
uable in all kind of transient disturbances 
characterizing the actual conditions of the 
Sea. . 

In general, by considering any disturbance 
whether periodic or not as a function of time 
and expanding it in Taylor's series around 
the given point, it can be shown that the ac 
curacy of predetermination of the control 
ling action by automatic equipment is the 
greater, the greater the number of terms of 
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this expansion, that is the greater number 
of higher time derivative responsive means 
is used for the control. 
More specifically, this invention improves 

and has as an object to improve the timing 
of motion of the weight so that for the same 
weight a greater stabilizing action is pro 
duced owing to the exact predetermination 
of the controlling action, above mentioned, 
than in case of controlling equipment of the 
prior art. The influence of this novel meth 
od and means for producing an adequate tim 
ing manifests itself in the damping out of 
the free oscillation as well as in reducing the 
amplitude of the forced oscillation of the ship 
in a steady state of rolling among harmonic 
waves. However, as harmonic wave motion 
is the exception, and non-harmonic transient 
wave motion is more frequently the actual 
condition, it will be understood that the util 
ization of the second and still higher time 
derivatives for controlling action affords true 
and complete anticipatory action, as shown 
above, not obtainable with transient condi 
tions, from angle and angular velocity con 
trol alone. 
The above elementary explanation relative 

to the advance of the phase of controlling ac 
tion obtained in this invention can be still 
better understood from the following theo 
retical explanation. . . 

It is known that under the assumptions of 
the general theory of William Froude, now 
universally accepted in the art, the differ 
ential equation for unresisted rolling among 
the waves is: 

i. f . 

S+50-be sin of . . . . (1) 
where 0 is the angle of the ship's masts with 
the vertical, - 
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e is the maximum angle between the nor 
mal to the wave profile and the vertical. 

co-T 
where T is the apparent period of the waves. 

Wh 
A 

where W is the displacement of the ship. 
A is the moment of inertia of the ship 

about the longitudinal axis passing through 
its center of gravity. 
his the metacentric height. 
When a stabilizing weight up is provided 

on the right side of this equation a term cae 
is added representing the stabilizing moment 
of the weight where 

and e is the variable distance between the 
center of gravity of the moving weight w and 
the middle line of the ship. 
By providing follow up devices either on 

controlling instruments and on the torque 
producing means or only on the latter I am 
able to vary the lever arm a of the weight.in 
accordance with the following law: . 

dodo 
a-m0+n+pia e e o (2) 

where 6 is the instantaneous angle of rolling, 
. Y- de 

- dt 

is the instantaneous angular velocity of 
rolling, 

d 
d 
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is the instantaneous angular acceleration of 
rolling and m, n, p are suitable coefficients of 
proportionality characterizing the intensities 
of the component controls (1) by the angle 0, (2) by angular velocity 

de, 
di 

(3) by angular acceleration 
- de 
di” 

These coefficients m, n, p can be either positive 
or negative according to one of the two ways 
of connecting the corresponding control in 
strument. 
In order to simplify the discussion, assume 

that pro, that is, the lever arm a of the mov 

lu 

i2. 

ing weight is controlled at any moment by 
means responsive to a linear function 

- de 2= m + n, 
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of the angle and angular velocity. Substitu 
tion of a into the differential equation of roll ing gives: . . . . . 
d'9 d? s a • . . 

d c’nt- (5-cm)0=be sin ot. . . . . (3) 
It is well known from the nature of Equa 

tion (3) that in order to secure the damping 
lo 

5 
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of free oscillations the coefficient in must be 
negative, which means that when the angu 
lar velocity of rolling is from port to star 
board, for example, the weight is moved from 
starboard to port and vice versa. As regards 
the second coefficient m, there is no such defi 
nite indication; it may be either positive or 
negative. In the original Thornycroft equip 
ment it was positive which means that when 
the angle of roll is to starboard for example 
the weight goes to starboard which can be 
designated as a “downhill’ control. 
Assuming for the sake of example that m 

is negative and designating by N, M, the 
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absolute values of m, n, one has: 

E+c'NS+ (5 + M)0-be sin at . . . . . (4) 
Comparing this with the original Froude's 

Equation (1) one notes the term 
d6 

characterizing the presence of a damping fac 
tor of the form 

e-cNi2 
in the expression for the free oscillations of 
the ship. Furthermore the amplitude of the 
forced oscillations 0, is also decreased as foll 
lows from the expression for the particular 
integral of Equation (3) corresponding to 
the given second member 

50 

5 

58 
W(22M).P.I.N. . . . . . (5) 

where 0, is the amplitude of forced oscilla 
tions due to wave slope. 

Equation (5) shows that the amplitude of 
the forced oscillation is reduced owing to 
the term with N. The discussion can easily 
be extended in case the accelerational control 
is provided. It also can be shown that the 
accelerational control is equivalent to a vir 
tual modification of the moment of inertia of 
the ship whereby the performance of the 
equipment becomes stillmore effective both 
from the standpoint of increasing the decre 
ment of free oscillations and of the reduc 
tion of the amplitude of forced oscillations. 
It is seen thus that the means responsive to 
the dynamical control accomplishesthree im portant functions: 

1. Introducing an energetic damping of free oscillations of the ship. 
2. Reducing the amplitude of forced oscil 

3 

lations to a much 
terms with N and 

3. Exerting an early anticipatory action in 
cases of transient disturbances owing to the 
higher time derivatives. 

geater extent owing to the 

The stabilizing means forming the subject 
of this invention furthermore possesses as 
smooth and continuous action as the pri 
mary disturbance itself, which permits of ob 
taining a close balance between the cause 
(i. e. external disturbance due to the waves) 
and the effect (i.e. stabilizing movement of 
the weight) continuously at any moment. 
Furthermore both the intensity and the di 
rection of controlling actions in this inven 
tion can be varied at will to meet, on differ 

O 
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ent ships, different conditions of rolling, and, 
for the same ship, to meet different condi 
tions of weather, apparent period of waves 
and the like. 

It is an important object of the invention, 
to provide a substantially electrostatic cur 
rentless control of the power circuits actuat 
ing the torque exerting plant whereby a con 
tinuous regulation of the character described 
is produced by small high precision delicate 
avoiding any possible interference with the 
accuracy of their performance owing to sec 
ondary effects of friction ponderomotive 
forces in the electromagnetic fields, and the 
like. The performance of the equipment un 
der these conditions is reliable, subject to 
easy control, adjustment and accurate prede 
termination. 
When the rolling is too heavy and is out 

side the range of the roll quenching capacity 
for which the stabilizing equipment is de 

instruments responsive to angular unotion, 

100 

signed, I provide, and it is an object of the 
invention to provide, emergency means 
whereby the moving weight is brought to rest 
at the end of its stroke irrespective of the fact 
that the angular motion has not been mas 
tered by the weight. In such a case the sta bilizing equipment functions continuously 
within its roll quenching range and discon 
tinuously at the end of the stroke. Finally 
owing to the possibility to adjust the per 
formance to a “downhill' control a partial 
regeneration of energy can be secured so that 
the power plant moving the weight needs to 

OS 

5 

supply a comparatively small amount of en 
ergy. - 

It is an object of the invention to provide, 
in connection with a rolling weight as the 
stabilizing agency, a transverse guiding track 
of such profile as to maintain a substantially 
constant load on the power source and to ob 
tain a regeneration of energy owing to the 
conversion of the kinetic energy of the mov 
ing weight into potential energy of the same 
weight when raised at the ends of its stroke 
on the profile and vice versa. Furthermore 
the profile of the guiding track is such that 
no damage can occur to the ship in case the 

20 
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5 
nism to a car running 

stabilizing weight becomes disconnected 
from its power source. In determining the 
profile of the guiding track it is preferred 
to provide a track in which a comparatively 
small curvature is offered to the weight in 
the central portion of the ship when the mo 
tion of the weight is normally the fastest and 
gradually increasing curvature is introduced 
for increasing distances from the center line 
of the ship where the kinetic energy must be 
finally absorbed so as to prevent the possibil 
ity of impact at the end of the stroke. All 
of these advantages are particularly well ob 
tained in the case of a cycloidal track, which, 
in addition, imparts a EEE of isochro reely upon it. Con 
versely the last mentioned property permits 
of attainment of the inherent safety above re 
ferred to, as well as uniformity of the load. 

20 Other important features, and objects of 
this invention will be apparent from the fol 
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lowing description accompanied by the fol 
lowing drawings in which: 

Fig. 1 shows the general arrangament of 
the stabilizing equipment, 

Fig. 2 shows a detail of Fig.1, 
Fig. 3 shows the pendulum control instru 

ment, 
Fig. 4 shows a detail of Fig. 1, 
Figs. 5 and 6 represent the angular veloc 

ity control instrument, . . . . 
Fig. 7 represents the electrical wiring dia 

gram of the angular velocity control, 
Fig. 8 represents a modification of the sta 

bilizing equipment shown on Fig. 1, 
Fig. 9 represents the angular acceleration 

control, circuits, . . . . 
Fig. 10 represents a modification of the ar 

rangement shown in Fig. 9, . . 
40 
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Fig. 11 represents diagrammatically the 
performance of the arrangement shown in 
Fig. 10, Fig. 12 represents a wiring diagram of a . 
modified form of the invention particularly 
applicable to the arrangement shown on 
Fig. 8 V. ''. 

Fig. 13 represents a modification of the in 
strument shown on Fig. 3, particularly 
adaptable to use with the arrangement shown 
on Fig. 12, 

Fig.14 represents a modification of the 
instrument shown on Figs.-5 and 6, particu 
larly adaptable to use with the arrangement 
shown on Fig. 12, 

Fig. 15 represents an angular acceleration 
responsive instrument, 

Fig. 16 represents a side elevation of a cy 
slidal track supporting the moving weight, 
8. 

Fig. 17 represents a diagrammatic detail of 
the electrical follow up member. Referring to Fig. 1, the moving weight 1 
is shown as a block of metal capable of roll 
ing athwartships along a track 2 on the 
wheels 8. The cable 4 (or plurality of cables) 
i. s. 

1,858,069 
causes the displacement of the weight 1 under 
the influence of pressure developed in the 
double acting hydraulic cylinder 5 whose 
E. rod 7 supports on both ends suitable 
locks of pulleys 6 mounted to form together 

with pulleys 10, fixed to the ship by means of 
the brackets 11, multiple sheave pairs of 

70 

blocks with one end 8 of the cable secured 
to the ship's frame and the other leading end 
passed through additional pulleys 9 and from 
there secured to the weight as shown. 

It is known that the arrangement shown 
permits a displacement of the weight across 
the ship for a comparatively short stroke 
of the piston in the cylinder 5. The cylinder 
5 is in communication by means of tubes 12 

75 

80 

with a hydraulic variable delivery pump 13 
driven by a constant speed motor 14 with a 
able load during the performance of the set. 
The control member (sometimes designated as 
floating ring) 16 of the pump 13 is acted upon 
by regulating means forming the main sub 
ject of this invention. , 

It is known that for a definite angular po 
sitioning of the control 16 of the pump, indi 

fly wheel15 to equalize the effects of the vari 
85 

90 

cated for the sake of example by the angle a, 
from its middle position shown on Fig. 1 
there is a corresponding definite rate of dis 
charge of the pump, and hence a definite 
speed of the piston and of the moving weight. 
The reversal of the control member 16 around 
the zero point reverses the direction of the 
discharge and hence the direction of motion 
of the weight. . . 
A slotted lever 17, pivoted around the point 

18 engages a pin 20 concentric with pulley 6 
as shown. Displacement of the piston rod 7 
secures corresponding oscillations of the 
lever 17 about the point 18. By means of a 
system of levers 21 and 19 large displacements 
of the piston rod 7 secures corresponding 
proportionally reduced parallel displace 
ments of the lever 19 through the pivotal 
connection of the latter at 22 with slotted 
lever 17. y 
A lever 23 with the pivotal point at 24, has 

its opposite end constrained by springs 25. 
A slotted lever 26 is slidably connected at 
the point. 27 to the lever 19; the lower end 
of lever 26 is connected to the lower end 
of lever 23 by means of link. 28. 
At the point 29 of lever 26 there is linked 

a lever 30 connected at the point 31 to floating 
lever 32. The upper end 33 of lever 32 is piv 
totally mounted on the nut 34 capable of be 
ing displaced longitudinally along the screw 
85 during the rotation of the latter. The 
shaft 35 is fixed in driving relation to the 
planetary system 36 of epicyclic gears, shown 
in detail on Fig. 4; the bevel gears 37, 38 
are loose on the shaft 35 and are fixed to 
spur gears 39, 40 respectively, engaging cor 
responding spur gears 41, 42 on the shafts 
of the motors 43, 44 provided with series 

95 
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brakes 45,46; from the same motors through 
a suitable gearing and shafting 47, 48 (Fig. 
1) are actuated the shafts 49, 50, controlling 

... the follow-up devices on the instruments 51 
5 and 52, responsive to the angle, and angular 
velocity of, the rolling, respectively. The 
instrument 52 controls the excitation of a 
generator 53 driven by a motor 54; the arma 

10 armature of the motor 43, by means of a cable 
55, the excitation of the motor 43 is constant 
(not shown); the electric circuits relative to 
the control of generator 53, motor 43 by the 
instrument 52 are explained in connection 
with Fig. 7. 
The instrument 51 shown in detail on Fig. 

3 is a direction indicating apparatus of long 
period pendulum type. It may contain gyro 
scopes (not shown) if necessary in order to 
increase its period. The pendulum 56 is sup 
ported on a knife edge 57 by the arm secured 
to the pedestal 58 in which is fitted an arc 
shaped segment 59 having worm wheel teeth 
on its lower end with which is engaged the 
worm 60 connected to the shaft of the motor 

5 

20 

44. On the upper part of the segmen 
placed an arc of insulating material 61 with 
two conducting segments, 62, 63, separated 
by a short arcuate gap 64 of the insulator, 
which may be air. - - - 
The pendulum 56 bears on its lower end a 

block of insulating material 65 to which is 
fixed with a certain resilience the fork 66 sup 

so 

5 
in the well known manner a relay 68, closing 
the contacts 69 and 70, of the follow-up motor 
41 as shown. The well known property of 
such a system is that the gap 64 seeks always 

40 

When the ship rolls over a certain angle 6 
to the starboard (for instance) the pendulum 
51 remaining fixed in space the segment 63 is 
displaced by the same angle 6 until the gap 
64 reaches again the position of the trolley 

45 

67. When this is accomplished the motor 44 
will have turned through a number of revolu 
tions proportional to that angle 6 as will also 
the gear 38, loosely mounted on the shaft 35. 
Assume that the other gear 37 is fixed-in 

s such a case the nut 34 will have a displace 
ment d along the screw 35 also proportional 
to the instantaneous angle of roll. This foll 

55 low up action will prevail continuously 
- throughout the ship's rolling motion. 

By providing suitable means (not shown) 
for tilting the frame of the instrument 51, 
shown on Fig. 3, about the long axis of the 

60 ship, I am able to modify the setting of the 
directional instrument from the upright un 
disturbed position, to any other predeter 
mined position, making a certain constant 
angle of deviation with the former (nondis 

65 turbed) setting. In this case the stabilizing 
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ture of the generator 53 is connected to the 

ent 59 is. 

porting a metallic trolley wheel 67. The trol 
ley 67 with two segments, 62.63 controls 

to reach the trolley 67, around which posi 
tion the system oscillates or hunts slightly. and 94 at their ends and permitting the ad 

capillary tubes 81.82, and the fall of the mer 

means described in this invention will stabi 
lize the vessel not about its normal upright position, but about this predetermined in 
clined position. This is of importance in all 
cases where a given list must be compensated 70 
for, or an artificial list created as in the case 
of artificial increase in elevation of fire in 
naval vessels. 
The instrument 52 is an angular g in 

dicating apparatus shown in detail on Figs. 
5 and 6. It contains two gyroscopes 1,72, 
driven in opposite directions with their cas 
ings pivotally mounted within a frame 73 . 
about two parallel axes A-A, B-B, placed 
athwartships. Four cylindrical metallic 
tanks 74, 75, 76, 77, made of metal not at 
tackable by mercury, are secured to the frame 
73 by means of an insulating support 78. 
The circular bases of the tanks are made of 
a resilient material to form diaphragms. 
Centralizing springs may be added if nec 
essary in order to ensure the horizontal posi 
tion of the gyroscope. The tanks are com 
pletely filled with mercury and have, on their 
upper parts, each one capillary glass tube 
respectively, 79,80, 81, and 82 in communi 
cation with the tank with a deposit of a metal 
nonattackable by mercury forming a high 
resistance film. It is known that the films. 
of this kind may have very different values 
of resistance per unit of their length vary 
ing from a few ohms up to several megohms . 
depending on the thickness of the deposit; 
they may serve as variable resistors during 
the variation of height of the mercury col 
umn. The respective brackets 83, 84,85, and 

7s 

80 

85 

90 

95 

100 

86 are fixed to the respective casings of the 
gyroscopes as shown and have the thumb 
screws 87, 88,89, and 90, each having a piece 
of insulating material respectively, 91, 92,93, 105. 
justment of the initial pressure exerted from 
the gyroscopes on the tanks. For a given 
adjustment and no angular velocity of roll 
ing the height of the mercury in the tubes 79, 
80, 81 and 82, has a certain initial value in 
the middle of the tube. When the angular 
velocity of the rolling occurs, the gyroscopic 
reactions appear simultaneously therewith 
being proportional to the instantaneous value 
of this angular velocity, one pair of tanks 
(76, 77, for example) is therefore compressed 
and the other pair (74 and 75) expanded, 
which causes the rise of the mercury in the 

110 

5 

120 
cury in the tubes 79,80, in proportion to the instantaneous angular velocity of rolling and 
this is utilized for the purpose of control 
shown on Fig. 7. 
A constant potential difference from a bat 125 

tery 95 is impressed on the tubes 79,80, 81 
and 82, as shown, viz, positive terminalis con 
nected to the tubes 9 and 81 and the nega 
tive to tubes 80 and 82. When there is no 
angular velocity of roll and hence no dif- 130 

  



connected together is the same as of the tanks . 
5 

10 

15 

20. 

ference of pressure set up by the gyroscopes 
in the tanks the potential of the tanks 76, 75. 
74, 77, connected electrically together. If 
however, the gyroscopic pressures (indicated 
by arrows) appear, the potential of the point 
96 rises above, and that of point 97 goes below, 
its former equaliyalue. A resistor 98 con 
nected across the same source of supply 95 
has its middle point 99 connected to E CO 
mon negative terminal of the Abattery (not 
shown) feeding the filaments of two three 
electrode power tubes 100, 101 and the same 
point 99 being connected to the negative ter 
minal 102 of the plate supply. The points 
96, 97, on the insulated A: systems are con 
nected to the grids of the tubes 100, 101. The 
plate circuits of the tubes are connected in 
series with differentially wound field wind 
ings 104 of the generator 53, whose armature 
105 is connected to the armature 106 of the 
motor 43, and whose excitation (not shown) 
is constant. The generator 53 has another 
differential field 107 energized from the re 
sistor 108 through the sliding contact 109 
connected to the negative terminal 102 of 

30 

35 

40 

101, are equal and the magn 

the supply and displaced by the shaft 49 
(Fig. 1), mechanically connected with the 
armature shaft of the motor 43. For the 
equal heights of mercury in the tubes 79,80, 
8i and 82 the grid potentials of the tubes 100, 

etomotive forces 
of the differential split field 104 compensate 
each other; if at the same time the contact 
109 is in the middle of the resistor 108 the 
magnetomotive forces of the differential 
field 107 also compensate each other and the 
generator 105 is not excited in this case. If 
on account of the angular velocity of rolling 
the gyroscopic reactions deform the volumes 
of the tanks and cause the variation of the 
heights of mercury in the tubes 79,80, 81 and 
82, as shown, the potential of the point 96 in 
creases, which increases the current in the 45 

ancing of the differential field 104 of the gen 
50 

55 
taneous g velocity 

plate circuit of the tube 100 (by a similar rea 
soning it is seen that the plate current of the 
tube 101 decreases). This causes the unbal 
erator, and starts the armature 106 of the 
motor 43, which runs through a number of 
revolutions corresponding to the displace 
ment of the contact 109 sufficient to produce 
an unbalancing of the field 10 offsetting the 
original unbalancing of the field 104. It is 
seen thus that to a given value of the instan 

of rolling corre 
sponds in final result a certain number of 
revolutions of the motor 43 from its zero 
value. This condition exists continuously 
E. the motion and holds for the in tantaneous values of angular velocity. It 
is fulfilled better the more rapid is the con 
trol. The control afforded by the three elec-. 
trode vacuum tubes of the type disclosed af 
fords these advantages of continuity as well 

cuits with the arrangement of the tanks dis 
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as rapidity. The last condition is readily 
understood from the fact that the time con 
stant of an inductive circuit such as the field 
104 is greatly reduced owing to a very high 
ohmic resistance of the tube inserted in series 
with such a circuit. I wishitto be understood 
that the use of the electron discharge tube cir 

closed is described by me as an example of a 
continuous, rapidly acting control and not 
in a limiting sense, since any other control 
ling arrangement satisfying the above stated . 
conditions of continuity 
of an appreciable time lag is equally good for 
this purpose. Such alternative construction 
is illustrated in Figs. 12, 13, 14 and 15 and 
discussed in the description of those figures 
which follow later herein. . . . . 
Summarizing the preceding disclosure one 

can state that the described arrangement has 
the following properties: ! 

a. To a definite value of the instantaneous 
angle 6 of rolling there is a corresponding 
proportional number of revolutions of the 
motor 44 from its zero position, when the 
angle 6=Fo, i.e. when the ship is upright. 

h. To a definite value of the instantaneous 
angular velocity . . . . 

- d 

of rolling there is a corresponding propor 
tional number of revolutions of the motor 
43 from its zero position, when the angular 
velocity of rolling 

de 
b dt 
SZeO. . 

A definite instantaneous state of motion 10 

( dt 

is therefore represented in this invention by a 
proportional instantaneous displacement (d) 
of the nut 34 from its middle position of the type 

de 
d 

where the factor of proportionality m' con 
tains the ratios of transmission in the system 
controlled by the instrument 51 and the fac 
torn contains the ratios in the system con 
trolled by instrument 52. The linear combi 
nation of both terms 1: 

d, and di 
is obtained by means of epicyclic gear 36. 
Having described the nature of displace 

ment of the nut 34 under the influence of angle and angular velocity of rolling it is 
necessary now to describe the control of the 
moving weight 1 effected by Lueans of the 
lever system shown on Fig. 1. The purpose 
of this lever system is to produce the follow 

N 

and of the absences. 

  



up control of the motion of the weight, where 

10 

15 

by the displacement at of the weight becomes 
proportional to that of the nut 34. . . 
A. given displacement of the nut 34, 

example to the left, causes the opening of 
the control member 16 of the hydraulic pump 
13 since the point 31 is fixed initially. A 
corresponding motion of the weight 1 for 
example to starboard is thus started check 
ing the instantaneous rolltoport. The piston 
rod during this phase of motion is moving 
to port displacing also to the left through 
levers 17, 19, 26, 30, the point 31 of the float 
ing lever 32, which causes a decrease in the 
angularity of this lever and also decreases 
the angle or of the control member 16 decreas ing the speed at which the weight is moving. 
For a definite initial displacement of the nut 

SO 

25. 

34 the moving weight will be moved by the 
amount necessary to displace the point 31 to 
the left in order to bring the control member is back to its middle position which thus stops 
the weight. In reality the initial displace 
ment of the weight causes a decrease in the 
causes the reverse rotation of the motor 43 
and the motion to the right of the nut 34. 

so 
This receding motion of the nut 34 to the 
right, will contribute still more to the return 
of the control member 16 to its neutral po 
sition when the discharge of the pump and 

3. 5 

40 

also the motion of the weightstop. Thus for 
a definite initial displacement of the nut 34 
there is a corresponding proportional dis 
placement of the point 31 and therefore of 
the weight 1, sufficient to offset the initial 
displacement of the nut 34 and stop the dis 
charge of the pump by bringing the control E. back to its middle position. 
It may happen, however, that owing to an 

excessive rolling the stabilizing equipment 

is pivoted about the point 24. 
it has two stops 110 and 11, capable of reach 

will not be sufficient to quench it. To meet this emergency the lever 23 is provided- it 
he lever 19 

ing the lever 23 for a sufficiently long excur 
sion of the weight and hence of the lever 19. Assuming again the previous example when 
the weight moves to starboard and the levers 
17, 19 to port, the above emergency, condi 
tion will occur when the stop 111 will swing 
the lower end of the lever 23 to port, helping 
thus to bring the point 31 more rapidly to 

5. 

60 

port than this would happen normally, when 
the point 112 is stationary. The lever 23 is 
therefore an emergency means and its func 
tion is to stop the weight near to the end of 
the track irrespective of the fact that the 
angular motion has not been mastered by the 

siderable excursion of the travelling nut 34. 
The case when the lever 23 is acting consti 
tutes a rather abnormal operation of the as equipment during very heavy roll. The 
cases when the lever 23 is not working, con 
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for 

71, 72, modify 

angular velocity of rolling, which in its turn 

yeight, which is manifested by a too-con 

stitute the normal performance of the stabi 
lizing equipment within its roll quenching range. 

Having described various parts of this in 
yention as set out in Figs. 1 to 11 inclusive, I wish now to describe the normal perform 
ance of the device as a whole omitting any intermediate explanations already given in 
the course of description of the various parts. 
Assume, for example, that at the initial in 
stant after a period of a quiescence the dis 75 
turbing moment of the wave slope begins to . . 
act on the ship tending to roll it to starboard. The gyroscopic reactions of the gyroscopes 

the level of mercury in the 
tubes in proportion to the instantaneous 
values of angular velocity of rolling and 
through the vacuum tube system produce the 
voltage in the generator 53 and start the 
motor 43 and also the epicyclic gear 36 from 

80 

85 
the bevel gear 37. With a slight retard the . 
actual deviation 6 of the ship to starboard 
will develop to the extent sufficient to start the 
pendulum motor 44 since, on account of roll 
ing, the trolley contact is now on the strip, 63 
thus closing the relay 68, on the contact 70. 
The pendulum motor will be started to run 

90 

through a number of revolutions proportional 
to the angle of the instantaneous roll and this 
condition will prevail continuously through 
out the subsequent performance. If the angle 
to starboard is designated as positive, (that 
to port as negative), and angular velocity to 
starboard as positive, (that to port as nega: 
tive), this initial condition of this assumed 
case is therefore characterized by: 

d 
8> oi>0 . a o 0 o e (1) 

The connection of electrical circuits and 
mechanical follow up systems 47, 48, must be 
such that for this Period (1) of the motion 
the bevel gears 37, 38, be moved additively 
so that the displacement d of the travelling 
nut 34 controlling the displacement of the 
weight 1 is due to the sum of two partial dis 
placements which would occur if each of the 
two motors 43 and 44 were working alone. 
The displacement of the travelling nut in this 
case will be therefore did, + d where d, 

95 

100 

05 

10 

ls 
and d are the partial displacements due to 
the angle 6 control and angular velocity 

de 
dt 

controls respectively. 
120 

The stabilizing device during this phase 
(1) of the ship's oscillation consequently de 
velops a kind of “meeting' action exagger 
ating the displacement of the weight as com 
pared to what it would be if the timing were 
only due to the pendulum. 
The weight having been moved very vigor 

ously during this first “meeting” stage of the 

  



counter torque thus decreasing the rate of 
angular motion to starboard; during this 
Second period 8 is positive and increasing 

- more and more gently: 

5 

the pen 
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45. 

de 
dt 

is still positive but decreasing. 
The gyroscopic reactions being propor 

tional to the angular velocity of rolling, de 
crease accordingly, which reverses the rota 
tion of the motor 43. This is the beginning 
of the “easing off period and the epicyclic 
gear E. to work differentially, viz. while 

ulum motor 44 is still running in the 
old direction (since the angle 6 still increases) 
the angular velocity motor 43 runs in the 
opposite direction. 
An instant later: 
6 begins to decrease while still being posi 

tive (3) 
de 

. . . dt 

reverses and gradually increases in magni 
tude. 

During this period; 

- 

and the partial displacement d, approaches 
zero whereas'd, is very strong and in the 
opposite (to its original) direction, The 
epicyclic gear still works differentially but 
the effect of the angular velocity control. 

rectly ascertained. r 
I wish it to be understood that the preced 

ing description of the invention must not be 
construed in a limiting sense since a great 

different stabilizing. . . 
y included within the 

through the bevel gear 37 is far more con 
siderable than the pendulum control through. 
the bevel gear 38. The displacement of the control nut.84 is 
now: d=d, -d with the second term con 
siderably in excess of the first one; the dis 
placement d is thus negative, that is to port, 
which means that the weight is moved to 
starboard considerably ahead of the time 

50 

55 

when the stabilized ship during its return 
swing (from starboard to port) reaches the upright position. This “easing off effect 
manifests, itself particularly in this phase of 
motion. When the stabilized vessel returns 
again to the upright position the moving 
weight is already displaced considerably to 
starboard so that the ship reaches this up 
right-position with no, or only small, angular 
velocity, whereasin the original Thornycroft 
method for this particular instant the weight 
was amidships and hence no “easing off' 
effect was provided. 
The introduction of angular velocity con 

trol through the bevel gear 37 thus accounts 

85 

for a prompt damping out of the original free 
oscillation and also reduces considerably the 
amplitude of the forced oscillation as was set 
forth in the above theoretical summary. 
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systems may be logica 

51 is introduced through the bevel gear 38 
into the epicyclic gear. 
the above formula 

(-na-il) 
introduces a proportionality between the an 
gle 6 of roll and displacement of the weight: . 

5 it depends on the gear ratios in the follow 
up and lever systems. Its choice can be best 

angular motion will produce on the ship a The pendulum control from the instrument 

indicated by considerations of statical equi 
librium: wa. Whé where W is the displace 
ment of the ship: hence 

Wh 
s 

D 

80 

The angular velocity control is more impor 
tant from the standpoint of dynamic condi 
tions, and for the purpose of adjusting the 
proper value of the coefficient 

( d6 7 and 
in the displacement of the weight by angular 
velocity Imay use either the change in speed 
of the generator 53, by varying the excita 
tion of the driving motor 54, or modify 

113, or thermionic emission of the three elec 

the 
plate currents by means of a variable resistor 
trode tubes 100, 101, or any other regulating 
means in the series of controlling means be 
tween the gyroscopes 71,72, and the armature 
106 of the motor. 43. This adjustment can be 
best made during a test when the effect of 
angular velocity on the damping can be di 

variety of CE 
scope of the appended claims. , 
Thus for example instead of a dead weight 

pulled by cables from a stationary hydraulic 
cylinder the moving weight may contain the 
hydraulic transmission unit comprising an 
electric motor, a hydraulic pump and hy 
draulic motor in this case the weight of this 
machinery adds up to the roll quenching 
weight; the arrangement of levers can be 
inverted since some of the parts, such as con 
trol member 16 becomes moving with the . 
weight and some others, such as the-point 20 
becomes a fixed point but this reversal of 
functions of various members is obvious, and 
can easily be worked out by those skilled 
the art from Fig.1. 

: Instead of a hydraulic transmission a reg 

2 

in . . 

2 
ular electric drive can be used. For the sake 
of example, an arrangement of that kind 
is shown ori Fig. 8. The moving weight 114 
contains on its upper part an electric motor 
115, a generator 116 driven at a constant speed 

- 

3 

The coefficient m in 
70 

85 

90. 
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from the motor 115 and an electric motor 11 operating at a variable voltage impressed 
from generator 116 and driving through a 
suitable gearing 118, the shaft 119 transmit 
ting the power to two drums 120, 121 actuat 

s ing the cables 122, 123 displacing the weight 

O 

athwartships. In this case, the power sup 
ply for the motor 117 and for the excita 
tion 124 of the generator must be made either 
by flexible conductors or by trolley contacts, 
or the like. On Fig. 8, I indicate by 125, 
126, contacts establishing the connection be 
tween the generator field winding and the bus 
bars 127, 128, of excitation, whose voltage 
is controlled by a suitable controller 129 in 
response to angle and angular velocity con 
trol exactly in the same manner as before 
(i.e. lever 32, travelling nut 34, etc.). Still 

20 

trically as will be shown in connection with 

30 

s 5 

40 

better results can be accomplished when the 
generator's field is controlled directly by 
suitable circuits having a continuity of regu 
lation and in which the composition of indi 
vidual controlling action is produced elec 
Fig. 12. 
Although I have described a stabilizing 

system in which the stabilizing moment is 
produced by the displacement of the weight 
I wish to be understood that the invention is 
far more general and applicable to other. 
means of production of stabilizing moment. 
For example the moving vehicles (ships, sub 
marines, airships, airplanes, and the like) 
can derive their stabilizing torque from vanes 
(not shown), suitably positioned and regu 
lated on the port and starboard sides of the 
vehicle and any regulation of these vanes 
(either by inclining them more or less, or 
offering a greater or smaller surface to the 
medium in which the vehicle is moving) modi 
fied the stabilizing torque in magnitude and 
direction: the principle of controlling the 
vanes or any other torque exerting member 
remains the same, to wit: the mechanism 

5 controlling the displacement or rotation of 
the vanes will either be controlled by a split field of the generator described hereinafter 
in connection with Fig. 12 or be controlled 
by the travelling nut 34 whose motion is re 
sponsive to both positional (instrument 51) 
and dynamical (instrument 52) elements of 
the angular motion to be neutralized and 
the actual displacement of the vanes through 
a system of levers introduces a follow up ar 

5 rangement limiting the action of the control 
according to the violence of the prevailing 
disturbance, manifested by the magnitude of 
the displacement of the nut 34. 

() 
The presence of the first time derivative 

(i.e. angular velocity) in the control accounts 
for damping of the free oscillation of the 
ship and reduces the amplitude of the forced 

... oscillation; but it will be shown by an analy 
t sis similar to that carried out in connection 

with Froude equation that the presence of 

phasizes still more these properties 

9 
the second (and still higher) time deriva 
tives (i. e. angular acceleration of rolling, 
rate of angular acceleration and so on) em 

by the 
refinements it affords in the “meeting and 
“easing of' effects. in timing the action of 
the stabilizing agency. In cases when ex 

70 

treme accuracy of stabilization is needed and 
in all cases where the waves are not strictly 
harmonic (the usual transient condition) the 
control by angular acceleration 

de 
d 

can be added to the preceding so that V 
d6 d? 2-me+ nit-p 

where p is a suitable coefficient of proportion 
ality between the instantaneous displacement 
a of the weight (or other stabilizing means) 
and the angular acceleration. The described 
system lends itself easily to this additional 
refinement as shown both in Fig. 9 and in 
Figs. 12 and 15. On Fig. 9, the tubes 100, 
101, and the differential field 104, are the 
same as on Fig. 7. In series with the plate 
circuits are inserted the primaries of two 
transformers 130, 131, whose secondaries are 
connected on one side together, and to the 
common negative terminal of the filament 
battery (not shown), heating the filaments of 
the tubes 132, 133, the grids of these tubes 
are connected to the other terminals of the 
Secondaries of the transformers 130,131, either 
directly or through a suitable amplification 
system. The plate circuits of tubes 132, 133, 
are connected to an additional differential 
field 134 similar to the field 104. When the 
plate currents in the tubes 100, 101, do not vary and consequently when the angular 
velocity of rolling is either zero or constant, 
the currents of the tubes 132, 133, are equal 
and the resultant effect of the differential 
field 134 is zero. also. When the angular 
velocity of rolling - 

d 
varies, that is when the angular acceleration 

/d0 
di 

exists, the currents in the primaries of trans 
formers 130, 131, vary in proportion to the 
instantaneous angular velocity of rolling and 
the electromotive forces induced in the sec 
ondaries of said transformers are propor 
tional, by virtue of the law of induction, to 
the rate of change of the flux, that is in view 
of the aforesaid, are proportional to the in 
stantaneous angular acceleration of rolling. 
By analogous consideration one can conclude 
that the resultant effect of the differential 
field 134 is also proportional to the instan 
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taneous value of angular acceleration of roll 
ing. In view of the follow up system afford 
ed by the differential field 107 this condi 

5 

O 

15 

tion is equivalent to an additional term 

Pd2 
in the expression of the displacement a of the 
moving weight. 
In addition to the possibility of using vari 

ous stabilizing equipments in accordance with 
the method and means for an adequate timing 
as claimed in the appended claims, I wish 
to be understood that the described control 
ling means must be considered as illustrative 
and not in the limiting sense. Thus for ex 
ample instead of the potential control of the 
grids of vacuum tubes by means of the de 
formable, tanks, I can use carbon piles, or a 

20 
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resilient variation of air gaps of magnets 
carrying alternating current or any other ar 
rangement in which for a given mechanical 
force there is a corresponding definite value 
of the current or of electric potential, or 
any other, either electrical, mechanical quan 
tity which can be used for the purpose of the 
control of the type described. 
As another illustration of a continuously 

acting control responsive to the deviation and 
to a plurality of the higher time derivatives 
thereof, I refer to Fig. 12, which discloses 
a novel system for controlling the field of 
generator 116, shown on Fig. 8. The dis 
closed system produces a combination of con 
trolling actions, responsive to the departure 
of the ship from its normal position and to 
the plurality of higher time derivatives of 
angular motion, in a purely electrical manner 
affecting one single electrical controlling sys 

use of hot cathode grid controlled rectifiers 

4: 

tem which I describe in connection with the 

particularly well adapted for the purpose in 
view when large powers have to be controlled 
from high sensitivity controlling instru 
ments. 

Referring to Fig. 12, 150 is the primary of 
a power transformer having iron core 151 
and two secondary windings 152 and 153. 
154, 155, 156, 157 are shown as hot cathode 

9 grid controlled rectifiers comprising each a 
hot cathode; a grid and a plate convention 

: 

60 

65 

ally illustrated. For the sake of simplicity 
the heating source of energy for the cathodes 
is omitted from the illustration. The rec 
tifiers 154, 155, form a two-wave system of 
rectification, and are connected in a well 
known manner, substantially as shown, name 
ly, their respective anodes are connected to 
the terminals of the secondary 152, their re 
spective cathodes are connected together, and 
connected to the middle point 158 of E. load 
circuit which in this present case is the split 
field winding of a generator 116 (previously 
described in connection with Fig. 8) com 
prising the fields 161 and 162. The middle 
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point 163 of the secondary 152 is connected 
to the terminal of the field-coil 162. The cir 
cuit of the field-coil 162 is thus connected in 
series with rectifiers 154, 155. An exactly 
similar arrangement is shown in connection 
with the secondary 153, rectifiers 156,157, and 
associated field-coil 161 of the generator 116. 
It is apparent that according to whether the 
group of rectifiers 154, 155, or the group 156, 
157, conduct the major part of the current, 
either the field 162 or 161 has a predominant 
magnetomotive force which causes a change 
of the generated voltage across the brushes 
of the generator 116 both in magnitude and 
direction, which causes the displacement of 
the moving weight as has been previously 
explained in connection with Figs. 1 and 8. 
The control of the generator field in this case 
is produced by suitable well known control 
of rectifiers by the phase shift of the voltage 

70 
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impressed on their grids, although any other 
well known method of control can equally 
well be employed. 

Referring to the same Fig. 12, 163 and 164 
are the secondaries of transformers of which 
165,166, are the primaries. The secondary 
windings are connected at their center to the 

90 

cathodes of the rectifiers, whereas their ex 
tremities are connected to the grids of these 
rectifiers substantially as shown, namely, both 
ends of the secondary 163 are connected to 
the grids of rectifiers 154, 155, and the ends 
of the secondary 164 are connected to the grids 
of rectifiers 156, 157. The primary coils 165, 
166 of the grid controlling transformers, are 
connected to bridges 167 and 168 formed by in 
ductances 170, 171, 172 and 173 and capacities 
182, 183,184 and 185. In view of the fact that 
the two circuits associated with each bridge 
167 and 168, are exactly the same, description 
will be made only in connection with one of 
them, although certain features relative to the 
interconnections will be described later here 
in. Each of the bridges comprises the in 
ductances mentioned wound on theiron cores 
(not shown) which cores are separate for each 
of said inductances. 

C) 

On the same cores are 
wound coils.174, 175 and 176, 177, carrying. 
normally a direct current from a pair of elec 
tron discharge tubes, which are illustratively 
disclosed as three electrode vacuum tubes, 180, 
181, and which are connected with the coils 
as follows: the plate circuit of the tube 180 
is connected in series with the coils 174 of the 
bridge 16 and the coil 177 of the bridge 168. 
In a similar manner the plate circuit of the 
tube 181 is connected in series with the coil 
175 of the bridge 167 and the coil 176 of the 
bridge 168, Substantially as shown. The con 
densers or capacities 182, 183 and 184, 185, al 

120 

ready mentioned complete the bridges as indi 
cated. The bridges are connected in parallel 
and across a source of A. C. voltage between 
the terminals 187 and 186. The scheme thus 
far described is known in the art and repre 130 
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sents the use of the electron discharge tubes 
to modify the saturation and hence to un 
balance the inductances of the bridges in op 
posite directions, whereby the time phase of 
the voltages applied to the grids of recti 
fiers 154,155, is shifted in one direction, say, 
advanced, whereas the corresponding time 
phase of the voltages applied to the grids of 
rectifiers 156, 157, is shifted by a substan 

10 
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tially equal amount in the opposite direction, 
Say, retarded, as compared to the time phase 
of the anode voltage impressed on the rectifier 
system from the transformer 150. 
Under these conditions the stabilizing con 

trol forming the subject matter of this pres 
ent invention may be produced by the grid 
control of a single pair of vacuum tubes 180 
and 181, as will be described now. 
For the sake of simplicity, the controlling 

elements are diagrammatically illustrated at 
the bottom of Fig. 12. Their complete de 
scription in connection with the instruments 
producing them, is given below in connection 
with Figs. 13, 14 and 15. Referring to 
Fig. 12, 190 represents a directional control 
element, whose lateral displacement (along. 
Y axis) from a central initial-position XX, 
is proportional to the angular deviation 6 of 
the ship from its nondisturbed position. In 
a similar manner an angular deviation of the angular velocity responsive rod 192 about the 
center 191, from its initial position along line 
XX, in the plane of the drawings, is propor 
tional to the instantaneous angular velocity 

- of rolling, for this purpose coils 210 and 211 
mounted on rod 192, are placed within alter 
nating magnetic fields 204 and 205 respec 
tively, perpendicular to the plane of the draw 
ings and acting within the areas indicated by 
dotted lines. Likewise an angular deviation 
of the angular acceleration responsive rod 
193 with associated coils 212, 213 relative to 
the magnetic fields similarly shown by pro 
jections 206 and 207, about the center 194 
from its initial position parallel to direction 
XX, is also proportional to the instantane 
ous value of angular acceleration of rolling. 
Finally 199 represents a control element re sponsive to the magnitude of the stabilizing 
moment whose lateral displacement along 
Y-Y axis, from its central position XX, 
is proportional to the displacement of the 

... weight or other torque producing mechanism 
5 5 

60 

from its central position when the torque is 
ZeO. - 

The controlling elements 190,199 (see Fig. 
12) consist of rectangular plates, made pref 
erably of nonmagnetic and nonconducting 
material, such as phenolic condensation prod 
ucts, wood, and the like. Two flat coils.195, 
196, shown on the element 190, contain a 
suitable number of turns of preferably thin 
wire, and are placed within alternating mag 
netic fields perpendicular to the plane of the 
drawing and limited to the dotted areas 197, 

11. 

198. The g producing these fields are 
not shown on Fig. 12, but are shown on Fig. 
13. A substantially similar arrangement is 
shown in connection with the element 199, 
namely, coils 200, 201, and zones of perpen 
dicular magnetic alternating fields shown by 
dotted lines 202, 203. All magnetic fields 
indicated on Fig 12 diagrammatically, by 
areas within which they oscillate perpendicu 
larly to the plane of the drawing, are excited 
from the common source of alternating cur 
rent (not shown) and hence they are all in 
phase with each other. It follows therefore 
that electromotive forces (E. M. F.) induced 
in various coils 195, 196, 200, 201,210, 211, 
212,213 are all in time phase with each other. 
Their amplitude changes, however, as a re 
Sult of the displacements above referred to 
relatively to the corresponding fields. . For 
example: when the element 190 moves to the 
right from its shown position, the amplitude 
of the electromotive force induced in the coil 
195 decreases and that of the coil 196 in 
creases, in view of the fact that the number 
of the flux linkages through the coil 195 de 
creases on account of its outward motion with 
respect to the field 197, while the inward 
motion of the coil 196 relatively to the field 
198 increases the amplitude of the voltage 
induced in that coil as the number of flux 
linkages is increased accordingly. Similar 
relations exist, with respect to the coils 200 
and 201 on the element 199 constituting an 
electrical follow up element equivalent in its 
action to the lever 30 of Fig. 1, also in the 
angular velocity responsive coils 210, 211, 
and in the angular acceleration responsive 
coils 212, 213, with respect to their associated 
alternating magnetic fields indicated by areas 
204, 205, and 206, 207 respectively, within 
which the fields are oscillating perpendicu 
larly to the plane of the drawing. One half 
of the coils on all four controlling elements 
are , connected in series substantially as 
shown, for example: Coil 195 of the element 
190, is connected with the coil 210 of the 
angular velocity responsive element, which 
in its turn is connected to the coil 212 of the 
angular acceleration responsive element, 
which is connected to the coil 200 of the foll 
low up control element 199. The circuit of 
these four coils 195, 210, 212, 200, is con 
nected between the cathode and the grid of 
the tube 180, and a suitable biasing battery 
215 brings the potential of the grid of tube 
180 to the desirable point of performance. 
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A plate battery 216 or other source of poten- . 
tial is connected between the filaments and 
plates of the tubes 180 and 181. The inter 
connection of the coils depends on the desired 
type of performance to be attained by the 
combination of the directional and of the 
higher time derivative responsive controls as 
was mentioned on page 2 in connection with 
the signs of the coupling coefficients m, n and 
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5 manner analogous to the coils controlling 

be interconnected in a similar manner so as 
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p. As regards the follow up control element, Fig. 3. The performance of the pendulum is 
its connection (e.g. coil 200) must be so con- apparent from the preceding description. In 
nected with the remaining three coils 195, fact to an angle of roll 6 corresponds a rela 
210, 212, that it will continuously reduce the tive displacement between the pendulum 220 

s initial electromotive force, which gave rise to and the electromagnets 197, 198 fixed to the 
the movement of the weight or other stabiliz- ship in the same manner in which in the case 
ing means. What is said in respect to the of Fig. 3 there appears a relative displace 
coils 195, 210, 212, 200, is equally applicable ment between the 
to the coils 196; 211,213, 201, which have to frame 58. The angular velocity control described in 
to control the grid of the tube 181 in a man- connection with member 192 of Fig. 12 is 
ner similar to that shown in connection with shown on Fig. 14, two gyroscopes supported 
tube 180. For the sake of clarity this sec- inside the casings 230, 231 are mounted on 
ond set of coils 196,211,213, 201, controlling trunnions 232, 233,234, 235 inside the frame 
the tube 181, is shown to be connected in a 236 substantially as shown. W 

y The instrument is secured to the ship SO 
the grid of the tube 180. Condensers 218, that the plane containing both pivotal axes 
217 are shunted across the output of the tubes. 232,233, and 234, 235 must be perpendicular 

25 
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180,181 to eliminate the alternating compon- to the longitudinal axis of the ship. The 
ent of the plate current of these tubes work-- gyroscopes are constrained to remain in the . 
ing as rectifiers. . position shown by means of springs not in 
The instruments actuating the controlling dicated on Fig. 14. On the casings of gyro 

members 190, 192,193 and 199 responsive to scopes at right angles to the trunnions are 
the angle of deviation 6, angular velocity mounted links 238,239 connected pivotally 

pendulum 56 and the 

80 

90 d6 to the casings on one end substantially as 
di shown and on the other connected also piv 

- otally to the lever 192 supporting the flat . 
angular acceleration coils 210, 211 already described in connection 

de with Fig. 12. The areas within which alter di? nating magnetic fluxes act are indicated by 

and to the movement of the weight will be 
described now. 
The directional control corresponding to 

dotted lines 204 and 205. The arrangement 
of the electromagnets producing these fluxes 
is not shown on Fig. 14 since it is substan 
tially the same as shown on Fig. 13 and is 

the element 190 of Fig. 12 is shown on Fig. produced by analogous means. The perform 
13 where 220 designates a pendulum which ance of the angular velocity responsive ap 
may contain in general gyroscopes (not paratus shown on Fig.14 is the same as that 
shown) for the purpose of increasing its of the corresponding instrument shown on 

40 

tion about the longitudinal axis of the ship 

period in the well known manner. Fig. 5. The gyroscopes are arranged to spin 
The pendulum is shown to be supported in opposite directions and react on angular 

by the knife edge 221 arranged for oscilla- Velocity of rolling by opposite tilts about 
their trunnion axes transmitting to the lever 

in case of anti-rolling control. The counter- 192 a rotation about a center 191 located be 

45 

50 

60. 

weights 222 and 223 permit of adjusting the tween the points 240 and 241 where the links 
pendulousness of the pendulum. On the 238,239 are connected to the lever 192. This 
lower part of the pendulum is fixed an arc modifies the number of linkages between the 
shaped member 190 made preferably of non- coils and the magnetic fluxes. Thus for ex 
magnetic and non-conducting material such ample when the link 238 is moved to the right 
as phenolic condensation material, fiber; and the link 239 to the left the lever 192 
Wood and the like. Two flat coils 195 and moves clockwise and the alternating electro 
196 shown also on Fig. 12, are fixed to the motive force induced in the coil 210 increases 
member 190 substantially as shown. and that of the coil 211 decreases substan 
Alternating magnetic fields indicated in tially in proportion to the amount of the 

Fig. 12 by projected areas 197, 198 are shown displacement and hence in proportion to the 
on Fig. 13 as produced by corresponding elec- instantaneous angular velocity of rolling. 
tromagnets excited by the coils 224, 225 car- Instead of deriving the angular accelera 
rying alternating currents whose connections tion control from the angular velocity con 
are not shown. The connections of the coils trol as shown on Fig. 9, I can obtain it direct 
to the outer circuit is produced by means of ly by means responsive to the angular inertia 
flexible conductors 226, 227 brought out near of an inertial system. The arrangement of 
the axis of oscillation of the pendulum so this type corresponding to the member 193 

100 
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as not to impair its freedom about the axis with the associated coils 212,213 and magnets 
of oscillation. The pendulum, 220 must be 206 and 207 shown on Fig. 12 is disclosed on 
placed preferably in the tranquil point of the Fig. 15. 
ship as was mentioned in connection with Referring to Fig. 15, 250 represents the 130 
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bearing 194 about an axis 
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rim of a fly, wheel rotatably mounted in a 

parallel to the 
longitudinal axis of the ship. The frame 252 
supports the wheel by means of a bracket 253 
on which the ball bearing or other pivotal 
member is mounted. For the purpose of re 
slieving the pressure from the bearing and for 
the centrallization of the instrument as will 
be apparent I provide two springs 254, 255, 
supported by the upper part of the frame and 
fastened on their lower parts to two studs. 
256 and 257 fastened to the bar 193, which 

15 

is keyed or splined to the wheel 250. The 
tension of the springs 254 and 255 is so ad 
justed as to exert an upward pull on the 
wheel substantially equal to its weight which 
relieves the pressure from the bearing 194, 
thus reducing the friction to a minimum and 
rendering the manifestation of the inertia 

20 

30 

40 

phenomena more distinct. Attached to the 
bar 193 are two coils 212 and 213, shown also 
on Fig. 12, as already described. The stops 
260 and 261 are fixed to the frame 252, nor mally evenly spaced from the upstanding 
radial lug 263 mounted on the rim 250, and 
form limiting abutments for the oscillation 
of the wheel and therefore of the bar 193. 
The dash pots 270 and 21 are fixed to the 
frame in operative association with pistons 
on the ends of rod 272 pivoted on the lug 
273, fixed to the rim of the wheel. 
The alternating current magnets 206 and 

207 are shown diagrammatically by the hori 
zontal projections in dotted lines in Fig. 15. 
The performance of the inertia instrument 

can be understood as follows: The wheel con 
stitutes an inertial system having a tendency 
to maintain its angular position in space. 
The ship executing its angular motion has a 
tendency to rotate the wheel in view of the 
constraint by the springs 254 and 255. The 
torque of inertia which the springs apply to 

5 

the wheel is equal to the moment of inertia 
of the wheel times its angular acceleration, 
hence the extension of the springs from their 
middle position can be used as a measure of 
the latter and in view of the connections be 
tween the wheel and the coils is manifested 
electrically by variations of amplitudes of 
electromotive force induced in coils 212 and 
213, as was previously explained. 
The dashpots permit of elimination of any 

residual relative motion between the wheel 
and the train, and the limiting system fixes 
the performance at the desired point of mu 
tual position between the coils and the elec tromagnets. 
In Fig.1, no mention was made as to the 

nature of the track, which may, within the 
scope of the invention, be rectilinear, but it is 
preferred to utilize a curvilinear track for the 
sake of numerous advantages which will be 
pointed out. - - 
In the first place for a steady rolling among 

waves the power consumption in case of a cur 

vilinear track is considerably smaller. In 
fact in its extreme position the weight pos 
sesses a certain amount of potential energy 
due to the fact that it has been raised to a 
certain height on account of the curvature of 
the track, assuming of course that the resid 
ual quenched rolling is small enough. 
The acceleration of the weight during its 

'downhill' phase of motion in this case is 
due mainly to the gravity component along 
the tangent to the track. During the decel 
eration the uphill motion of the weight on the 

13 

O 

75 

track offers again an advantage of absorb 
ing the kinetic energy in the form of poten 
tial energy available for the next swing in 
stead of absorbing it by the brakes or simi 
lar irreversible devices. 
In addition to this advantage a curvilinear 

track offers a considerably greater safety than 
the rectilinear one. If the curvature of the 
track is adequately chosen, the weight even 
being quite free on the track does not offer 
any danger to the ship; this happens when 
the proper period of the weight on the track 
is Smaller than the period of the ship. Under 
these conditions the weight will follow the 
rolling and the dangerous synchronous mo 
tion of the weight can never develop. 
Among the various possible profiles of the 

track, it appears that, a cycloidal profile has 
definite advantages: - 

1. The cycloid has a comparatively small 
curvature at its apex (where the motion of 

80 

85 

90 

95 

the weight is the fastest) and this curvature 
increases toward the end of the track. 

2. The weight, if let free to roll on a fixed 
cycloidal track, represents a cycloidal pendu 
lum having a remarkable property of iso 
chronism (i. e. the period of the weight left 
free is independent of the amplitude) match 
ing up a similar property of the ship within certain limits of rolling. 

3. The period of a cycloidal pendulum is 

where a is the rolling radius of the cycloid 
g is the acceleration of gravity. 

For the above reasons a cycloidal profile of 
the track is particularly well suited for a 
transverse shift of the weight during the 
steady rolling among waves and only requires 
greater power when a transient wave condi 
tion is encountered. - 
The choice of the ratio 

a rolling radius of the profile 
B beam 

is of importance. Clearly the limit of this 
ratio is 

when the complete cycloidal curve fits with 
in the ship's width. Such profile however 
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correspond to a 15ft. 

14 
would be too “stiff' and would require too. 
much power for the operation of the weight 
in transient conditions although in a steady 
state of stabilization among waves this last 
mentioned circumstance is of no special im 
portance. 

Fig.16 shows a cycloidal profile generated 
by a rollingradius corresponding to the ratio 

-to 12. 
Thus for instance in case B=50 ft. this will 

Referring to Fig. 16, the rolling weight 1 
is supported by the track 280, of the profile 
specified. The track is suitably supported 
on the frame of the vessel 281. The dis 
closed arrangement indicates that the driving 

20 
power plant 282 is stationary in contrast with 
the movable power plant disclosed in Fig. 8, 
although either type may be used. The pow 
er plant comprises a motor 283, a brake 284, 
drum 285 on which is fastened the cable 286, 
or a plurality of such cables connected in 
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parallel, with a suitable means equalizing the 
tension between the cables, (not shown). 
The All is passed around pulleys 287,288, 
and idler pulley 289, and is secured to the 
weight 1, by means of suitable yielding con 
nections (not shown). A buffer 290 is suit 
ably arranged at the end-of-the track. It is 
shown at but one end, but will be understood 
to be at both ends of the track. Weighted 
pulleys 291, 292 suitably supported from the 
ceiling of the compartment of the stabilizing 
weight have for their purpose to take up any 
slackin the cables that may occur. The idler 
pulley 289 has a coaxial pulley 294 of smaller 
radius, and the latter is in driving relation 
to a fixed pulley 295 through a cable 296. 
The fixed pulley 295 has a coaxial pulley 297 
of small radius which latter is connected by 
cable 298, passing over pulleys 300 and 301, 

45 to sliding member 199 shown in the lower right hand corner of Fig. 12. The point of 
the double reduction of the linear displace 
ment of the cable 286, by means of the pulleys 

50 

60 

and cables just described, is so that for a given 
displacement of the weight there is a corre 
sponding proportional displacement, on a re 
duced scale, of the member 199, within its 
supporting system 302, whereby the follow 
up action is produced in the manner already 
described. 
The armature of the motor 285 is connected 

to the armature of the generator 116 so as to 
constitute a variable voltage drive in which 
the speed of the motor 285, displacing the 
E. varies substantially in proportion to 
he voltage across the terminals of the gener 
ator 116, both in magnitude and direction. 
The structure of the preceding description. 

i made in connection with Figs. 12 to 17 inclu 
65 

sive, affords substantially similar stabilizing 
control as that afforded by the other figures 
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the course of time and the gyroscopes shown 

previously described. It possesses however - 
the difference that instead of combining indi-, 
vidual controlling actions into the resultant 
action controlling the stabilizing moment by . 
means of mechanical elements such as epicyc 
lic gear, lever system, shown on Fig. 1, and 
the like, it combines these individual control 
ling actions electrically by superposition of 
electromotive forces of the same phase but 
varying amplitudes and impresses the result is 
ant electromotive force thus produced in re 
sponse to the instantaneous conditions of an 
ular motion on an electrical circuit control 
ing the torque producing plant in response 
to this resultant condition. An important 
practical feature of this last mentioned sys 
tem lies in that it is possible to incorporate 
all high precision instruments such as those 
shown on Figs. 13, 14, 15 and 17, which may 
be inherently delicate, into one unit of rela 
tively small dimensions having no contacts or 
other weak points which might otherwise in 
terfere with the reliability of its perform 
ance. This unit obviates the multiplicity of 
amplifying units necessary with the system 
disclosed in Figs. 1 to 11 inclusive, and af 
fords easier adjustment of the performance. . 
to meet any particular condition of sea. For 
instance referring to Fig. 13, the controlling 
action derived from the pendulum can be 
modified by sliding or displacing the electro 
magnets 197 and 198 perpendicularly to the 
plane of the paper by means of a set screw. 
..(not shown), which modified the linkages 
with the flux for all positions of the pendu-3 
lum. Similar adjustments can easily be pro 
duced on other controlling elements shown 
on the lower part of Fig. 12, and shown in 
greater detailin Figs. 14, 15, and 17. 
The operation of the last described system 

is as follows: Assume first that after a period 
of quiescence when the ship was in an up 
right position, a disturbance begins to act 
having a tendency to heel the ship, say, to 
starboard. As was explained any disturb 
ance in its beginning can be approximated 

: by a parabolic transient within a sufficiently 
small time interval. During this initial in 
stant angular acceleration will develop in 
proportion to the instantaneous value of the 
placement of the angular acceleration respon 
sive member 193 in proportion to the magni 
tude and direction of this acceleration. The 
electromotive force induced in the coil 212 
will increase in view of the fact that this coil 
will be moved into the field 206. As a result 
of this acceleration angular velocity, being 
time-integral of acceleration will develop in 

on Fig. 14 will incline the angular velocity 
responsive element 192, so that the coil 210 
will be moved into the field 204 whereby the 
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disturbing torque and this will cause the dis-, 

amplitude of the induced electromotive force 
will be increased. As a result of angular mo 
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tion the initial departure of the vessel from 
its upright position will develop being time 
integral of angular velocity. Assume fur 
ther that, for this initial condition assumed, 
the angular acceleration responsive element 
193 and angular velocity responsive element 
192 are rotated clockwise and the angular de 
viation responsive element 190 moves to the 

O 
left along YY axis. Under these conditions 
the electromotive forces induced in coils 212, 
210, 195 will be rather considerable in view 
of the fact that these coils will be displaced 
under corresponding poles 206, 204,197 more 
than when in their assumed initial position 
and will have a greater number of flux link 
ages with the corresponding fields than in 
their symmetrical position shown on Fig. 12. 

20 

... magnetic cores of inductances 170 and 173 
: 30 

This initial moment will be characterized 
analytically by the condition 

A. considerable electromotive force induced 
across the circuits of the coils 195, 210, 212, 
and 200 will be impressed on the grid of tube 

5, 180 and will produce a corresponding large 
plate current in this tube and also in coils 
174 and 177 increasing the saturation in the 
and hence decreasing the magnitude of these 
inductances. . . 
Opposite effects will occur in the coils 195, 

211,213 in which the electromotive forces will acquiring greater linkages with the corre be reduced as a result of their being dis 
3 5 

40 

placed from corresponding magnetic fields 
198, 205, 207. The resultant voltage im 
pressed on the grid of tube 181 will be thus 
reduced as well as will the corresponding 
plate current of this tube which will reduce 
themagnetomotive forces of coils.175,176 pro 
ducing magnetic saturation of the cores and 
will thus contribute to an increase of in 
ductance of the inductive parts 171 and 172 
of the bridges 167 and 168, which will be 
thus unbalanced in opposite directions as far 

voltage impressed on the grids of the rectifiers 

5 

C). 

as the phase of the voltage impressed on the the condition primaries 165 and 166 is concerned. The 
opposite variation of the time phase of the 
154 and 155 from the secondary 163 on one 
hand and of the corresponding voltage im 
pressed on the grids of rectifiers 156, 157 
from the secondary 164 on the other hand 
produces opposite variation of the average 
rectified currents flowing from rectifiers 154, 
155 and 156, 157 respectively. As is known 
this variation of outputs flowing through 
middle points of the secondaries 152 and 153. 
through the fields 161,162 of generator 116 is 
in general a certain function of the phase dis 
lacement of the bridge voltages impressed 
in the primaries 165 and 166 respectively, 
and by a suitable design can be made sub stantially proportional to this phase displace 
ment. But the latter can be also made sub 
stantially proportional to the resultant ampli 

15 
tude induced in the coils of the instruments 
shown on the lower part of Fig. 12. One 
can see, therefore, that by suitable design and 
adjustment of various characteristics of cir 
cuits and instruments the voltage induced 
in the generator 116 can be made any desired O 
function of a substantially linear function of 
the type: . 

1 d6 d?0 
m0+ nit-pi s 

where the coefficients m, n, p depend on the . . 
parameters of the individual circuits con 
trolled by the pendulum shown on Fig. 13, 
by the angular velocity responsive instrument 
shown on Fig. 14, and by the angular accelera 
tion responsive instrument shown on Fig. 15 respectively. 
Thus initially a substantially high voltage 

generated in generator 116 will start the mov- 85 
ing weight with a comparatively high accel 
eration characterizing thus the beginning of a 
very energetic “meeting” action employing 
the expression used in steering practice. This 
intense initial action will be reduced in the 
course of time for two reasons: 

First on account of the follow up member 
199 actuated from the displacement of the 
weight as was explained in connection with 
Fig. 17 in such manner that the initial cause 
i. e. displacement of the coils.195,210, 212 

90 

95 

sponding fields will cause, through the instru 
mentality of the weight's displacement a cor 
responding removal of the voltage impressed 
on the grid of tube 180 will be somewhat re 
duced. . '. 
Secondly on account of the energetic initial 

displacement of the weight to port the angul 
lar acceleration to starboard may be not only 
reduced but completely checked although the 
angular velocity may still continue in its 
former direction, i. e. to starboard. 
This phase of motion is characterized by 

10u. 

05 

O 

920; 620; 6=0 
which indicates the beginning of the “easing 
off' action as far as the accelerational control 115 
is concerned. A moment later the condition . . 
will be 

0>0; 92 o; 0 <o 
and the lever 193 of the accelerational control 20 
will start moving anti-clockwise the voltage 
impressed on the grid of the tube 180 will 
be reduced because of the continued decrease 
of the voltage induced in the coil 212. The ac 
celerational control acts thus as an early an 
ticipator acting not on the effect (i. e. dis 
turbing angular motion) but rather on the 
very cause insofar as the resultant disturbing 
moment, by virtue of the postulate of dy 

2. 
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namics, is in phase with angular acceleration. 
Another moment later the condition is 

that is, angular velocity is zero but angular 

O 

5 

20 
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acceleration is already reversed. Now the 
angular velocity responsive element 192 is . 
symmetrical with respect to the poles 204,205 
which still further reduces the voltage im 
pressed on the grid of the tube 180 as com 

25 

pared to the “meeting' phase of its action and 
by operative association of bridges 167, 168 
and rectifiers 154, 155, 156, 157 still more. 
reduces the initial unbalance of the generator 
field and thus contributes to a still further 
decrease of motion of the weight to port. 
The “easing off’ period is very strong at this 
point. It is apparent that opposite phases of 
control occur in the coils 196, 211,213, 201 
and the tube 181 controlled by the voltages in 
duced in these coils. W 
At a still later instant the dynamical condi 

tion will be 
0 = 0 <o 640, 

The ship reaches the verticality at this 
instant but the weight has been already dis 
placed considerably to port by angular veloci 
ty and accelerational controls which have 
been already reversed in earlier phases of the 
motion as studied here. . . . 
In case the ship rolls among regular waves 

the stationary condition as is known is char 
acterized by 180 difference in phase between 
the angle and the acceleration controlling ac 
tion, while the phase of the velocity control 
ling action is at 90° to them both. 

40 
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Strictly harmonic conditions never exist at 
sea where complicated transients due to the 
irregularity of the waves encountered (va 
riable periods, variable lengths, irregular 
shapes) account for a somewhat erratic and, 
generally, not strictly periodic rolling. From 
the preceding it follows that the above ana 
lyzed conditions of stabilization hold in any 
case as long as functions under study are con 
tinuous, which clearly is always the case. 
Furthermore the disclosed arrangement ow 
ing to its continuity permits in addition to the 
above mentioned anticipatory features, to 
keep a close equilibrium between the cause 
(i.e. disturbing wave slope) and the effect 
i.e., the stabilizing moment) continuously 
throughout the motion, whether harmonic or 
not, whereby for the given roll quenching ac 
tion a minimum weight is required as com 
pared to devices of the prior art in which 
discontinuous controlling means, such as con 
tacts, contactors and the like, were proposed. 

For example, in case of the vessel of 10,000 
tons having metacentric height about 2 feet, 
period of free oscillation 16 seconds and 
placed in a seaway of the maximum effective 

65 wave slope of 3°, the maximum variation of 
the disturbing moment per second is about 
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350,000 ft. lbs. A contactor or a similar dis 
continuous controlling arrangement which 
operates from time to time, say every few sec 
Onds or So, may fail to produce the desired 
balance between the cause and the effect, as 
above specified, by a very considerable amount 
especially when irregular conditions are met 
whence a comparatively poor efficiency of 
such devices in comparison with the above de 
scribed method based on the principle of a 
continuous anticipatory action. 
Although I have shown controlling means 

'responsive to the first and second time deriva 
tives of angular motion, it will be clear that 
still higher time derivative responsive 
means can easily be incorporated in the cir 
cuits controlling the grids of the tubes 180 
and 181, as is apparent from the disclosure 
of Fig. 12. As regards attainment of still 
higher time derivatives it can be readily seen 
that, for example, a third time derivative re 
Sponsive means can be produced from the sec 
Ond time derivative responsibe means, in a 
substantially similar manner in which the 
Second time derivative responsive means is 
produced from the first, as shown on Fig. 9, 
and this procedure can be continued still 
further. 
In addition to the features disclosed the cir 

cuits between the filaments and grids of tubes 
180, 181 shown on Fig. 12 may have addi 
tional functions such as limiting action by 
means of additional coils not shown operated 
from limit stops whereby a limiting action 
similar to that produced by the lever 23 on 
Fig.1 can be produced electrically. 
The preceding description relates to con 

tinuously acting controlling means adequate 
to neutralize the disturbing moment of the 
Waves or other mechanical disturbance which 
acts also in a continuous manner. In this 
manner the disturbance is neutralized at any 
moment. However, in certain cases for the sake of simplification some component parts 
of the control may be arranged to function 
in a rather discontinuous manner without any 
departure from the spirit and scope of this in 
vention. The regulation thus produced is 
generally represented in time by a rectangu 
lar curve instead of a continuous curve (e.g. 
of a sinusoidal shape). It is known, however, 
that any periodical discontinuous curve can. 
be developed into Fourrier series of which 
the fundamental harmonic approximates gen 
erally sufficiently well the average continuous 
regulation produced by such a discontinuous 
control; in many cases an approximation of 
this kind is sufficient for practical purposes. 

I wish it to be understood that while in 
the following claims. I intend to cover pri 
marily the continuous, controlling means re 
sponsive to the elements of angular motion 
(angle, angular velocity, angular accelera 
tion of rolling) which are continuous, it is my 
intention to cover also the discontinuous con 
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trolling means in the sense of the fundamen 
tall harmonic above referred to. . . 

Fig. 10 represents an arrangement giving 
an example of this kind; for the sake of clari 

sty only the modified elements of the arrange 
ment shown on Fig. 9 are indicated on Fig. 
10. 

tubes 132,133, instead of being connected in 
series with the differential field 134 of the 
generator 53 are connected to two coils of a 

10 
polarized relay 135 short circuiting by means. 
of metallic bridges 136, 137, suitably insu 

s 

sistors 138, 139 are also indicated on Fig. 7. 
The angular acceleration control afforded by 
the tubes 132,133 is discontinuous in this 
case. In fact as long as the angular velocity 
is, for example, increasing and hence the an 
gular acceleration is in the same direction the 
relay 135 remains closed on one side which 
gives a certain constant predominance to the 
control in one direction owing to the fact 
that one resistance only, for example 138, is 
short circuited. The control changes abrupt 

when the angular velocity ( 
epartures of the plate currents of the tubes 

100,101, are proportional goes through a 
maximum and begins to vary in the opposite 
direction; in this case instead of the resistor 
138 the resistor 139 is short circuited. Thus while the angle and angular velocity con 
trolling means are continuous the angular ac 
celeration responsive means is discontinuous 
and its action (e.g. corresponding component 
displacement d of the travelling nut 34) can 
be represented in time by a rectangular curve 
I shown on Fig. 11. The fundamental har 
monic II of this rectangular curve is ap 

- proximately equivalent to angular accelera 
tion and can be substituted for the latter. It 
is apparent that any discontinuous arrange 
ment of the same general type (e. g. utilizin 
relay, lost motion, back-lash, and the like 
can be used in the above broad sense as 
claimed in the appended claims. 
The term "ship' as used herein is intended 

to cover. any vehicle or vessel movable or 
O stationary. - 

In some instances certain parts of the dis 
closed arrangement can be omitted and some 
others added without any departure from 
the spirit of this invention. 

Thus, for example, the angular velocity 
control may be omitted and the rate of ac 
celeration control (i.e. control by the third 
time derivative of angular motion) added. 

o The accelerational control in this case will 
be still effective to eliminate transient dis 
turbances but the damping of the free oscil 
lations of the steady state of harmonic roll 
ing will be mainly accomplished by the third 
time-derivative control as this can be shown 
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The three electrode electron discharge 

lated, the two resistors 138, 139, inserted in 
series with the field 104 as shown. The re 

to which the 

by the application of the so called Hurwitz 
criterion of stabilitv. . 
The preceding disclosure is not limited, therefore, to the arrangement shown but must 

be understood broadly and defined rather by 
the spirit of the appended claims. 
I claim: . 
1. In a stabilizing equipment for ships and 

the like, means responsive to a deviation of 
the ship from its predetermined normal po 
sition, means responsive to higher time 
derivatives of the disturbing deviation, and 
stabilizing means responsive to the combined 
effect of both said means. . ar 2.In a stabilizing equipment for ships and 
the like, means responsive to the angular de 
viation of the ship from its predetermined 
normal position, means responsive to the an 
gular velocity of said deviation, and stabiliz 
ing means, responsive to the combined effect 
of both said means. . 

3. In a stabilizing equipment for ships and 

17 

70 
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85 

the like, means responsive to the angular de 
viation of the ship from its non-disturbed po 
sition, means responsive to the angular veloc 90 
ity with which this deviation varies, means 
responsive to the angular acceleration, with 
which said angular velocity varies, and stabi 
lizing means responsive to the combined ef 
fect of all of said means. . . . 

4. In a stabilizing equipment for ships and 
the like, means responsive to a deviation of 
the ship from its non-disturbed position, 

95 

means responsive to a plurality of successive 
time derivatives of said deviation, stabilizing 
means responsive to the combined effect of 
both said means, and means for varying the 
intensity of the controlling actions derived 
from the two first mentioned means. . 

5. In a stabilizing equipment for ships and 
the like, means responsive to a deviation of 
the ship from its non-disturbed position, 
means responsive to the. angular velocity. of 
said deviation, stabilizing means controlled 
by the combined effect of both said means, 
and means to vary the intensities of compo 
nent controlling actions with which the two 
first mentioned means are combined to con 
trol the stabilizing, means. - 

6. In a stabilizing equipment for ships and 
the like, means responsive to the deviation of . 
the ship from its non-disturbed position. means responsive to the angular velocity of 
said deviation, means responsive to the angu 
lar acceleration of said deviation, means 
to vary the intensities of individual control 

00 
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ling actions of the above mentioned means, 
and means for controlling the action of the 
stabilizing means in response to a function 
of said controlling actions. . . . . 
7.In a stabilizing equipment for ships and 

125. 

the like, means responsive to the deviation of 
the ship from its non-disturbed position, 
means responsive to the plurality of succces 
sive time derivatives of said deviation, sta 30 
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bilizing means responsive to the combined 
effect of the first mentioned means, and means 
for varying the intensity of the stabilizing 
action obtained from said stabilizing means. 

58. In a stabilizing equipment for ships and 
the like, means for varying the stabilizing 
moment in response to the combined effect 
of means individually responsive to the angle 
of deviation of the ship from its non-dis 

10 turbed position, and of means responsive to 
the angular velocity of this deviation. 

9. In a stabilizing equipment for ships and 
the like, means responsive to the angle of de 
viation of the ship from its predetermined 

15 normal position, means responsive to the 
rate of d of said angle, means combin 
ing the actions of said angle responsive and 
rate of change of the angle responsive means, 
means responsive to the displacement of said 

20 stabilizing means, and means to control the 
stabilizing means in response to a differen 
tial effect of said combining means and said 
displacement responsive means. 

10. In a gravity stabilizing equipment for 
25 ships and the like, means responsive to the 

angle of deviation of the ship from its non 
disturbed position, means responsive to the 
angular velocity of said deviation, weight 
means arranged for movement, and means 

30 for yarying the linear displacement of the 
moving weight in response to the combined 
action of the two firstmentioned means. 

11. In a gravity stabilizing equipment for 
ships and the like, a weight to be moved 

8 means responsive to the angle of deviation of the ship from its non-disturbed position, 
means responsive to the angular velocity, 
means responsive to the angular acceleration 
of said deviation, and means for varying the 

40 stroke of the weight in response to the com 
bined action of the above mentioned means. 

12. In a SE stabilizing equipment for 
ships and the like, means responsive to the 
angular deviation of the ship from its non 

45 disturbed E; means responsive to the plurality of higher time derivatives of the dis 
turbing deviation, stabilizing means includ 
-ing a shiftable weight responsive to the com-- 
bined effect of the first mentioned means and 
means for neutralizing the action of the 
two first mentioned means when the stroke 
of the weight reaches a certain predetermined 
limiting value. . . . 

13. In a gravity stabilizing equipment for 
5 5 

angular deviation of the ship from its non 
disturbed position, means responsive to the 
angular velocity of said deviation, stabiliz 
ing means responsive to the combined effect 
of the two first mentioned means, and means 
for limiting the action of the stabilizing means 
when said action exceeds a certain predeter 
mined value. 

ships and the like, means responsive to the 

14. In a gravity stabilizing equipment for 
ships and the like, a movable weight, and a 

lever arm operatively associated therewith, 
means for varying the lever arm of the mov. . 
ing weight by means responsive to a linear 
function of the residual angular deviation of 
the ship from its upright position, means re 
sponsive to angular velocity and angular ac 
celeration of the residual rolling, means for 
continuous variation of coefficients of said 
linear function both in magnitude and direc 
tion, and limiting means acting on the 
prime mover of the stabilizing equipment 
when said lever arm exceeds a certain pre 
determined value. 

15. In a gravity stabilizing equipment for 
ships and the like, a prime mover, a moving 
weight displaced athwartships by the prime 
mover, means to control the prime mover in 
response to the combined action of the angle 
of rolling of the ship counted from its prede 
termined position in space, and to the angular 
velocity of rolling, and means to reduce the 
intensity of control of said. prime mover in 
response to the displacement of said weight. 

16. In a gravity stabilizing equipment for 
ships and the like, a roll quenching Weight 
capable of being displaced athwartships, a 
prime mover to displace said weight, means 
responsive to the angle of rolling of the ship . 
from its predetermined position, means re 
sponsive to angular-velocity of rolling, means 
responsive to angular acceleration of rolling, 
means conubining the controlling action of 
the abovementioned responsive means, means 
responsive to the displacement of the weight 
and the means controlling the prime nover 
in response to a differential effect of said 
combining means and said displacement re 
sponsive means. 'w 

17. In a gravity stabilizing equipment for 
ships, and the like, a roll quenching weight, 
a prime mover to displace said weight 
athwartships, controlling means responsive 
to the angle of deviation of the ship from its 
predetermined position, controlling means re 
sponsive to the plurality of higher time de 
rivatives of angular motion of rolling, result 
ant controlling means combining individual 
actions of said controlling means, follow up means responsive to the displacement of said 
weight, and differential means combining the 
actions of said resultant controlling means 
and follow up means and acting on the con 
trol member of said prime mover. 

18. In a gravity stabilizing equipment for 
ships and the like, as claimed inclaim 17, 
means responsive to excessive displacements 
of the moving weight and reducing the action 
of said differential means. 19. In a gravity stabilizing equipment for 
ships and the like, a roll quenching weight, 
means for displacing it athwartships, a power 
plant to displace the weight, means respon 
sive to the angle of the rolling, means respon sive to the angular velocity of rolling, foll 
low up means operatively associated with 

12 

2 
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said angle and velocity responsive means, 
means to combine the actions of said follow 
l - 

EA operated by said combined follow up 
means, means for exerting on said control 
member a differential action from a means 

5 

responsive to the instantaneous position of 
the weight, and means to change the respon 
siveness of the last mentioned means when 

1o the stroke of the weight exceeds a certain 
predetermined value. . . . . . 

20. In a stabilizing equipment for ships, 
stabilizing means, means operatively associ 
ated with the stabilizing means for modifying 

15 its stabilizing action in response to the higher 
time derivatives of the disturbing deviation 
of the ship from a predetermined normal 
position. . . . . . . . 

21. In a gravity stabilizing equipment for 
20 ships and the like an active weight movable 

back and forth in an athwartship direction 
along a track, a variable voltage motor/gen 
erator, set, a variable speed electric motor 
both mounted on the weight continuously 

25 acting controlling means for varying the ex 
citation of the generator in response to the 
deviation of the ship from its upright non 
disturbed position and to the plurality of 
higher time derivatives thereof, and mechans 

soical means for connecting said variable speed 
motor for a positive drive of the weight on 
its track. , . . . - c. 

22. In a gravity stabilizing equipment for 
ships and the like an active weight movable 

5 back and forth along a track in an athwart 
ship direction, an electric motor arranged for 
a positive drive of said weight on said track, 
a motor generator set, trolley contact con 
nections between the ship and the circuits 
of said motor and motor generator, means 
for controlling the exciting current of the 
generator as a f the deviation of the 
ship from its predetermined position and to 
the plurality of higher time derivatives of 

45 said deviation, and means for varying said 
-exciting current in the opposite direction in 
response to the displacement of the weight 
along its track. 

23. In a gravity stabilizing equipment for 
50 ships and the like an active weight movable 

back and forth in an athwartship direction 
along a track, an electric motor arranged for 
a positive drive of said weight along said 
track, a constant speed variable voltage motor 

55 generator set mounted on the weight, elec 
trical trolley connections between the weight 
and the ship, a controlling equipment sta 
tionary with respect to the ship comprising a 
direction responsive instrument, an angular 

30 velocity responsive instrument, an angukar 
*acceleration responsive instrument, differen 
tial means for combining the response of said 
instruments into a continuous resultant con 

... trolling action actuating a controller regu 
35 lating the generator's field, means responsive 

40 

means, a control member of the power 

19 
to the displacement of the weighton its track 
for varying said resultant controlling action. 
24. In a stabilizing equipment for ships 

and the like, means for exerting a stabilizing 
moment about the longitudinal axis of the 
ship, a prime mover adapted to cause varia 70 
tion of said moment in a continuous manner, controlling means, including a long periód 

s pendulum, controlling means including a 
constrained gyroscope adapted to respond to 
rolling motion, controlling means responsive 

.75 

to the rate of change of said last mentioned 
controlling means, means combining alge 
braically the actions of said controlling 
means, follow up means responsive to the 
instantaneous value of said stabilizing mo 
ment, and a member controlling the opera 
tion of the prime mover responsive to the re 
sultant action of said combining and said 
follow up means. 

25. In a stabilizing equipment for ships 
and the like, a long period pendulum, fol 
low up means associated with said pendulum, 
constrained gyroscopes adapted to respond 
to angular velocity of rolling motion of the 

80 

90 

ship, deformable tanks filled with a conduct 
ing liquid and operatively associated with 
said gyroscopes, capillary tubes internally 
coated with conducting material and opera 
tively associated and forming a potentiom 
eter with said tanks, electron discharge 
tubes and grids of which are controlled by 

I said potentiometer, an electric generator 
having two differential field coils carrying 
plate currents of said tubes and another dif 
ferential field winding the magnetizing ac 
tion of which is controlled in response to rev 
olutions of an electric motor fed by said gen 
erator and constituting a follow up control 
with respect to the angular velocity record 
ing gyroscopic instrument, a differential gear 
combining both follow up actions algebrai 
cally, a prime mover controlling the magni 
tude and direction of the stabilizing torque, 
means responsive to the magnitude and direc 
tion of said torque cooperating with the ac 
tion of an element of said differential gear to 
control the prime mover in response to a lin 
ear function of the instantaneous deflection 
and angular velocity of rolling. , 

26. In a gravity stabilizing equipment for 
ships and the like, a weight movable back 
and forth in an athwartship direction in a 
predetermined path, a variable voltage mo 
tor generator set, a variable speed constant 
excitation electric motor electrically connect 
ed to said generator, means operatively as 
sociating the motor and the weight in driving 
relation, continuously acting controlling 
means for varying the excitation of the gen 
erator in response to the deviation of the ship 

100 
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5 

20 
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from its normal predetermined position and . . 
to a higher time derivative thereof. 

27. In a stabilizing equipment for ships 
and the like, a vertical line indicating instru w 
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ment, an angular velocity indicating instru 
ment, an angular acceleration indicating in 
strument, thermionic electron discharge 
tubes having electrostatic grid control and 
operatively associated with the last two men 
tioned instruments, an electromagnetic ap 
paratus controlled by said electron discharge 
tubes and a stabilizing torque producing 
plant controlled by said electromagnetic ap 
paratus. 

28. In a stabilizing equipment for ships 
and the like, a torque E. means, a 
power plant to actuate said means, instru 
ments respectively responsive to deviation, 
angular velocity, angular acceleration of 
rolling and to the mag 
ing torque, electrical circuits having variable 

20 

parameters, means operatively associating 
instantaneous responses of all of said instru 
ments with a predetermined continuous vari 
ation of said parameters, and means for con 
trolling said plant by said circuits in re 

'... sponse to the variation of its parameter. 
25 

80 

35 

40 

45 

50 

55 

29. In a stabilizing equipment for ships 
and the like, means responsive to a deviation 
of the ship from its predetermined normal 
position, means responsive to higher time de 
rivatives of said deviation, means producing 
a continuous electrical controlling action in 
response to said first and second mentioned 
means, space discharge means controlled by 
said electrical action and a torque producing 

1,858,069 

gnitude of the stabiliz 

- \ . . 

ient connecting means operatively associated 
with said ship and said element, an electrical 
controlling system responsive to a variation 
of resilience of said connecting means in re 
sponse to the angular acceleration of said 
ship relatively to said element, and means to 
control said plant by said electrical system. 

83. In a stabilizing equipment for ships 
and the like, a torque producing means, a 
power plant to actuate said means, instru 
ments responsive continuously to the angular 
motion to be quenched and to the magnitude 
of the stabilizing moment, continuously act 
ing amplifying relays responsive to said in 
struments and controlling said plant in re 

70 

80 
sponse to a predetermined function of said 
angular motion. . 

34. In a stabilizing equipment for ships 
and the like, a guiding track of cycloidal pro 
file in section perpendicular to the longitudi 
nal axis of the ship, a weight guided on said 
track, instruments responsive to the angular 
motion to be quenched and to the displace 

: ment of the weight along said track, and a . 
power plant operatively associated with the 
weight to move same in response to said in 
struments. 
Signed at 

day of June, 1931. - . 
NICOLAIMINORSKY. 

stabilizing plant controlled by said discharge 
88.S. } 

30. In a stabilizing equipment for ships 
and the like, means responsive to a deviation 
of the ship from its predetermined position, 
means responsive to the angular velocity of 
said deviation, means responsive to the mag 
nitude of the stabilizing moment, means for 
producing an electrical action proportional to 
a function of the responses of the three first 
mentioned means, a space discharge tube sys 
tem operatively associated with said electrical action producing means, and a stabilizing 
plant controlled by said system. 

31. In a stabilizing equipment for ships 
and the like, means responsive to a deviation 
of the ship from its predetermined position, 
means responsive to angular velocity, means 
responsive to angular acceleration of said de 
viation, means responsive to the magnitude 
of stabilizing moment, means for producing 
an electrical controlling action proportional 
to a function of the responses of the four first 
mentioned means, a space discharge tube sys 
tem operatively associated with said electri 
cal action producing means and a stabilizing 
plant controlled by said system. 

32. In a stabilizing device for ships and 
the like, a ship to be stabilized, a stabilizing 
plant, an acceleration responsive means com 
prising an inertial non-pendulous element 
mounted EFERE an axis parallel with the axis of stabilization of said ship, resil 
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