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specification of Letters 28text. Patiented Jan. 5, 9:4. 
Application filed February 29, 1812. Serial No. 680,761. 

To all whom it may concern: 
Be it known that I, WILHELM LUYKEN, 

to a plane drawn through the axes of the 
residing at Essen-on-the-Ruhr, Germany, a 
subject of the Emperor of Germany, have 
invented a certain new and useful Improve ment in Devices for Maintaining the Equi 
liirium of a Pendulum, of which the foi lowing is a specification. 
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This invention relates to a device for pre 
serving the equilibrium of a pendulum sus 
pended from a swinging body, and consists 
in the employment of a revolving disk car 
ried in a swinging frame for producing the 
moment: for influencing the pendulum so as 
to preserve the qìn and that the 
axis of rotation of the revolving disk swings 
in resonance with the body from which the pendulum is depending. 

in the accompanying drawings is repre 
sented one embodiment of the invention 
under the supposition that such a pendulum 
is hung in a gun turret of an armored battle 
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ship and in consequence ean turn, together 
with the gun turret, around an axis that is 
perpendieular when the ship is in equilib 
rium. 
The drawings illustrate in Figure j an 

elevation of the device; Fig.2 a side eleva 
tion of Fig. 1 seen in the direction of the 
arrow in Fig. 1. Fig. 3 a top pian view of 
Fig. 1; Fig. 4 a section on line 4-4 of Fig. 
1, seen from above; Fig. 3 a diagrammatic 
cross section of the ship and the gun turret 
along line 5-5 of Fig. 4; the fellowing 
figures are in larger scale namely Fig. 6 a. 
diagrammatic section on line 6-O-G of lig. , 
seen from above; and Fig. a diagrammatic 
elevation of the pendulum seen in the direc 
tion of the arrow u, in Fig. 6. h 
The pendulum A is hung on a universal 

bearing in the turret B, Figs, 5 and 6. For 
this purpose, a frame C, Figs. 1, 2 and 4, is 
carried to swing on two trunnions d' in two 
bearing stands B which are rigidly secured 
in the gun turret, and in this frame the pen 
dulum A is hung on two truunions a, the 
axis of which intersects at right angles the 
axis of the trunnions c. The pendulan A. 
is provided with a crosshead a situated 
above the frame C on which two disk car 
riers , each with a pair of fruinions (i. 
are supported to swing ia bearings (c. The 
osciliation axes of the disk carriers ) coia 
cide with escia other and are perpeutics at 

trunnions a and the center of gravity of 
55 

the pendulum A. In each of the two car 
riers D is situated a revolving disk E, 
driven by an electric motor D and ar 
ranged so that its axis of revolution may 
swing in a plane perpendicular to the axis 
of the trunnions d'. Each of the two trun 
nions d", located nearest together, on the disk 
carriers. D, is provided with a bevel wheel 
sector d. Each of the two bevel wheel sec 
tors d is in mesh with one of two other 
bevel wheel sectors F, situated diametrically 
opposite each other but connected to forma 
one piece and rigidly secured on one end of 
a shaft F, which is parallel to the trunnions 
a". On the other end of the shaft Fis sus 
pended an auxiliary pendulum Fºwith consid 
erable damping. The gearing ratio is equal to 
one between the bevel wheel sectors F and d.so 
that the two disk carriers D must swing with 
the same angular velocity as the auxiliary 
pendulum, but in a direction opposite to 
each other. 'The pendulum A, in the foll 
lowing designated as the main pendulum, is 
furthermore provided with q second cross 
head a situated below the frame C and at 
right anges with the first cross-head arº and 
on which is iikewise arranged a system of 
revolying disks. This revolving disk Sys 
ten consists of two disk carriers G which 
are mounted to osciliate around a counahon 
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axis which is paraîiel with the axis of the 
trunnions it; as well as of two revolving 
disks i. which are driven by electric notors 
G' anti a "rangel (in the cai'i'iei's G ill the 
same manner as the revolving disks E oil the 
carriers D. Another auxiliary perdui in J 
with coinsiderable damping is also provided 
on the main pendutium Á, the axis of oscia 
tion of which is perpendictiiar to a plane 
drawn through the center of gravity of the 
main pendulum and the axis of the trun 
nions a. This auxiliary pendulum J., which 
is fastened on a shaft. J has gearing connec 
tion with the disk carriers G through the 
bevel wheel sectors J. g. arranged in such 
a manner that disk carriers G must oscillate 
with the same angular velocity as the aux 
.iliary pendulti' J. bint in a direction oppo 
í site to each other: simili 
{ase with the auxiliar 
fisk carríers; D. Š? ? 
lotia for therseye 
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for the revolving disk system in E, so that. 
of 'otation of the revolving disks 

": right angles with their axes of os 
filiation, when the auxiliary. penduluns 
ia}}d it), their middle position: and that the 

ceilier of gravity of the revolving disk ear 

5. 

together with all parts situated there 
is within the axis of oscillation of the 

re Voiving disk carriers. 
At the free end of one of the trunnions a 

is located an inductor which consists of an 
armature rigidly connected with this trun nion, having a winding a”, with a magnet 
stand c* rigidly connectéd with the frame C 
and in the field of which the arnature is 
situated. From the oscillations of the ship, 
electromotoric force will then be generated 
in the inductor of a which is proportionai 
to the angular velocity of the relative, oscil 
}ation between the main penduluny A and 
the frame C. On the shaft F of the auxil 
iary pendulum F is furthermore located an 
arhature having a winding f which can 
swing in a magnet standa' rigidly secuted 

30. 

to the main pendulum A in consonance with 
the auxiliary pendulum F; so that an elec 
tromotoric force will be generated in the in 
dictor, comprising the armature and the Inagnet standa", which is proportionate with 
the angular velocity of the auxiliary pendu 
lum F. This arnature carries beside the winding , also a hollow copper cylinder f 4. Kè ??? ?????? : which in well known manner produces the 
above mentioned damping of the auxiliary pendulum F. The exciting windings, c. c. 
of the magnet stands c' a' is connected to a 
net-work vi of constant tension by means of 
the conducting wires K, Fig. 1. The two 
arinature windings of are by means of the 
conducting wires N, coupled with the excit 
ing winding p' of generator P, built as a 
series wound continuous current dynamo; 
which generator operates a separately ex 
cited notor Q by means of Leonard connec 
tions. On one of the two trunnions c is 
furthermore fastened an armature, with: 

6', which can oscillate in a magnet 
that is rigidly attached to the bear. 

21g : lock 3 belonging thereto, actuated by 
Éhe oscillation of the ship and in consonance 
with the frame C; whereby an electromo 
toric oice will be e:?in the inductor 
r' i' comprising the magnet-stand b° and 
tre armature; which electromotoric force is 

5 proportionate with the angular speed of the 
fraine (). An armature having a winding i 
is fastened to a shaft, J of the auxiliary 
pendulum J which armature is adapted to 
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osciliate in consonance with the auxiliary. 
pendulum J in a mggnet stand a which is 
rigidly connected with the main pendulum 
À;*wheresby an electromotoric force is gener 
ated is this inductor i a proposition:te with 
fie anguiar speed of the auxiliary penduium 

e the Yinding is, the arnature of 
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this inductor is provided with a hollow cop 
per cylinder i,* which constitutes the danup 
ing device for the auxiliary penciulian J. 
The exciting windings band 8" of the mag 
net-stands b and fare, in the same in anner 
as the exciting winding g’ and a, connected 
with the net-work M by means of the wiring 
K., Fig. 2. The armature windings. * and 
iº are, by means of the wiring Nº, series con 
nected with the exciting windin 
generator R. built on the principle of a con 
tinuous current dynamo, which operates a 
Separately excited motor T through Leonard 
connection. 
The motors Q and T may for instance be 

used to guide a platform for an observation 
telescope, which is, in the same maraner as 
the main pendulum A carried in universal 
bearings in the gua turret, whereby the an 
gular position thereof will not be influenced 
by the oscillation of the ship. For this pur 
pose it is only necessary, on the one hand, to 
move in consonance with the frame C and 
by means of the motor T, the part of the 
universai bearing of the platform which cor 
responds to the frame C, which part may be 
considered as seen through the cross-head a 
of the main pendulum; and on the other 
hand to move the platform itself, relatively 
to this part of its universal bearings by 
means of the motor Q; so that the relative angular-position of both parts always agrees 
with the relative angular position of the 
main pendulum A and the frame C. That 
this problem can be solved by means of the 
motors Q and T will be shown in the follow 
}rg. 
By utilizing the described device the two 

revolving disks E, which possess the same 
moments of inertia, are driven by the elec 
trie motors D'Awith the same angular s 
but with a direction opposite to ea 
and the two revolving disks H which like 
wise possess the same moments of inertia are 
similarly driven by the electric motors G. 
The direction of rotation of the revolving 
disks E is indicated on the drawings by the 
arrows y, while the direction of rotation of 
the revolving disks H is indicated by the 
arrows 2. Looking at the two disk revolv 
ing systems from the side, from which the 
bevel wheel sectors F and J appear to lie 
behind the axis of rotation of the carriers 
D and G, the righthand revolving disk E 
or Ft in each case, always revolves with the 
clock, seen from above, and the lefthand 
revolving disks in the opposite direction; 
as indicated by the direction of the arrows. 
In consequence of the rocking movement of 
the ship in sea-way, the auxiliary pendu 
luns F and J will be set swinging, and the 
Same amount of swinging wit! bp trang 
ferred by the beveled gears: F ??r J* y2 
respectively, to the vir carrie's 
O and G. Each revolving disk. E wil! natu 

rt of the , 
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rally then exercise on the main pendulum A 
a moment which acts in a plane determined 
by the axis of revolution and the axis 
of oscillation of the carrier D belonging 
horeto, the vector of which will be per 

pendicular to this plane and will swing in 
consonance with the disk carrier D. The 
vectors of the moments which are generated 
by means of the two revolving disks E, will, 
in their middle position, always have the 
same direction and be parallel to the axis 
of oscillation of the auxiliary pendulum F. 
As the two disk carriers D always move in 
opposite directions with the same angular 
speed, the two vectors will always deflect 
the same angle, but in opposition to the di 
!ection of the axis of oscillation of the aux 
iliary pendulum Fº;the two moments gen 
erated by the revolving disks E will conses 
quently give a resultant, moinent, the vector 
of which falls in the direction of the axis of 
oscillation of the auxiliary pendulum F. 

5. 
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This means that the resultant moment op 
erates as seei in Fig. 1, always in the plane 
of the drawing or in a plane parallel thereto. 
The noment caused by each single revolving 
disk will be equal to the product of its mo. 
ment of inertia, its angular speed and the 
angular speed of the disk carrier. Or if in 
the ordinary way the product of the moment 
of inertia of the revolving disk and its angu 
lar velocity is designated as “kinetic no 
ment,” this revolving disk moment will be 
equai to the product of the kinetic monent 
of the reyolying disk and the fingtalar ve 
deity of the disk frame. If the kinetic 
moment of the revolving disks E is desig 
nated by A and the arguiar velocity of the 
auxiliary pendulim F thai, beiongs thereto 
is designated wi 
aligular velocity the revolving disk frame 
{}). each revolving disk will thèn exercise ra. 
moment of the magnitude A2). Ås the de 
flection of ths auxiliary pendulum F can 
only he very small on account, of its con 
siderable damping, the angle by , which the 
v{eiors of the two revoiving disk monients 
are defiected from the direction of the axis 
of sciilation of the auxiliary pendulum F, 
will similarly always be very small. The 
components of the two vectors falling in the 
direction of the axis of oscillation of the 
auxiliary, pendulum may therefore be almost 
exactly designated as Au, and in conse 
quence the resulting moment of the revolv 
ing disk system D E be approximately equal 
to 2Au), the vectors of this system being 
equal to the sum of the above mentioned 
components, in a similar way it can be 
shown that the revolving disk system G. H. 
will give a resultant moment which, lock 

t Fig. 1. aiways acts in the plane per 
to the plane of the drawing, an 
ºf whici consequently, vil fall 1. 

irection of the axis of oscillation of seen from the positive side of the V axis, so 

21 (which is equal to the 

will be called M.y. 

the auxiliary pendulum J, and that the mag 
nitude of this moment is equal to 2A'w' 
when the kinetic moment of the revolving 
disk His called A and the angular velocity 
of the auxiliary pendulum J is called w'. 

In each of the two revolving disk systems 
the two revolving disks could natufally be 
substituted by a single one the kinetic no 
ment of which would have to be twice as 
targe as the kinetic moment of each single 
revolving disk, this substitute revolving 
disk would set up a moment, the vector of 
which as regards the main pendulum, would 
not fall in a constant direction, but would 
Swing in a plane-perpendicular to the axis 

8 

80 
of rotation of the revolving disk frame just 
as the vectors of the single revolving disks, 
The vertical component of this vector would 
correspond to a moment, which attempts to 
turn the main pendulum around the vertical 
axis through its center of gravity. This 
noment which, by the way, will be compara 
tively small, is however without influence on 
the perpendicular equilibrium of the main 
pendultan. The moment corresponding to 
the horizontal components of the vector 
eam in that case only be considered. This 
noment agrees, however, with the resultant 
nonent from the two single revolving disks. 
The axis of oscillation of the auxiliary 

pendulum F will now be called U and the 
axis of oscillation of the auxiliary pendu 
lum J will be cailed V. As indicated by the 
arrows in the drawing, (Fig. 3) respectively 
for the U-axis and the V-axis, that direction 
will be called positive from which the re 
spective bevel-wheel-sectors F and J* ap 
pear to be situated behind the axis of rota 
tion of the corresponding disk carriers D 
and G. The moment set up by the revolving 
disk system D E will be called M, and the 
moment of the revolving disk system G. H. 

Both these moments 
vill be considered positive when their vec 
tors fail in the positive direction of the 
U-axis or W-axis respectively. Should the 
auxiliary pendulum F, looking from 
the positive side of the i-axis, or, 
which means the same, when looking at 
it in Fig. 1, turn in the same direction 
as the hands of a '-clock, then M will 
be negative when the disk E. revolves in 
a direction denoted by the arrow gy. If the 
angular speed u) of the auxiliary pendulum 
Fis considered as positive, when the same 
turns in the above mentioned direction, it 
follows that A. 

M = -240 (1) 
It will also be evident that 

(2) 
if it is supposed that us is considered as 
positive, when the auxiliary pendulum J, 
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deflects in the direction of the hands of a 
clock. - 

In the following will now be shown that 
the moments M and M, in each instance 
willi ha ye such a value as will be required 
for preserving the perpendicular equilib 
ritua of the main pendulum A. 
The oscillating movements of the ship in 

a sea-way, as is well known, consist-(1) in 
roliing, that is, the swinging around the 
main longitudinal axis through the center 
of gravity of the ship which, in Fig. 5 is 
projected into a point o, (2) in the stamp 
ing movement, that means the Swinging 
around the transverse axis through the cen 
ter of gravity of the ship, and (3) in the 
diving movement, that means the swinging 
of the whole ship's body in a vertical direc 

In very large and heavy ships, such 
as armored battle ships (for which the de 
scribed device is intended) the diving move 
ment is, as a rule very small in comparison 
with the oscillations of the rolling and 
stanaping movements; this diving move 
mient may therefore be entirely left out in 
the discourse, as it is of very little conse 
quence as compared to the magnitude of the 
oscillations of the rolling and stamping move 
ments. The stamping movement may also 
be left out of the reckoning as it is, in the 
ship:3 in question, comparatively insignifi 
cant and also causes very small turning of 
the ship, which in the aiming of the guns 
scarcely has any disturbing influence. As it 
furthermore would not be difficult to com 
pensate for the influence of this stamping 
movement, in dest cibing this device it will 
be practically sufficient to consider the ad 
justment for the influence of the rolling 
movement only. In the following, it will 
therefore be supposed that the ship only 
ros. 
Ships having very large moments of iner 

tia and comparatively small moments of 
stability, such for instance as arraored bat 
tle ships, wili roll in a Sea-way lmost ac 
cording to the same law as in calm water; 
that is they osciliate with the closest ap 
proximation like an ordinary pendulum. If 
therefore the angle in which the ship de 
flects from its middle position during the 
tiane t is called, p, and go is the largest value 
of p and T he constant duration of the com 
pieté oscillation: the following equation 
may he written according to the law of the 
petidulum---- 

qp = pe SI:n ?? 

or if we put ?-? 
w : ?= (2, sin. X? (3) 
In Fig. 5 the position of the Suspension around the axis going through i 

bearing stands B around the axis 
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m, that means the position of the intersec 
tions of the axes of the trunnions (; ind a 
with the ship in its middle position; and m' 
the position of the same point, wher: t?E. 
ship is swung around the oscillation axis 
drawn through the point ( an angle equal 
to during the rolling. It will now best!p- 
posed that the turning angle of the ship in. 
its rolling movement is very small (less that 
10°). In this case it can be supposed that 
the point m. moves approximately in a 
straight line ni-, which stands perpen 
dicular to the straight line O-m. and that 
its total acceleration p is approxiin 
equal to the tangential acceleration 

?? 
d2 

when denotes the distance in-g 
m from the oscillating axis, 
then the equation (3) we obtain 

yr." ). 

p = - lqpÅº sin. Åt (4) 
or if we put liqp}*= p 

== -- po sin. Äit (5) : 
The gun turret B may be swling into any 

angular position. That position should 
considered as the main position of the girl. 
turret, in which the axis of the train nigris 
is parallel to the oscillating axis of the 
drawn through the point o, Fig. 5, 
ship and the pendulum A at rest. Th 
gular position of the gun turret 1 
denoted by the sanne angle" z, 33 tº ºg i 
formed between the axis of the t , . 
and the oscillating axis, wher t 
the pendulum A are at rest. 

If the main pendulum A. alway 
perpendicular during the osci 
ship, the frame Cof the universal 
must generally oscillate both in reta 
the main pendulum A around the : 
trunnions a, as well as in relation , 

3a ta 

trunnions - c, with any angular posi 
the gun turret. Calling the aige , 
which the frame C is turned from its middle 
position during its oscillation around the 
axis of the trunnions aº during the ilir: #; ; ::::::: 
and calling the angle , in which the . 
C turns from its middle positica diri: 
oscillation around the axis of the titly - ?? cº; during the same length of timine, the foi lowing equations may Be written wici, tirio 
greatest approximation as obtaining bet." 
the angles p, or , and respectively, Y. 
will easily be evident for so small a value cit 

qP = qp cos. c. (6) : ; ; ; 
and i : . 

qp, == qp sim, ar (7) . 
A perceptible turning of the 

point of the main pendulum A is deiloted by gravity, and through the suspens: J S. y, a II gn. - 
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would take place with larger values of 9 
sltring the oscillation of the ship. For 
sinaalie" values of ? this ta’ning Yeould, ?noYY 
ever, toe so triffing that it could be corn- || 
pietely neglected. it may therefore be sup 
posed, without any noticeable mistake, that 
the movemen; of the peniulum A in its coil 
tintiously perpendicular position during the 
oscillation of the ship, consists simply of a 
translation, that is that alii the points of the 
penduluin have the same acceleration, 
namely the acceleration p of the suspension 
point on. 
A three-axial coordinate system X, Y 2, 

Figs. 5 and 6 may be considered to be ar 
ranged with the suspension point in as start 
ing point, in which the Z-axis is always ver 
tical and the X-axis and Y-axis always par 
aliel to the direction respectively which the 
longitudinal and transverse axes, drawn 
through the center, of gravity of the ship, 
will take when the latter is in its equilib 
rium. The 2-axis coincides in the above 
mentioned movement of the pendulum A 
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with the axis going through the center of 
gravity and through the point m, while the 
X-axis and the Y-axis aways make an angle 
o, Fig. 6, with the axis of the auxiliary 
pendulums F or J, that means with the 
U-axis or the V-axis respectively, during the 
angular position g of the turret B. 
The main pendulum A is influenced be 

sides by the gravity and by the two moments 
M, and My from the two revolving disk sys 
tems, also by a moment which is generated by 
the inductors g° a and be'. The moments 
generated by the inductors a fi and a is are 

3. 
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not here taken into account as they depend 
on forces, which may be considered as inner 
forces relative to the main pendulum. The 
inductor e° a exercises a moment on the 
main pendulum, the vector of which falls in 
the direction of the U-axis. This moment 
will bei caled neu and considered positive, 
when its vector points in the direction of 
the positive side of the O-axis. The in 
ductor (; * bº exercises the moment in the 
vector of which falls in the axis of trunnions 
e'. This axis moves during the swinging of 
the ship, when the main pendulum hangs 
perpendicular, in a vertical plane through 
the W-axis, and forms with the W-axis, a very 
small. aimost constant angle pe compare 
equation (6). With regard to the vertical 
equilibrium of the main pendulum that hori 
zontal component of the moment-vector will 
only be considered that falls in the direction 

of mi2, cos. p. 
60 

65 

of the V-axis and possesses the magnitude 
small as the angle : cos, p, may be put flown 
as approximately equal to 1. It may there 
fore he supposed with great approximation 
Lihat tha inductor o“ bº will produce a mo 
men f-vector. which falls in the direction of 
the V-axis, and has a magnitude that will 

as the ciocik runs. 

As the angle , is just as in rection "as regards the U-axis, in the 

be arey, aid considerai as positive, when it 
Points toWSYå khs 
axis. 

if we now examiye what conditions have 
to be fulfillied whereby the Basin pendulum 
A, during the oscillation of the ship, will always retain its perpesidicular equilibrium, 
i Will be føund, by using for instance the 
principle of d'Alembers, that 

positive side of the W 

M= Pe cos, ßG 003. aY sin. - (8) , 
and g 

in these equations the signs denote: g the 
acceleration of gravity, G the weight of the 
main pendulum (comprising all the differ 
ent parts thereon), 8 the distance of its cen 
ter of gravity from the suspension point m. 
(compare Fig. 7) and 3 the angle, which the 
straight line pi-b Fig. 5. for as with the 
Y-axis, it will furthermore be supposed 
that the angle a from the part of the X-axis 
which is absolutely considered as positive, 
and which in Fig. 6 has beea indicated by 
an arrow, will be counted as positive in the 
direction in which the clock runs; and that 
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the positive part of the U-axis must be 
turned 90° as the cook ruas, in order to 
make it coincide with the positive part of 
the W-exis as is the case in the arrangement 
selected for the drawing, Fig. 6. It is fur 
thermore supposed that the angle g from 
the line 0-n, Fig. 5, looked at from the 
positive side of the X-axis, will be read as 
positive in the same direction as the clock 
runs. it will now only be necessary to fur 
ther develop two principal equations (8 and 
9). It will then be supposed that the ange 
iar deflection of the auxiliary pendulums F* 
and J, which will be denoted as y and 

respectively, as seen from the positive 
side of the U-axis or the V-axis, will be read 
as positive, from the middle position of the 
auxiliary pendulums, in the same direction 

It will furthermore be 
supposed that, at the instant under consid 
eration, which would be determined by the 
time t, both the ship and the two auxiliary 
pend ultims turn in the positive direction and 
that the angles (, ) and have simultane 
ously positive values. The angular position 
of the gun turret will be selected, as shown 
in Fig. 6, so that & will be a positive acute 
angle. 

For the circuit of N p, that direction 
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of the current will be established as positive, 
in which the current runs im the positive di 

art 
of the arishattire winding a, which lies b?????? 
the upper pole-piece of the magnet stand c, 
that means in looking at Fig. 1, that the cur 
rent runs toward the spectator. It will also 
be supposed that the current has a pesitive 
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6. 

direction as regards the electromotoric 
forces generated in the inductors of c and 
jºgº. 
When 

middle position, in tie Sane direction as the 
click, rius, the angle of g, the frame C has 
simultaneously turned, relative to the main 
pendal in A (which has to be considered as hanging continuously perpendicular) 
around the axis of the trunnions o' in the 
samie direction, an angle p = p cos. x (com 
pare equation 6). An electromotoric force 
E will thereby be generated in the inductor 
69 g, which force is proportionate with the 
field power of the inductor, the number of 
turns of the armattire winding a' and the 
angular velocity 

dp. 
dit 

If the product of the field force, the num 
ber of turns of the armature winding a 
and the proportionate factor were summed 
up as the (constant) quantity N, one would 
obtain as a result for the electromotoric force 
the expression 

?? 
E = Ngº, 2 cos. ae eos. At (10) 

The quantity N would be considered posi 
tive, when the uppermost pole of the mag 
net fraine 6 is a north pole, as is indicated in 
Fig. i hy the direction of the arrow of the 
exciting current in the conductor K; and it 
will be considered negative when said pole 
is a south pole. As is shown in Fig. 1, E is 
positive when N is positive and changes its 
sign sin, altaneously with N. The equation 
(10) will therefore give the direction as well 
as the magnitude of E. . . . . . 
The following expression will be obtained 

for the electronotoric forcee in the inductor 
a f, when i designates the value corre 
sponding to the quantity N, neglecting the 
Säå . 

The quantity in should be considered as 
positive, according to the sign rule for N. 
when the upper pole of the magnet frame a 
is a north poie, as is indicated in Fig. 1 
by the direction of the arrow of the exciting 
current; and should be considered as nega 
tive, when the upper pole is a south pole. 
With a positive value of N, as indicated in 
Fig. 1, and the accepted moving condition 
of the auxiliary pendulim F. e. will have 
negative direction, under the supposition 
that the armature windings aº fº are con 
neced in sucl, a inanner, that a current runs 
in the positive direction of the U-3: xi if such 
current is ge in the psitive direction 

the ship has turned out of it" 

pare equation 4) 

1,083,370 

both in the part of the armature winding f" 
which is situated below the upper pole piece 
of the magnet stand o', and in the part of 
the armature winding a which is situated 
below the upper pole piece of the magict 
stand cº. Should on the other handi ile 
armature windings a” and f* be connected : 
that a current going in the positive ii. 
in the part of the armature winding f° that 
lies beneath the upper pole piece of the nag 
met stand aº, run in the negative directioni 
of the U-axis, then e will have positive di 
rection with a positive value of n. We have 
therefore to write, taking the signs into con 
sideration, ??? -- ?? -+1??? 
wherein the upper sign has to be taken for 
the first named connection and the atter 
sign for the last named connection of the 

| armature windings 4° and f°. For the sake 
of brevity, it will, in the following, be said 
as regards the first named connection, that 
the armature windings are similarly con 
nected, and as regards the latter connection 
that they are oppositely connected. If the 
resistance of the circuit af N p is called , 
we will, foi the current force i have the ex 

| pression . - 

i-ºtº-NP, cos, a cos. A-F? (11) . g . . . di 

The moment ni, exercised by the inductor 
e" a on the printipal pendulum is propor 
tionate with the expression Ni, and the 
factor of proportion which in the following 
will be called c, is indeed dependent on the 
selected unity of measure, When the mo 
nient acts in the Sfime direction as the clock 
runs and consequently has to be considered 
as positive, when N and i bave positive 
Walties, and also changes its sign simultane 
ously with N and i, then the following equa 
tion is obtained 

m, sa + cNi (12) 
geq?lation will be 

'i, given in equal from which the followin 
evolved when the valie of 

In order to further develop the above 
equation the movement of the auxiliary 
pendulum F described by the angle Y has 
first to be decided. The acceleration p (com 

will influence this moye 
ment besides the moment created by in 
ductor aº fº. The moment caused by the in 
ductor has its absolute value depending on 
the quantity cni. The sign results from the 
following discussion: When n is positive and 
the armature windings (and f* are contini 
ousiy connected, the induced electromotive 
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3. the foi iowing value of the angular 
Fist'? gh the differentiation of the above yelocity o gf the auxiliary penitalan It will 

be obtained 
sin (2#??) 

the above value of E is inserted in equation (13) we obtain, 

Gys, cos. a ?ï2 #??????? cN'p. cos. Y cos. At --***** ?? cos. 43— ; sin. (At Fr) (20) 
g . s' g Cri" COS. 7 

& conditions set down by equation (8), 
that, the main pendulum I'etains its 
itain. If namely the values, given of 

, ii, et Nation (21), and the value of mu ob is 3. 

cos, ir 

; ; a viii Mow be able to completely evolve 

get from equation (1) with regard to equation (19). 
sin. (Ält Fr) * (21). 

tained from equation (20), are inserted in 
equation (8) and the atter equation is di 
vided by cos. a the following will be ob 
tained. 

24; cos. g G8? 3 sin. (al:Fr) = E cos. 3Gs sin. Àt -- 
g Crt* cos, 7 g 

- 

- cN°på COS ?? Pe COS, ?%N?? — Gué, sin. (At Fir) (22). 
g. “ . ke +Cf?? cos. ir 

i?t ist Now be evident that the foregoing 
?ciations will be identically Satisfied by 
v ting: V 

? , G8 
)23( "+ ?. ?. 

&d G 
24) - ** ?A == 4k 4-?????? (24) 

25, Tig first, main condition for the equilib 
rity) given in equation (8) will therefore be 
fulfilled, when A and Nhave the values de 
termined by the above equations (23) and 
(24), irrespective of what value lapo and 
?}8?ºë. 

in a equally simple manner it can be 
proved that the secondi main condition set 
forth by equation (9) for maintaining the 
agilibrium of the main pendulum has been 

, ; }íied. 
is titantities N n E e i and g for the in dit; tôrs hº c4 and aº iº, will be designated 
; XI, 47): 1. E1 el - 31 and ç*. * With regard to 

igns for Ni ni Ele' and it the same 
is wil hold good as before as to the di 

tion of the same. The armature wind 
is a and 38 will furthermore be designated 

- 

The quantities corresponding to . 

is heretofore, as similarly or oppositely con 
sected, according to hoy the currents flow in 
the same or the opposite direction to each 

g 

other in the part of the armature winding 
lying underneath the upper pole pi ?? of the 
magnet stands t” and a. Likewise, as 
everywhere heretofore, when in the follow 
ing equations simultaneously a plus + or 
minus - sign is given, the upper sign will 
refer to the first kind and the lower sign to 
the second kind of conection of the arma 
ture winding. While the ship has turned 
during the time t from its equilibrium an 
angle in the same direction as the clock 
runs, the frame C has also tuned in the 
sarine direction around the axis of the trun 
nion c* an angle 

p, is psin. (r 
from its middle position compare equation 
(7)]? generated in the inductor 5° 0' of 

?? 

E' = — N’qpå sin. ex cos. lt 
Simultaneously will be generated in the 

j ulctor (it is an electromotoric force 

An electromotoric force will then be 
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noted by the angle g; nor, on the amount of 
the rolling motion denoted by go (if p only 
lies below the above given limits of about 
10°). As it furthermore does not depend on 
the magnitude of ; and g, the equilibrium 
of the main pendulum will be maintained, 
when g and g is permitted to be of infinite 
magnitude; that means, as regards the main 
tenance of the equilibrium of the main 
pendulum, that it is indifferent whether the 
circuits aºfº N pland cºiº y Nare open of 
closed. As equations (23) and (30) show, 
it is furthermore óf no consequence whether 
the armature windings a? and f as well as 
o' and is are connected similarly or oppo 
sitely, as long as the signs of N and n, as 
well as Nº and ?" have been correctly se 
lected. Of the greatest importance is, how 
ever, (1). that the two conditions of syn 
chronism determined by equations (17) and 
(28) are fulfilled, (2) that for each revolv 
ing disk system the direction of rotation of 
the revolving disk has been so selected, look 
ing at the system from that side from which 
the beveled wheel sector, arranged on the shaft of the auxiliary pendulum, appears to 
be situated behind the axis of oscillation of 

S. 

70 

if in accordance with the equation (5) re 
gard is taken that - 

?=??, 
and in accordance with equation (23) 

N Gs 

and in accordance with equation (24) 
24 ? ????? 

if we write 

80 

85 

g. — 24 (32) 
??????? cos. 3 

NGs, Gs, lÅº cos. ß 
cm* g cos. e 
g 

the equation for i will be transformed into 
i = AqPo cos. aw sin. (Ält + s) 

Similarly will be found that 
— A’P, sin. ae sin. (Alt + s') (34) i. 
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the revolving disk frame; that the right 
hand revolving disk will run in the same 
direction as the clock, if seen from above, 
(3) that the number of revolutions and the 
moment of inertia of the revolving disk is 
selected for each disk system, so that the 
kinetic moment of each separate revolving 
disk takes the value determined by equations 

30 

(24) and (31), respectively; and (4) that 
the quantities N and nas well as N1 and ni' 
will satisfy equations (23) or (30) respec 
tively. As the equilibrium of the main pen 
dulum' will also be maintained when the cir 
cuit aº ft N pº ande“ º N r are open, that 
means that the inductors c a', fa','l' cr' 
and at are idle, the arrangement of the in 
doctors can naturally be entirely neglected, 
as long as regard has been taken thereto that 
the main pendulum iri. itself maintai?Mits 
vertica equilibrium. In this case the fondi 
tions of 1, 2 and 3 alone will come in 
q??? .? r in equation (11) is inserted the 

40 

5) 

value determined by equation (19), the 
following is obtained after several transfor 
mations of the equation: 

(sin. it:t Nªpok oos. At) 
n; CoS, ???8, 

wherein e' will be determined, in accordance with equation (32), by the equation 

and A' in accordance with equation (33) 
will be determined by equation: 

A-N g 

The currents i and i serve to excite the 
enerators P pº and Rr. As has already 
een said the motor. T fed by the generator 
R r must always steer the part of the uni, 

(versal bearing of the platform correspond 
ing to the frame C, so that said part 
turns the same angle as the frame C (around 
the axis of the trunnions c) as regards the 
gun turret, actuated by the rolling move 
ment of the ship. The angle in which each 
part has been turned as regards the gun tur 
ret, counted from the middle position, by 
means of the motor T during the time t will 
be called 5. As the exciting current it of 
the generator R. * in accordance with equa. 
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frame mounted on said pendulum and a re 
volving disk mounted to rotate in said 
frame; Said revolving disk systems being 
adapted to influence said pendulum and to 
generate moments, the vectors of which 
essentially fall in the directions of the axes 
of Said universal bearing, and means for 
automatically imparting to said frames an 
oscillating movement in Sychronism with 
the osciliation of said body from which the 
pendulum is suspended. 10. 

15 

25 

3) 

3 

5. A device for maintaining the equi 
librium of a main pendulum suspended from 
an oscillating body, said device having a 
universal bearing for said main pendulum 
two revolving disk systems independent of 
each other and each comprising an oscillat. 
ing frame aounted on said main pendulum 
and a revolving disk mounted to rotate in 
said frame; said revolving disk systems, be 
ing adapted to influence said main pendulum 
and to generate moments, the vectors of 
which essentially fall in the directions of the 
axes of said universal bearing, two auxil 
iary phdulums, mounted on the main pendu 
lum, the axes of said auxiliary pendulums 
respectively being parallel with the axes of ? universal bearing when said oscillating 
body is in its middle position, and damping 
arrangements for said auxiliary : the length of the auxiliary pendulums being 
so determined that the period of their free 
vibration is essentially the same as that of 
the oscillation of said body from which the 
main pendulum is suspended. 

C. A. device for maintaining the equi 
librium of a main pendulum suspended from 
an oscillating body, said device comprising 
an oscillating frame mounted on said main 
pendulum, a revolving disk, bearings in said 
frame for said revolving disk, an auxiliary 
pendulum, damping arrangement for said 
auxiliary pendulum, means establishing 
positive connection between said auxiliary 

5 pendulum and said frame, said auxiliary 
pendulum having a length so determined 
that the period of its free vibr?tion iš essen 
tially the same as that of the oscillation of 
said body from which the main pendulum 
is suspended, an inductor actuated by means . 
of the movement of said auxiliary pendulum 
to generate an electromotoric force being proportionate to the angular velocity of the 

tuated by means of 

the main 

,083,370 

another inductor ac 
the movement of the 

main pendulum relative to its bearing to 
generate an electromotoric force, proportion 
ate to the angular velocity of said move 
ment, and an electric circuit connecting said 
inductors. 

7. A device for maintaining the equi 

auxiliary pendulum 

librium of a main pendulum suspended from 
an oscillating b said device having a 
universal bearing ir said main pendulum, stwo revolving disk systems independent 
of each other and each comprising an oscil 
lating frame mounted on said pendulum and 
a revolving disk mounted to rotate in said frame; said revolving disk systems being 
adapted to influence said main pendulum 
and to generate moments, the vectors of 
which essentially fall in the directions of 
the axes of said universal bearing, two aux 
iliary pendulums mounted on the main pep 
dulum, the axes of said auxiliary penduluns 
respectively being parallel with the axes of 
said universal bearing when said oscillatin 
body is in its middleposition, the length o 
the auxiliary pendulums being so deter 
mined that the period of their free vibra 
tions is essentially the same as that of the 
oscillation of said ??????? which the main pendulum is suspended, two pairs of in 
ductors, each pair ????????? an inductor, actuated by means of the movement of one of said auxiliary pendulums to generate an 
????? force proportionate to the an guar velocity of the auxiliary P??? 
apertaining thereto and a second inductor 
actuated by means of the relative 'uning of 
t endulum around that axis of said 
universal ?? which is parallel with the 
axis of the auxiliary pendulum actuating 
said first-named inductor. to generate an 
electromotoric force, ??????? to the an gular velocity of said relative turning, and 
electric circuits connecting the inductors of 
each pair of inductors. ? The foregoing specification signed at Bar 
men, Germany, this 12th day of February, 
1912. - 

WILHELM LUYKEN. L. s.) 
In presence of - 

HELEN NUFER, 
ALBERT F. NUFER. 
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