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To all whom it may congern :

Be it known that I, Wiumenm Luyxew,

residing at Essen-on-the-Ruhr, Germsany, a |

subject -of the Emperor of Germany, have
invented & certain new and l}sgful Improw_a—
ment in Devices. for Maintaining the Equi-

C libriom of a Pendulum, of which the fol-
- lowing is.a specification.’ :
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This iftvention relates to a devige for pre-
serving the equilibrium of s pendulum sus-
pended from a swinging body, and consists
in the employment of & revolving disk car:
ried in a swinging frame for producing the
momept for influencing the pendulum so as
to preserve the equilibrium; 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 baitle
ship and in conseguence ean turh, together
with the gun turret, around an axis that is
perpendicular when the ship is in equilib-
rinm; ' )

The drawings illustrate in Figure 1 an
elevation of the device; Fig. 2 a side eleva-
tion of Fig. 1 seen in the direction of the
arrow in ¥ig. 1. Fig. 3 a top plan view of
Fig. 1; Fig. 4 a section on line 4—4 of Fig.
1, seen from above; Fig. 5 a diagrammatic
cross section of the ship and the gun turret
along line 5—5 of Fig. 4; the following
figures are in larger spale namely Fig. 6 a
diagrammatic section on line 6—6 of Vig. 5,
seen from above; and Fig. 7 a diagrammatic
elevation of the pendulum seen in the direc-
tion of the arrvow « in Fig. 6. .

The pendulum A is hung on a nuniversal
bearing in the turret B, Figs. 5 and 6. For
this purposeé; a frame C, Figs. 1, 2 and 4, is
carried to swing on two trunnions ¢! 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 o, the
axis of which intersects at right angles the
axis of the trannions ¢t. The pendulum A
is provided with a crosshead «® situated
above the frame ¢ on which two disk car-
riers D, each with a pair of trunnions &
are supported to swing in beavings 4°. The
ogcillation azes of the disk carriers D coin-
cide with esch other and are perpendicular

Hary pendulum J. bat in a3
‘site fo each other: simil

to a plane drawn through the axes of the
trunnions @' and the center of gravity of
the pendulum A. In each of the two car- -
riers D is situated a revolving disk B,
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 tyrunsnions ¢*. Each of the two trun-
nions @, located nearest together, on the disk
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‘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 ¥, sitnated diametrically
opposite each other but connected to -form
one piece and rigidly secured on one end of
a shaft ¥, which is parallel to the trunnions
a'.  On the other end of the shaft F* ig sus-
pended an auxiliary pendulum F? with consid-
erable damping. The gearingratiois equal to
one between the bevel wheel sectors ¥ and dt.so
that the two disk carriers D must swing with 75
the same angular velocity as the auxiliary
pendulum, but in a direction opposite ‘to
each other. The pendulum A, in the fol-
lowing designated as the main pendulum, is
furthermore provided with g second cross-
head «* situated below the frame £ and at
right angles with the first eress-head ¢ and
on which is likewise arranged a system of
revolving disks, This revolving disk sys-
tem comsists of two disk carriers G which.
are mounted to osciliate around a comnon
axis which is parallel with the axis of the -
trunnions @'y as well as of two vevelving
disks T3, which ave driven by electric motors
&t and arranged on the carviers {4 in the
same manger as the revolving disks B on the
carriers D, Another anxiliary penduinm J
with considerable damping is also provided
on the main penduiume A, the axis of oscilla-
tion of which is perpendicuiar to a plane
drawn through the center of gravity of the
main pendulum and the axis of the trun-
nions @' 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 J2 g2, arranged in such
a manner that disk carrviers & must oscillate
with-the same angular velocity as the aux-
i etion oppo-
v to what is
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for Lhe revolving disk system D E, so that .
' yotation of the revolving disks |

u)_ff
niright angles with their axes of os-
when the auxiliary. pendulums
ir middle position; and that the
avity of the revolving disk car-
, hep with all parts stiuated there-

[l within the axis of oscillation of the
evolving disk carriers.

At the free end of one of the trunnions a*
is located an inductor which consists of an
grmature rigidly connected with this trun-
nicn, having a winding o°, with a magnet
stand ¢ rigidly connected with the frame C
and in the field of which the armature is

. gitusted. From the oscillations of the ship,

3
=
<

electromotoric force will then be generated

in the inductor ¢® ¢® which is proportional

to the angular velocity of the relative oseil-

, Jation between the main pendulum A and

the frame C. On the shaft F* of the auxil-
igry pendulum F*? is furthermore located . an
armature having ¢ winding f° which can

© swing in a magnet stand o rigidly’ secured
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to the main pendulum A, in consonance with
the auxiliary pendulum ¥?; so that an elec-
tromotoric force will be generated in the- in-
ductor, comprising the armature and “the
magnes stand ¢*, which is proportionate with
the angulay velocity of the auxiliary pendu-
lum F¥2. 'This armature carries beside the
winding 7%, also a hollow copper cylinder {:,
which in well known manner produces the

above mentioned damping of the suxiliary.

pendulum 2 The exciting ‘windings ¢* &
of the magnet stands ¢* o° 13 connected to a
not-work M oof constant tension by means of
the conducting wires K, Fig. 1. The two
arinature windings ¢® f* ave by wieans of the
conducting wires Ny coupled with the excit-

ing winding p* of 2 generator P, built as a

serics wound continuous current dynamos;
which gencrator operates & separately ex-
cited motor Q by means of Leonard connec-
tions. On one of the two trunnions ¢ is

furthermore fastened ~an armature with:

winding ¢, which can oscillate in a magnet-
nd 0%, that is rigidly attached to the bear-
block B belonging thereto, actuated by
itlation of the ship and in consonance
with the frame C; whereby an electromo-
foree will be generated in the inductor
¢+ 17 comprising the magnet-stand b* and
the armature; which electromotoric force is
preportionate with the angular speed of the
frame . An armature having a winding ¢*

toned to a shaft J* of the auxiliary

is faster _
pendulem J which armature is adapted to

oscillate in consonance with the auxiliary.
pendulam J in a mggnet stand 4f which 1s.

rigidly connected with the main pendulum
A s reby an electromotoric fovee is gener-
e induacior 8 ¢f proportionate with
oular speed of the auxiliary pendaium

: ng 4, the armature of

1,083,370

this indnctor.is provided with s hollow cop-
per cylinder ¢ which constitutes the damp-
ing c%e.vi(:e for the auxilisry pendulum J.
The exciting windings b® and & of the mag-
net-stands 0° and «* are, in the same wanner
as the exciting winding «* and 47, connected
with the net-work M by mesns of the wiring
K, Fig. 2. The armature windings ¢* and
i are, by mezns of the wiring N*, series con-

¥

nected with the exciting winding »* of the ,

generator R built on the principle of a con-
tinwous curvent dynamo, which operates &
separately excited motor T through Leonard
connection,

The motors @ and T may for instance be
used to guide a platform for an observztion
telescope, which is, in the same manner as
the main pendulum A, carried in universal
bearings in the gun 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 fiame C and
by means of the motor T, the part of the
universal bearing of the platform which cor-
responds to the frame €, which part may be
considered as seen through the cross-head a*
of thé 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 O# the
main penduium 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-
ing. <

By uatilizing the described device the two
revolving disks E, which possess the same
moments of inertia, are driven by the elec-
trie motors D? fvith the same angular speed
but with a direction opposite to each other;
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and the two revolving disks H which like-

wise possess the same moments of inertia are
similarly driven by the electric mutors G*.
The direction of rctation of the revolving
disks F is indicated on the drawings by the
arrows ¥, while the direction of rotation of
the revolving disks H is indicated by the
arrows z. Looking at the two disk revoly-
ing systems from the side, from which the
hevel wheel sectors F and J? appear to lie

‘behind the axis of rotation of the carriers

D and @, the righthand revolving disk E
or H in each case, always revolves with the
clock, seen from above, and the lefthand
revolving disks in the opposite direction;
s indicated by the direction of the arrows,
TIn consequence of the rocking moverment of
the ship in sea-way, the auxiliary pendn-
lums F? and J will be set swinging, and the
same amonnt of swinging will be trans-
ferred by the beveled ¢ r J* g
respectively, to - cavriers
D and G Bach It natu-
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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
caoreto. 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 momerts which are generated
by means of tlie two revolving disks I, will,
in their middle position, always have the
same dirvection and be parallel to the axis
of oscillation of the auxiliary pendunluom T2,
As the two disk catriers 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-
rectinn of the axis of oscillation of the aux-
iliary pendulum F?; the two momenis gen-
erated by the vevolving disks B will conse-
quently give a resultant moment, the vector
of which falls in the divection of the axis of

- oscillation of the auxiliary pendulum F2

Eets

38

40
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This means that the resultant moment op-
erates as seeri in Fig. 1, always in the plane
of the drawing or in a plane parallel thereto.

"The moment 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 tho disk carrier. Or ifin
the ordinary way the product of the moment:
of inertia of the vevolving disk and its angu-
far welocity is.designated as “linstic mo-
ment,” this revolving dick moment will be
equal to the preduct of the kinetic moment

of the revolving .disk and the angular ve-
loeity of the disk: frame. If the kinetie

moment of the revolving disks B is desig-

nated by A and the dangular velocity of the |

anxiliary pendulym F* thai belongs thereto
is designaied with .« (which.is.equal to the.
zigular velovity'sf the revolving disk frame
) each revolving disk will then exercise a
moment of the maganitude Aw.  As the de-
flection of the auxiliary pendulum F? can
only be very small on account of its con-
siderable damping, the angle by.which the
ors of the two revolving Jdisk moments
ave deflected from the direction of the axis
of caciliation of the auxiliary pendulum T2
will similarly always be very small. The
components of the two vectors falling in the
direction of the gxis of oscillation of the
auxiliary, penduldm may therefore be almost
exactly ‘designated as Aw, and in conse-
quence the resulting moment of the revoly-
ing disk system D E be approximately equal
to 24w, the vectors of this system being
equal to the sum of the above mentioned
components.  In a similar way it ecan be
shown that the revolving disk system G H
will given- resultant moment which, lock-
ing at ig. 1, always acts in the plane per-
iewidy to the plane of the drawing, anl
of ‘which ‘eonseq Iy will fall
iiation of .

et

-will be called M..

1t in Fig. 1, turn.in the same direction

‘seen from the positive side of the ¥

@

the guxiliary pendulum J,and that the mag-
nitude of this moment 1s equal to 247w’
when the kinetic moment of the revolving
disk H is called A7 and the angelar velocity
of the auxiliary pendulum J is cailed 2wt
In each of the two revolving disk systems
the two revolving disks could natufally be
substituted by o single one the kinetic mo-
ment of which would hate to be twice as
large ‘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
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 arcund the vertical
axis through its center of gravity. This
moment which, by the way, will be compara-
tively small, is however without infiuence on
the perpendicular equilibrium of the main
pendulum. The moment corresponding te
the horizontal components of the vector
ean in that case only be considered. This
moment agrees, however, with the resultant
moment from the two single revolving disks.
The axis of oscillation of the auxiliary
pendulum ¥? will now be ¢alled U and the
axis of oscillation of the auxiliary pendu-
lum J will be called V.. As indieated by the
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-arrows in the drawing, (Fig. 8) respectively

for the U-axis and the V-axis, that direction
will be called positive from which the re-
spective bevel-wheel-sectors ¥ 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 34, and the
moment of the revolving disk system G H
Both these moments
will be considered positive when their vec-
tors fall in the positive direction of the
U-axis or V-axis respectively. Should the
auxilinry  pendulum  F?, looking from

positive - side. of the Tl-axis, or,

100
105

110

the
which means the same, when looking at

115
as the hands of a-clock, then M, will
be negative when the disk E.revolves in
a direction denoted by the arrow y. If the
angilar speed w of the auxiliary pendulum
B is considered as positive, when the same
turns in the above mentioned direction, it
follows that : ,

My=—24w (1)
It will also be evident that . 125
(2)
if it is supposed that ' is_considered as

positive, when the auxiliary pendulum J, .
axis, 130

120

My= —24"w'
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m, that means the position of the infe
tions of the axes of the trunnions ¢
with the ship in its middle position; and m'
the position of the same point, when the
ship is swung around the oscillation rxis
drawn through the point ¢ an angle equ
to ¢ during the rolling. Tt will'now be sup

deflects in the direction of the hands of a
clock. ' o
In the following will now be shown that
the moments M, and M, in each instance
5 will have such a value as will be required
for preserving the perpendicular equilib-
vium of the main pendplum A,
The oscillating movements of the ship in
a. sen-way, as is well known, consist—(1) in
10 rolling, that is, the swinging around the
main longitudinal axis through the center
of gravity of the ship which, in Fig. & is
projected into a point o, (2) in the stamp-
ing movement, that means the swinging
15 avound 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-
“tion. In very large and heavy ships, such
20 as armored battle ships (for which the de-
seribed device is intended) the diving move-
ment is, as a rule very small in comparison

posed that the turning angle of the ship in
its rolling movement is very small (less than
10°). In this case it can be supposed that zx
the point m moves approximately in a
straight line m—b, which stands {»%l'plexx~
and that

dicular to the straight line o-—m,
its total acceleration p is apprc
equal to the tangential accelerals
e
‘ deE
when 7 denotes the distance m—o

m: from the oscillating axis.
then the equation (3) we obtain

R 2 o1 4
with the oscillations of the rolling and ‘ p=—lpd sin. it (5]
stamping movements; this diving move- | or if we put lp 2 =1p, _
25 ment may therefore be entirely left out in p=—posin. it (5)

the discourse, as it is of very little conse-
guence as compared to the magnitude of the
oscillations of the rolling and stamping move-
ments. The stamping movement may also
30 be left out of the reckoning as it is, 1n the
ships 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
35 furthfrmore would not be difficult to com-
pensate for the influence of this stamping
movement, in describing this deviee it will
be practically suflicient to consider the ad-
“justment for the influence of the rolling
40. movement only. In the following, it will
therefore be supposed that the ship only
rolls. ‘ . :
Ships having very large moments of iner-
tia and comparatively small moment? - of
45 stability, such for instance as arraored bat-
tle ships, will roll in a sea-way lmost ac-
cording to the same law as in calm water;
that is they. oscillate with the closest -ap-
‘ proximation like an ordinary pendulum. If
50 therefore the angle in which the ship de-

The gun turret B may be swung nte am;
angular position. That position ¢
considered as the main position of ih
turret, in which the axis of the i
is parallel to the oscillating axi:
drawn through the point ¢, Fig
ship and the pendulum A at rest.
gular position of the gun turrel n
denoted by the same angle «, .
formed between the axis of the &
and the oscillating axis, whe
the pendulum A ave at rest.

If the main pendulum A alway
pérpendicular during the oseillatior
ship, the frame C of the univer
must generally oscillate both-in
the main pendulum A around thea
trannions !, as well as in relation §
bearing stands B! around the uxis
trunnions.c', with any angular posi
the gun turret. Calling the o
which the frame C is turned from its
position during its oscillation arou
axis of the trunnions a* during tb

=
O
=
7
>
=

fleets from its middle position during the
time ¢ is called, 9, and ¢, is the largest value
of ¢ and T the constant, duration of the com-
pleté oscillaticn: the following equation
55 gy be written according to the law of the
pendulum-—

. 2
P == P 81N, —,I:-rt,

80 op if we put ‘,2;'--2,
. Cgre= @, s A (D

In Tig. 5 the position of the s
65 point of the main pendulum A is

gpeazion |
denoted by |

and calling the angle 9, iv which

C tarns from its middle positicn
oscillation around the axis of the tr
¢t; during the same length of tim
lowing equations may be written
greatest approximation as obtaini
the angles ¢, or 9, and ¢ vespectively,
will easily be evident fo- so small o valy

@ =@ cos. « (B)
0
A perceptible turning of the pendaiem |

around the axis going throughJ
gravity, and through the suspens:

and
@,= @ sin. &




10

15

20

28

35

g pletely neglected.

1,088,370

would take place with larger values of ¢
during the oscillation ef the ship. For
smaller values of ¢ this tnyning would, how-
ever, be so triffing that it could be com-
t may therefore be sup-
posed, witheut any noticeable mistake, that
the movemens of the pendulum A in its con-
tinuously perpendicalar position during the
oseillation of the ship. consists simply of a
{ranslation, that is that all the peints of the

pendntum ‘Thave the same acceleration,
namely the acceleration p of the suspension
point #.

A three-axial cabrdinate system X Y Z,
Figs. 5 and 6 may be considered to be ar-
ranged with the suspension point 7 as start-
ing point, in which the Z-axis is always ver-
tical and the X-axis and Y-axis always par-

allel to the direetion réspectively which the

longitudinal “and . transverse axes, drawn
through the center. of gravity of the ship,
will take wher the laiter is in its equilib-
rium. The Z-axis cdincides in the above

. mentioned moveinent of the pendulum A

with -the axis- going through' the center of

- gravity and through the point m; while'the

X.-axis and the Y-axis always make an angle
a, 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 @ of the turret B."
The main pendulum A is influenced be-
sides by the gravity and by the two moments
M, and M, from the two revolving disk sys-
tems, also by amoment which is generated by
the inductors ¢? ¢® and »* ¢*. The moments

. generated by the inductors ¢® /* and o it are

40

59

not here taken into account gs they depend
on forces, which may be considered as inner

forces relative to the main pendulum. The

inductor ¢* o° exercises & moment on the
main pendulum, the vector of which falls in
the direction of the U-axis. This meoment
will be. called #.. and considered positive,
when its vector points in the direction of
the positive side of the U-axis. The in-
ductor ¢* b? exercises the moment ., the
vector of which falls in the axis of trunnions
¢ This axis moves during the swinging of
the ship, when the main pendulum hangs
perpendicular, in a vertical plane throngh
the V-axis, and forms with the V-axisa very
small, almost constant angle ¢, [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

680

" 85

of the V-axis and possesses the miagnitude
of m, cos. 9. ' :
small as the angle 9 cos. ¢, may be put down
as approximately equal to 1. It may there-
fore be supposed with great approximation
that the inductor ¢t % will produce a mo-
ment-vector. which falls in the direction of
the V-axis, and has a magnitude that will

as the elock runs.

As the angle o, is just as

be ., and considersd as positive, when it
peints toward the positive side of the V-
axis. ' .

T# we now exmmnine what conditions have
to be fulfilied wheveby the main pendulum

&, during the oseiliatiop of the ship, will

always retain ita porpendiculer equilibrium,
i will be found, by using for instance the
principle of d’Alembert, that—

,. IVL,—% cos. fGs 003, @ sin. M-y (9).
and ‘

M, = _.%? eos. A0z sin. @ éin.',‘flt——'mv . 9

In these equations the signs demote: ¢ the
acceleration of gravity, G the weight of the
main pendulum (comprising all the differ-
ent parts thereon), s the distance of its cen-
ter of gravity from the suspension point m
{compare Fig. 7) and § the sngle, which the
straight line m—b Fig. 5 forms with the
Y-axis. It will furthermobe be supposed
that the angle a from the part of the X-axis
whiel is absolutely considered as positive,
and which in Fig. 6 has been indieated by
an arrow, will-be ceunted as pesitive in the

direction in which the clock rums; and that

75
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the positive part of the U-axis must be -

turned 90° gs the clook rums, in order to
make- it coincide with the positive part of
the V-gxis-as is the case in the srrangement
selected for the drawing, Fig. 6. It is fur-
thermore suppose@ that the sngle ¢ from
the line o—m, Fig. 5, looked at from the
positive side of the X-axis, will be read as
positive in the same direction as the clock
rans. It will now only be necessary to fur-
ther develop two principal equations (8 and
9). It will then be supposed that the angu-
lar deflection of the auxiliary pendulums F?
and J, which will be denoted as ¢ 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 ef the
auxiliary pendulums, in the same direction
1t will furthermore "be
supposed that, at the instant under consid-
eration, which would be determined by the
time £, both the ship and the two auxiliary
pendulums turn in the positive direction and
that the angles ¢, ¢ and ¢! have simuitane-
cusly 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. -

Tor the circuit ¢® 7@ N pt, that direction

85

i60
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110

115

of the current will be established as positive, .

in which the current runs in the positive di-

‘ection "as regards the U-axis, in the part

of the armature winding o8, which lies below
the upper pole-piece of the magnet stand ¢%

that méans in looking at Fig. 1, that the cur-’

rent runs toward the spectator. Tt will aiso
be suppesed that the current has a pesitive

125
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direction ns regards the electromotoric
forces generated in the inductors of ¢* and
3 g8, [

When the ship has turned out of its
middle position, in the same direction as the
clock runs, the angle of ¢, the frame C has
gimultanecusly tirned, relative to the main
pendnlum A& {which has to be considered
as hanging continuously perpendicular)

avound the axis of the trunnions ¢' in- the

sume divection, an angle ¢,=¢ ¢os. a (com-
pare equation 6). An electromotoric force
T, will thereby be generated in the inductor
¢* of,which {force is proportionate with the
ficld power of the inductor, the number of
turns of the armature winding of and the
angular veloeity :

&

Tf the product of the field force, the num-

ber of turns of the armature winding ¢*

and the proportionate factor were summed

up as the (constant) quantity N, one would

obtain as a result for the electromotoric force

the expression o

( _Neo,

BN

or :

BNl cos. o cos. 2 {(10)

The quantity N would be considered posi- |

tive, when the uppermost pole of the mag-
net frame ¢ is a north pole, as is-indicated in
Fig. 1 by the divection 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 siwltanecusly with N. The equation
(10} will therefore give the direction as well
as the magnibtude of B ;
The L :
for the electromotorie force e-in the inductor
of f5, when n designates the value corre-
sponding to the guantity N, neglecting the

SignE .
(a(!l-_’!
& szz Pt

The quantity n should be eonsidered as
positive, according to the sign rule for N,
when the upper pole of the magnet frame o
is a north pole, as iz indicated in Fig. 1
by the divection of the ayrow of the pxeiting
cirrent s and should be considered as nega-
tive, when the upper pole is a south pole.
With a positive valne of N, as indicated in
Fig. 1, and the accepted moving condition

of the anxiliary pendulum F% e will have

negative direction, under the supposition
that the
nected in suelr o manner. that a current rns
in the positive divection of the U-axi if such
nt is golng in the positive direction

LUy

b

Mlowing expression will be obtained

evolved when 1
£

armature windings «° f° are con-.

1,068,870

both in the part of the armature winding
which is situated below the upper pole piece

4 of the magnet stand of, and in the part of

the armature winding «® which is situated

below the upper pole piece of the magnet
stand ¢ Should on the other hand the
armature windings ® and.f® be connected s

that a current going in the positive direchi
in the part of the armature winding f* ¢
lies beneath the upper pole piece of the mag-
net stand ¢, run in the negative direction
of the U-axis, then ¢ will have positive di-
rection with a positive value of n. We have
thevefove to write, taking the signs into con-
sideration, .

wherein the upper sign has to be taken for
the first named connection and the latter
sign for the last named connection of the
armature windings «° and f% - For the sake
of brevity, it will, in the following, be said
as regards the first named connection, that
the armature windings ave similarly con-
nected, and as regards the latter connection

| that they are oppositely cdnnected. If ‘the

resistance of the circuit o® f* N p* is called ¢,
we will, fur the current force i have the ex-
pression .

ié.E+e,==§-?£4 €03, « CO8, prES ¢ an
< ¢ ¢ dt

The moment 74, exercised by the inductor’

@

¢* @ on the printipal pendulum is propor-

tionate with the expression Ni, and the

factor of proportion which in the following
will be called ¢, is indeed dependent on the
selected unity of measure, When the mo-
wiept acts in the’sime direction as the clock
runs and consequently has to be considered
as positive, when N and ¢ bave positive
values, and also changes its sign simultane-
ously with X and 4, then the following equa-
tion iy obtained

me= +cNt  (12)

rom which the following eqfiation will be
e valne-of 4, given n equa-
on (11) is inserted

Moy == CNZ_(’DU? COé. @ cos. AL F (‘_N'_? d‘f{’
¢ ¢ dt

In order to further develop the above
equation the movement of the auxiliary

(13)

‘pendulum F described by the angle ¢ has

first to be decided. The acceleration p (com-

-pare equation 4) will influence this moye-

ment besides the moment created by in-
ductor @ f5. The moment caused by the in-
duetor 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 continn-
ously connected, the induced electromotive

o

90

b

1k

10

Tie

19
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- force will, at the instant under considera-
tion, have negative direction, under the sup-
position on which the calculation is based.
Should 7 at the sanie time be positive, the

& current and the electromotive force will con-

sequently have opposite signs (as in an elec-

tromotor). The moment caused by the in-
ductor acts therefore in the dirvection of the
movement ,of the auxiliary pendulum and
has consequently te be taken as positive dur-
ing the supposed condition of movement of
the auxiliary pendulum. Should the sign-|
change of one or the otlier of the quantities
¢ and n, the sign of the moment will then
change simultanecusly. - With the armature
windings ¢® and f° continuously connected,
the term --¢ni then expresses the magnitude
and sign of the moment. Are, on the other
hand, the armature windings ¢° and f° oppo--
sitely connected, the moment exercised on
the auxiliary pendulum, will reversely be ex-
pressed as to magnitude and sign by —ond,
which will be readily understood. With re-
gard to the manner of connection of the
armature winding, the moment, exercised by
the inductor a° f2 on the auxiliary pendulum,-

10

15

will therefore be ezpresusd by =+eni. The
components of the aceeleration p falling in
the direction of the axis of.oscillation, that is
in the direction of the U-axis, do evidently
not at all eome under consideration for the
movement of the auxiliary pendulum F2
Even the component falling in the direction
of the Z-axis may be neglected, as the de-
flections ¢ Fig. 7 of the auxiliary pendulnm
on account of the supposed considerable
damping, may be considered as small and
censequently the factor g, of the Z compo-
nent of p comprising the factor will generate
2 moment as regards the axis of the auxil-
jary pendulum which moment contains the
small quantity 9, sin. ¢ of the second order.
The componeat falling in the direction of
the V-axis need therefore only be taken into
the reckoning, namely

Pye= = P COS. f COS, e = 4, €08, f cos. v sin. A

For the movements of the auxiliary pen-
dulum F? is consequently obtained by using
for instance the principle of d’Alembert, the
differential equation

-

' %—f- + k‘(zi—stb + G5, dFeni= ~ %‘3 coa. BGys, cos. siﬁ. A

in which () is the moment of inertia, re-
duced to the axis of the auxiliary pendulum,
of all the oscillating parts of the revolving
disk system D E, that means of the parts
ED:D @ d¢ F Bt F2; k the factor of dam-
- ping, G* the weight of the parts ¥ ¥* F? and

s, the distance of the center of gravity of

a) %9
B

55

2 1
+(7c +“% %52"’ + 08, ¢= _% cos. G,

the parts F F* F* from the 2xis of the aux-

‘iliary pendulam.

1f the value of ¢ given in the equation (11)
is inserted in the above differential equation,
the equation will take the following apvear-
ance after several deduetions ' :

cos. &
cos. ¥

sin. (XF7)

The phase displacing-angle i found in the above equation is here given as ..

' too NP

tg.r=-

The solution of the differential equation |
as regards the state of permanence, which |

cos. a

here only will be considered, is as follows

h=—P2 cos. p- Gss,
T b

\
The phase-displacing angle & will be de-
cided through the equation

(=)

Gys — P

If now the condition is selected so that .

Gy, =8 (17)

tg. 3= (16) ;

: .q5=3?3,coé. B Gusy

COS. &

g (kJ,s?@f’)Z cos. ¥
. ¢ :

sin. § sin. (#Fr—8) (15)

k“l‘@f'\ﬁ" cos. 7 !
£ :

-so follows that

1 5=

Wi

which is evident from equation (16). 1In
this ease of synchronism, equation (15) will
be transformed into :

cos. (KF7) (18) -
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b the
. the following value of the angular

a .
a

W= Pe cos. 8-

TL 4k,
Lh e

..

,a]“fz » ' ' J
g == i‘—’{-'ﬂ“‘g COS. & COS. Atif-}fﬁ’ Po
¢ : . ¢ 4

iy we geb from equation (1) with rega

cO08. @

Jifferentiation of the above | velocity w of theauxiliary pendulum Ies will
be obtained

sin. (MFy). (19}

e N
7o C1F COS. T

\ cdd . - L. . . .
shove value 0&75; is inserbed in equation (13) we obtain .

cos. f-O8L 908 Xy i) (20)

on? oos. ¥

,k+

rd to equation (19).

y Lo . i
M, = 24P aos. g USL CO% Xy eFy) (21),
g g O Cos. T
. <

.ow be able to completely evolve

conditions set down by equation (8),

hat the main pendulum retains its '
n. If namely the values; given ot
ion (21).and the value of mn, ob- i

G,s, ‘sin. HFED =Pe cos.

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

2A£i’ cos.
g B

(3s sin. Af -
g f ‘

oNn' Gys, sin. (BFp) (22)

k+9_7_1f o8, 7
c
S QN;Z‘%X cos. #FEe cos, §

it now be evident that the foregoing
will be identically satisfied by’

. Gs '
| Ne= :H'%Gr1 Y (23)
wd G
YA L
4 ‘ &kGls“ 29

o Brst main condition for the equilib-
en in equation (8) will therefore be
1led, when A and N have the values de-
ined by the above equations (23) and
irrespective of what value Wag, and ¢

3 .
In an equally simple manner it can be
sved that the second main condition set
» by equation (9) for maintaining the
snilibriem of the main pendulum has been
fuliilled. 'The quantities corresponding to
tioe quantities N n Ee ¢ and ¢ for the in-

P

Tectors B2 ¢t and @ ¢ will be designated
! Bt et ot and ¢t With regard 1o
ns for Nt nt Er-et and ¢* the same

will hold good as before as to the di-
v tion of the same. The armature wind-

s et and ¢ will furthermore be designated

w5 hevetofore, as similarly or oppositely con-
aected, aceording to how the currents flow in

25 the same ov the opposite direction to each |

generated in the

'y k+€51’b: cO8. v
<

other in the p.rt of the armature winding
lying underneath the upper pole piece of the
magnet stands b* and ¢’ Ia ewise, 8s
everywhere heretofore, when in the follow-
ing ‘equations simultaneously a plus + or

‘minus — sign is given, the upper sign

refer to the first kind and the lower sign to
the second kind of connection of the arma-
ture winding.. While the ship has turned
durirlg the time ¢ from its equilibrium an
angle ¢ in the same direction as the clock
runs, the frame C has also twmned in the
same direction around the axis of the trun-
nion ¢' an angle '

@, =P SiN.
. 1
from its middle position [compare equation

(7)]. An electromotoric force will then be
inductor 1% ¢* of

| =N

or

B = — N/ @A sin. « cos. i

Simultaneously will be generated in the
i Tnetor ¢® ©° an electromotoric foree
A
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15

50

65

80

65

70



Farthermorve will be f

kump.uur“ “qmtma (25)
» shall find that unumf}ﬂ \11‘ dlso 3
\;&HV w J}l fm ¢ as regards the
by ( a+f}0°) ,COm- |

3 ,,xgz;ztlltxx msiu

w0
s

(rl 8,7 sin. (

2; 003s cos. [ sin. M-

o
o

When consequently A

Ty
foid
3
S

£53
e

liary pendulum F? therein that

o

ar position of ifs axis of revelution

vibed by 12\43 sngle (0--90°) instead
z; it will be evident, that equations (18)
1 (1), which deie”rnme the deflection
! angular velocity of the auxiliary
wiﬂ alse do for the deflection

N

ad’

df

ixitiary pendudum J, when (¢-F90°)
'.tn(ml for =, regard being taken to

consequently have

SITL. ¢

Ceosc (AT (28)

S in, QT (@)

en'? cos. 7

)—arnﬂo " will then he | with cquation (17} that the condition of
 with equation (14)

svnehronism has been fulfilled.

[eey, *(28)

i must wlhho be perceived that equation
200 with U same divection will do for my
when o is sobstituted by (a-907%) so that
the cquation witl he:

PG A PP _— e
cos. fi cstn, (AF7) (29)

1.0 en'? cos.

i

{
L

L ddon g given I equation (29) s inserted
ik equation «(9), expressing the second and
Couin eondition Jor the nmintaining of the
i cquilibrine of the mam peodalum the fol-

Howing equation will he obtained i the whole
1 equaiion is divided by — sin. a:

T .

} I the ubove value of M, and the expres-
i

en’ L. cos. ;"

W L e ! s I oA

), LoNnT G sin. (A7

TP G, i Nnt bays, s 1. (A I/
g g COS. 7

{

tion Whi ‘1( orresp onds in inrp‘ Cvatiues defermined by equations (30) and
L be 1<z“n‘1<"s'lv sk

(31). the secend main condiion for ibe
matniennner of the vertical equilibrinm of
the main pendalugy given by equation (9)
hins been fuifitied, and ;.uspm(\\.'u of whai
the wvalues of 1 829, and ¢ have. 'The
preseevation of the equilibeinm of the main
pendulum  depends  consequenily  neither
on the positton of ihe spspension poinl
m, denoled by ¢ and § Fig. 5. nor on

o
i

and N* have the | the angular position of the gun turret de-
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noted by the angle «; nor, on the amount of
the rolling motion denoted by ¢, (if g, only
lies below the above given limits of about
10°). As it furthermore does not depend on
the magnitude of ¢ and ¢’, the equilibrium
of the main pendulum will be maintained,
when ¢ and ¢ is permitted to be of infinite
magnitude; that means, as regards the main-
tenance of the equilibrinm of the main

pendulum, that it is indifferent whether the

circuits a® f* N p* and ¢* 4° #* N* are open of
closed. As equations (23) and (30) show,
it is furthermore of no consequence whether
the armature windings ¢° and f® as-well as
¢t and ¢ are connécted similarly or oppo-

sitely, as long-as the signs of N and.n, as

well as N* and o' have been correctly se-
lected. - Of the greatest importance.is, ﬁow-
ever, (1). that the two conditions of syn-
chronism determined by equations (17) and
(28) ave 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, appearsto

“he situsted behind the axis of oscillation of

”ﬁ“ g . ) - Cw [
f= o T ~9i&§l-;; Pe o3, B cos. a (sin. M Pe

T - one
Sp+ 9

Tf in secordence with the aquation {5) re-
gard is taken that :

Do=lpolt
and in accordance with equation (28)
e ~ ’
N_ :si,'{:fi
W Gy
and in aceordance with equation (24)
' t
ALY
Gy,
- if we write
[y
tg. w24 (32)
238, cos 8
7o
and N : .
' AJ.‘{%&?’,;. Gusy W e0s. [ 34y
2 # . e
¢ p g cos
g‘ f

80

85

the equation for ¢ will be transformed into
1= A, cos. a sin. (+e) ‘
- Similarly will be found that

-

— A, sin. a sin. (+e’)  (34)

1,088,370

the revolving disk frame; that the right-
land 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
kinefic moment of each separate revolving
disk takes the value determitied by equations
(24) ‘and_(3L) ‘respectively; and (4) that
the quantities N and n as well as N* and »*

| will satisfy equations: (23) or (30) respec-

tively.  As the equilibrium of the main pen-

" Gulum will also be maintained when the cir-

cuit a® f* N p* and ¢* # N* #* are open, that
means. that the inductors ¢* a° f* o, b* ¢*
and &% 4 are idle, the arrangement of the in-
-dactors can naturally be entirely neglected,
‘a5 long as regard has been taken therefo that

“the main ‘pendulum in.itself maintaiif¥ its

vertical equilibrium. In this case the fondi-
tions” of ;1 .2:and -8 alone will come iu
‘qitestion e ’

LI ;f,((z)r;n‘ in“equation (11) is ingerted the

'valu.e‘:agfdétermiped by equation (19), the

follqwing is obtained after several transfor-
mations of the equation:

N, ik

% cos. it)
n% cos. fGs8, - ‘

wherein ¢ will be determined, in accordance
with equation (32); by the equation
. L
tg. & =— 24 -
' A~ G,’s, cos. B
g
and A’ in accordance with equation (33)
will be determined by equation:

o NG GYsy’ 1 cos. g
g" Gs %’ “(:7_02 g cOs. e’

The currents'i and i* serve to_excite the
enerators P p* and R 7. As hag already
een said the motor T fed by the generator

R 7 must always steer the part -of the uni-.
¢versal bearing of the platform correspond-
ing to the frame C, so that said part always
turns the same angle as the frame C (around
the axis of the trunnions ¢*) 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 # will
be called E. Ags the exciting cyrrent 4 of
the generator R #* in accordance with equa-
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s Furthermore & will
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another phase- ﬂmpz@nmnmh than ' as re-

gards the OQUHTMO’;} of
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cordance with equation (0:) We Ay conge-

quently write

=B, sin. e gin.

Herein B stax de for 2 constan
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tion of the magnetic
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field pes
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mains always at rest, as. the diseus
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\olvl g disk system G H remains ouf of
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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, tie vectors: of which
essentially fall in the directions of the axes
of said universal bearing, and means for

automsatically imparting o said frames sn

© oscillating movement in synchronism with

10

25

30

35

the oscillation of said body from which the

pendulum is suspended.

5. A device for maintsining the equi-
librinm of & 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 e“:@mprising an oscillat-

ing frame mounted cn said main pendulum
and a revelving disk ‘mounted to rotate n
said frame; said revolving disk systems be-
ing adapted to influence sa1d main pendulum
and to generate moments, the vectors of
which essentially

- .

iary pedulums mounted on the main pendu-
lnm, the sxes of said auxiliary pen ulums
e axes of

ressectivsly being parallel with t
said universal bearing when said oscillating
body is in its middle position, and damping
arrangements for said auxiliary endulums,
the length of the auxiliary pendu]{u'ms 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.

6. A device for maintaining the equi-

. Yibrium of a main pendulum suspended from

40

50

‘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
guxiliary ~ pendulum, means establishing
positive connection between said auxiliary
pendulum and said frame, said auxiliary
pendulum having a- length so determined
that the period of its free vibration is essen-
tially the same as that of the oscilldtion of
said body. from which the main pendulum

is suspended, an inductor actuated by means |

of the movement of said auxiliary pendulum
to genmerate an electromeétoric force being
proportionate to the angular velocity of the

fall in the directions of the
axes of said universul bearing, two auxil-.

two revolving disk

the auxiliary  pendulums being

‘the; main

1,088,370

suxiliary pendulum, another inductor ac-
tuated by means of the movement of the
main pendulum relative to its ‘bearing to
generate an electromotoric force, proportiorn-
ate to the angular velocity of said move-
ment, and an electric circuit connecting said
inductoxs.

7. A device for maintaining the equi-

Jibrium of a main pendulum suspended from

an ' oscillating b

said device having a
universal bearing

?
gor said main péndulum,
systems independent
of each other and each comprising an oseil-
lating frame
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 essentiadly fall in the directions of

the axes of said universsl bearing, two aux-
iliary pendulums mounted on the

main “lpe;a-'
dulum, the axes of said auxiliary pendulums
respectively being parallel with the axes of
said universal bearing when said oscillatin,
body is-in its middle position, the length o
" g0 deter-
mined that.the Y‘?l'i‘)d of their free vibra-
tions is essentially the same as that of the
oscillation of said body from which the main
penidulum is suspended, two psirs of in-
dugtors, each pair comgri‘sing an inductor,
acthated by means of the mowement of ‘one
of kaid auxiliary pendulums to generate an
elegtromotoric force 1;‘n'opot'tiona!‘.e to the dn-
gulpr velocity of the auxiliary endulum
apgertaining thereto and a gecon inductor
actiated by means of the relative “urning of
endulum around that axis of said
universal Ii»_earing which is parallel with the
axis of the auxiliary pendulvm actuating
said first-named - inductor . to gcnerate an
electromotoric force, proportionato to the an-
gular velocity of said relative turning, 'and
electric circults connecting the inductors of
ach pair of inductors. = . ‘
The foregoing specification signed at Bar-

men, Germany, this 12th day of February,

1912.
WILHELM LUYKEN. [rs]

In presence of—
Herex NU¥FER,
Axreerr F. NUFER.

mounted on said pendulum and-
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