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The present invention is related to an anti-aircraft
weapon carriage or carrier, that is a vehicle, generally a
track laying or endless track vehicle, which carries an
anti-aircraft weapon, generally an automatic A.A. gun,
which is mounted for elevation in a turret, which is
mounted for rotation in traverse upon the mobile chassis
of the vehicle. An anti-aircraft carriage of the type
concerned is also provided with a complete fire control
system for the weapon, comprising a radar sight for de-
termining the position and the velocity in a spheric co-
ordinate system for a target to be fired at and also a fire
control computer adapted to compute from the target
data determined by the radar sight the point of aim, upon
which the weapon is to be laid to fire at the target. In
a modern anti-aircraft carrier of this type the fire control
must be completely automatic, which means that the radar
sight is in a manner known per se provided with means
for automatic target tracking, that is the radar antenna
is laid in elevation and in transverse by servomotors,
which are controlled by error signals received from the
radar sight and representing the deviations between the
true direction in elevation and in traverse respectively
to the target and the actual direction in elevation and
traverse respectively of the antenna so that the antenna
is automatically brought to track the target. In the
same way the range measuring unit of the radar sight
is operated. by a servomotor, which is controlled by an
error signal produced by the radar sight representing the
difference between the true slanting range to the target
and the actual range, to which the range measuring unit
is momentarily adjusted, so that the radar sight will track
the target automatically also in range. . Further the
weapon is elevated in the turret of the carriage by a
servomotor, which is controlled by an error signal pro-
duced by the fire control computer and representing
the deviation between the elevation angle to the computed
point of aim and the actual elevation angle of the weapon,
whereas the weapon is laid in traverse by a servomotor
rotating the turret, which servomotor is also controlled
by an error signal produced by the fire control computer
and representing the deviation between the azimuth angle
to the computed point of aim and the actual angular
azimuth position of the turret, that is of the weapon.

In an anti-aircraft carrier of the type defined above
considerable difficulties arise however with respect to the
design of the fire control system. These difficulties are
primarily due to the fact that the radar antenna must
be mounted upon the turret to obtain a free field of
sight and to permit a rotation of the turret through 360°.
Consequently the antenna can be positioned in elevation
and in azimuth only with respect to the turret, and in
principle the radar sight can therefore determine the
azimuth angle and the elevation angle to the target and
the azimuth angular velocity and the elevation angular
velocity of the target only with respect. to the turret of
the anti-aircraft carriage. The turret is however rotated
about a vertical axis, when the weapon is laid in traverse,
and furthermore the complete carriage will move with
respect to the ground in an undefined manner in its
suspension system under the influence from the forces
created by the rotation of the turret, the elevation of the
‘weapon and the firing of the weapon. Consequently, the
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radar sight can not primarily determine the azimuth

.angular velocity and the elevation angular velocity of

the target accurately with respect to the ground, which
data, however, the fire control computer requires in order
to calculate the point of aim. The rotation of the turret,
wher} the weapon is laid in traverse, and also the sus-
pension movements of the complete carriage with re-
spect to the ground constitute furthermore very serious
disturbances for the automatic target tracking of the
radar antenna and these disturbances must be eliminated.
'_I‘he error signals, which are generated by the target track-
ing equipment of the radar sight and which are used as
g:ontrol ‘signals for the servomotors laying the antenna
in elevation and in traverse, contain, however, a sub-
stantial amount of radar noise, wherefore it is not possible
to give these signals a sufficient amplification and use
them in sufficiently rapid servo loops so as to obtain an
elimination of the disturbances caused by the rotation
of the turret and the suspension movements of the carrier.
Due to this also the automatic target tracking of the
radar antenna will be unsatisfactory or made impossible.
An additional difficulty is caused by the fact that the
weapon is laid in traverse by rotation of the turret with
respect to the chassis of the carriage, whereas the azimuth
angle to the target can primarily be determined by the
radar sight only with respect to the turret and not with
respect to the chassis of the carriage. There is also
the additional requirement that a fire control system in
an anti-aircraft carriage of the type defined must have
the smallest possible weight and require the smallest
possible space.

The main object of the present invention is therefore
to provide for an anti-aircraft carrier of the type herein
referred to as-a fire control system having such a design,
particularly with respect to the controlled laying of the
radar antenna and the controlled rotation of the turret
and the controlled elevation of the weapon, that the above-
mentioned problems are satisfactorily solved with a sim-
ple design of.the fire control system.

The anti-aircraft weapon carrier according to the in-

vention-is characterized in that it comprises means for
determining the traverse angular velocity of the radar
antenna relative to the ground and for generating a signal
proportional thereto, which is fed back to the servomotor
laying the antenna in traverse relative to the turret, and
that the fire control computer is adapted to compute a
quantity representing the deviation between the traverse
angle between the direction to the target and the direction
to the computed point of aim and the traverse angle be-
tween the antenna direction and the direction of the
weapon, that is the traverse angle of the radar
antenna relative to the turret, and to produce a signal
proportional to said quantity, which signal is applied as
a control signal to the servomotor rotating the turret.
By feeding back a signal proportional to the traverse
angular velocity of the antenna relative to the ground to
the servomotor laying the antenna in traverse relative to
the turret it becomes possible to determine the traverse
angular velocity of the target relative to the ground
accurately and simuitaneously an elimination of those
disturbances in the target tracking, which are caused by
a rotation of the turret and the suspension movements of
the carriage, is achieved, so that these disturbances do not
have to be eliminated by the aid of the error signal from
the target tracking equipment of the radar sight. Con-
sequently, the laying and the position of the antenna in
traverse relative to the ground will be completely inde-
pendent of the rotation of the turret and the suspension
movements of the carriage.

The means for determining the traverse angular velocity
of the antenna relative to the ground consist preferably
of a first tachogenerator coupled to the traverse laying
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shaft of the antenna, a second tachogenerator coupled to
the rotation shaft of the turret and an angular velocity
responsive gyro mounted in the chassis of the carriage so
as to respond to the angular velocity of the chassis about
an axis parallel to the axis of rotation of the turret. The
sum of the signals from said two tachogenerators and the
angular velocity responsive gyro will obviously represent
the traverse angular velocity of the antenna relative to
the ground.

The control signal for the servomotor rotating the turret
is preferably produced in the following way. The fire
control computer is adapted to compute two quantities
and produce alternating voltages proportional thereto,
representing the sine and cosine values respectively of the
traverse angle between the direction to the target and the
direction to the point of aim, said two alternating volt-
ages being supplied to the two output windings of an elec-
trical resolver, which is coupled to the traverse laying
shaft of the antenna, whereby the voltage from an output
winding of the resolver will constitute the required control
voltage for a servomotor rotating the turret.

The system for laying the antenna and the weapon
respectively in elevation is in principle designed in the
same way and comprises means for determining the ele-
vation angular velocity of the antenna relative to the
ground and for generating a signal proportional thereto,
which is fed back to the servomotor laying the antenna
in elevation relative to the turret, the fire control com-
puter being adapted to compute a quantity and produce a
signal proportional thereto, representing the deviation be-
tween the elevation angle to the point of aim and the
elevation angle of the weapon, said signal being supplied
as a control signal to the servomotor elevating the weapon.
The means for determining the elevation angular velocity
of the autenna relative to the ground consist preferably
of a tachogenerator coupled to the elevation shaft of the
antenna and an angular velocity responsive gyro mounted
on a traversing but not elevating part of the antenna so
as to respond to the angular velocity of the carriage in a
plane through the traverse laying axis of the antenna and
the antenna direction. The sum of the signals from the
tachogenerator and the angular velocity responsive gyro
will obviously represent the elevation angular velocity of
the antenna relative to the ground and by feeding these
signals back to the servemotor for the elevation of the
antenna it becomes possible to determine the elevation
angular velocity of the target relative to the ground accu-
rately and furthermore the laying and the position of the
antenna in elevation relative to the ground will become
independent of the suspension movements of the carriage,
so that the duration error signal from the automatic target
tracking equipment of the radar sight does not have to
be used for eliminating the disturbances in the elevation
of the antenna caused by the suspension movements of
the carriage. Preferably the fire control computer is
adapted to compute two quantities and produce alternating
voltages proportional thereto, representing the sine and
cosine values respectively of the elevation angle to the
point of aim, said two alternating voltages being supplied
to the two input windings of an electric resolver, which
is coupled to the elevation shaft of the weapon, whereby
the voltage from an output winding of the resolver will
constitute the required control voltage for the servomotor
elevating the weapon.

In order to further improve the target tracking of the
antenna and to make it possible to derive signals repre-
senting the traverse angular velocity and the elevation
angular velocity respectively of the target relative to the
ground directly from the servo loops of the antenna, it is
preferable that the servo-ciruits for the servomotors lay-
ing the antenna in traverse and in elevation respectively
are so designed that to each servomotor are supplied, in
addition to the regenerative feedback signal representing
the angular velocity of the antenna relative to the ground
in the corresponding coordinate direction, also the error
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signal generated by the automatic target tracking equip-
ment of the radar sight for said coordinate together with
the output signal from an integrator, which is supplied
with said error signal from the target tracking equipment
of the radar sight and a signal from the fire contrcl com-
puter representing a value for the angular acceleration of
the target in said coordinate direction as computed by
the computer from the data determined by the radar
sight regarding the position and the velocity of the target
and with a predetermined assumption regarding the future
movement of the target. The output signal from the
integrator will then constitute an accurate value upon the
angular velocity of the target relative to the ground in
the associated coordinate direction and this signal can
consequently be tapped and used as an input quantity
for the fire control computer.

In the following the invention and its mode of oper-
ation will be further described with reference to the ac-
companying drawing, in which

FIG. 1 shows schematically and by way of example
an anti-aircraft weapon carriage provided with a fire
control system according to the invention,

FIG. 2 is a block diagram of the components in the fire
control computer essential to the invention and of the
servo-circuits for the positioning of the antenna, the
elevation of the weapon and the rotation of the turret,
and

FIG. 3 illustrates the basic geometric relations for the
calculation of the point of aim.

The anti-aircraft carriage or carrier shown schematical-
ly in FIG. 1 comprises a chassis 1, which is mobile, as
indicated schematically in the drawing by wheels 2.
Normally, however, the carriage is a track laying ve-
kicle. The chassis is in any conventional way, not shown
in the drawing, connected to the wheels or the endless
tracks through a suspension system. A turret 3 is mount-
ed on the chassis 1 so as to be rotatable relative to the
chassis 1 about a vertical axis. The turret can be rotated
by a servomotor MT. An anti-aircraft weapon V, gen-
erally an automatic A.A. gun, is mounted for elevation
in the turret 3. The gun can be elevated by a servomo-
tor MV. Further the carrier is provided with a radar sta-
tion R for transmitting and receiving radar signals through
a radar antenna A. The antenna is mounted upon the
turret 3 and can be positioned in traverse relative to
the turret about an axis parallel with the axis of rotation
of the turret by a servomotor MS and positioned in eleva-
tion relative to the turret about an axis perpendicular
to the traverse positioning axis and the antenna direction
by a servomotor MH. The radar station R is in any con-
ventional way provided with an equipment for automatic
target tracking, which produces consequently a first error
signal e representing the traverse angular deviation be-
tween the true direction to the target and the antenna
direction, and a second error signal e, representing the
elevation angular deviation between the true direction to
the target and the antenna direction. The target track-
ing system is also, as normal, designed for automatic
range tracking in that the range measuring unit of the ra-
dar station is operated by a servomotor, which is con-
trolled by an error signal produced by the radar station
and representing the deviation between the true slanting
range to the target and the slanting range momentarily
set in the range measuring unit. Signals representing the
slanting range Al; to the target and the radial velocity
Al of the target can consequently be derived by means
of potentiometers and tachogenerators coupled to the
servomotor operating the range measuring unit. These
signals are supplied as input data to a fire control com-
puter E mounted in the carriage. As the fire control
computer consists of an electric analog computer, as will
be further explained in the following, in which the arith-
metic operations are carried out by potentiometers and
electric resolvers, which are to be set in accordance with
the values of the input quantities or with predetermined
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functions of the input quantities, the value of the slanting
range Al; to the target determined by the radar station
R is preferably supplied to the fire control computer
through mechanical connections between those potentiom-
eters in the fire control computer, which are to be set in
accordance with the value of the slanting range Al; or
with certain functions of the slanting range, and the servo-
motor operating the range measuring unit of the radar
station. '

The servomotor MS for the traverse laying of the an-
tenna A is supplied with a control signal from an adder
circuit 4. To the adder circuit 4 are supplied on the one
hand the error signal ¢ from the target tracking equip-
ment of the radar station R and on the other hand the
output signal from an integrator IS as control signals
for the servomotor MS. To the adder circuit 4 are fur-
ther supplied a first signal from a tachogenerator T1 cou-
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pled to the traverse positioning shaft of the antenna, a .

second signal from a second tachogenerator T2 coupled
to the positioning shaft of the turret 3 and a third signal
derived from an angular velocity responsive gyro G1
mounted in the chassis 1 of the carriage so as to be re-
sponsive to the angular velocity of the chassis about a
vertical axis. These signals from the tachogenerators
and the gyro are supplied to the adder circuit 4 as regen-
erative feedback signals for the servomotor MS. The
signal -from the tachogenerator T1 will represent the
traverse angular velocity $v, of the antenna relative to
the turret 3, while the signal from the tachogenerator T2
will represent the traverse angular velocity $v; of the tur-
ret 3 relative to the chassis 1 and the signal from the gyro
will represent the traverse angular velocity of the chassis
1 §v, relative to the ground. The sum of these signals
will consequently represent the traverse angular velocity
of the antenna A relative to the ground. To the integra-
tor IS are supplied on the one hand the error signal e
from the target tracking equipment of the radar station
R and on the other hand from the fire control computer
E a signal proportional to a value for the traverse angular
acceleration §v, of the target calculated by the fire con-
trol computer from the data regarding the position and
the velocity of the target determined by the radar sight
and a certain assumption regarding the future movement
of the target, for instance that the target will continue to
move in-a straight course with constant velocity. If the
error signal e; from the target tracking equipment of the
radar station is zero and the signal sv; from the fire
control computer E is also zero, that is the antenna A is
positioned correctly in traverse towards a target, which
is stationary or moving in a straight course towards or
away from the antenna, the servomotor MS will obviously
endeavour to rotate the antenna in traverse in such a way
that the sum of the three regenerative feedback signals
§vg, vy and §v, becomes zero, that is so that the tra-
verse angular velocity of the antenna relative to the
ground becomes zero. The antenna will consequently be
maintained stationary relative to the ground and directed
towards the target independent of any rotation of the
turret 3 or movement of the chassis 1, and without the
error signal e, from the target tracking equipment of the
radar station R having to assist in the control of the an-
tenna. If it is assumed, on the other hand, that the error
signal e; from the radar station is still zero but that the
traverse angular acceleration sv; of the target as cal-
culated by the fire control computer is separated from
zero, it is apparent that the servomotor MS will try to
impart to the antenna a tranverse angular velocity rela-
tive to the ground corresponding to the calculated tra-
verse angular acceleration §v;. Consequently, the servo-
motor MS will rotate the antenna A to track the target
in traverse, so long as the target is moving in the man-
ner assumed by the fire control computer when calculat-
ing the traverse angular acceleration §Vv, of the target,
that is, for instance, so long as the target is moving in a
straight course with a constant speed, and no error sig-
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nal e from the target tracking equipment of the radar
station has to be used for this control of the antenna.
Consequently it is not necessary to make use of this
error signal except for those corrections of the traverse
positioning of the antenna, which will be necessary for
a farget not moving in the assumed manner that is for
instance moving in a curved course, or with a varying
velocity in its course, and for the compensation of any
inaccuracies in the other control circuits for the laying
of the antenna in traverse. The servo-loop for the servo-
motor MS containing the target tracking equipment of
the radar station can consequently have a low amplifica-
tion factor and be so slow that the radar noise in the
error signal e, does not have any detrimental effect.

It is particularly important that the input quantity for
the fire control computer E representing the traverse an-
gular velocity $v; of the target relative to the ground is
filtered with respect to the radar noise. The signal being
in this respect the best representation of the traverse an-
gular velocity §v; is the output signal from the integrator
IS. The transfer function from the radar noise, ex-
pressed as a traverse angular velocity, to the output of the
integrator IS is ‘

1
1+ T+ T3s°

where s is the Laplace operator and T; and T, are
time constants for the slow control loop for the error
signal ;. It is also understood that the output signal from
the integrator IS will constitute an accurate value for
the traverse angular velocity of the antenna and thus also
for the traverse angular velocity $v; of the target, so long
as the target is moving in the manner assumed by the
fire control computer. This signal is, therefore, supplied
to the fire control computer E as an input quantity.

It would of course also be possible to obtain a sig-
nal proportional to the traverse angular velocity of the
antenna to be fed back to the servomotor MS by means
of an angular velocity responsive gyro so mounted on a
traversing part of the antenna as to respond to the tra-
verse angular velocity of the antenna. In certain cases,
however, the antenna has a considerable traverse an-
gular velocity, wherefore it would be necessary to di-
mension such a gyro for a very large measuring range
with the result that the gyro would become insensitive
and inaccurate for small angular velocities. With the
preferred system according to the invention, however,
the tachogenerators T1 and T2, preferably consisting of
direct voltage tachogenerators, can be given a large ac-
curacy, and the angular velocity responsive gyro G1 can
be dimensioned for the comparatively small traverse an-
gular velocities of the chassis 1, wherefore this gyro be-
comes accurate also for very small angular velocities.
Due to its suspension the chassis 1 is also well damped
for low frequent movements, wherefore the signals from
the gyro Gi is preferably supplied to the adder circuit
4 through a high pass filter, preventing that any unbal-
ance of the gyro G1 will affect the control of the servo-
motor MS.

The value of the traverse angle sv, of the anfenna
with respect to the turret, that is the traverse angle of the
target with respect to the weapon, is transferred to the
fire control computer E through mechanical connections
between those potentiometers and resolvers in the fire
control computer, which are to be set in agreement with
the value of this traverse angle sv, or certain functions
of this traverse angle, and the traverse positioning shaft
of the antenna, as indicates in the drawing by a dash-
dotted line.

The control circuit for the servomotor MH laying the
antenna in elevation is designed fundamentally in the
same way as the control circuit for the servomotor MS
laying the antenna in traverse. The servomotor MH is
consequently recejving its control signal from an adder
circuit 5, to which are supplied on the one hand the error
signal e, from the target tracking equipment of the radar
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station R and on the other hand the output signal from an
integrator IH as control signals for the servomotor. To
the adder circuit 5 are further supplied a first signal from a
tachogenerator T3 coupled to the elevation positioning
shaft of the antenna and a second signal from an angular
velocity responsive gyro G2 so mounted on a traversing
but not elevating part of the antenna as to be responsive
to the angular velocity in a plane through the traversing
axis and the direction of the antenna. The signals from
the tachogenerator T3 and the gyro G2 are supplied to
the adder circuit 5 as regenerative feedback signals for
the servomotor MH. The signal from the tachogenera-
tor T3 will represent the elevation angular velocity #v,
of the antenna with respect to the carriage, whereas the
signal from the gyro G2 will represent the elevation
angular velocity Jiv, of the carriage with respect to the
ground. The sum of these two signals represents conse-
quently the elevation angular velocity of the antenna with
respect to the ground. To the integrator IH are sup-
plied on the one hand the error signal e, from the target
tracking equipment of the radar station and on the other
hand a signal from the fire control computer E propor-
tional to a value upon the elevation angular acceleration
Iiv, of the target calculated by the fire control computer
E with a certain assumption regarding the future move-
ment of the target. The servo circuits will operate in
the same way as the servo-circuits for the traverse lay-
ing of the antenna, that is the two regenerative feedback
signals 7iv, and 7iv, provide that the antenna is main-
tained directed towards the target in elevation independ-
ently of the movement of the carriage and without any
assistance of the error signal e, from the target tracking
equipment, whereas the signal 7iv; from the fire control
computer E provides that the antenna A is brought
to follow the target in elevation without any assistance
from the error signal e, so long as the target is moving
in the assumed manner, for instance in a straight course
with a constant velocity. Also in this case the gyro G2
and the tachogenerator T3 could be substituted by an
angular velocity responsive gyro mounted on the elevat-
ing part of the antenna, in which case however it would
be necessary to dimension this gyro for a large measur-
ing range, whereby the gyro would become correspond-
ingly less sensitive and less accurate for small angular
velocities. Also the signal from the gyro G2 is pref-
erably supplied to the adder circuit 5 through a high-
pass filter eliminating any unbalance in the gyro.

The output signal from the integrator IH will conse-
quently constitute an accurate and with respect to radar
disturbances filtered value of the elevation angular veloc-
ity fiv; of the antenna, that is of the target, with respect
to the ground and this signal is supplied to the fire con-
trol computer E as an input quantity. The elevation
angle of the antenna and thus the elevation angle Av;
to the target is transferred to the fire control computer
through mechanical connections between those poten-
tiometers and resolvers in the fire control computer,
which are to be set in accordance with the elevation
angle hv, to the target, and the elevation positioning
shaft of the antenna, as indicated in the drawing by a
dash-dotted line.

As will be further described in the following the fire
control computer E is adapted to calculate the point of
aim, towards which the weapon V is to be directed to
fire at the target, from the data supplied from the radar
sight and the antenna servos regarding the traverse angle
sv,, the elevation angle v, and the slanting range Al
to the target and the traverse angular velocity $vq, the
elevation angular velocity %iv; and the radial velocity Al
of the target. More precisely, the fire control computer
is adapted to calculate the traverse angle sv,; between
the direction to the point of aim and the direction to
the target, that is the so-called traverse lead angle, and
to produce a signal proportional to this traverse angle.
This signal is supplied from the fire control computer
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E to a resolver R1 coupled to the traverse positioning
shaft of the antenna, in which resolver the required tra-
verse angle svi; between the direction to the target,
that is the antenna direction, and the direction to the
point of aim, that is the traverse direction of the weapon
or the turret, is compared with the actual traverse angle
sv, between the antenna and the turret, that is the weapon
V. From the resolver R1 an error signal e, is obtained,
which represents consequently the deviation between the
traverse angle between the target direction and the di-
rection to the point of aim and the existing traverse
angle between the weapon, that is the turret, and the
target direction, that is the antenna direction. This error
signal is connected as a control signal to the servomotor
MT rotating the turret-3, that is laying the weapon V in
traverse. This servometer will consequently endeavour
to rotate the turret 3 and thus lay the weapon V in tra-
verse, until the weapon is directed in traverse towards
the calculated point-of aim. In the same way the fire
control computer E is adapted to calculate the elevation
angle /v, to the point of aim and produce a signal pro-
portional thereto, which is connected to a resolver R2
coupled to the elevation positoning shaft of the weapon
V. In the resolver R2, consequently, the calculated ele-
vation angle hv, to the point of aim is compared with the
actual elevation angle of the weapon so that from the
resolver R2 an error signal e,, is obtained representing
the deviation between the elevation angle Av, to the
point of aim and the actual elevation angle of the weapon.
This error signal is connected as a control signal to the
servomotor MV elevating the weapon and this servo-
motor will consequently try to elevate the weapon V to-
wards the calculated point of -aim.

In FIG. 3, which illustrates schematically the basic geo-
metric relations for the calculation of the point of aim for
the weapon to be carried out by the fire control computer,
P, designates the position of the target and P, the required
point of aim for the weapon whereas O designates the site
of the anti-aircraft carriage. As in the foregoing, hv,
is the elevation angle to the target as determined by the
radar sight, whereas Al; is the slanting range to the tar-
get as determined by the radar sight. The vectors Aly,
§vy and Jiv, represent the radial velocity, the traverse an-
gular velocity and the elevation angular velocity respec-
tively of the target as determined by the radar sight.
Also the traverse angle between the direction to the tar-
get PI; and the direction to the point of aim P,, that is the
so-called lead angle, is designated with svyg, as in the fore-
geing, and the elevation angle to the point of aim with
hv,.  The horizontal range to the target is designated with
Ahy, whereas the slanting range to the point of aim is
designated with Al,, the horizontal range to the point of
aim with Ahs and the vertical height to the point of aim
with Av,. Although, for the sake of simplicity, the
ranges Ak, and Ahy have been called the horizontal ranges
to the target and the point of aim respectively, it is to be
observed that these ranges are not in reality necessarily
lying in a horizontal plane but are lying in a traverse lay-
ing plane of the antenna, that is in a plane through the
chassis of the carriage, which plane is horizontal only
if the carriage is standing on a horizontal surface. As
understood from the foregoing description, the radar sight
is determining the position of the target in a spheric
coordinate system having its origin in the carriage and its
reference plane parallel with the traverse laying plane of
the antenna and its reference direction coinciding with
the direction of the antenna in traverse. This coordinate
system is consequently rotating together with the anten-
na so that the reference direction of the coordinate sys-
tem is always coinciding with the traverse direction to
the target and the position of the point of aim is also
calculated in this coordinate system. The velocity com-
ponents Alj, $v; and Jivy of the target are in any moment
parallel to the coordinate direction in this spheric co-
ordinate system, but their magnitudes are, as understood
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from the foregoing, determined relative to the ground
and not relative to the moving coordinate system, which
is rotating about the traverse laying axis of the antenna
with the traverse angular velocity $v; of the target. In
the following it will be assumed for the sake of simplicity
that the traverse laying plane of the antenna and thus the
reference plane of the spheric coordinate system are hori-
zontal, '

Among the abovementioned quantities, shown in FIG.
3, the elevation angle /v, the slanting range Al; and the
coordinate velocities §vy, 7iv; and Al of the target are
determined by the radar sight and supplied as input
quantities to the fire control computer and the fire control
computer has to calculate from these data the traverse
angle svy; between the target and the point of aim and
the elevation angle hvy to the point of aim.

For the calculation of the lead angle svyy an imaginary
right-angled triangle OCD in the horizontal plane is used
having the horizontal range Ak, to the point of aim P,
as its hypotenuse and one of its smaller sides coinciding
with the horizontal projection of the direction to the tar-
get P;. This right-angled triangle gives

Yy  __ sin sop
Ah1+2}—COS SV12 (1)

For a correct positioning of the weapon V, that is of
the turret 3, in traverse towards the point of aim P,
one has

(2)

where sv,, as in the foregoing, is the traverse angle be-
tween the antenna direction, that is the direction to the
target, and the traverse direction of the turret, that is of
the weapon. For a correct positioning of the turret, that
is of the weapon, in traverse one has consequently

SVa=35V19

¥ cos sva— (Ahy+x) sin sv,=0 (3)

where the left-hand member obviously constitutes a meas-
ure of the deviation between the calculated traverse angle
Svis between the direction to the target and the diréction
to the point of aim and the actual traverse angle sv, be-
tween the turret, that is the weapon and the antenna di-
rection, that is the target direction, wherefore a signal
corresponding to this expression could be used as an error
signal e for the control of the servomotor MT rotating
the turret.
In the above relation 3 one has

Ahy=Al, cos hv; (4)
According to FIG. 3 one has also '
x=Alt cos hv;—AL%vit sin by, (5)

where ¢ is the time of flight of the projectile and conse-
quently the first term is due to the radial velocity of the
target, whereas the second term is due to the elevation
angular velocity of the target. FIG. 3 gives in the same
way with respect to the traverse angular velocity $v; of
thetarget that )
y=Al$vit cos hvy

(6)
The point of aim is consequently calculated with the as-
sumption that the target is moving in a straight course
with constant speed during the time of flight of the pro-
jectile. If the Expressions 4, 5 and 6 are inserted in the
left-hand member in the above Relation 3 which member
represents the error in the traverse laying of the weapon,
the following expression is obtained, after division with
the time of flight 7 of the projectile, for the error signal
esy controlling the servomotor MT rotating the turret,
that is laying the weapon in traverse

sv=Ali{v; cos he; cos sv,

—[(—%—Zl—l-All)cos hvl——Allﬁvl sin hm] sin SVUa (7)

The division with the time of flight ¢ of the projectile is
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made in order to make the error signal less dependent
of the magnitude of the time of flight and in order to
simplify the design of the fire control computer. In
order to make the magnitude of the error signal less de-
pendent of the elevation angle /v, to the target, it can
in certain cases be preferable to divide the expression
with cos iv;.

The elevation angle hv, to the point of aim P, can be
calculated from the right-angled triangle ODP,, which
gives

Av; _sin hoy

Ahz—COS hﬂz (8)
If the actual elevation angle of the weapon V is desig-
nated with hv,,, one obtains consequently for a correct
positioning of the weapon in elevation towards the point
of aim Py, that is when Avgy,=hv,, that

Avy cos hvgy—Ahy sin hvy,=0

)
where obviously the left-hand member is a measure of the
deviation between the elevation angle v, to the point
of aim P, and the actual elevation angle hv,, of the
weapon, wherefore this expression can be used as an
error signal for the control of the servomotor MV laying
the weapon in elevation. The triangle OCD gives also

Ahg=(Ahy+x) cos svio-Fy sin svyy (10)

FIG. 3 gives further
Avy=Aly sin hyy4-AlLt sin hvi+ ALyt cos hvy (11)

where the first term is the vertical height to the target Py,
the second term is the vertical movement of the traget due
to the radial velocity Al of the target and the third term
is the vertical movement of the target due to the elevation
angular velocity fivy of the target. If the Expressions 10
and 11, with the values of Ahy, x and y given by the Ex-

resions 4, 5 and 6, are inserted in the left-hand member
of the Relation 9, which is representing the error signal
eny for the servomotor MV of the weapon, one obtains,
after division with the time of flight ¢ of the projectile,
the following expression for the error quantity ey,

ehv=[(—‘%ﬁ—|— Ah) sin hvx—l-AZJim cos hvl] cos hvy,
Al . .
—_ T—I—All [ee}) hvl—Allhvl Sin h01] COS S¥ 19

-+ Al cos hy; sin 8012} sin hvgy ) (12)'
As already mentioned, the above described calculations
of the point of aim P, and the required error signals
esy and epy have been carried out in a spheric coordinate
system, which is coupled to the anti-aircraft carriage and
has its reference plane coinciding with the plane of the
chassis of the carriage, which of course can be tilted with
respect to the horizontal plane due to the slope of the
ground. To make the calculation in this spheric coordi-
nate system can of course be permitted, as the turret is
rotated in traverse in said plane and the weapon is ele-
vated with respect to said plane. Furthermore, the point
of aim P, has been calculated without any consideration
to the necessary gravity elevation, that is to the curved
trajectory of the projectile, and to the deflection of the
projectile from its course due to the wind. Necessary
corrections for the gravity elevation and the wind can be
obtained by correction signals, which are added in the
fire control computer to the signal representing Ahy and
the error signals ey and ep,. The magnitudes of these
corrections can be determined or calculated in any con-
ventional manner, which will not be described in detail
here, as it is of no fundamental importance for the inven-
tion. When calculating these corrections, due regard
must, however, of course be paid to any tilted attitude of
the carriage relative to the horizontal plane, as the gravi-
ty elevation as well as the wind deflection of the pro-
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jectile is dependent of the angle, with which the projectile
is fired relative to the horizontal plane.

In the above expressions for the error signals e, and
eny 21l quantities except the time of flight ¢ of the pro-
jectile are known. It should be noted that in the expres-
sions for the error signal e, for the laying of the weapon
in elevation the traverse angle sv;, between the direction
to the target and the direction to the point of aim is a
known quantity, as it is presumed that the servomotor
MT rotating the turret maintains the error signal e, zero,
so that svig==sv,, where sv, is the known traverse angle
of the antenna relative to the turret 3.

The time of flight ¢ can be determined from the expres-

sion
Aly=V t-+kyAvy (13)

in which Vy, is the average velocity of the projectile and
the term k,Av, is a measure of the difference between the
slanting range Al, to the point of aim and the length V¢
of the projectile trajectory, which difference is due to the
curvature of the trajectory. It is obvious that this dif-
ference is dependent of the vertical height Av, to the point
of aim, k, being a constant. The average velocity Vp
of the projectile can be expressed as
Vo

“ira (14)
where V, is the known initial velocity of the projectile
and ¢ is a constant dependent of the air density. The
slanting range Al to the point of aim can be determined
from the expression

Aly=Av, sin hvg+Ahy cos kv (15)

in which Av, and Ah, can be obtained from the Rela-
tions 11 and 10 and kv, is equal to the known elevation
angle Avy, of the weapon relative to the turret, provided
that the elevating servomotor MV of the weapon is elevat-
ing the weapon so that the controlling error signal eyy is
zero. The fire control computer comprises a servo circuit
for the time of flight ¢, which circuit comprises a servo-

Vi

motor rotating its shaft in accordance with the actual time -

of flight. Consequently, those potentiometers in the fire
control computer, which are to be set in accordance with
the time of flight, can be coupled to the shaft of said
servomotor. This servomotor requires a control sig-
nal e, which represents the deviation between the correct
calculated time of flight and the time of flight represented
by the rotation of the servomotor and which consequently
becomes zero, when the servomotor has been rotated
through an angle correctly corresponding to the calcu-
Jated time of flight. From the above Relation 13 the fol-
lowing expression can be obtained for this error signal e

Aly—Vpt—kyAvy (16)

If the Relations 14 and 15 are inserted in the above Ex-
pression 16 and the expression is divided with the time
of flight ¢, the following expression is obtained for the
error signal e;

__Aw; sin ko, + Ahy cos lwz__ Vo  kido,
€= t I+a¢ ¢ (7

In FIG. 2 the dash-dotted frame I is enclosing those
parts of the fire control computer, which are used for
the calculation of the two error signals e, and e, for the
traversing servomotor MT for the turret 3 and the ele-
vating servomotor MV for the weapon V respectively.
As already mentioned, the fire control computer consists
of an electric analogue computer, which is supplied at the
terminals 6 and 7 with a constant reference alternating
voltage, assumed, for the sake of simplicity, to have the
amplitude value 1. The reference voltage supplied to the
terminal 6 is connected to a potentiometer P1, which is
coupled to the range servo previously described in such
a way that its potential division corresponds to the slant-
ing range Al; to the target. The voltage from the po-
tentiometer P1 is connected to an additional potentiom-
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eter P2, which is coupled to the above-mentioned time-
of-flight-servo, which will be further described in the fol-
lowing, in such a way that the potential division of the
potentiometer corresponds to 1/¢. The voltage from the
potentiometer P2 is connected to an adder circuit 8 to-
gether with an alternating voltage supplied to the termi-
nal 9 having an amplitude proportional to the radial ve-
locity Al; of the target. The alternating voltage propor-
tional to Al; is obtained from the range servo, for in-
stance from an alternating voltage tachogenerator cou-
pled to the range servomotor. The voltage from the po-
tentiometer P1 is also connected to a potentiometer P3
and a potentiometer P4. The potential division of the
potentiometer P3 corresponds to the traverse angular ve-
Iocity év, of the target, whereas the potential division of
the potentiometer P4 corresponds to the elevation angu-
lar velocity 7iv; of the target. These two potentiometers
are operated by two servomotors in the fire control com-
puter (not shown in the drawing), which servomotors
are controlled by the signals proportional to the traverse
angular velocity §v,; and the elevation angular velocity
Tiv,, respectively supplied to the fire control computer,
as previously described, from the integrators IS and IH
respectively in the servo circuits for the traversing -and
the elevation respectively of the antenna. The voltage
from the potentiometer P3 is connected to an additional
potentiometer PS5, which is coupled to the elevation po-
sitioning shaft of the antenna and has such a characteris-
tic or gearing with respect to the elevation positioning
shaft that its potential division corresponds to cos Avy.
The voltages from the adder circuit 8§ and the potentiom-
eter P4 are connected to the two input windings of an
electric resolver R3, which is coupled to the elevation po-
sitioning shaft of the antenna in such a way that its ro-
tor position corresponds to the elevation angle 4v; to the
target. The one output voltage from the resolver R3 will
consequently correspond to Av,/t according to the Re-
lation 11 given above, whereas the other output voltage
will correspond to
Ahl T
[3 + t (18)
according to the Relations 4 and 5 above.

The latter output voltage and the voltage from the
potentiometer P3, which corresponds to y/t according
to the Relation 6 above, are connected to the input wind-
ings of a resolver R1, which is coupled to the traverse
laying shaft of the antenna so that its rotor has an angular
position corresponding to the traverse angle sv, between
the antenna direction and the direction of the turret 3,
that is of the weapon V. The one output winding of
the resolver R1 will consequently produce a voltage, which
according to the Relations 3 and 7 given above corre-
sponds to the required error signal e, for the servomotor
MT rotating the turret 3 and thus laying the weapon V
in traverse. The servomotor MT will consequently rotate
the turret so that the error signal e, is maintained zero,
that is so that the traverse angle between the direction
of the weapon V and the antenna direction, that is the
direction to the target, corresponds to the calculated lead
angle sv;, between the direction to the target and the
direction to the point of aim.

The second output voltage from the resolver R1 will
correspond to Ahy/t according to the Relation 16 above.
This voltage and the voltage from the resolver R3 corre-
sponding to Avy/t are connected to the input windings
of an electric resolver R2, which is coupled to the elevat-
ing shaft of the weapon, so that its rotor has an angular
position corresponding to the elevation angle svy, of the
weapon relative to the turret. The one output winding
of the resolver R2 produces consequently a voltage, which
according to the Relations 9 and 12 corresponds to the
required error signal ey, for the servomotor MV laying
the weapon V in elevation. This servomotor endeavours
consequently to elevate the weapon V, until the control
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signal ey, becomes zero, that is until the elevation angle
hv,, of the weapon corresponds to the calculated eleva-
tion angle iv, to the point of aim.

The second output voltage from the resolver R2 will
according to the Relation 15 correspond to Aly/t. This
voltage is connected to an adder circuit 10. The voltage
from the one output winding of the resolver R3 corre-
sponding to Av,/¢ is also connected to a potential divider
11 having the potential division k5. The voltage from
the potential divider 11 is consequently kqodvs/t and is
connected to the adder circuit 10. “The reference voltage
supplied to terminal 7 is connected to a potentiometer
P6 having a setting corresponding to the known muzzle
velocity V, of the projectile so that its potential division
corresponds to the muzzle velocity V, of the projectile.
The voltage from the potentiometer P6 is connected to
two potentiometers P7 and P8 connected in series. The
potentiometer P7 is operated by the time-of-flight-servo
so that its effective resistance value corresponds to the
time of flight 7, whereas the potentiometer P8 is set in
relation to the prevailing air demsity so that its effective
resistance value corresponds to 1/¢.” The voltage derived
from the junction between the potentiometer P7 and P8
corresponds consequently, according to the Relation 14
given above, to the average velocity Vi, of the projectile
and this voltage is also connected to the adder circuit
10. The circuit 16 adds the voltages supplied thereto
with the signs indicated in the drawing and the output
voltage from the adder circuit corresponds consequently,
according to the Relation 17 given above, to the required
error voltage e; for the control of the time-of-flight servo-
motor MTS. As the servomotor MTS endeavours to
maintain the error signal e; zero, the shaft of the servo-
motor will assume a rotation angle corresponding to the
calculated time of flight 7. It may be preferable to mul-
tiply the error signal e; with the time of flight z, by means
of the potentiometer operated by the servomotor MTS,
before the error signal is connected as a control signal
o the servomotor MTS.

As already mentioned, the necessary corrections for
the gravity elevation and the wind deflection of the projec-
tile can be made by means of correction voltages, which
are added on the one hand to the voltage corresponding
t0-Ahg/t from the one output winding of the resolver
R1 and on the other hand to the error signals e, and
eny derived from the resolvers R1 and R2 respectively and
connected to the servomotors MT and MV respectively.

The part of FIG. 2 enclosed by the dash-dotted frame
IT shows the servo-circuits for the laying of the antenna
in traverse and in elevation, These servo-circuits are
also shown in FIG. ! and have been described with
reference to this figure. The signals corresponding to
the calculated traverse angular acceleration §v; and the
elevation angular acceleration Av; respectively of the
target, which are required for these servo-circuits, are
obtained from the circuits in the fire control computer,
which are enclosed by the dash-dotted frame III in FIG. 2.

Assuming that the target is moving in a straight course
with a constant velocity, the traverse angular acceleration
§v; of the target is obtained from the expression

v 0w Ali 5. o sin ko
svl—_2slell+2svlhv‘cos o, (19)

and the elevation angular acceleration izvl of the target
from the expression

A.lg .
Al (20)
The circuits within the frame III in the fire control
computer are supplied with a constant reference alternat-
ing voltage on the terminal 12 and with an alternating
voltage having an amplitude proportional to the radial
velocity Al; of the target on the terminal 13. The latter
voltage is derived from the range servo, as previously

hl)lz —-§1)12 sin hm COoSs hv;—2fwl

described. The reference voltage supplied to the termi-
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nal 12 is connected to a potentiometer P9, which is oper-
ated in a manner previously described by a servomotor,
not shown in the drawing, in such a way that its potential
division corresponds to the traverse angular velocity §v,
of the target. The voltage from the potentiometer P9
is connected to the one input winding of a resolver R4,
which is coupled to the elevation positioning shaft of the
antenna in such a way that the angular position of its
rotor corresponds to the elevation angle Av, to the target.
The output voltage from the resolver R4 is connected to
a potentiometer P10, which is also coupled to the eleva-
tion positioning shaft of the antenna and has such a char-
acteristic or such a gearing to the elevation positioning
shaft that its potential division corresponds to cos Av;.
The voltage from the potentiometer P10 is connected to
a potentiometer P11, which is operated in the same way
as the potential division corresponds to the traverse angu-
lar velocity §v, of the target. The voltage from the po-
tentiometer P11 is connected to an adder circuit 14. The
voltage proportional to the radial velocity Al; of the tar-
get supplied to the terminal 13 is connected to a poten-
tiometer P12, which is coupled to the range servo and
so designed that its effective resistance value is propor-
tional to 1/4l. The voltage from the potentiometer
P12 is connected to a potentiometer P13, which is oper-
ated in the manner previously described by a servomotor
in such a way that its potential division corresponds to
the elevation angular velocity 7iv; of the target. The
voltage from the potentiometer 13 is connected to the
adder circuit 14, which adds the two voltages supplied to
the circuit in such proportions and with such polarities-
that the output voltage from the adder circuit corresponds
to the value of the Expression 20 given above for the cal-
culated elevation angular acceleration %v, of the target.
The output alternating voltage from the adder circuit 14
is connected to a demodulator D1 so that a direct voltage
signal is obtained as a control signal for the servo-circuit
for the elevation of the antenna.

The voltage from the resolver R4 is also connected to a
potentiometer P14, which is operated in the same manner
as the potentiometer P13 so that its potential division
corresponds to the elevation angular velocity 7iv; of the
target. The voltage from the potentiometer P14 is con-
nected to a potentiometer P15, which is coupled to the
elevation positioning shaft of the antenna and has such a
characteristic or such a gearing to said shaft that its poten-
tial division corresponds to 1/cos Av;. The voltage from
the potentiometer P15 is connected to an adder circuit 15.
The voltage from the potentiometer P12 is also connected
to a potentiometer P16, which is operated in the same
manner as the potentiometers P9 and Pil so that its po-
tential division corresponds to the traverse angular veloc-
ity vy of the target. The voltage from the potentiom-
eter P16 is also connected to the adder circuit 15, which
adds the two input voltages supplied to the circuit in such
mutual proportions and with such polarities that the out-
put voltage from the circuit corresponds to the Expression
19 given above for the calculated traverse angular accel-
eration §v; of the target. The output alternating voltage
from the adder circuit 15 is connected to a demodulator
D2 so that a direct voltage is obtained as a control volt-
age fo the servo-circuit for the traverse laying of the
antenna. )

I claim:

1. An anti-aircraft weapon carrier comprising, in com-
bination, a mobile chassis; a turret mounted on said
chassis for rotation about a vertical axis; an anti-aircraft
weapon mounted for elevation in said turret; a first servo-
motor for rotating said turret relative to said chassis and
a second servomotor for elevating said weapon relative to
said turret; a fire control system including a radar sight
including a radar antenna layable in traverse and eleva-
tion for determining the position and the velocity of 2
target in a spheric coordinate system and for generating
a first error signal representing the traverse angular devia-
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tion between the antenna direction and the direction to
the target and a second error signal representing the
elevational angular deviation between the antenna direc-
tion and the direction to the target; a fire control computer
supplied from said radar sight with data with respect to
the position and the velocity of the target and arranged
to calculate a point of aim for said weapon for firing at
the target, said radar antenna being mounted on said tur-
ret so as to be layable in traverse and in elevation relative
to said turret; a third servomotor for traversing said an-
tenna relative to said turret; a fourth servomotor for
elevating said antenna relative to said turret, said first
error signal being supplied as a control signal to said
third servomotor and said second error signal being sup-
plied as a control signal to said fourth servomeotor; a first
tachogenerator coupled to said third servomotor; a sec-
ond tachogenerator coupled to said first servomotor; an
angular velocity responsive gyro mounted in said chassis
so as to be responsive to the angular velocity of said
chassis about an axis parallel to the axis of rotation of
said turret, the sum of output signals from said first and
second tachogenerators and said angular velocity semsi-
tive gyro being supplied as a negative feedback signal to
said third servomotor, said fire control computer being
arranged to calculate the traverse angle between the direc-
tion to the target and direction to said point of aim; and
comparison means for comparing said traverse angle
with the traverse angle betwen the antenna direction and
the direction of the weapon and producing a signal repre-
senting the difference between said two traverse angles,
said signal being supplied as a control signal to said first
servomotor.

2. An anti-aircraft weapon carrier, comprising in com-
bination, a mobile chassis; a turret mounted on said
chassis for rotation about a vertical axis; an anti-aircraft
weapon mounted for elevation in said turret; a first
servomotor for rotating said turret relative to said chassis
and a second servomotor for elevating said weapon rela-
tive to said turret; a fire control system comprising a
radar sight including a radar antenna layable in traverse
and in elevation for determining the position and the
velocity of a target in a spheric coordinate system and for
generating a first error signal representing the traverse
angular deviation between the antenna direction and the
direction to the target and a second error signal represent-
ing the elevational angular deviation between the antenna
direction and the direction to the target; a fire control
computer supplied from said radar sight with data re-
garding the position and the velocity of the target and
arranged to calculate from said data a point of aim for
said weapon for firing at said target, said radar antenna
being mounted on said turret so as to be layable in
traverse and in elevation relative to said turret, a third
servomotor for traversing said antenna relative to said
turret; a fourth servomotor for elevating said antenna
relative to said turret, said first error signal being sup-
plied as control signal to said third servomotor and said
second error signal being supplied as a control signal to
said fourth servomotor; means for determining the
traverse angular velocity of said antenna relative to the
ground and generating a signal proportional thereto, said
signal being supplied as a negative feedback signal to said
third servomotor, said fire control computer being ar-
ranged to calculate the traverse angle between the di-
rection to the target and the direction to said point of
aim; comparison means for comparing said traverse angle
with the traverse angle between the antenna direction
and the direction of the weapon and for producing a sig-
nal representing the difference between said two traverse
angles, said signal being supplied as a control signal to
said first servomoter, said fire control computer being
also arranged to calculate the traverse angular accelera-
tion of the target on the basis of a predetermined assump-
tion regarding the future movement of the target and to
produce a signal proportional to said traverse angular
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acceleration; and an integrator circuit having an input
and an output, said signal proportional to the calculated
traverse angular acceleration of the target and said first
error signal being supplied to the input of said integrator
circuit, the output signal from said integrator circuit be-
ing supplied to said third servomotor as an additional
control signal therefor.

3. An anti-aircraft weapon carrier as claimed in claim
2, wherein said comparison means comprises a first elec-
tric resolver having two input windings and an output
winding and a rotor mechanically coupled to the travers-
ing system of said antenna, said fire control computer
being further arranged to calculate two quantities pro-
portional to the length of the shorter sides respectively
of an imaginary right-angled triangle in the horizontal
plane having the horizontal distance from the carrier to
the point of aim at its hypotenuse and one of its shorter
sides coinciding with the horizontal projection of the
direction to the target and to produce alternating volt-
ages proportional to said two quantities, said alternating
voltages being supplied to said input windings of said
electric resolver, the output voltage from the output wind-
ing of said resolver being supplied as said control signal
to said first servomotor.

4. An anti-aircraft weapon carrier as claimed in claim
2, comprising means for determining the elevational angu-
lar velocity of said antenna relative to the ground and
producing a signal proportional thereto, said signal being
supplied as a negative feedback signal to said fourth
servomotor, said fire control computer being arranged to
calculate the elevational angular acceleration of the
target on the basis of a predetermined assumption re-
garding the future movement of the target and to pro-
duce a signal proportional to said calculated elevation
angular acceleration, and a second integrator circuit hav-
ing an input and an output, said signal proportional to
the calculated elevational angular acceleration and said
second error signal being supplied to the input of said
second integrator circuit, the output signal from said sec-
ond integrator circuit being supplied to said fourth servo-
motor as an additional control signal therefor.

5. An anti-aircraft weapon carrier as claimed in claim
4, wherein said means for determining the elevational
angular velocity of said antenna relative to the ground
comprise a third tachogenerator coupled to said fourth
servomotor, and a second angular velocity responsive
gyro mounted on a traversing part of said antenna so as
to be responsive to the angular velocity in a plane through
the traversing axis and the direction of the antenna, the
sum of output signals from said third tachogenerator and
said second angular velocity responsive gyro being sup-
plied as said negative feedback signal to said fourth
servomotor,

6. An anti-aircraft weapon carrier as claimed in claim
4, comprising a second electric resolver having two input
windings and an output winding and a rotor coupled to
the elevating system of said weapon, said fire control
computer being arranged to calculate two quantities pro-
portional to the horizontal distance and the vertical height
respectively to said point of aim and to generate alternat-
ing voltages proportional to said quantities, said alter-
nating voltages being supplied to the input windings of
said second electric resolver, the output voltage from the
output winding of said second electric resolver being sup-
plied as a control voltage to said second servomotor.

7. An anti-aircraft weapon carrier as claimed in claim
4, wherein the output signal from said second integrator
circuit is supplied to said fire control computer as an in-
put signal therefor representing the elevational angular
velocity of the target.

8. An anti-aircraft weapon carrier as claimed in claim
2, wherein the output signal from said integrator circuit
is supplied to said fire control computer as an input sig-
nal therefor representing the traverse angular velocity
of the target.
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