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[57] ABSTRACT 
Electromagnetic pulse trains produced by means of a 
weapon ?ring mechanism are concentrated by a con 
vergent optical system into a. narrow beam which is 
directed towards a scale-model target provided on one 
lateral face with spaced photosensitive receivers. A 
screen provided with an opening which forms an ob 
ject for the optical system is placed between this latter 
and a pulse generator. The contour, dimensions and 
distance between the opening and the optical system. 
the mean distance between the weapon and the target 
and the spatial distribution of the receivers on the tar 
get are so determined that the envelope of the center 
of the spot remains practically inscribed within the 
simpli?ed perimeter of the target face when the spot is 
displaced around the target with its contour approxi 
mately tangent to one photosensitive receiver. 

14 Claims, 24 Drawing Figures 
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MOVING TARGET FIRING SIMULATOR AND A 
METHOD OF ADJUSTMENT OF SAID SIMULATOR 

This invention relates to a simulator for ?ring at a 
moving target as well as to a method for adjusting said 
simulator. ~ 

There already exists a large number of moving target 
firing simulators of the type comprising a weapon in 
which an electromagnetic wave generator associated 
with an optical system emits ?ashes in the direction of 
the target. This latter can be either real or constituted 
by a model which carries one or a number of photosen 
sitive receivers, 
By way of example, there rigidly one known type of 

firing simulator which can be mounted on a real tank 
for the purpose of ?ring at other rear tanks which carry 
photosensitive receivers. In one design of this type, the 
simulator comprises a convergent optical system hav 
ing a plane mirror for concentrating the waves emitted 
in the direction of the target into a narrow beam, a ser 
vocontrolled gyrostabilized equipment unit for displac 
ing the mirror both in angle of elevation and in direc~ 
tion, and a ?re control computer. The electromagnetic 
pulse trains are emitted parallel to the ?ring axis and 
directed towards the point which it is assumed that the 
moving target is intended to reach, taking into account 
the parameters transmitted to the computer by the tank 
crew. The computer delays the emission of the pulse 
trains after ignition of the charge by a time interval 
equal to the real ?ight time of the projectile in order to 
ensure better simulation of real firing. 
There is also a known design in which the pulse emit~ 

ter is housed within the gun barrel of a real tank; the 
firing axis coincides in this case with the axis of the op 
tical system which is combined with the pulse emitter. 
As a complementary feature, a delay circuit triggers the 
pulse with a time-lag corresponding to the time of ?ight 
of a real projectile up to the target. This system further 
comprises a target-stopping mechanism which is oper 
ated by the photosensitive detector when this latter re 
cords a direct hit. This mechanism can also cause the 
emission of smoke and sound signals when the target is 
hit. . 

In another design, the optical system of the simulator 
comprises orientable prisms which serve to deviate the 
axis of the emitted electromagnetic beam through a 
predetermined angle with respect to the ?ring axis. The 
gunner then sets his sights on the point which the target 
is intended to reach while taking into account the time‘ 
of ?ight of a real projectile, the effect of ?ring of the 
charge being to cause simultaneousemission of the 
electromagnetic pulse train. 
Simulators of this type suffer from a certain number 

of disadvantages. Their optical systems cannot be 
adapted to different types of targets each having a pre 
determined contour (tanks of different classes, ar 
mored vehicles of various types), with the direct result 
that ?ring accuracy is adversely affected. Moreover, 
the photosensitive receivers are mounted on the target 
in a more or less erratic fashion, the number of receiv~ 
ers being in any case the outcome ofa compromise in 
asmuch as some direct hits will not be recorded if the 
number is to small whereas on the other hand, if the 
number is too large, shots which do not in fact reach 
the target are liable to be detected as direct hits by rea 
son of the appreciable dimensions of the spots formed 
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2 
by the intersection of the electromagnetic beams with 
the target. 
Furthermore. simulators which are intended to oper» 

ate on real vehicles are particularly costly (especially 
the on-board computer simulator) since they can be 
employed only during ?eld operations. 
The primary function of the simulator which is con 

templated by the invention is to train personnel for sub» 
sequent service in the operation of ballistic missiles 
such as anti-tank rocket launchers, for example. Al 
though this must not be considered as a limitation of 
the invention, the simulator is intended in particular for 
limited-?ring exercises in which the target is consti 
tuted by a small-scale model of a real target, the range 
and the velocity of motion of the model being reduced 
in the same proportion. ' 

The chief object of the invention is to reduce the cost 
and duration of target-practice exercises by simulating 
real-?ring conditions as closely as possible and to elimi 
nate any hazards to personnel. 
The moving target firing simulator of the type con 

templated by the invention comprises a weapon having 
a ?ring axis and equipped with a generator which pro 
duces electromagnetic pulse trains of short wavelength 
and is controlled by the ?ring mechanism of the 
weapon, a convergent optical system for concentrating 
said pulse trains into a narrow beam and means for dis 
placing the axis of said beam through a predetermined 
angle with respect to the ?ring axis. 

In accordance with the invention, the simulator is 
characterized in that it comprises a screen pierced by 
an opening which forms an object for the optical sys 
tem, said screen being placed between the pulse-train 
generator and the optical system, that the contour and 
the dimensions of said opening the distance between 
said opening and the optical system, the distribution of 
the photosensitive receivers on one lateral face of the 
target, are so determined that the envelope of the cen 
ter of the spot remains practically inscribed within the 
simpli?ed perimeter of the lateral face of the target 
when the spot is displaced around said target with its 
contour approximately tangent to a photosensitive re 
ceiver. 
The waves employed by way of example can be light 

waves within the visible region of the spectrum or 
waves within the ultraviolet or infrared regions. In addi 
tion, these waves can be monochromatic and have both 
time and spatial coherence as in laser radiation. The 
optical system and the photosensitive detectors are 
clearly adapted to the nature of the waves employed. 

In a training exercise, the instructor sets the angular 
displacement of the wave-beam prior to ?ring and with 
out the ?rer‘s knowledge, in such a manner as to ensure 
that said displacement is equal at absolute value and in 
opposite direction to the theoretical ?ring-angle cor 
rection corresponding to the conditions of range and 
velocity which he intends to impart to the target, and 
to the postulated velocity of a real projectile. The firer 
in turn sets up an estimated correction on the fire 
corrector of the weapon and, if this correction is accu 
rate, the wave beam which is produced by the firer 
strikes the target and is detected by the photosensitive 
receiver. 

In a preferred form of construction, the photosensi 
tive receivers are arranged in spaced relation along a 
line and within a region located internally of said line, 
said line being such as to limit the area swept by the 
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spot within the amplified perimeter so that the surface 
swept by the spot covers practically the entire target 
face when said spot is placed in successive positions in 
which its center coincides with each receiver in turn. 
The invention is also directed to a method of adjust 

ment of the ?ring simulator. 
In accordance with the invention, the method essen 

tially consists of determining the contour and the di 
mensions of the opening pierced in the screen which is 
associated with the optical system, the distance be 
tween said opening and said optical system, the mean 
distance from the weapon to the scale model which 
serves as a target, and the distribution of the photosen 
sitive detectors on the target so that the envelope of the 
center of the spot should remain practically inscribed 
within the simplified perimeter of the target face when 
the spot is displaced around the target and its contour 
is maintained approximately tangent to a photosensi 
tive receiver. 

In many cases, the spot has two axes of symmetry 
which are not necessarily orthogonal. Under these con 
ditions, each axis has a length substantially equal to the 
minimum dimension of all the contours, which are sim 
pli?ed if necessary, of the lateral faces of the target as 
measured parallel to the direction of the axis aforesaid. 
The number of receivers on each lateral face of the 

target is equal at a maximum to the product of the ra 
tios between the maximum dimensions of said face as 
measured parallel to each of the axes of the spot and 
the lengths of the corresponding axes of said spot. The 
distances as measured parallel to the axes of the spot 
between the receivers and the apparent contour of the 
target are great at least equal to the length of the corre 
sponding half-axis of the spot. 
The effect thereby achieved is to reduce to a mini 

mum the number of photosensitive receivers required 
to record any direct hit and only those hits which are 
actually on the target. 
The beam can be angularly displaced either by mov 

ing the wave-train generator in a transverse direction 
with respect to the optical axis or by means of an ad 
justable optical de?ector which is placed between the 
generator and the convergent optical system. 
Further properties and advantages of the invention 

will become apparent from the detailed description 
given hereinafter. 
A number of embodiments of the invention are illus 

trated in the accompanying drawings which are given 
by way of example without any limitation being im 
plied, and in which: 
FIG. 1 is a diagram illustrating the principle of opera 

tion of the invention;v 
FIG. 2 is a schematic representation of the detection 

and operation circuit which is actuated by a photosen 
sitive receiver; 
FIG. 3 is an axial sectional view ofa first embodiment 

of a ?ring simulator in accordance with the invention; 
FIGS. 4 to 8 are sectional views taken along lines 

lV—lV to VIII-VIII of FIG. 3; 
FIGS. 9 to 11 are pro?le, front and top views respec 

tively of a target equipped with photosensitive receiv 
ers; . 

FIG. 12 is a view of a larger scale and similar to FIG. 
9; 
FIG. 13 is a fragmentary axial sectional view of a sec 

ond embodiment of the invention; 
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FIG. 14 is a fragmentary sectional view taken along 
line XIV-XIV of FIG. 13; 

FIG. 15 is a transverse sectional view taken along line 
XV-XV of FIG. 13; 
FIGS. 16 to 23 are diagrams illustrating the shape of 

the spot and the distribution of the receivers in various 
simple cases; 7 , 

FIG. 24 is a diagram which is similar to FIG. 1 and 
shows the parameters to be determined for the adjust 
ment of the ?ring simulator. 

In FIG. 1 which illustrates the principle of operation 
of the ?ring simulator in accordance with the inven 
tion, there is shown diagrammatically a moving target 
1 constituted by a'small-scale model ofa tank which is 
advancing in the directionf. A predetermined number 
of photosensitive receivers are placed on said target. 
The simulator also comprises a weapon 2, the exter 

nal shape and dimensions of which are those of a real 
antitank weapon. Said weapon 2 comprises a normal 
corrector for firing at a moving target, said corrector 
being designed to produce an angular displacement as 
a function of corrections estimated and set up by the 
?rer; the horizontal projection between the sighting 
line V which joins the weapon to the target and the ?r 
ing axis T is shown at A and said ?ring axis is angularly 
displaced in the direction fof motion of the target. 
As contemplated by the invention, the weapon 2 is 

equipped with an electromagnetic wave train generator 
which, in the example herein described, is a light-?ash 
generator triggered by. the ?ring mechanism of vthe 
weapon and a convergent optical system so arranged as 
to form a narrow light beam P starting from a ?ash. 
Means are additionally provided for displacing the axis 
P of the beam through a predetermined angle with re 
spect to the ?ring axis T. FIG. 1 shows the horizontal 
projection P of this angular displacement. 
The system operates as follows: ' 

During a target practice, if the instructor desires to 
simulate ?ring at a real tank which moves at predeter 
mined values of distance, velocity and direction, he de 
termines by means of ?ring tables the theoretical angu 
lar corrections corresponding to these postulated con 
ditions of distance and velocity and to the initial veloc 
ity ‘at which a real projectile would travel. Without the 
knowledge of the ?rer, he then produces action on the 
weapon in such a manner as to ensure that the light 
beam’ P which will be emitted at the moment of ?cti 
tious ?ring is displaced with respect to the ?ring axis T 
through an angle which is equal at absoslute value to 
the resultant of these theoretical corrections and of op 
posite direction, the beam P being displaced to the rear 
of the ?ring line with respect to the direction of motion 
of the model 1. . 

The instructor then causes the model 1 to move at a 
distance and velocity which are reduced with respect to 
the postulated conditions of the real tank in a ratio 
equal to the coef?cient of reduction of the model 1. So 
far as the ?rer is concerned, said model therefore has 
the same apparent contour as the real tank would have 
under the postutated conditions; the distance and ve 
locity estimated by the ?rer according to the move 
ments of the model are those which he would estimate 
in real ?ring under the conditions postulated by the in 
structor. The ?rer then sets up on the normal ?re cor 
rector of the weapon 2 the angular corrections corre 
sponding to the distance and the velocity which he has 
estimated, aims at the model and actuates the ?ring 
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mechanism of the weapon, thereby causing the emis 
sion of the light beam P. 

If the resultant of the corrections set up by the firer 
is equal at absolute value to the angular displacement 
produced by the instructor, the beam P whose velocity 
of propagation is practically in?nite in comparison with 
the velocity of a real projectile, strikes the model and 
is detected by one of the photosensitive receivers which 
are mounted on said model. 

The simulator further comprises a chain of opera 
tional elements, one particular embodiment of which is 
shown in FIG. 2. 
The photosensitive receivers which are photoelectric 

cells 3 in the example described are connected to an 
amplifier 4, the output of which actuates a relay 5 
through an adjustable delay circuit 6. When the relay 
5 is energized, it causes either stopping or changing of 
speed of the motor 7 of the model which is controlled 
by a remote-control circuit 8 either by cable or by radio 
waves. Prior to ?ring, the instructor sets the time—delay 
of the circuit 6 at a value equal to the actual time of 
?ight of the real projectile under the conditions which 
it is desired to simulate. ' 

The relay 5 is also connected to a circuit 9 which has 
a ?xed time—delay of the order of a few seconds and 
controls a second relay 11. When energized, said sec 
ond relay cancels the action of the ?rst delay 5 and puts 
back the motor 7 under the control of the remote 
control circuit 8. 
When there is a direct hit, the light beam P is de 

tected by a photoelectric cell 3. After a time-delay 
equal to the actual time of ?ight of the projectile under 
real tiring conditions, the relay 5 causes the model to 
stop or modi?es the movement of this latter. In order 
to complete the illusion of real firing, the relay 5 can 
also trigger the emission of visual or sound signals such 
as glows and sounds of explosions. After a fixed time 
delay as determined by the circuit 9, the relay 11 re» 
moves the inhibitiion which had been introduced by the 
relay 5 and the motor 7 can again be controlled by the 
remote-control circuit 8 for another shot. 
The fixed and adjustable time-delays of the chain of 

FIG. 2 can be obtained by any mechanical or electrical 
means well known to those versed in the art. 
A first embodiment of the simulator weapon will now 

be described with reference to FIGS. 3 to 8. 
The light-?ash generator and the optical system are 

mounted within a cylindrical tube 21 whose axis coin~ 
cides with the ?ring axis of the weapon. 
The light generator comprises a lamp 22 which is ca 

pable of emitting a ?ash of high intensity and short du 
ration and which is secured to a support 23. The lamp 
22 is placed within an enclosure consisting of a re?ec 
tor 24 and closed at the front end by means of an 
opaque screen 25 pierced by an opening 26 which per 
forms the function of object for the optical system. An 
electronic triggering device of conventional type which 
is not illustrated serves to cause the emission of a ?ash 
by means of the trigger of the weapon. 

In this embodiment, the ?ash generator is capable of 
displacement in two directions substantially at right an 
gles to the firing axis. 
To this end, the enclosure containing the lamp 22 is 

secured by means of a screw 27 which passes through 
a button-hole slot 20 to a slide unit 29 which comprises 
a block 31 fitted with a stud 32 and a back-plate 33 
which is attached to said stud by means of screws 28. 
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A disc 34 having a ?ange 35 which is attached to the 

tube 21 at right angles to the axis of said tube has a first 
slot 36 with rectilinear edges placed at the level of the 
opening 26 and a second slot .37 also having rectilinear 
edges which are parallel to those of the first slot. The 
lug 32 of the slide unit 29 is engaged in said second slot 
37 and guided by this latter in its movement of dis 
placement. 
The re?ector 24, the screens 25 and the slide unit 29 

are limited by circular arcs having a radius substantially 
equal to the internal radius of the tube 21 in such a 
manner as to conform to the shape of said tube in the 
end positions of the light-?ash generator. 
The optical system for forming the light beam com 

prises a convergent assembly represented schemati 
cally by a lens 38. Said lens is fastened by means of 
threaded studs 41 within a cylindrical sleeve 39 which 
is coaxial with the tube 21 and projects to a slight ex 
tent from said tube at forward end of the weapon. The 
sleeve 39 has a groove 42 which is ssubstantially at 
right angles to the axis of the sleeve and extends over 
approximately one~half the periphery of the sleeve. The 
head of a screw 43 which is attached to the tube 21 is 
engaged within said groove 42. A lock-screw 44 which 
passes through the tube 21 serves to secure the sleeve 
39 in a predetermined angular position with respect to 
the tube 21. The optical axis of the lens 38 coincides 
with the axis of the sleeve 39 and with the ?ring axis of 
the weapon( 
The end ‘portion of the sleeve 39 which is directed 

towards the rear of the weapon is cut diagonally. A stud 
45 which is substantially at right angles to the axis of 
the sleeve is ?xed at the extremity of said end portion 
and engaged within a bore 46 formed in the block 31 
of the slide unit'29. 

In order to set up the vertical angular displacement 
prior to ?ring, the instructor displaces the screen 25 in 
the vertical direction by means of the button~hole slot 
20 and locks said screen in position by tightening the 
screw 27. _ 

In order to set up the horizontal angular displace 
ment prior to ?ring, the instructor takes hold of the 
projecting portion of the sleeve 39 and causes this lat 
ter to rotate about its axis, the movement being guided 
by the head of the screw 43 and the rectilinear edges 
of the groove 42. In this movement, the distance be 
tween the lens 38 and the ?ash generator remains un 
changed. Correspondence tables are pre-established 
between the theoretical ?ring-angle correction (angle 
B) and the angle of rotation of the sleeve 39 which can 
thus be graduated directly in values of angular correc 
tion. Said sleleve is then locked in position by the screw 
44. The corresponding tables can be drawn up experi 
mentally by replacing the lamp 22 by a source of con 
tinuous light such as an iodine lamp and by measuring 
the displacements of the spot on the screen. 
The movement of rotation of the sleeve 39 is accom 

panied by the stud 45 and the slide unit 29 which 
comes, for example, into the position shown in chain 
dotted lines in FIG. 5. The slide unit 29 and the flash 
generator are subjected to a rectilinear displacement 
substantially at right angles to the optical axis of the 
lens 38 and to the ?ring axis by means of the guiding 
action produced on the lug 32 by the slot 37. The open 
ing 26 which performs the function of object for the 
lens 38 is thus displaced transversely with respect to the 
optical axis of said lens, thereby causing the angular 
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displacement of the light beam P which emerges from 
the lens 38 at the moment of ?ring. The slot 36 permits 
the passage of the incident light cone in all positions of 
the slide unit 29. 
The opening 26 has a shape of the elliptical type and 

has both a horizontal axis and a vertical axis. The lens 
38 forms a real image of said opening 26, said image 
being located at a distance from the weapon which is 
comprised within the range of distances which are con 
templated for the traveling motion of the model I._ 

In FIGS. 9 to 11, the apparent contour of the model 
1 is shown respectively in a pro?le view, a front view 
and a top view. 

In FIGS. 9 and 10, there are further shown in thin 
lines the simpli?ed apparent contours of said model 
when this latter is located at a mean distance or at ex 

treme ?ring distances. 
There is also shown the luminous spot 51 formed by 

the intersection of the light beam P with the apparent 
contour 52 or 53 of the model when this latter is lo 
cated at a mean ?ring distance. The dimensions of the 
opening 26 and the distance of this latter with respect 
to the lens 38 are chosen such that the vertical axis of 
the luminous spot is substantially equal to the minimum 
vertical dimension C of the contours 52 and 53. Simi 
larly, the horizontal axis H of the spot 51 is substan 
tially equal to the minimum horizontal dimension D of 
the contours 52 and 53. 
Recesses designated by the general reference 54 are 

located at intervals on the lateral faces and the front 
and rear faces of the model. A photosensitive receiver 
which is a photoelectric cell in the example described 
is housed at the center of each recess. 
Broadly speaking and in the case of any type of tar 

get, it is intended in accordance with the invention to 
determine the shape and the dimensions of the spot 51 
as well as the spatial distribution of the photosensitive 
receivers on the model in order to ensure that all direct 
hits, that is to say shots which would in fact reach the 
target in real ?ring, and only direct hits, are detected 
by at least one photosensitive receiver, the number of 
said receivers being reduced to a minimum which is 
clearly a function of the desired precision. In the fol 
lowing description, more light will be thrown on this 
concept of “desired precision.” - 

In order to determine the shape and the dimensions 
of the spot, the following procedure is adopted: 
The initial operation consists in delineating the ap 

parent contour of each lateral target face. These con 
tours can be slightly simpli?ed as has been done in 
FIGS. 9 to 11, in other words, it is agreed beforehand 
not to detect shots which reach certain peripheral por 
tions of the target such as, for example, that portion of 
the model tank which corresponds to the gun (as shown 
in FIGS. 9 and 11). It is also agreed to detect shots 
which fall outside but in the immediate vicinity of cer 
tain portions of the target such as the portions corre 
sponding to the tank tracks. These simpli?cations make 
it possible to reduce the number of receivers but evi 
dently reduce what has been referred-to earlier as the 
precision of the device. 
The general shape of the spot is determined with a 

view to ensuring that its contour conforms as accu 
rately as possible to the simpli?ed contours of the dif 
ferent target faces. 
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8 
The dimensions of the spot are accordingly chosen so 

as to be as large as possible, taking account of the fol 
lowing limitation: 
The spot must be contained within the simplified 

contour of any particular lateral face of the target ex 
cept in some instances of slight overstepping when it is 
displaced in a direction parallel to itself, one edge of 
said spot being intended to follow an arc of the contour 
of said face and the operation being repeated in the 
case of each lateral face of the target. 
The shape and the dimensions of the spot then make 

it possible to determine in a consistent manner both the 
shape and the dimensions of the opening 26 which per 
forms the function of object in the optical system. 
The number and distribution of the photosensitive 

receivers on each lateral face of the target are accord 
ingly determined in accordance with the following 
rules. _ 

The image of the spot as this latter moves in a direc 
tion parallel to itself in order that its center should fol 
low the simpli?ed contour of one lateral face of the tar 
get sweeps within said contour an area which is limited 
by a line S. There are shown in FIGS. 16 to 22 sche 
matic examples of target faces on which the areas thus 
swept are shaded. The line S delimits a given internal 
domain D. The spots are represented in FIGS. 18, 20 
and 23. 
The photoelectric receivers are distributed along the 

line S and also within the domain D if necessary. The 
spatial distribution of any receivers which may be 
placed within said domain D is determined by forming 
within said domain a line S’ (not shown) by the same 
means which have served to form the line S from the 
contour of the target face. Said line S’ can in turn de 
limit another intemal domain D’ and so on. The spac 
ing of said receivers is chosen such that, if the image of 
the spot is placed in successive positions in which its 
center coincides in turn with one of the receivers, prac 
tically the entire surface of the target face aforesaid is 
covered by the spot in the successive positions of this 
latter. 

In many practical cases, the contour of each target 
face has a simple geometrical shape or is at least 
formed by elements which have a simple geometrical 
shape. The spot itself will also have a simple shape and 
a symmetry with respect to two axes, not necessarily at 
right angles, and consequently a center within the pre 
cise geometrical meaning of the term. 
Under these conditions, the rules given above in re 

gard to the choice of the dimensions of the spot and the 
spatial distribution of the photosensitive receivers 
admit of a more simple formulation. In particular: 
each axis of the spot has a length substantially equal 

to the minimum dimension of all the lateral faces of the 
target as measured parallel to the direction of the axis 
aforesaid; 

the distances from each point of the line S to one lat 
eral face of the target with respect to the simplified 
contour of said face, said distances being measured 
parallel to each axis of the spot, are at least equal to the 
length of the corresponding half-axis. When the spot is 
displaced around the target while maintaining its con 
tour approximately tangent to a photosensitive receiver 
located on the line S in accordance with the method 
contemplated by the invention, the envelope of the 
center of the spot therefore remains practically in 
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scribed within the perimeter of the simpli?ed taraget 
face; 

the number of photosensitive receivers placed on one 
face of the target is equal at a maximum to the product 
of the ratios between the maximum dimensions of said 
face as measured parallel to the direction of each axis 
of the spot and the length of the corresponding axis of 
the spot, each of these ratios being rounded-off to the 
nearest whole number of high value. 
A clearer understanding of the rules mentioned 

above will be gained from a study of the simple exam 
ples shown in FIGS. 16 to 23. 

In the case of FIGS. 16 to 18, consideration is given 
to a target having two ?rst lateral faces with a simpli 
fied contour as shown in FIG. 16 and two other lateral 
faces having a simpli?ed contour as shown in FIG. 17. 
Since these two contours are constituted by elements 

of rectangles, the spot (shown in FIG. 18) is given a 
rectangular shape with a center 71 and two orthogonal 
axes represented in dashed lines. 
The vertical axis of the spot has a length 2y equal to 

the minimum vertical dimension a (FIG. 16) of all the 
faces of the target. Similarly, the horizontal axis of the 
spot has a length 2b equal to the minimum horizontal 
dimension b of all the faces. 
Each point of the lines S corresponding to each face 

is located with respect to the simpli?ed contour of the 
corresponding face at a horizontal distance which is at 
least equal to h and to a vertical distance which is at 
least equal to y. 
The ratio d/2h between the maximum horizontal di 

mension of the two ?rst faces and the length of the hor 
izontal axis of the spot is equal to 6, and the ratio c/2v 
between the maximum vertical dimension of said faces 
and the length of the vertical axis of the spot is equal 
to 1.4 which is rounded-off to the higher integer 2. 
From the rule which has been set forth in the foregoing, 
the number of photosensitive receivers is equal at a 
maximum to 12. It is apparent from FIG. 16 that the ac 
tual number of receivers which are represented by X 
can be reduced in this case to 8. But it is readily appar 
ent that, if the dimension e (FIG. 16) were increased, 
the lengths of the axes of the spot would be unchanged 
and the number of receivers would be greater than 
eight while remaining smaller than twelve. 

In the case of FIGS. 19 and 20, consideration is given 
to only one face (FIG. 19) of the target. Since the simi 
pli?ed contour of this face is made up of elements of 
parallelograms, the spot (FIG. 20) also has the shape 
of a parallelogram with two non-orthogonal axes and a 
center 72. 
One of the axes of the spot has a length 2g equal to 

the minimum dimension 1' (FIG. 19) of the face of the 
target in the direction of said axis. The other axis of the 
spot has a length 2j equal to the minimum dimension 
I of the face in the direction of said second axis. 
The points of the line S are located with respect to 

the contour of the face at distances which are measured 
parallel to the two axes of the spot and are at least 
equal respectively to g and to j. 

In this particular case, the internal domain limited by 
the line S has a zero area. 
The ratios m/2g and n/2j between the maximum di 

mensions of the target face as measured parallel to the 
axes of the spot and the lengths of said axes are respec 
tively equal to 3 and 2.3. By rounding-off the second of 
these ratios to the nearest integer of higher value, a 
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maximum number of receivers equal to 9 is obtained by 
virtue of the rule set forth in the foregoing. It is appar 
ent from FIG. 19 that the acutal number of receivers 
can be reduced to 5. 

FIGS. 21 to 23 relate to a target having two ?rst faces 
as shown in FIG. 21 and two other faces as shown in 
FIG. 22. The shape of the spot is illustrated in FIG. 23. 
The lines S relating to two pairs of faces have a shape 
which is similar to that of the lines S shown in FIGS. 16 
and 17. 
This example is given in order to illustrate one in 

stance in which a compromise has been made in regard 
to the shape of the spot. In fact the faces in accordance 
with FIG. 21 have rounded corners whereas the faces 
in accordance with FIG. 22 have right-angled corners. 

It is possible to choose a shape of spot and a special 
distribution of receivers such that all direct hits on each 
face of the target are detected. This would result, how 
ever, in a spot having small dimensions and a large 
number of receivers. 
On economical grounds, it appears preferable to ac 

cept a slight reduction in the desired precision by 
adopting the shape of spot shown in FIG. 23 which has 
rounded corners as in FIG. 21. It is thus considered of 
no further interest to make use of the receivers shown 
for the purpose of detecting shots which fall in the 
zones shaded in thick lines of FIG. 22. 

It is understood that the foregoing rules make it pos 
sible to reduce the number of receivers and also to 
avoid the need to make the spot virtually punctual as 
this could be achieved only approximately and would 
result in a complicated and costly. optical system. The 
accuracy of detection of direct hits nevertheless re 
mains substantially the same as in the case of a virtually 
puntual spot and a very high correlative number of re 
ceivers. 

Referring once again to the case of the target which 
is constituted by a model tank, it is seen from FIGS. 9 
and 10 that there have ben adopted the simpli?ed con 
tours of the lateral faces of the model which are com 
posed of rectilinear segments and arcs of curves of the 
elliptical type which, in the case illustrated, are circular 
half-circumferences. The spot 51 is in turn formed by 
the elements aforesaid and has two orthogonal axes of 
symmetry, the lengths of which are chosen as stated 
earlier. 
The recesses 54 which contain the photoelectric cells 

are spaced along a line S (not shown) which is deter 
mined as in the previous examples. 

In this case the ratio G/H between the maximum hor 
izontal dimension of the two lateral faces of the model 
corresponding to FIG. 9 and the horizontal axis of the 
spot is equal to 2.4. Moreover, the ratio F/C between 
the maximum vertical dimension of the same lateral 
faces of the model and the vertical axis of the spot is 
equal to 1.75. If these two ratios are rounded-off to the 
two nearest whole numbers of higher value, there is de 
termined by means of the rule given above a maximum 
number of photoelectric cells which is equal to six and 
which is equal in this case to the actual number of cells 
54a to 54f. This coincidence between the maximum 
number and the actual number of cells is due to the reg 
ular shape of the simpli?ed contours of the target faces. 

In FIG. 12, there is shown the apparent contour at a 
means ?ring distance of the lateral face of the model 
corresponding to FIG. 9. There are also shown the six 
essential cells 54a to 54f and the contours of the spots 
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51 which are centered on each of these cells. It is ap 
parent that the entire group consisting of the six spots 
covers practically the entire face without projecting be 
yond the‘contour to any appreciable extent. 

In the case of a given shot, if the center of the light 
beam P which represents the point of impact of the pro 
jectile under real firing conditions is located near the 
contour of the face but inside this. latter, for example 
at K, the luminous spot will be represented by the 
chain-dotted outline 51a. This spot will be detected by 
the cell 54d and, in consequence, this will be effectively 
counted as a direct hit. 

On the contrary, if the center of the beam P is located 
at L outside the apparent contour of the model face 
and therefore at a vertical distance with respect to the 
nearest cell 540 which is greater than a vertical half 
axis of the spot 51b, and at a horizontal distance greater 
than a horizontal half-axis of said spot with respect to 
the cell 54b, it is apparent that the spot 51!) will not be 
detected by any cell although it covers part of the 
model face. 

It will clearly be understood that additional receivers 
can be added on condition that they are placed inside 
the line de?ned by the centers of the receivers 54a to 
54f, this line being intended to satisfy the above 
de?ned condition of distance with respect to the con 
tour of the model face. 
Referring now to FIG. 24, there will now be de 

scribed a numerical example of execution of the inven 
tion in the case in which the simulator is applied to 
practise firing of antitank rocket launchers. 

NUMERICAL EXAMPLE 

a. Determination of the angle of correction 

The angle of correction is the resultant of an angle of 
horizontal correction and an angle of vertical correc 
tion. 

Practice firing is carried out at a short distance and 
the target is a model but the reduction factor is applied 
to all elements of the simulator and does not effect the 
value of the angle of correction. 
The angle of vertical correction is given by the range 

tables for the weapon considered and is a function of 
the ?ring range. 

In the present example of training exercises for firing 
with antitank rocket launchers at a tank located at a 
distance within the range of approximately 100 and 
200 meters and moving at a speed which varies approx 
imately between 5 and 40 km/hr, the angle of horizon 
tal correction B (shown in FIG. 1) is determined as fol 
lows: 
The velocity of the projectile between 100 and 200 

meters is ?rst considered as a constant. Moreover, as 
in all ballistic firing, it is assumed that the speed and di 
rection of displacement of the target do not vary during 
the time of ?ight of the projectile (rocket). 

In FIG. 24, the following parameters are de?ned: 
P0 is the distance traversed by the electromagnetic 

pulses of the beam P (FIG. 1) up to the target, 
Vc is a vector representing the speed of the target as 

this latter moves along an axis Z-—Z, 
E is the projection of Vc on a line at right angles to 

Pc, 
Tc is the distance between the weapon and the point 

0 at which the projectile is assumed to strike the target 
under real ?ring conditions and therefore corresponds 
to the line of ?re T of FIG. 1, 
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M is the angle between V0 and E. 
The angle of horizontal correction B expressed in 

mils is of small value and can consequently be assimi 
lated with its tangent. Its value is given by the expres 
sion: 

Moreover, since 1 is the time of ?ight of the rocket and 
v is the rocket velocity (assumed to be constant), we 
have: 

E: V‘. (cos M) X t. 

and 

Pr = v X t. 

From this it is deduced that: 

r 

" 
B= (cos M)>< I000. 

The time of ?ight t of the projectile and the ?ring dis 
tance or range T2 therefore have no in?uence on the 
value of B. Since the velocity v of the projectile is 
known ( I00 m/sec in the case of a rocket), the — must 
thus estimate the angle M and the speed Vr of the tar 
get prior to ?ring. By reason of the limited possibilities 
of visual estimation of these two parameters and the 
permissible percentages of errors in the case of a 
weapon of the rocket-launching type. the choice relat 
ing to V0 and M is reduced to the following values: 

—V(m/sec)=0— l.5'—3— 6-9-12 

which corresponds approximately to the following 
speeds in km/hr: 0 — 5 — l0 — 20 — 30 — 40 (in practice, 

40 km/hr is an exceptional maximum in the case of an 
armoured vehicle such as a tank). 

—M (in degrees) = 0, 30, 45, 60, 90. 

namely cos M = l, \i 3/2, V 2/2, 11%, 0. 
Since the results of the calculations are rounded-off, 

there are obtained in the case of the angle B the follow 
ing values expressed in mils: 

V, 5 km/hr l0 km/hr 20 km/hr 30 km/hr 40 km/hr 
M 

0 de- 15 30 60 90 I20 
gree ‘ ' 

30 degrees I2 25 5O 75 I00 
45 degrees 10 20 40 60 80 
60 degrees 7 I5 30 45 60 
90 degrees 0 0 0 0 0 

b. Determination of the con?guration of the spot 

The area and contour of the spot are determined 
after having removed those portions of the different 
faces of the target which are not considered as vital 
(gun and various projecting portions of the tank). To 
this end, consideration is given in particular to the dis 
tance on the one hand between the weapon and the tar 
get and on the other hand between the opening 26 
(FIG. 3) and the lens 38. 
Since the target is a l/l5th scale model of a tank, the 

spot is de?ned by way of example by a rectangle and 



3,907,433 
13 

two semicircles which are joined to the short sides of 
the rectangle as shown in FIG. 23. 
Since the distance Fe is approximately 10 meters 

(150 meters under real ?ring conditions), the dimen 
sions of the spot will accordingly be as follows: 
major axis : 16 cm 
minor axis: 9.3 cm 
Taking into account the essential requirements men 

tioned above, the determination of the con?guration 
and the dimensions of the spot assumes special signifi 
cance. ln point of fact, it permits the possibility of cal 
culating the minimum number of photosensitive detec‘ 
tors and ensuring the most rational distribution of these 
latter on the face considered of the target in order to 
obtain practically punctual firing precision. 

c. Determination of the opening 26 

The spot is homothetic with the opening 26, the di 
mensions of which are determined in the following 
manner: 

L being one of the axes of the spot mentioned in par 
agraph b), 
fbeing the focal distance of the lens 38, 
Pc being the distance between the optical center of 

the lens 38 and the tank model, 
and I being the dimension of the opening 26 which is 

homothetic with L, 
l is determined with a sufficient approximation by 
means of the following expression: 

When Pr =10 m and f= 0.50 m 
the minor axis of the opening 26 is therefore: 

1,=9.3 ><O.5/l0=4.6 mm 

and the major axis: ' 

l2= 16 X 0.5/10 = 8 mm. 

These dimensions are small. Since they are propor 
tional to the focal distance fof the lens 38, a lens hav 
ing a sufficient focal distance is chosen and mounted at 
the extremity of the weapon. This makes it possible to 
avoid the need to reduce the dimensions 1,, 12 to an ex 
cessive extent in order that is may therefore not be too 
difficult to form the opening 26. 

It is apparent that, in the case of an opening 26 hav 
ing given dimensions, the dimensions of the spot vary 
as a function of the distance Pr between the weapon 
and the target. These variations, however, may be con 
sidered as practically negligible within a given range. In 
the particular case described, experience has shown 
that the formed spot remains satisfactory between PC 
9 m and P,. = 12 m, which offers highly adequate possi 
bilities of target practice and training. 
The opening 26 can be changed by replacing the 

opaque screen 25 by a similar screen in which is formed 
an opening having a suitable contour and dimensions. 

In the alternative embodiment which is illustrated in 
FIGS. 13 to 15, the light-?ash generator is stationary 
and the weapon is provided for the purpose of deviating 
the light beam P with an optical de?ector constituted 
by an orientable prism 61 having a rectangular cross_ 
section. 
The prism 61 is placed at the level of the opening 26 

which serves as an object for the lens 38 (said lens hav 
ing been omitted from FIGS. 13 to 15) and between 
said opening and said lens. The prism 61 produces a de 
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viation of the incident beam through angle of 90 de 
grees, with the result that the ?ash generator is dis 
posed laterally with respect to the tube 21 as shown in 
FIGS. 13 to 15 in order that ‘the beam emerging from 
the prism 61 should have a direction which is close to 
that of the optical axis of the lens 38. 
The prism 61 is supported by a shaft 62 which is sub 

stantially vertical in the firing position. Said shaft 62 is 
mounted at one end in a bearing 63 which is attached 
to the tube 21 and at the other end in a footstep bearing 
mounted in a slide-blcok 64. A threaded micrometric 
rod 66 engages with the slide—block 64 and serves to 
subject this latter to a rectilinear movement of transla 
tion in a direction parallel to the optical axis of the lens 
38 and to the firing axis, this movement being guided 
by means of slideways 65. 
The vertical shaft 62 is regidly ?xed to an arm 67 

which is substantially horizontal in the firing position. 
A threaded micrometric rod 68 disposed in meshing 
engagement with an internally-threaded block 69 
which is attached to the tube 61 serves to displace the 
arm 67 and to cause rotation of the prism 61 about the 
vertical shaft 62. On the other hand, when action is 
produced on the rod 66, said shaft 62 is inclined with 
respect to the vertical central position thereof. this 
being equivalent to rotating the prism 61 about a hori 
zontal axis. 
Thus the beam which is incident upon the lens 38 and 

consequently also the emergent beam P can be devi 
ated with respect to two rectangular axes. 
The invention clearly makes it possible to train per 

sonnel at low cost under all real combat conditions and 
removes any danger. Training may be undertaken in 
particular on the premises of military barracks and 
does not entail the need for specially equipped shooting 
ranges. 

it is readily apparent that the invention is not limited 
to the embodiments which have just been described 
and many alternative modes of execution may be added 
to these latter without thereby departing from the 
scope or the spirit of this invention. The following ar~ 
rangements are specially worthy of note: 

It is possible, for example,to provide the opening 26 
of the optical system with example, to variable contour 
adapted to the type of target, such as a contour which 
is of the oval type or which is related to an ellipse. The 
lens 38 can be replaced by a more elaborate optical sys 
tem of a type known per se, with a view to eliminating 
the lateral iridescence fringes. of the spot and thus to 
forming a spot having a perfectly sharp contour. It is 
also possible to change the opening 26 by means of a 
rotating disc which replaces the screen 25 and is pro 
vided along its periphery with openings having increas 
ing dimensions, or alternatively by means of a device of 
the diaphragm type. These systems can readily be ad 
justed at the beginning of a training exercise or even 
while an exercise is in progress. 

1 claim: 
1. A moving target firing simulator comprising a 

weapon having a ?ring axis and equipped with a gener 
ator which produces electromagnetic pulse trains of 
short wavelength and is controlled by the firing mecha 
nism of said weapon, a convergent optical system for 
concentrating said pulse trains into a narrow beam dis 
rected to the target, said beam forming at its intersec 
tion with said target a spot having a predetermined con 
tour and whose center travels on an envelope when the 
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beam is moved with respect to the target, means for dis- , , 

placing the axis of said beam through a predetermined 
angle with respect to the firing axis, and photosensitive 
receivers ‘distributed on target faces, wherein said simu 
lator comprises a screen pierced by an opening which 
forms an object for the optical system, said screen 
being placed between the pulse-train generator and the 
optical system, and wherein the contour and the dimen 
sions of said opening, the distance between said open 
ing and said optical system, the distribution of the pho 
tosensitive receivers on one lateral face of the target, 
are so determined that the envelope of the center of the 
spot remains practically inscribed within aa simpli?ed 
perimeter of the lateral face of the target when the spot 
is-displaced around said target with the contour of said 
spot maintained approximately tangent to said photo 
sensitive receivers. 

2. A simulator according to claim 1, wherein the pho 
tosensitive receivers are arranged in spaced relation 
along a line and within a region located internally of 
said line, said line bounding the area swept by the spot 
within said simpli?ed perimeter in order that the sur 
face swept by the spot should cover practically the en 
tire target face when said spot is placed in successive 
positions in which its center coincides with each re 
ceiver in turn. 

3. A simulator according to claim 1 and in which the 
spot contour is symmetrical with respect to two axes, 
wherein each axis has a length substantially equal to the 
minimum dimension of all the simpli?ed contours of 
the lateral faces of the target as measured parallel to 
the direction of the axis aforesaid. 

4. A simulator according to claim 3, wherein each 
point of the line aforesaid is located with respect to the 
simpli?ed perimeter of the corresponding target face at 
distances which are measured parallel to the axes of the 
spot and are at least equal to half of the corresponding 
axis. 

5. A simulator according to claim 4, wherein the 
number of photosensitive receivers placed on one lat 
eral face of the target is equal at a maximum to the 
product of the ratios between the maximum dimension 
of said face as measured parallel to each axis of the spot 
‘and the length of the corresponding axis of said spot, 
each ratio aforesaid being rounded-off to the nearest 
whole number of higher value. 

6. A simulator according to claim 1, wherein the 
weapon comprises means for moving the pulse train 
generator in a transverse direction with respect to the 
optical axis of the convergent system, said optical axis 
being such as tocoincide with the firing axis of the 
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weapon. 

7. A simulator according to claim 6, wherein the 
weapon comprises a support having'a rectilinear slot 
located substantially at right angles to the firing axis 
and a slide unit which is engaged within said slot and 
supports the pulse train generator. 

8. A simulator according to claim 7, wherein the 
weapon comprises a rotary tubular sleeve which is co 
axial with the ?ring axis and contains the convergent 
optical system and wherein the sleeve is provided‘with 
a stud substantially at right angles to the slot aforesaid 
and engaged in a bore on the slide unit. 

9. A simulator according to claim 8, comprising a 
rectangular de?ecting prism placed between the pulse 
train generator and the convergent optical system and 
rotatably mounted about two axes at right angles to 
each other and to the optical axis of the convergent sys 
tem, said axis being such as to coincide with the ?ring 
axis of the weapon, wherein the prism is mounted on a 
shaft which is transverse with respect to the tubular 
sleeve and substantially vertical in ?ring position, and 
wherein one extremity of said shaft is rigidly fixed to a 
supporting slide unit whilst the other extremity is en 
gaged in a bearing which is attached to the tubular 
sleeve. 

10. A simulator according to claim 9, wherein the 
slide unit is engaged in guiding slideways and meshes 
with a threaded micrometric rod which is substantially 
parallel to the axis of the optical system of the weapon. 

1]. A simulator according to claim 10, wherein the 
prism support shaft is ?tted with a transverse arm 
which can be displaced in rotation about a vertical axis 
in ?ring position by means of a threaded operating rod 
attached to the tubular sleeve. 

12. A simulator according to claim 1, which com 
prises a ?rst relay actuated by a photosensitive receiver 
in order to produce a sound or visual signal and in 
order to actuate a control system to modify the move 
ment of the target, said simulator comprising means for 
disconnecting said control system for modifying the 
movement of said target. 

13. A simulator according to claim 12, wherein said 
simulator comprises a second relay connected to the 
?rst relay with interposition of a ?xed-delay control cir 
cuit. 

14. A simulator according to claim 1, wherein the 
opening which is formed in the screen and determines 
the contour of the spot has an elongated contour, for 
example, and may be of the rectangular or elliptical 
type. > 

* * * * * 


