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BLOOMFIELD HILLS, MI 48303 (Us) A ?rearm for loW velocity projectiles has a barrel for 
launching the projectiles, and a ?re control system. The ?re 

(21) App1_ NO; 11/348,881 control system comprises a sight having a longitudinal axis, 
sensors for sensing data of a target object, and ?rst means for 

(22) Filed; Feb, 7, 2006 adjusting a line of sight of the sight relative to the longitu 
dinal axis of the sight. The adjusting is effected by a 

(30) Foreign Application Priority Data predetermined angle as a function of the data. Further, 
second means are provided for adjusting the longitudinal 

Feb. 8, 2005 (DE) ........................ .. 10 2005 007 910.5 axis of the sight relative to a bore axis of the barrel. 
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FIREARM FOR LOW VELOCITY PROJECTILES 

FIELD OF THE INVENTION 

[0001] The invention, generally, is related to the ?eld of 
?rearms for loW velocity projectiles, in particular grenade 
launchers and mortars. 

[0002] More speci?cally, the invention is related to a 
?rearm for loW velocity projectiles having a barrel for 
launching the projectiles, and a ?re control system, the ?re 
control system comprising a sight having a longitudinal axis, 
sensors for sensing data of a target object, and ?rst means for 
adjusting a line of sight of the sight relative to the longitu 
dinal axis of the sight, the adjusting being effected by a 
predetermined angle as a function of the data. 

BACKGROUND OF THE INVENTION 

[0003] In the context of the present invention, the term 
“?rearms for loW velocity projectiles” is to be understood to 
comprise portable ?rearms With projectiles of about 30 to 
about 150 mm diameter. Such ?rearms are, for example, 
grenade Weapons like grenade launchers or grenade acces 
sories for portable ?rearms, all being carried by a gunner and 
being ?red When the gunner is standing free or When he puts 
the ?rearm on a rest. HoWever, the invention is also related 
to grenade Weapons like grenade launchers standing on a 
stand, in particular a tripod, and are ?red from said stand. 
Moreover, the invention is also related to Weapons Which 
launch uncontrolled, loW velocity projectiles being partly or 
Wholly propelled. Finally, the invention is related to Weap 
ons, irrespective of Whether they are particularly designed 
for launching loW velocity projectiles or may be enabled to 
do so by means of additional equipment. 

[0004] A ?re control system in the context of the present 
invention is to be understood to mean a system Which may 
either comprise a ?re control computer integrated into the 
?rearm or comprises a separate computer that is carried by 
the gunner and, for example, may be con?gured as a 
functional unit connected to a central computer. The ?re 
control system, further, comprises all necessary means for 
elevating the ?rearm. The ?re control system may be inte 
grated into the Weapon or, as the case may be, may be 
con?gured as an adapter that may be mounted to the 
Weapon. 

[0005] The projectiles used in connection With such ?re 
arms have a muZZle velocity of typically betWeen 50 and 200 
m/s. These velocities are about one order of magnitude 
loWer as compared to conventional muZZle velocities of 
?rearms for high velocity projectiles, i.e. ri?es (having a 
bore diameter of up to 13 mm) and of cannons (bore 
diameter above about 20 mm). 

[0006] As compared to the distance of usual target objects, 
the projectiles ?red from such ?rearms have a relatively ?at 
trajectory due to the high velocity. Therefore, ri?es normally 
do not require complicate ?re control systems, notWithstand 
ing special ?rearms for precision marksmen. 

[0007] HoWever, for ?rearms launching loW velocity pro 
jectiles the circumstances are different because the projec 
tiles have an essentially loWer velocity and, hence, have a 
substantially curved and parabolic trajectory, also due to 
their higher air resistance. The probabilities to hit a target 
(so-called hit images) are, therefore, pretty bad in practice 
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for such ?rearms, in particular When the target object is at a 
different height as compared to the gunner. Simple sights, for 
example so-called ladder sights, do not take such height 
di?erences into account. In such a situation, the gunner must 
rely on estimated values based on experience Which, hoW 
ever, often do not result in ?rings hitting the target. 

[0008] In order to improve the hit precision, mechanical 
aids have long been knoWn. U.S. Pat. No. 3,568,324, for 
example, discloses a battle sight for an auxiliary projectile 
launcher. The sight essentially consists of a bar Which may 
be sWivelled into the line of sight of the gunner and Which, 
then, extends under right angles relative to the barrel. The 
metal bar is provided With openings arranged at a distance 
from each other and through Which the target object may be 
aimed at. Each of the openings is associated to a certain 
distance value. In such a Way, a quadrant elevation for the 
barrel may be set, the elevation being set such that the 
launched grenade With its parabolic trajectory exactly hits 
the position of the target object. It goes Without saying that 
this sight may only be of very course assistance because the 
aiming accuracy is only small and the association of the 
openings to a distance of the target object may, of course, 
only be exact for a certain type of proj ectile (velocity, shape, 
Weight). An elevation of the line of sight remains out of 
consideration. 

[0009] European patent speci?cation EP 1 153 259 B1 
and, also, British published patent application 2 068 091 A, 
and German patent publication document 19 46 972 B2 
disclose electronic/optical aiming instruments for attacking 
tanks at loW distance. In these instruments, the respective 
sight is provided With a range ?nder and a speed sensor 
Which cooperate With an electronic evaluation unit. This 
unit, in turn, controls one of a plurality of leading marks as 
a function of signals from the range ?nder and from the 
speed sensor, respectively. In such a Way, the Weapon is 
directed such that the quadrant elevation, being essentially 
distance-depending, as Well as a lead angle, being essentially 
speed-depending, are taken into account. 

[0010] These prior art aiming instruments have the disad 
vantage that the line of sight may only be adjusted relative 
to the longitudinal axis of the sight Within a relatively small 
range. For grenade Weapons, this is often insu?icient When 
these Weapons are used at highly differing distances relative 
to the target object or With high di?erences in height 
betWeen the gunner and the target object. 

[0011] German patent publication document DE 19 46 972 
C3, ?nally, discloses a sight, in particular a sighting tele 
scope, for a ?rearm for high velocity projectiles, namely a 
ri?e. This prior art sight comprises a motor for adjusting the 
angle betWeen the sight and the bore axis of the ri?e barrel 
as a function of the prevailing elevation angle of the bore 
axis. By doing so, a compensation for the deviation from the 
hit point shall be effected for a ri?e Which, in a horiZontal 
direction, had been shot in for a predetermined distance of 
eg 150 m. In such a situation, the deviation from the hit 
point for the predetermined distance mentioned before, is 
about 92 cm, When the ri?e is not ?red in a horiZontal 
direction but e. g. in a mountain terrain With an inclination of 
750 relative to the horiZontal direction. 

[0012] This prior art apparatus is exclusively intended to 
be used for ri?es, and, therefore, it has the disadvantage that 
it necessitates a mechanical adjustment, even for small 
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attack angles. For large attack angles, as may occur for 
grenade launchers, this Would result in unacceptable long 
adjustment times. 

SUMMARY OF THE INVENTION 

[0013] It is, therefore, an object underlying the invention 
to improve a ?rearm of the type speci?ed at the outset, such 
that the above-mentioned disadvantages are avoided. In 
particular, a ?rearm for loW velocity projectiles shall be 
made available Which makes a high rate of hits possible, 
even When target objects shall be hit Which are located at 
highly differing distances and/or heights and/or move at 
highly different speeds. 

[0014] For a ?rearm of the type speci?ed at the outset, this 
object is achieved by a ?rearm for loW velocity projectiles 
having a barrel for launching the projectiles, and a ?re 
control system, the ?re control system comprising: 

[0015] 
[0016] 
[0017] ?rst means for adjusting a line of sight of the 

sight relative to the longitudinal axis of the sight, the 
adjusting being effected by a predetermined angle as a 
function of the data; and 

[0018] second means for adjusting the longitudinal axis 
of the sight relative to a bore axis of the barrel. 

a sight having a longitudinal axis; 

sensors for sensing data of a target object; 

[0019] The object underlying the invention is, thus, 
entirely solved. 

[0020] By the combination of a high-resolution adjust 
ment of the line of sight, preferably in an optical/electronic 
manner, and, hence, fast, With a precise and, preferably, 
mechanical adjustment of the sight relative to the barrel, it 
becomes possible to adjust a range of quadrant elevation 
angles or lead angles, respectively, such that the ?rearm may 
be used ef?ciently under highly different combat situations. 

[0021] According to a ?rst preferred embodiment of the 
invention, the ?rst means adjust a reticle of the sight. 

[0022] This measure, knoWn per se, has the advantage that 
a simple and Well-tested adjustment of the line of sight With 
a high angular resolution becomes possible. HoWever, due to 
the limited ?eld of vision of the optical sighting means this 
is only possible Within a limited angular range. 

[0023] According to another embodiment of the invention, 
the second means effect a sWivelling at least of optical 
components of the sight relative to the barrel. 

[0024] According to a further improvement of this 
embodiment, the second means effect a sWivelling of the 
sight as a Whole relative to the barrel. 

[0025] These measures have the advantage that a high 
angular resolution may be guaranteed over a Wide range of 
attack angles. 

[0026] According to another embodiment of the invention, 
the second means effect a sWivelling movement in prede 
termined angular steps. 

[0027] This measure has the advantage that certain course 
adjustments may be made or may be predetermined Which, 
for example, are based on practical experience. For a par 
ticular combat situation in Which, for example, a certain 
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elevation of the terrain does not change during the combat 
actions, this may be compensated by a corresponding angu 
lar step and, thereupon, the further operation may be effected 
by fully setting the line of sight. 

[0028] In this context it is particularly preferred When the 
line of sight is adapted to be adjusted Within a predetermined 
range, Wherein, When the longitudinal axis of the sight is 
sWivelled by an angular step from a ?rst angular position to 
a second angular position, the predetermined range in the 
?rst angular position spatially overlaps the predetermined 
range in the second angular position. 

[0029] This measure has the advantage that a sWitching 
hysteresis is generated in Which the line of sight, even after 
the sWitching by an angular step, is Within its adjustment 
range and not at a limit thereof. 

[0030] In the context of the present invention it is particu 
larly preferred When during aiming the line of sight, the 
second means effect a course adjustment and, thereafter, the 
?rst means effect a ?ne adjustment. 

[0031] This measure has the advantage already indicated 
above that a preferably mechanical adjustment of the sight 
relative to the barrel constitutes a basic setting, starting from 
Which the line of sight is adjusted in smaller ranges for a 
precise and high resolution sighting and, as the case may be, 
also folloWs a target object. 

[0032] A particularly advantageous effect is achieved 
When during aiming the line of sight the second means effect 
a course adjustment and, thereafter, the ?rst means effect a 
?ne adjustment and, When during the ?ne adjustment a 
predetermined adjustment threshold value is reached, the 
second means cause the ?rst means to effect another angular 
step. 

[0033] This measure has the advantage that the sighting 
may be effected automatically over several angular steps or 
course ranges, respectively. 

[0034] In the context of the present invention, the ?rst 
means and the second means, preferably, effect an adjust 
ment Within a vertical plane. HoWever, in certain embodi 
ments one may also provide additionally, or as an altema 
tive, an adjustment Within a horizontal plane. 

[0035] In embodiments of the invention, the data comprise 
a distance betWeen a target object and the ?rearm and/or an 
elevation of the line of sight betWeen a target object and the 
?rearm and/or a velocity of a target object relative to the 
?rearm. 

[0036] These measures have the advantage, knoWn per se 
from prior art ?re control installations, that various physical 
parameters and, as the case may be, also other than the 
afore-mentioned parameters, Which in?uence the trajectory 
of the projectile, may be taken into account in order to 
improve the probability of a proper hit. 

[0037] It has already been mentioned that, preferably, the 
?rst means are con?gured optical and/or electronic, and that 
the second means are essentially con?gured mechanical. 

[0038] Further advantages Will become apparent from the 
description and the enclosed draWing. 

[0039] It goes Without saying that the features mentioned 
before and those that Will be explained hereinafter, may not 
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only be used in the particularly given combination, but also 
in other combinations, or alone, Without leaving the scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] Embodiments of the invention are shoWn in the 
drawing and Will be explained in further detail throughout 
the subsequent description. 

[0041] FIG. 1 shoWs an extremely schematic combat 
situation for explaining an embodiment of a ?rearm accord 
ing to the present invention; 

[0042] FIG. 2 on an enlarged scale shoWs a schematic 
partial side-elevational vieW of an embodiment of a ?rearm 
according to the present invention, in a ?rst operational 
condition; 
[0043] FIG. 3 is an illustration, similar to that of FIG. 2, 
hoWever, for a second operational condition; 

[0044] FIG. 4 is an illustration, similar to that of FIG. 2, 
hoWever, for a third operational condition; and 

[0045] FIG. 5 is an illustration, similar to that of FIG. 2, 
hoWever, for a fourth operational condition. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] In FIG. 1, reference numeral 10 designates a 
combat situation Within an inclined terrain 12. A target 
object 14, for example a vehicle, is located at a higher 
position. A ?rearm 16, for example a grenade launcher, is 
located Within terrain 12 at a relatively loWer position. 

[0047] According to FIGS. 1 to 5, ?rearm 16 is provided 
With a barrel 18 having a longitudinal or bore axis 20. Barrel 
18 is provided to launch loW velocity projectiles, in particu 
lar grenades, having a large diameter of, for example, 30 to 
150 mm. Due to the loWer muZZle velocity of, for example, 
50 to 200 m/s, the trajectory of these projectiles is substan 
tially curved, for example like a parabola. 

[0048] A sight 26 is mounted on barrel 18 via a joint 22. 
Sight 26, for example, is a sight telescope. Sight 26 has a 
high resolution and, therefore, only covers an angular range 
that is smaller as Would be required in the particular combat 
situation 10. 

[0049] Sight 26 is part of a ?re control system 24. Fire 
control system 24 also comprises a ?re control computer 28 
Which, in the embodiment shoWn, is attached to ?rearm 16 
or is integrated into same. HoWever, it may also be con?g 
ured as a separate unit and may be Worn by the gunner, 
separate from ?rearm 16. 

[0050] As shoWn in FIG. 2, the ?re control computer 28 
is provided With sensors 30 and 32. Sensors 30 and 32 are 
to be understood as an example only because in the context 
of the present invention also systems may be used having 
only one or more than tWo sensors. First sensor 30, for 
example, is a range ?nder, in particular a laser range ?nder 
Which senses the distance betWeen target object 14 and 
?rearm 16, as designated by d in FIG. 1. Second sensor 32, 
for example, is an angular sensor sensing the elevation angle 
4) of a line of sight 44. Further sensors may sense a velocity 
v of target object 14, for example a driving velocity of a 
vehicle or, further, the direction and the velocity of a Wind, 
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the ambient temperature, or other parameters that in?uence 
the trajectory of the projectile. 

[0051] The data of sensors 30 and 32 are fed to an 
evaluating electronic unit of ?re control system 24. From 
these data, the evaluation electronic unit generates control 
signals for, for example, a quadrant elevation 0t or a lead 
angle of ?rearm 16. 

[0052] As shoWn in FIG. 2, sight 26 comprises a reticle 40 
as Well as an optical element, for example an aperture stop 
42, these tWo elements de?ning a line of sight 44. The 
gunner is indicated on the right hand side of FIG. 2 at 46. 
In the operational condition of FIG. 2, longitudinal axis 48 
of sight 46 coincides With line of sight 44, as Will be 
explained further beloW. 

[0053] Due to the given elevation angle 4), ?rearm 16 in 
FIG. 1 must ?re “uphill” because target object 44 is located 
above ?rearm 16. Due to that and, further, due to distance d, 
a quadrant elevation a must be set so that the projectile hits 
target object 14 on its parabolic trajectory 50. This is 
achieved in the folloWing manner: 

[0054] Within FIGS. 2 to 5, it is assumed, for the sake of 
simplicity, that ?rearm 16, in contrast to the illustration of 
FIG. 1, is located Within a plane terrain. The elevation angle 
4), therefore, is Zero. HoWever, the illustration holds true in 
an abstract consideration, also for the situation of FIG. 1, if 
one considers line of sight 44 to extend horizontally, inde 
pendent from its actual inclination. 

[0055] Moreover, it is assumed that target object 14 is 
stationary. 
[0056] FIG. 2 shoWs an operational condition in Which 
target object 14 is very close to ?rearm 16, ie distance d is 
very small. Then line of sight 44 and longitudinal axis 48 of 
sight 26 coincide and extend parallel to bore axis 20. The 
curvature of the trajectory at such a small distance d is 
negligible. Reticle 40 is in its basic position. 

[0057] FIG. 3 shoWs a second operational condition, in 
Which target object 14 is at a larger distance from ?rearm 16, 
as compared to FIG. 2, hoWever, Within a still limited 
distance. In FIG. 3 those elements that are shifted in 
comparison to FIG. 2, are designated by the same reference 
numeral, hoWever, by adding an a . 

[0058] At this distance d, the parabolic shape of trajectory 
50 has to be taken into account. HoWever, it is su?icient to 
only activate ?rst means Which effect a displacement of 
reticle 40 With high resolution upWardly, namely from 40 in 
FIG. 2 to 4011 in FIG. 3. The ?rst means, insofar, are, 
preferably, electronic or optic and, hence, alloW a fast 
displacement of reticle 40. Such ?rst means are Well knoWn 
to a person of ordinary skill in the art of ?rearms. 

[0059] Line of sight 44 remains unchanged because gun 
ner 46 sights target object 14 in an unaltered direction. 
HoWever, due to the considerably larger distance d and due 
to the displacement of reticle 40 to 4011, sight 26 is erected 
2611 by an attack angle v of, for example, 7°. Due to the rigid 
connection to barrel 18, barrel 18 is taken along, i.e. also 
erected to 18a, such that likeWise bore axis 20 is erected to 
2011. The quadrant elevation angle 0t, therefore, is equal to 
the attack angle v of 7°. 

[0060] If, for example, the system alloWs a maximum 
attack angle v of 8°, a quadrant elevation a range of 
0°<0t<+8o may be created. 
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[0061] FIG. 4 shows a third operational condition in 
Which target object 14 is noW located at a substantially larger 
distance d from ?rearm 16. Those elements that have been 
shifted in FIG. 4 relative to the illustration of FIG. 3 are 
again referred to by the same reference numeral, hoWever, 
With the addition of a “b”. 

[0062] In this operational condition, the above-speci?ed 
range for the quadrant elevation angle 0t is exceeded. The 
compensation discussed above in connection With FIG. 3, 
and being effected by displacing reticle 40, is, therefore, no 
more suf?cient. Instead, through second, preferably 
mechanical means, joint 22 is adjusted to 22b, Whereby 
barrel 18 is sWivelled relative to sight 26 by an angle, 
preferably by a predetermined angular step K of, for 
example, 13°. This sWitching-over from the ?rst to the 
second means may be effected automatically, When the 
evaluation electronic unit senses that attack angle v exceeds 
a predetermined threshold value, for example those 8° 
mentioned above. 

[0063] It goes Without saying that the angle or the angular 
step K, respectively, may not only be adjusted according to 
the illustration by sWivelling the entire sight 26. Instead, it 
may also be adjusted by, preferably, mechanically adjusting 
optical components Within the sight. 

[0064] In the illustration of FIG. 4, reticle 40b is again in 
its initial position in that operational condition. As a con 
sequence, line of sight 44b again coincides With the longi 
tudinal axis 48b. Quadrant elevation angle 0t is equal to 
angular step K and, hence, equal to 13°. During the above 
mentioned automatic sWitching-over betWeen the ?rst and 
the second means, one may select angular steps K and 
threshold values for attack angle v, i.e., the range thereof, 
such that the ranges of attack angle v during a sWitching 
over by an angular step K spatially overlap. 

[0065] FIG. 5, ?nally, shoWs a fourth operational condi 
tion in Which target object 14, as compared to FIG. 4, is in 
a still someWhat larger distance d from ?rearm 16. In FIG. 
5, those elements that have been displaced compared to 
FIG. 4, are designated by like reference numerals and by the 
addition of a “c”. 

[0066] Starting from the course adjustment of FIG. 4, a 
?ne adjustment is noW effected in this operational condition 
by displacing reticle from 40b to 400, corresponding to an 
erection of longitudinal axis 480, relative to an unaltered 
horizontally extending line of sight 440 by the attack angle 
v of, for example, 7°. 

[0067] Seen as a Whole, in the operational condition of 
FIG. 5 a quadrant elevation angle 0t results being equal to 
the sum of attack angle v and angular step K. As a conse 
quence, quadrant elevation angle 0t=l3°+7°=20°. The total 
range for quadrant elevation angle 0t, again assuming that 
the maximum attack angle be 8°, is (l3°—8°)<0t<(l3°+8°), 
i.e. 5°<(X<2l°. 

[0068] In a corresponding manner, elevation angle 4) may 
likeWise be taken into account, Which has not been done up 
to noW. In a similar manner, further parameters may be taken 
into account, for example the velocity v of a moving target 
object 14, by setting a corresponding lead angle, as is knoWn 
per se. 

[0069] Further, it goes Without saying that the adjustment 
may not only be effected in a vertical plane, as described 
above, but may likeWise be effected Within a horizontal 
plane. 
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1. A ?rearm for loW velocity projectiles having a barrel for 
launching said projectiles, and a ?re control system, said ?re 
control system comprising: 

a sight having a longitudinal axis; 

sensors for sensing data of a target object; 

?rst means for adjusting a line of sight of said sight 
relative to said longitudinal axis of said sight, said 
adjusting being effected by a predetermined angle as a 
function of said data; and 

second means for adjusting said longitudinal axis of said 
sight relative to a bore axis of said barrel. 

2. The ?rearm of claim 1, Wherein said ?rst means adjust 
a reticle of said sight. 

3. The ?rearm of claim 1, Wherein said second means 
effect a sWivelling at least of optical components of said 
sight relative to said barrel. 

4. The ?rearm of claim 3, Wherein said second means 
effect a sWivelling of said sight as a Whole relative to said 
barrel. 

5. The ?rearm of claim 3, Wherein said second means 
effect a sWivelling movement in predetermined angular 
steps. 

6. The ?rearm of claim 5, Wherein said line of sight is 
adapted to be adjusted Within a predetermined range, 
Wherein, When said longitudinal axis of said sight is sWiv 
elled by an angular step from a ?rst angular position to a 
second angular position, said predetermined range in said 
?rst angular position spatially overlaps said predetermined 
range in said second angular position. 

7. The ?rearm of claim 1, Wherein during aiming said line 
of sight, said second means effect a course adjustment and, 
thereafter said ?rst means effect a ?ne adjustment. 

8. The ?rearm of claim 6, Wherein during aiming said line 
of sight, said second means effect a course adjustment and, 
thereafter said ?rst means effect a ?ne adjustment and, When 
during said ?ne adjustment a predetermined adjustment 
threshold value is reached, said second means cause said 
?rst means to effect another angular step. 

9. The ?rearm of claim 1, Wherein said ?rst means and 
said second means effect an adjustment Within a vertical 
plane. 

10. The ?rearm of claim 1, Wherein said ?rst means and 
said second means effect an adjustment Within a horizontal 
plane. 

11. The ?rearm of claim 1, Wherein said data comprise a 
distance betWeen a target object and said ?rearm. 

12. The ?rearm of claim 1, Wherein said data comprise an 
elevation of said line of sight betWeen a target object and 
said ?rearm. 

13. The ?rearm of claim 1, Wherein said data comprise a 
velocity of a target object relative to said ?rearm. 

14. The ?rearm of claim 1, Wherein said ?rst means are 
con?gured optical. 

15. The ?rearm of claim 1, Wherein said ?rst means are 
con?gured electronical. 

16. The ?rearm of claim 1, Wherein said second means are 
con?gured essentially mechanical. 


