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METHOD AND APPARATUS FOR 
ELECTRO-MECHANCAL 

SUPER-ELEVATION 

TECHNICAL FIELD 

0001. This disclosure is directed in general to weapon 
systems. More specifically, this disclosure relates to a method 
and apparatus for electro-mechanical Super-elevation for a 
weapon. 

BACKGROUND 

0002 Many low-velocity round weapons, such as auto 
matic grenade launchers, require an operator to aim Substan 
tially higher than an intended target in order to account for the 
drop of a projectile over its path due to gravity. This often 
requires different aim points that are dependent on the targets 
range, where the different aim points are typically determined 
by use of a mechanical bracket with iron sights on the 
weapon. Using brackets typically limits the “first shot' aim 
accuracy since it requires the operator to first estimate the 
target's range and then adjust the weapon to the closest 
bracket crosshair increment. 

SUMMARY 

0003. This disclosure provides a method and apparatus for 
electro-mechanical Super-elevation for a weapon. 
0004. In a first embodiment, a method includes determin 
ing that a weapon is changing in angular orientation. The 
method also includes, in response to the determination that 
the weapon is changing in angular orientation, adjusting an 
angle of an electronics mount relative to the weapon while the 
weapon is changing in angular orientation Such that the elec 
tronics mount remains Substantially at a predetermined angle 
relative to a target. The electronics mount is coupled to the 
weapon, and the electronics mount Supports a weapon sight 
that is configured to sight the target. 
0005. In a second embodiment, an apparatus includes a 
weapon adapter configured to couple to a weapon, an elec 
tronics mount configured to couple to a weapon sight that is 
configured to sight a target, a drive assembly coupled to the 
weapon adapter and the electronics mount, and a controller. 
The controller is configured to determine that the weapon is 
changing in angular orientation. The controller is also con 
figured, in response to the determination that the weapon is 
changing in angular orientation, to control the drive assembly 
to adjust an angle of the electronics mount relative to the 
weapon while the weapon is changing in angular orientation 
Such that the electronics mount remains Substantially at a 
predetermined angle relative to the target. 
0006. In a third embodiment, a weapon system includes a 
weapon, a weapon sight configured to sight a target of the 
weapon, and an electro-mechanical Super-elevation (EM 
SEL) system. The EMSEL system includes a weapon adapter 
coupled to the weapon, an electronics mount coupled to the 
weapon sight, a drive assembly coupled to the weapon 
adapter and the electronics mount, and a controller. The con 
troller is configured to determine that the weapon is changing 
in angular orientation. The controller is also configured, in 
response to the determination that the weapon is changing in 
angular orientation, to control the drive assembly to adjust an 
angle of the electronics mount relative to the weapon while 
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the weapon is changing in angular orientation Such that the 
electronics mount remains Substantially at a predetermined 
angle relative to the target. 
0007. Other technical features may be readily apparent to 
one skilled in the art from the following figures, descriptions, 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 For a more complete understanding of this disclo 
Sure, reference is now made to the following description, 
taken in conjunction with the accompanying drawings, in 
which: 
0009 FIGS. 1A and 1B illustrate views of an example 
weapon system with an integrated electro-mechanical Super 
elevation (EMSEL) system according to this disclosure; 
0010 FIG. 2 illustrates example components of an 
EMSEL system according to this disclosure; 
(0011 FIGS. 3A and 3B illustrate an example EMSEL 
system that includes a linear actuator according to this dis 
closure; 
(0012 FIGS. 4A and 4B illustrate an example EMSEL 
system that includes a torque motor according to this disclo 
Sure; 
(0013 FIGS.5A through5C illustrate more detailed views 
of various example components of an EMSEL system accord 
ing to this disclosure; and 
0014 FIG. 6 illustrates an example method for electro 
mechanical elevation of a weapon according to this disclo 
SUC. 

DETAILED DESCRIPTION 

(0015 FIGS. 1 through 6, described below, and the various 
embodiments used to describe the principles of the present 
disclosure in this patent document are by way of illustration 
only and should not be construed in any way to limit the scope 
of the disclosure. Those skilled in the art will understand that 
the principles of the present disclosure may be implemented 
in any type of Suitably arranged device or system. 
0016. As noted above, various low-velocity round weap 
ons often require an operator to aim Substantially higher than 
an intended target in order to account for the drop in a pro 
jectile. Some fire control systems have been developed that 
integrate a range finder and sensor. Introducing a range finder 
allows a fire control system to calculate the aim point for a 
given target. Some systems accomplish fire control with the 
use of a motor-driven steering mirror unit and thermal 
weapon sight. An operator can aim a laser to determine a 
target range, and the system can adjust a reticle based on 
ballistics calculations. The operator then re-aims to the 
adjusted reticle before firing. However, such systems are 
often large and heavy, have high power requirements, and 
require long elapsed time from target identification to target 
fire. Many such systems also often require custom sensors or 
are limited to using just one sensor. In some cases, costly 
components (such as a clutch system) or precision optics are 
required. Also, because the range finder is not integrated, the 
operator is required to range a target and then significantly 
reposition the weapon to the calculated ballistic solution. 
0017. To address these or other issues, embodiments of 
this disclosure provide an electro-mechanical Super elevation 
(EMSEL) system for use with a low-velocity round weapon 
with high visual accuracy. The EMSEL system provides an 
“eyes-on-target modular ballistic solution (MBS) system 
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using an electro-mechanical approach that does not rely on 
costly mirrors and windows while providing a platform for 
multiple imaging system technologies. The functions of this 
accurate ballistic Solution system are provided by a compact, 
lightweight drive unit that can be attached to the body of a 
weapon with which the use of super-elevation is desired or 
required. 
0018. The drive unit significantly reduces the time from 
target identification to target engagement. The drive unit 
adjusts an electronics mount containing a laser range finder 
and one or more optical sensors. Because the sensors are 
moved on a single plate, fire control solutions calculated 
using ballistic drop data are presented to the operator and may 
involve very little readjustment from the laser ranging aim 
point to the target solution aim point. The drive unit consumes 
low amounts of power during operation and can be stabilized 
without power. Using the disclosed embodiments, the laser 
range finder may constantly remain in close proximity of the 
target so that the operator's eyes are constantly on target. 
0019. It will be understood that embodiments of this dis 
closure may include any one, more than one, or all of the 
features described here. In addition, embodiments of this 
disclosure may additionally or alternatively include other 
features not listed here. 
0020 FIGS. 1A and 1B illustrate views of an example 
weapon system 100 with an integrated EMSEL system 
according to this disclosure. The embodiment of the weapon 
system 100 shown in FIGs. 1A and 1B is for illustration only. 
Other embodiments of the weapon system 100 could be used 
without departing from the scope of this disclosure. 
0021. As shown in FIGS. 1A and 1B, the weapon system 
100 includes a weapon 110, an EMSEL system 120, and a 
weapon sight 130. In FIG. 1A, the weapon 110 is substan 
tially horizontal with respect to its barrel 140. In FIG. 1B, the 
weapon 110 is in an elevated position for launching or firing 
of artillery or other rounds. 
0022. The weapon 110 can include any of a variety of 
low-velocity round weapons, such as an automatic grenade 
launcher. In particular embodiments, the weapon 110 can be 
an MK19 grenade launcher. The weapon 110 is variably 
adjustable up and down through a range of angles. Because of 
the low velocity of its rounds, the weapon 110 typically is 
placed in an elevated angle position (such as about 30° to 
about 40° from horizontal, dependent on target distance) to 
fire each round as shown in FIG. 1B. 
0023 The EMSEL system 120 provides a stable platform 
for the weapon sight 130. As the weapon 110 moves up or 
down in angle, the EMSEL system 120 automatically adjusts 
to maintain the weapon sight 130 in a stable, substantially 
static position. The EMSEL system 120 includes various 
components configured to adjust the weapon sight 130 rela 
tive to the weapon 110, including one or more sensors, 
adapter plates, drive assemblies, and electronic control cir 
cuitry. These components are described in greater detail 
below. 
0024. The weapon sight 130 allows a weapon operator to 
sight a target in order to accurately aim the weapon 110. In 
Some embodiments, the weapon sight 130 can include one or 
more laser range finders (LRFs) or other sighting components 
to facilitate accurate and precise targeting. Ideally, the posi 
tion of the weaponsight 130 is stabilized such that the eyes of 
the operator can constantly remain focused on a target with 
out Substantial jitter or movement up or down of the weapon 
sight 130. Some conventional weapon sights use complex 
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optics, including one or more mirrors, to facilitate this objec 
tive. Such mirrors reflect light at a particular angle, which 
causes an overall doubling of the angle (incident angle+re 
flecting angle) and promotes jitter. In the weapon system 100, 
because the weapon sight 130 is coupled to the stabilizing 
EMSEL system 120, the weapon sight 130 can be comprised 
of simpler components while still providing a continuous 
“eyes-on-target' view for the operator. 
(0025. Although FIGS. 1A and 1B illustrate one example 
of a weapon system 100, various changes may be made to 
FIGs. 1A and 1B. For example, the EMSEL system 120 may 
be configured or coupled to the weapon 110 in a different 
manner than shown in the figures. Also, the makeup and 
arrangement of the weapon system 100 is for illustration only. 
Components could be added, omitted, combined, or placed in 
any other configuration according to particular needs. 
0026 FIG. 2 illustrates example components of an 
EMSEL system 200 according to this disclosure. The 
EMSEL system 200 could, for example, represent the 
EMSEL system 120 of FIGS. 1A and 1B. The EMSEL system 
200 shown in FIG. 2 is for illustration only. Other embodi 
ments of the EMSEL system 200 could be used without 
departing from the scope of this disclosure. 
(0027. As shown in FIG. 2, the EMSEL system 200 
includes a weapon adapter 210, a drive assembly 220, an 
electronics mount 230, one or more sensors 240, and a con 
troller 250. The weapon adapter 210 includes a mechanical 
adapter configured to couple the EMSEL system 200 to a 
weapon, such as the weapon 110 of FIGS. 1A and 1B. The 
weapon adapter 210 can provide a modular platform for 
attaching the EMSEL system 200 to a wide variety of differ 
ent weapon systems and weapon platforms. 
0028. As shown here, the weapon adapter 210 can include 
a substantially flatplate that mounts vertically to a side wall of 
a weapon. The back side of the plate (the side facing inward 
toward the side wall of the weapon) can include one or more 
rails, dovetail connectors, or other suitable connection ele 
ments 212 that couple to corresponding rails or connection 
elements in the side wall of the weapon. A set screw 214 or 
other fastening mechanism can securely connect the weapon 
adapter 210 to the weapon. As long as the weapon includes a 
corresponding mounting location and connecting hardware, 
the weapon adapter 210 allows the EMSEL system 200 to be 
installed on and used with a projectile launching system with 
firing angles that are Substantially different from the opera 
tor's line of sight. 
0029. The drive assembly 220 includes an electro-me 
chanical drive unit that moves the electronics mount 230 (and 
any attached weapon sight) relative to the weapon adapter 
210. An outer surface of the drive assembly 220 connects to a 
front surface of the flat plate of the weapon adapter 210 as 
indicated by the dashed lines in FIG. 2. A rotation element 
222 of the drive assembly 220 is configured to rotate relative 
to the remainder of the drive assembly 220. The rotation 
element 222 is, in turn, configured for connection to the 
electronics mount 230. Any suitable mechanisms can be used 
to connect the drive assembly 220 to the weapon adapter 210 
and to connect the rotation element 222 to the electronics 
mount 230. In some embodiments, the rotation element 222 
includes a circuit bolt pattern to connect the electronics 
mount 230 to the drive assembly 220 via a plurality of bolts as 
indicated by the dashed lines in FIG. 2. In some embodi 
ments, the rotation element 222 is disposed on a front Surface 
of the drive assembly 220. This makes the rotation element 



US 2016/0216071 A1 

222 easily accessible for installation or maintenance of one or 
more electronics mounts 230. Of course, a plurality of bolts in 
a circular bolt pattern is merely one example for connecting 
the drive assembly 220 to the electronics mount 230. Other 
connection mechanisms may also be used. 
0030 The drive assembly 220 includes a drive mechanism 
used to drive the electronics mount 230 to a specified ballistic 
position. Operation of the drive mechanism causes the rota 
tion element 222 to rotate relative to the drive assembly 220. 
This causes the electronics mount 230 to change angle rela 
tive to the weapon adapter 210 and the weapon. In some 
embodiments, the drive mechanism can be a torque motor or 
linear actuator, both of which are described in greater detail 
below. 
0031. The electronics mount 230 is configured for mount 
ing a weaponsight, such as the weaponsight 130 of FIGS. 1A 
and 1B, to the drive assembly 220. The electronics mount 230 
includes a flat plate with one or more connection elements, 
Such as a circular bolt pattern 232, configured to connect the 
electronics mount 230 to the drive assembly 220. The elec 
tronics mount 230 can have a modular design configured to 
accept many weapon different sight technologies, including 
existing and future sight technologies. The weaponsight may 
include one or more optical sensors, optical lenses, range 
finders, or any other suitable components. This allows the 
integration of various weapon sights, including thermal 
weapon sight (TWS) modular ballistic solution (MBS) fire 
control, with various weapons. In particular embodiments, 
the electronics mount 230 includes standard Mil-1913 rail 
mounts 234 that are configured for attaching many common 
day view optics, thermal optics, and laser range finders. In 
Some embodiments, the rail mounts 234 are configured for 
attaching a flat panel display to the electronics mount 230 for 
a large, stabilized view of targets. 
0032. The EMSEL system 200 includes one or more sen 
sors 240. The sensors 240 could include one or more position 
orangle sensors (such as at least one accelerometer or inertial 
measurement unit) to measure the position, orientation, or 
angle of the electronics mount 230, the weapon adapter 210, 
the rotation element 222, or any other component relative to 
horizontal, relative to the weapon, or relative to each other. 
Measurements from the sensors 240 can be transmitted to the 
controller 250 for use in determining the position and angle of 
the weapon sight or the weapon. In particular embodiments, 
the sensors 240 may include an encoder or resolver as 
described in greater detail below. 
0033. The controller 250 is configured to control the over 

all operation of the EMSEL system 200, including operation 
of the drive assembly 220 to move the electronics mount 230 
(and attached weapon sight) relative to the weapon adapter 
210 (and attached weapon). In one aspect of operation, the 
controller 250 receives angle or position measurement values 
from the sensor(s) 240, determines a current angular position 
of the electronics mount 230 and weapon adapter 210 (and the 
attached weapon sight and weapon), determines a necessary 
position adjustment of the electronics mount 230, and sends 
one or more control signals to the drive assembly 220 to cause 
the drive assembly 220 to adjust the angular position of the 
electronics mount 230. 

0034. The controller 250 includes any suitable structure 
for receiving one or more sensor measurements and control 
ling one or more electro-mechanical devices. For example, 
the controller 250 could include one or more processing 
devices 252. Such as one or more microprocessors, microcon 
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trollers, digital signal processors, field programmable gate 
arrays, or application specific integrated circuits. The control 
ler 250 also includes one or more memories 254, such as one 
or more Volatile and/or non-volatile storage devices, config 
ured to store instructions and data used, generated, or col 
lected by the processing device(s) 252. 
0035. Overall, the EMSEL system 200 provides the ability 
to range a target while a weapon is Super-elevated. The 
response time of the EMSEL 200 allows for fast engagement 
of a target, such as within approximately one second after 
range finding. The EMSEL 200 is also highly accurate and 
stable, such as by providing a <1 MOA (minute of angle) line 
of sight (LOS) stability and an approximately 2 MOA point 
ing accuracy. 
0036 FIGS. 3A and 3B illustrate an example EMSEL 
system 300 that includes a linear actuator according to this 
disclosure. Various components of the EMSEL system 300 
can represent components included in the EMSEL system 
120 or EMSEL system 200 described above. The EMSEL 
system 300 shown in FIGS. 3A and 3B is for illustration only. 
Other embodiments of the EMSEL system 300 could be used 
without departing from the scope of this disclosure. 
0037. As shown in FIG. 3A, the EMSEL system 300 
includes a linear actuator 320 that serves as a drive assembly 
for the EMSEL system 300. In some embodiments, the linear 
actuator 320 is a screw linear actuator with high backdrive 
force, so no mechanical brake is required to maintain the 
linear actuator 310 in a static position. The linear actuator 320 
can include a primary shaft 321, an angular position sensor 
323, and one or more bearings or bushings 325 as shown in 
FIG.3B. The primary shaft321 is connected to a drive linkage 
322 that connects an electronics mount 330 to the linear 
actuator 320. In operation, the primary shaft321 extends from 
or retracts into the linear actuator 320, thereby moving the 
drive linkage 322 and causing the electronics mount 330 to 
change angle relative to the linear actuator 320. The angular 
position sensor 323 provides closed-loop angle or rotation 
sensing, which is used to determine how much to tilt the 
electronics mount 330. In some embodiments, the angular 
position sensor 323 may be a resolver or an encoder. In some 
embodiments, the movement range of the primary shaft 321 
may be large enough to provide a corresponding adjustment 
of the electronics mount 330 through an approximately 40° 
elevation range of the weapon. Of course, the range of move 
ment of the electronics mount 330 may be more or less, 
depending on necessity. 
0038 FIGS. 4A and 4B illustrate an example EMSEL 
system 400 that includes a torque motor according to this 
disclosure. Various components of the EMSEL system 400 
can represent components included in the EMSEL system 
120 or EMSEL system 200 described above. The EMSEL 
system 400 shown in FIGS. 4A and 4B is for illustration only. 
Other embodiments of the EMSEL system 400 could be used 
without departing from the scope of this disclosure. 
0039. As shown in FIG. 4A, the EMSEL system 400 
includes a torque motor 420 that serves as a drive assembly 
for the EMSEL system 400. The torque motor 420 can 
include an output shaft 421, an angular position sensor 423, 
one or more angular contact radial bearings 425, a drive gear 
427, and a bi-stable brake 429 as shown in FIG. 4B. In 
operation, the torque motor 420 rotates the output shaft 421, 
which is connected to an electronics mount 430. The rotation 
of the output shaft 421 causes the electronics mount 430 to 
change angle relative to the torque motor 420. The angular 
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position sensor 423 provides closed-loop angle or rotation 
sensing, which is used to determine how much to tilt the 
electronics mount 430. In some embodiments, the angular 
position sensor 423 may be a resolver or an encoder. The drive 
gear 427 includes a high reduction gearing component, Such 
as a harmonic drive or planetary gearhead, for high torque 
movement from a low power input. The torque motor 420 
provides a direct drive with Zero backlash speed reducing 
gear. In some embodiments, the torque motor 420 is typically 
only engaged when Super-elevating after ranging, so the 
torque motor 420 is not powered during weapon fire. The 
bi-stable brake 429 helps to prevent movement of the elec 
tronics mount 430 during weapon shock. 
0040. The torque motor 420 may provide a smaller form 
factor than the linear actuator 320, although the linear actua 
tor 320 may have a lower cost and simpler design with fewer 
parts. The torque motor 420 is a low power design that pro 
vides improved accuracy during burst fire. 
0041 Although FIG. 2 through 4B illustrate particular 
examples of an EMSEL System, various changes may be 
made to FIG. 2 through 4B. For example, while the weapon 
adapter 210 is shown as a flat plate, the weapon adapter 210 
could be configured in any other Suitable shape or configura 
tion. As another example, one or more of the sensors 240 
could be housed within the drive assembly 220. As yet 
another example, a cam/follower combination could be used 
independently, or in connection with the EMSEL systems 
300, 400 to change the angular position of the electronics 
mount. As still another example, the linear actuator 310 could 
be a pneumatic or hydraulic actuator instead of a screw drive. 
In addition, other components could be added, omitted, com 
bined, or placed in any other configuration according to par 
ticular needs. 
0042 FIGS.5A through5C illustrate more detailed views 
of various example components of an EMSEL system accord 
ing to this disclosure. These components can represent one or 
more components shown in FIGS. 1A through 4B. The com 
ponents shown in FIGS. 5A through 5C are for illustration 
only. Other embodiments of these components could be used 
without departing from the scope of this disclosure. 
0043. In FIG. 5A, a resolver 523 is an example resolver 
that can be used for the angular position sensor 323 in FIG.3B 
or the angular position sensor 423 in FIG. 4B. As known in the 
art, a resolver provides accurate position and Velocity feed 
back as well as commutation in precision equipment without 
many of the structural or temperature restrictions imposed by 
other electronic feedback devices. A resolver can provide 
Velocity and position information for closed-loop electronic 
control, as well as brushless DC motor commutation. In gen 
eral, resolvers contain no internal electronics or optics and are 
therefore resistant to shock, heat, vibration, and electrical 
noise levels often encountered in military and aerospace 
applications. In addition, a resolver is typically economical 
and highly accurate. For an EMSEL system, the resolver 523 
can be configured to read the position of an electronics mount, 
thereby providing closed-loop positioning of the electronics 
mount. In some embodiments, the resolver 523 can be a 
brushless resolver by MOOG, INCORPORATED. 
0044) In FIG. 5B, a harmonic drive 527 is an example 
harmonic drive that can be used for the drive gear 427 of FIG. 
4B. As known in the art, a harmonic drive is a low profile, high 
reduction gearing component. The harmonic drive 527 uses a 
high speed, low torque input from a low-power lightweight 
torque motor (such as the torque motor 420) to drive a low 
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speed, high torque output (such as the electronics mount 430). 
A mechanical advantage provided by the harmonic drive 527 
is that it allows for a smaller sized motor to be used in tandem 
with a small holding brake on the input to get a high increase 
in torque on the output plate. In some embodiments, this may 
be an increase of about 160 times. As a particular example, a 
45 in-oz motor can provide 37.5 ft-lb driving torque at the 
electronics mount, and a 1 ft-lb power-off holding brake can 
provide 160 ft-lb holding torque at the electronics mount. 
0045. In FIG. 5C, a holding brake 529 is an example 
bi-stable rotary brake that can be used for the bi-stable brake 
429 of FIG.4B. The holding brake 529 secures the electronics 
mount (such as the electronics mount 430) during weapon 
shock. The holding brake 529 may use power only when 
Switching brake states or when the torque motor is Switched 
on. The power actuates a solenoid that releases the brake for 
free movement of the torque motor. When power is removed, 
one or more springs re-engage the brake. The holding brake 
529 provides a significant increase in output holding torque 
when used with a gearing component, such as the harmonic 
drive 527. 
0046. Although FIGS. 5A through 5C illustrate more 
detailed views of various example components of an EMSEL 
system, various changes may be made to FIGS. 5A through 
5C. For example, the components shown here are examples 
only, and other components could be used according to par 
ticular needs. 
0047 FIG. 6 illustrates an example method 600 for elec 
tro-mechanical elevation of a weapon according to this dis 
closure. The method 600 may be performed using one or more 
of the components shown in FIGS. 1A through 5, such as the 
weapon system 100 of FIGS. 1A and 1B. However, the 
method 600 could be used with any other system. 
0048. At step 601, a weapon operator sights a target using 
a weaponsight, such as the weaponsight 130. At this time, the 
weapon and the weaponsight may both be pointed toward the 
target. The operator can use a range finder to determine how 
far away the target is and to what angle the weapon needs to 
be elevated. 
0049. At step 603, the weapon is adjusted toward the deter 
mined angle. As the angle of the weapon is adjusted, elec 
tronic control circuitry, such as the controller 250, determines 
that the weapon is changing in angular orientation. For 
example, the electronic control circuitry may receive at least 
one measurement associated with the weapon from one or 
more sensors, such as an accelerometer. 
0050. At step 605, in response to the determination that the 
weapon is changing in angular orientation, the electronic 
control circuitry causes an adjustment in an angle of an elec 
tronics mount relative to the weapon while the weapon is 
changing in angular orientation. The adjustment is made Such 
that the electronics mount remains at a predetermined angle 
relative to the target. The electronics mount acts as a Support 
for the weapon sight. In some embodiments, a linear actuator 
drive or a torque motor causes the electronics mount to rotate 
relative to a weapon adapter that is attached to a surface of the 
weapon. The weapon adapter is coupled to the electronics 
mount via a drive assembly that includes the linear actuator 
drive or the torque motor. Also, in some embodiments, a 
harmonic drive is used to receive a high speed, low torque 
input from the torque motor and output a low speed, high 
torque output to the electronics mount. In addition, in some 
embodiments, while the angle of the electronics mount rela 
tive to the weapon is being adjusted, the control circuitry 
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receives feedback of an angular position of the electronics 
mount from a resolver. The control circuitry then changes a 
characteristic of the adjustment of the angle (such as a speed 
of the adjustment or a final angular position) based on the 
received feedback from the resolver. 
0051. At step 607, after movement of the weapon to the 
final position, the weapon is fired. A brake, such as the bi 
stable brake 529, is engaged to prevent angular movement of 
the electronics mount caused by weapon shock during firing. 
0052 Although FIG. 6 illustrates one example of a method 
600 for electro-mechanical elevation of a weapon, various 
changes may be made to FIG. 6. For example, while shown as 
a series of steps, various steps shown in FIG. 6 could overlap, 
occur in parallel, occur in a different order, or occur multiple 
times. Moreover, some steps could be combined or removed 
and additional steps could be added according to particular 
needs. 
0053. In some embodiments, the EMSEL systems dis 
closed here employ the use of a linear actuator or Small 
electronic motor in tandem with a high ratio gear to provide 
angular movement of the electronics mount. Because of the 
exceptionally high gear ratio, a low power compact motor 
(driven by fire control algorithms) can output high precision, 
high torque angular adjustments of the electronics mount to 
keep the target constantly on sight when Super-elevating the 
weapon. The high precision adjustments help to ensure that 
accurate ballistic Solutions can be calculated, giving an opera 
tor “one shot' hit capability. Also, the high torque of the 
electronics mount in the design helps to ensure that the plate 
stays Substantially stationary looking on target during the 
rigors of weapon fire without the use of a large clutch mecha 
nism. The disclosed EMSEL systems do not require an opera 
tor to take his or her hands off the weapon grips to engage 
targets, and no manual mechanical adjustment may be 
needed. This removes costly target acquisition time of return 
ing to “home' position to range and then back to target posi 
tion to engage. Thus, the time from target identification to 
target engagement can be significantly reduced, helping to 
ensure warfighter dominance on the battlefield. 
0054) The disclosed EMSEL systems are more robust 
because the need for optical windows and mirrors has been 
removed. No fragile glass or optics are required, which can 
also limit sight adaptability based on ray trace requirements. 
The disclosed systems do not suffer from double angles 
caused by light reflecting off mirrors, so it is easier to control 
jitter. 
0055. The disclosed systems feature reduced system costs 
due to the simplified design. In some embodiments, cost 
savings are estimated to be approximately 33% to 61% over 
similar Super-elevation systems. In addition, the disclosed 
embodiments provide a weight reduction, Such as up to 
approximately 17% for a system with one sensor. Larger 
weight reductions are possible with systems having two or 
OSCSOS. 

0056. It may be advantageous to set forth definitions of 
certain words and phrases used throughout this patent docu 
ment. The terms “include and “comprise.” as well as deriva 
tives thereof, mean inclusion without limitation. The term 
'or' is inclusive, meaning and/or. The phrase “associated 
with as well as derivatives thereof, means to include, be 
included within, interconnect with, contain, be contained 
within, connect to or with, couple to or with, be communi 
cable with, cooperate with, interleave, juxtapose, be proxi 
mate to, be bound to or with, have, have a property of have a 
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relationship to or with, or the like. The phrase “at least one of 
when used with a list of items, means that different combina 
tions of one or more of the listed items may be used, and only 
one item in the list may be needed. For example, “at least one 
of A, B, and C includes any of the following combinations: 
A, B, C, A and B, A and C, B and C, and A and B and C. 
0057 While this disclosure has described certain embodi 
ments and generally associated methods, alterations and per 
mutations of these embodiments and methods will be appar 
ent to those skilled in the art. Accordingly, the above 
description of example embodiments does not define or con 
strain this disclosure. Other changes, Substitutions, and alter 
ations are also possible without departing from the spirit and 
Scope of this disclosure, as defined by the following claims. 

1. A method comprising: 
determining that a weapon is changing in angular orienta 

tion; and 
in response to the determination that the weapon is chang 

ing in angular orientation, adjusting an angle of an elec 
tronics mount relative to the weapon by controlling a 
drive assembly while the weapon is changing in angular 
orientation Such that the electronics mount remains Sub 
stantially at a predetermined angle relative to a target; 

wherein the electronics mount is coupled to a rotation 
element of the drive assembly and includes a rail cou 
pling configured to removably connect to and Support a 
weapon sight configured to sight the target; and 

wherein the drive assembly is coupled to the weapon 
through a weapon adapter coupled to the weapon and 
configured to rotate the rotation element relative to a 
remainder of the drive assembly. 

2. The method of claim 1, wherein: 
adjusting the angle of the electronics mount comprises 

operating a linear actuator drive or a torque motor to 
cause the electronics mount to rotate relative to the 
weapon adapter; and 

the weapon adapter is attached to a surface of the weapon, 
the weapon adapter coupled to the electronics mount via 
the drive assembly that includes the linear actuator drive 
or the torque motor. 

3. The method of claim 2, wherein adjusting the angle of 
the electronics mount comprises operating the torque motor 
by: 

receiving, at a harmonic drive coupled to the torque motor 
and the electronics mount, a high speed, low torque input 
from the torque motor, and 

outputting, at the harmonic drive, a low speed, high torque 
output to the electronics mount. 

4. The method of claim 1, wherein adjusting the angle of 
the electronics mount relative to the weapon comprises: 

receiving feedback of an angular position of the electronics 
mount from a resolver while the angle of the electronics 
mount relative to the weapon is adjusted; and 

changing a characteristic of the adjusting of the angle 
based on the received feedback from the resolver. 

5. The method of claim 1, wherein determining that the 
weapon is changing in angular orientation comprises receiv 
ing at least one measurement associated with the weapon 
from one or more sensors. 

6. The method of claim 1, further comprising: 
after movement of the electronics mount, operating a hold 

ing brake to Substantially prevent angular movement of 
the electronics mount caused by weapon shock during 
firing of the weapon. 
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7. The method of claim 1, wherein the weapon is a low 
Velocity round weapon. 

8. An apparatus comprising: 
a weapon adapter configured to couple to a weapon; 
an electronics mount including a rail coupling configured 

to removably couple to a weaponsight that is configured 
to sight a target; 

a drive assembly coupled to the weapon adapter and the 
electronics mount; and 

a controller including processing circuitry, the controller 
configured to: 
determine that the weapon is changing in angular orien 

tation; and 
in response to the determination that the weapon is 

changing in angular orientation, control the drive 
assembly such that the drive assembly adjusts an 
angle of the electronics mount relative to the weapon 
while the weapon is changing in angular orientation 
Such that the electronics mount remains Substantially 
at a predetermined angle relative to the target. 

9. The apparatus of claim 8, wherein: 
the drive assembly comprises a linear actuator drive or a 

torque motor, and 
the controller is configured to control operation of the 

linear actuator drive or the torque motor to cause the 
electronics mount to rotate relative to the weapon 
adapter. 

10. The apparatus of claim 9, wherein the controller is 
configured to control the operation of the torque motor by: 

receiving, at a harmonic drive coupled to the torque motor 
and the electronics mount, a high speed, low torque input 
from the torque motor, and 

outputting, at the harmonic drive, a low speed, high torque 
output to the electronics mount. 

11. The apparatus of claim 8, wherein, to control the drive 
assembly to adjust the angle of the electronics mount relative 
to the weapon, the controller is further configured to: 

receive feedback of an angular position of the electronics 
mount from a resolver while the angle of the electronics 
mount relative to the weapon is adjusted; and 

change a characteristic of the adjusting of the angle based 
on the received feedback from the resolver. 

12. The apparatus of claim 8, wherein, to determine that the 
weapon is changing in angular orientation, the controller is 
further configured to receive at least one measurement asso 
ciated with the weapon from one or more sensors. 

13. The apparatus of claim 8, wherein the controller is 
further configured, after movement of the electronics mount, 
to operate a holding brake to Substantially prevent angular 
movement of the electronics mount caused by weapon shock 
during firing of the weapon. 
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14. A weapon system comprising: 
a weapon; 
a weapon sight configured to sight a target of the weapon; 

and 
an electro-mechanical super-elevation (EMSEL) system 

comprising: 
a weapon adapter coupled to the weapon; 
an electronics mount removably coupled to the weapon 

sight via a rail coupling; 
a drive assembly coupled to the weapon adapter and the 

electronics mount; and 
a controller configured to: 

determine that the weapon is changing in angular 
orientation; and 

in response to the determination that the weapon is 
changing in angular orientation, to control the drive 
assembly to adjust an angle of the electronics 
mount relative to the weapon while the weapon is 
changing in angular orientation Such that the elec 
tronics mount remains Substantially at a predeter 
mined angle relative to the target. 

15. The weapon system of claim 14, wherein: 
the drive assembly comprises a linear actuator drive or a 

torque motor, and 
the controller is configured to control operation of the 

linear actuator drive or the torque motor to cause the 
electronics mount to rotate relative to the weapon 
adapter. 

16. The weapon system of claim 15, wherein the controller 
is configured to control the operation of the torque motorby: 

receiving, at a harmonic drive coupled to the torque motor 
and the electronics mount, a high speed, low torque input 
from the torque motor, and 

outputting, at the harmonic drive, a low speed, high torque 
output to the electronics mount. 

17. The weapon system of claim 14, wherein, to control the 
drive assembly to adjust the angle of the electronics mount 
relative to the weapon, the controller is further configured to: 

receive feedback of an angular position of the electronics 
mount from a resolver while the angle of the electronics 
mount relative to the weapon is adjusted; and 

change a characteristic of the adjusting of the angle based 
on the received feedback from the resolver. 

18. The weapon system of claim 14, wherein, to determine 
that the weapon is changing in angular orientation, the con 
troller is further configured to receive at least one measure 
ment associated with the weapon from one or more sensors. 

19. The weapon system of claim 14, wherein the controller 
is further configured to: 

after movement of the electronics mount, operate a holding 
brake to Substantially prevent angular movement of the 
electronics mount caused by weapon shock during firing 
of the weapon. 

20. The weapon system of claim 14, wherein the weapon is 
a low-velocity round weapon. 
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